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rS  NINE  YEARS  which  have  elapsed  since  this  work  was  commenced 
have  witnessed  important  changes  in  the  modes  of  yiewing  and 
representing  the  constitution  of  chemical  componnda.  The  old  system  of 
notation,  founded  on  the  dualistic  theory  of  chemical  combination,  and  the 
atomic  weights  adopted  in  Gmelin's  Handbook  and  other  standard  works 
of  older  date,  may  now  be  regarded  as  belonging  to  the  past ;  and  even  the 
new  system  introduced  by  Grerhardt  has  xmdergone  considerable  modifica- 
tion, the  atomic  weights  which  that  chemist  aangned  to  many  of  the  metals 
haying  been  doubled,  and  his  system  of  typical  representation  having  been 
developed  into  the  modem  theoiy  of  atomicity.  These  changes  and  de- 
Telopements  are  explained  in  the  article  Classification  by  Professor  G. 
C.  Foster,  and  the  articles  Atomic  Weights,  and  Metals,  Atomic  Weights 
AMD  Classification  of,  by  Dr.  Odling.  The  smaller  atomic  weights  of 
many  of  the  metab  (Ba=68'7 ;  Hg  =:  100 ;  Zn  s=  82*5,  &c.)  having 
been  adopted  in  the  earlier  part  of  the  Dictionary,  it  was  thought 
advisable,  in  first  introducing  the  larger  ones,  to  distinguish  them  by 
doubled  symbols  (Bba  =  187,  Hhg  s=  200,  &c.);  but  in  the  latter  part 
of  the  woric  these  double  symbols,  which  are  rather  clumsy,  have  been 
abandoned,  and  the  ordinary  symbols  used,  with  accents  or  dashes,  when 
necessary,  to  indicate  the  equivalent  value. 

In  bringing  the  Dictionary  to  a  conclusion  I  have  to  regret  that  it  is  in 
some  respects  less  complete  than  I  could  wish.  Although  it  has  extended 
considerably  beyond  the  limits  originally  contemplated,  the  space  has  still 
been  found  too  narrow  for  the  adequate  treatment  of  many  important 
subjects.  I  hare  however  endeavoured  to  give  some  notice  of  every  com- 
pound discoveied  up  to  the  time  of  the  publication  of  each  Part  of  the 
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work,  and  where  full  description  was  impossible,  reference  is  g^ven  to  the 
original  sources  of  information.  The  earlier  volumes  are  necessarily 
somewhat  behind  the  present  state  of  knowledge,  but  should  the  work 
meet  with  the  success  for  which  we  hope,  this  deficiency  may  perhaps  be 
made  good  by  a  Supplement. 

In  conclusion  I  have  to  tender  my  best  thanks  to  those  gentlemen  who 
have  enriched  the  work  by  their  Taluable  contributions.  Several  of  these 
articles  have  taken  rank  as  classical  treatises  on  their  respective  subjects, 
and  to  them  the  work  will  be  in  a  great  measure  indebted  for  such  success 
as  it  may  attain. 

HENRY  WATTS. 
London  :  ifay,  1868. 
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Q 

^  LA  term  applied  by  H.  Rose  to  oxides  contaimngi  atomi 

of  metal  to  1  atom  of  oxygen,  such  as  saboxide  of  silver  AgH) :  better  oUled  tetrameUdUo 
oxides  (see  Oxidx^  hr.  304). 

QVABBX  and  QVAB&O*    Prefixes  flynonymoos  with  Tbtb4:  e.ff,  SnCH  ■■ 
Quadrichloride  or  Tetrachloride  of  tin. 


QVAJtTX.  NatiTO  crystalline  anhydrooa  silica,  SiO*,  occurring  either  in  distinct 
crystals,  often  of  large  size,  or  in  crystalline  aggregates,  or  massive. 

The  crystals  belong  to  the  hexagonal  system,  being  six-sided  prisms  with  pyramidal 
summits,  made  up  of  the  two  opposite  rhombohedrons,  +  R  and  ~B,  with  the  cor- 
responding prism  ooR ;  hemihedral  or  tetartohedral,  exhibiting  the  modifications 
described  under  Cbtstalloobapht  (ii.  139 — 143).  For  B,  the  pnndpal  axis  -i  1-100. 
Angle  R :  R  (teiminal)  »  94^  15'.  For  the  hexagonal  pyramid,  the  angle  of  the 
terminal  edges  »  133^  4';  of  the  lateral  edges  «  103<>  34 .  Cleavage  very  imperfect, 
parallel  to  K  and  odR.  Twins  are  of  frequent  occurrence,  the  fiftce  of  composition  being 
either  the  basal  plane,  oR,  or  a  plane  truncating  the  pyramidal  edge,  or  the  face  R. 
The  two  crystals  compounded  parallel  to  oR,  sometimes  penetmte  one  another  very 
irregularly,  while  the  external  planes  are  regidar  and  even  (Dana^  ii.  146).  Distorted 
crystals  also  occur,  sometimes  curved,  as  in  figure  355  (ii.  166). 

Hardness  ««  7.  Specific  gravity  «>  2*5 — 2*8;  acoozding  to  Beudant,  »  2*6413 — 
2'6541 ;  according  to  Hauy,  »  2*6701.  Lustre  vitreous,  sometimes  inclining  to  resinous. 
Colourless  when  pure  (rock-crystal);  but  often  exhibiting  various  shades  of  yellow, 
rod,  brown,  green,  blue,  and  black,  from  admixture  of  oxide  of  iron  and  other  metallic 
oxidf«.  Streak,  of  the  pure  varieties,  white ;  of  the  impure,  often  the  same  as  the 
colour,  but  much  paler.  Transparent  to  opaque.  Fracture  perfect  conchoidal  to 
subconchoidaL  Tough ;  brittle ;  friable.  Infusible  alone  before  the  blowpipe,  but 
with  carbonate  of  sodium  it  fuses  readily,  and  with  effervescence,  to  a  transparent 
glass. 

Quartz  exhibits  numerous  varieties,  arising  from  peculiar  modes  of  formation  and 
crystallisation,  or  from  impurities.  They  may  be  divided  into  three  groups — namely,  the 
vitreous  varieties,  exhibiting  the  bright  glassy  lustre  of  broken  quartz-crystals;  the 
chalcedonic  varieties,  exhibiting  the  glistening  subvitreous  or  waxy  lustre  and 
translucency  of  chalcedony ;  and  the  jaspery  varieties,  having  the  dull  lustre  and 
colours  and  the  opacity  of  jasper.  The  varieties  belonging  to  the  second  and  third 
groups  have  been  already  described.  (See  Chalcedont,  i.  844 ;  Jaspbb,  iii.  442 ;  and 
the  names  of  the  several  varieties.) 

The  Ti  treous  group  includes :  a.  Bock-crystal,  or  pure  crystallised  quartz.  An 
asteriated  variety  contains  whitish  impurities  or  opaque  particles,  arranged  along  the 
diametral  planes. — fi.  Amethyst :  clear  purple  or  bluish-white  quartz-crystal,  the  colour 
being  generally  ascribed  to  a  small  peroemtage  of  oxide  of  manganese.  According  to 
Heintz,  however,  it  is  due  to  a  compound  containing  iron  and  sodium. — y.  Roae^uartg  : 
rose-red  or  pink;  transparent  or  nearly  so,  with  vitreous  lustre;  usually  massive, 
and  often  much  cracked.  The  colour  is  probably  due  to  manganese,  but  is  attributed 
by  Fuchs  to  oxide  of  titanium,  and  by  Berthier  to  organic  matter. — 8.  False  topaz :  a 
light-yellow  pellucid  variety  of  quartz-crystals,  resembling  yellow  topaz,  but  dia- 
tinuuislied  therefroOA  by  its  ciystalline  form,  and  the  absence  of  cleavage. — c.  Smoiv 
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quartz  or  Caimgonn-stone  has  ft  brownish  smoky  tint,  sometimes  peUncid. — (  Milky 
auarU :  one  of  the  most  common  varieties,  massiye,  Titreons,  with  &  milk-white  colour. 
Sometimes  it  has  a  greasy  lustre,  and  is  then  called  greasy  quarts, — ri.  Prase  is  a  leek- 
green  variety  of  massive  quartz. — 0.  Affeniurin  quartz  is  minutely  spangled  through- 
out the  mass  with  yellow  scales.  It  is  usually  translucent,  and  of  a  grey,  brown,  or 
reddish-brown  colour. — (.  Siderite :  a  blue  varietv  from  Golling,  near  Saltzburg. — 
K.  Ferruginous  quartz  is  of  an  opaque  red,  brownish-red,  or  ochre-yellow  colour,  due  to 
oxide  of  iron«  It  occurs  in  distinct  crystals,  sometimes  minute  and  aggregated  into 
masses,  like  the  grains  of  sand  in  sandstone. 

Quartz  in  some  of  its  Varieties  ocean  in  almost  every  rock-stratum.  It  is  an 
essential  ingredient  of  granite,  gneiss,  mica-slate,  and  other  allied  rocks.  The 
ehalcedonic  varieties  occur  principally  in  the  vesicular  cavities  of  basaltic  and  allied 
rocks.  Flint  occurs  imbedded  in  chalk.  Homstone  is  sometimes  imbedded  in  limo- 
Btone.  Jasper  is  also  associated  with  limestone,  and  with  basaltic  rocks  and 
porphyry. 

Quartz-crystals  sometimes  occur  of  enormous  size.  A  group  in  the  Museum  of  the 
University  at  Naples  weighs  nearly  half  a  ton.  The  British  Museum  also  posseeees 
some  veiy  large  specimens. 

Quartz  is  diBtinguished :  1.  By  its  hardness^  scratching  glass  with  facility. — 2.  In  • 
fumJbUity^  not  fusing  alone  before  the  blowpipe. — 3.  Insolubility y  not  being  attacked  by 
water  or  acids. — 4.  Uneleavability  ;  one  variety  indeed  is  tabular,  but  true  cleavage  is 
never  observed. — 6.  The  reaction  with  soda  (p.  1).  It  is  only  pure  quartz,  however, 
that  forms  a  clear  glass. 

^VASTK-POSVBT&T.  See  Pobfhtbt  (iv.  691). — ^For  analyses  of  several 
vanetiea  of  this  rock,  see  Tribolet  (Ann.  Ch.  Pharm.  IzzxviL  327;  Jahresb.  1863, 
p.  868). 

QimgfiTAFiCAHiyHOa*  a  substance  which  separates  from  an  aqueous  infusion 
of  quassia- wood,  in  white  crystalline  plates,  lifter  than  water,  and  having  the  odour 
of  uie  wood.    (Bennerseheidt,  Handw.  d.  Chem.  vi.  741.) 

qUABBm/  QuassUn.  Quassite.  C>«H>K)*?  (Winckler,  Report,  Pharm.  liv. 
96. — ^Wiggers,  Ann.  Ch.  Pharm.  yxi.  40.) — ^The  bitter  principle  of  quassia-wood 
{Quassia  amara,  L.).  To  extract  it,  the  concentrated  aqueous  infusion  of  the  wood, 
after  being  freed  from  pectin  and  other  substances  by  treatment  with  slaked  lime,  is 
evaporated  to  dryness;  the  residue  is  digested  in  alcohol  of  80  or  90  per  cent. ;  the 
alcoholic  solution  is  evaporated;  the  yellow,  bitter,  crystalline  substance  which 
remains  is  treated  with  a  very  small  quantity  of  absolute  alcohol;  the  resulting 
alcoholic  solution  is  mixed  with  a  large  quantity  of  ether ;  and  the  filtered  ethereal 
solution,  after  being  concentrated  by  evaporation,  is  poured  into  a  small  quantity  of 
water. 

The  liquid,  if  then  left  to  itself,  gradually  deposits  quassin  in  small  white  opaque 
prisms — very  bitter,  inodorous,  and  permanent  in  the  air.  It  melts  when  heated,  and 
forms,  on  cooling,  a  transparent,  yellowish,  very  brittle  mass.  At  a  higher  temperature 
it  becomes  more  fluid,  turns  brown,  carbonises,  and  then  yields  acid  products  free 
fh>m  ammonia;  100  pts.  of  water  at  12^  dissolve  0*45  pt.  of  quassin.  Its  solubility  is 
increased  by  the  presence  of  veiy  soluble  saline  substances  or  organic  acids.  It 
contains,  according  to  Wiggers,  65*7  per  cent,  carbon,  and  6*9  hydrogen,  agreeing  very 
doBely  with  the  formula  C'*H**0*.  The  aqueous  solution  gives  a  white  precipitate  with 
tannin,  but  is  not  precipitated  by  iodine,  chlorine,  mercuric  chloride,  iron-salts,  or  lead- 
■alts.  It  dissolves  without  coloration  in  oil  of  vitriol,  and  in  nitric  acid  of  specific 
gravity  1'25 ;  hot  nitric  acid  converts  it  into  oxalic  acid. 


Syn.  with  QuAssnr. 

*AX«    An  alloy  consisting  of  9  pts.  tin,  1  antimony,  1  lead,  and 
1  bismuth. 

qmnUBSCmUjr.  C*'H"0».  rRochleder,  Ann.  Ch.  Pharm.  cxil.  112.)— 
A  substance  extracted  by  alcohol  from  the  loaves  of  the  chestnut  (?  horse-chestnut).* 
It  forms  fine  yellow  crystalline  grains  of  the  size  of  poppy-seeds,  and  is  resolved  by 
hydrochloric  add  into  quereotin  and  glucose : 

C*'H«K)»  +   3H«0     «     C«H"0'»  +   3C*H'W. 


k    An  ammoniacal  solution  of  quercetin  left  to  itself  for  two 
months,  and  then  treated  with  hydrochloric  acid,  deposits  unaltered  quercetin;  but  on 

■  TbetnbtUnce  Is  said  by  Rochteder  to  occur  "  In  den  KatUnienblattern  ; "  hut  the  nnme  quer^rcitrin, 
which  be  gives  to  it,  would  seem  to  imply  that  it  was  obtained  from  the  horse-chestnut  {.Ausculus 
Mirpocattmnam).    See  Qvbkcbtiii. 


QUERCETIC  ACID. 


adding  ammonia  to  the  acid  filtrate,  quercetamide  is  obtained,  as  an  orange-yoUow  pre- 
cipitate, which  alters  very  quickly  on  exposure  to  the  air.  At  a  temperature  of  145^ 
to  160^,  this  body  is  formed  in  twelve  hours,  but  in  a  less  pure  state.  It  is  amorphous, 
sUghtlj  soluble  in  water,  more  soluble  in  alcohol,  ether,  hydrochloric  acid,  and  excesi 
of  ammonia.    (Schiitzenberger  and  Faraf,  Zeitschr.  Ch.  Pharm.  1862,  p.  41.) 


C»'H'K)«,  or  0«»H"0»».  or  C'»ff»0-  ?  (Hlasiwetz,  Ann. 
Ch.  Pharm.  cxii  96. — Zwenger  and  Dronke,  ibid.  SuppL  i.  261 ;  also  cxxiii.  153. — 
Hlasiwetz  and  Pfaundler,  J.  pr.  Chem.  xciy.  66;  Jahresb.  1864,  p.  661.) — ^A 
compound  formed,  together  with  phloroglucin  and  other  producte,  by  the  action  of 
boilmg  potash  on  quercetin : 


Quercetin. 

3C»«H"0«    +  H«0 
Quercetin. 

Qaercetin. 


C"H'«0« 
'  Quercetic 
acid. 

Quercetic 
acid. 

Quercetic 
acid. 


€^•0*  (Hlasiwetz  I. 

Phloro- 

glucin. 

3C«HW  (Zwenger  and  Dronke). 
Pliioro- 
glucin. 

C"HH)*  (ffiasiwetz  and  Pfirandlor). 

Morin.* 


Preparation, — A  hot  very  concentrated  solution  of  3  pt&  potassium-hydrate  is 
boiled  down  in  a  silver  basin  with  1  pt  quercetin,  and  the  residue  is  heated,  till  a 
sample  dissolved  in  water  on  a  watch-glass  no  longer  gives  a  flooculent  predpitato 
(paradatiscetin)  with  hydrochloric  acid,  and  the  residue  quickly  turns  dark-red  at  the 
edges ;  it  is  then  immediately  diluted  with  water,  and  neutralised  with  hydrochloric 
acid.  After  being  left  to  cool  and  stand  for  a  while,  it  is  filtered  from  the  separated 
flocks,  which  contain  quercetin  and  paradatiscetin ;  the  filtrate  is  evaporated  to 
diyness ;  the  residue  exhausted  with  alcohol ;  the  alcohol  distilled  off  from  the  brown 
tincture;  and  the  residue  diluted  with  water.  On  adding  neutral  acetate  of  lead  to 
this  solution,  quercetate  of  lead  is  precipitated  (phloroglucin  remaining  in  solution), 
which  may  be  decomposed  under  water  by  sulpnydric  add.  After  the  sulphide  of 
lead  has  been  filtered  off  and  washed  with  boiling  water,  the  solutions  are  evaporated 
in  a  current  of  hydrogen,  and  the  crystals,  which  separate  after  some  days,  are  collected 
and  decolorised  by  recrystallisation,  with  addition  of  animal  charcoal  (Hlasiwetz). 
Or  the  neutralised  solution,  mixed  with  one-fourth  of  its  volume  of  alcohol,  may  be 
shaken  up  with  ether,  the  ether  evaporated,  and  the  residue  dissolved  in  water,  and 
treated  with  acetate  of  lead  as  above.    (Hlasiwetz  and  Pfaundler.) 

Properties, — Quercetic  acid  ciystallises  in  slender  silky  needles,  which  effloresce  in  a 
warm  atmosphere,  and  give  off  15*49  per  cent,  water  between  120^  and  131^ 
(C"H'*0*.HO*  requires  15*47  per  cent.).  The  composition  of  the  anhydrous  add, 
according  to  calculation  and  analysis,  is  as  follows : 


Calculation, 


Carbon 
Hydrogen  . 
Oxygen 


HtAliWPtS. 

C"H'«0« 

.  59-30 
.  3-48 
.     37-22 


Zwenger  and  HIatiwets  and 

Dronke.  Pfaundler. 

CJiflMQW        C'»H>'0* 


100-00 


6915 

3'28 

37-57 

10000 


59-60 

3-31 

3709 

100-00 


Mean  of 
cmalyta, 

Hta«iwetz. 


59-44 

3-73 

36-83 

10000 


The  last  formula  agrees  best  with  the  analyses,  but  it  does  not  afford  so  ready  an 
explanation  as  the  others  of  the  simultaneous  formation  of  phloroglucin  from  quercetin 
(p.  5). 

Quercetic  add  dissolves  sparingly  in  cold,  easily  in  boiling  water ;  it  is  soluble 
also  in  alcohol  and  ether.  The  aqueous  solution  turns  yellow  when  exposed  to  the  air. 
A  very  dilute  solution,  when  exposed  to  the  air,  acquires  first  a  yellow,  then  a  splendid 
carmine  colour.  The  acid  dissolves  with  red-brown  colour  in  oil  of  vitriol,  and  is  pre- 
cipitated by  water  in  red  fiocks,  forming  purple  solutions  with  ammonia  and  potash 
(Hlasiwetz). — It  is  coloured  black-bluo  hy  ferric  chloride,  or  in  very  dilute  solution, 
a  splendid  bright  blue  (Hlasi  wetz).  When  djiytolved  in  water  together  with  urea 
it  forms  a  compound,  and  with  excess  of  urea,  ayKduct  of  decomposition  (Pfaun  d  ler). 
By  fusion  with  potash,  it  is  converted  into  protocatechuic  and  qucrcimeric  adds : 

C'»H'»0'  +  H«0  +  O    -    C'H'O*  +  c«n*o*. 


Quercetic 
acid. 


Protocatechuic    Quercimeric 
acid.  acid. 


*  The  morin  is  laid  to  he  further  trantrormed  into  phloroglucin,  with  timultaoeoai  formaUou  «C 
oxalic  acid  ;  but  the  mode  of  decompoxition  iv  not  kIvcu. 


QUERCEtll^x 


* 

lMa«eto-«iiMrQetle  «eld.  C«'H»K)'*  =»  t5«rHi«(C«HH))«0«?  (Pfaundler, 
Ann.  Ch.  Pharm.  czix.  813.)— Obtained  bv  heatitig  qnercetio  acid  with  chloride  of 
acetjl  to  100^  in  a  Bealed  tube,  expelling  the  excess  of  the  chloride  after  the  action  is 
•rer,  and  drencbinff  the  residual  glntinons  maas  with  water.  It  then  remaina  in 
rennouB  flocka,  whidimay  be  purified  by  washing  with  water  and  ciystaUisation  from 
alcohol  It  ia  decomposed  by  heat,  with  formation  of  acetic  acid.  It  reduces  alkaline 
solutionB  of  copper-  ^d  silver-salts ;  scarcely  colours  a  solution  of  ferric  chloride. 

The  aboTe  reaction  also  piyes  rise  to  the  formation  of  a  second  product,  probably 
vifmoacetoqwToetic  acid,  which  remains  dissolved  in  alcohol,  alter  the  diaceto-componnd 
has  cnrstallised  out,  and  is  precipitated  hy  water  in  white  flocks ;  it  colours  ferric 
chloride  deep  green.    (P  f  a  u  n  d  1  e  r.) 


Mdetifi.^A.  product  of  the  decomposition  of  qnerdtrin  and 
similar  bodies,  discovered  in  1854  by  Bigaud  (Ann.  Ch.  Pharm.  xc  283),  and 
fhrther  examined  by  Hlasiwetz  {ibid,  cxii  96),  who  assigned  to  it  the  fbrmnla, 
C**H'*0** ;  by  Zwenger  and  Dronke  {ibid,  Suppl  i.  21,  and  cxxiii.  153),  who  adopt 
the  formuhi  C"H'W,  proposed  by  Wurta  (Ann.  Ch.  Phys.  [3]  xliL  244) ;  and  lastly 
by  Hlasiweta  and  Pfaundler  (J.  pr.  Chem.  xciv.  65 ;  Jahresb.  1864,  p.  660),  who 
regard  it  as  C"H'«0« 

Quercetin  is  produced,  together  with  sugar  or  a  similar  body,  by  boiline  quercitrin 
(Bigaud),  rutin  (Rochleder  and  Hlasiwetz), or  robinin  (Zwenger  andDronke), 
with  aqueous  mineral  acids,  and  separates  during  the  boiling  and  on  cooling,  partly  only 
after  the  liquid  has  been  left  at  rest  for  some  time.    It  is  likewise  obtained  in  the 

S reparation  of  quercitrin  by  the  method  ^resentljjr  to  be  described  (p.  6),  and  by  the 
ecompoeition  df  several  substances  identical  or  isomeric  with  ouercitrin,  viz. — a.  A 
Yellow  colouring-matter  from  ripe  horse-chestnuts,  likewise  founa  in  the  Adl  but  not 
in  the  undeveloped  leaves,  and  in  the  flowers  (Bochleder).— ^.  A  yellow  dye  ftom 
hops. — 7.  A  yeUow  dye  firom  the  berries  of  the  sea-buckthorn  or  sallowthom  (Hip- 
pc^ihaS  rhamn&ides).—-9.  Flavin,  a  yeUow-brown  powder  from  North  America  (ii  655). 
— €.  The  green  leaves  and  the  flowers  of  plants  contain  either  quercitrin  or  quercetin. 
(Filhol,  J.  Pharm.  [8]  xlL  151.) 

Bhamnet^n  and  thi\jetin  are  regarded  by  Hlasiwetz  as  identical  with  quercetin,  which 
however  is  doubted  by  BoUey  in  the  case  of  rhamnetin. 

Quercetin  forms  eitneiF  small,  very  slender,  bright-yeUow  needles,  which  do  not  polarise 
Hght,  or  a  lemon-yellow  powder.  It  contains  water  of  cryatallisation,  which,  according 
to  Hlasiweta,  is  not  completely  expelled  at  120^,  or  even  between  200^  and  220^. 
Hlasiwetz  originally  assigned  to  hydrated  quercetin  dried  at  various  temperatures  the 
tormuhB  4C«*H)»».HK),  2C«'H'«0".HK),and  C"H»«0".HH).  Acoordingto  the  more 
recent  experiments  of  Hlasiwetz  and  Pfaundler,  anhydrous  quercetin  is  U^^H'^O",  and 
there  are  two  hydrates  contfiining  2CrH»"0'«.H«0  and  C»H»H)»«.HK).  [For  analyses, 
see  Qmelin's  HandJbook,  xvL  492,  and  the  memoir  of  Hlasiwetz  and  P&undler  abo?« 
cited.] 

Quercetin  melts  above  251^  to  a  yellow  liquid,  without  decomposition  when  quickly 
heated,  and  solidifles  in  the  crystaUine  form  on  cooling.  At  a  high^  temperature,  or 
when  slowly  heated  even  to  230^ — 250^,  it  sublimes  with  partial  decomposition  in 
yellow  needles.    It  is  inodorous,  permanent  in  the  air,  and  neutral. 

Quercetin  is  nearly  insoluble  in  cold,  and  but  slightly  soluble  in  boiling  water^ 
forming  a  yellow  eoluHon ;  easily  in  alcohol  even  when  very  dilute,  much  less  freely  in 
ether.  It  dissolves  without  decomposition  in  warm  acetic  add,  and  in  warm  concen- 
trated hydrochloric  acid.  From  solution  in  alcoholic  hydrochloric  acid  it  separates  on 
eonoentration  in  deep  oranfle-yellow  crystals. — Cold  nitric  add  dissolves  it  r^ily,  and 
on  heating  the  solution,  oxauc  acid  is  formed,  together  with  a  small  quantity  of  picric  acid. 

Quercetin  dissolves  easily  in  alkaline  liquid^  forming  golden-yellow  solutions,  from 
which  it  is  precipitated  in  flocks  by  acids.  It  forms  with  potash  the  compound 
C«^H'«0'».K«0,  or  C*'H'«K*0".HK),  a  corresponding  compound  with  aoda,  and  with 
zinc-^Mcidc  the  compound  CH^O^. Zn'^'O*.    (HI  asiwetz  and  Pfaundler.) 

The  alcoholic  solution  of  quercetin  forms  a  brick-red  precipitate  with  neutral  acetate 
of  lead,. — Ferrous  chloride  colours  the  alcoholic  solution  dark-red,  but  scarcely  aflfects 
the  aqueous  solution. — Ferric  chloride  colours  the  aqueous  solution  dark-green,  even 
when  very  dilute,  the  colour  changing  to  dark-red  when  heated.  An  alcoholic  solutioa 
of  quercetin  mixed  with  alcoholic  ferric  chloride  and  evaporated,  leaves  a  dark-green 
amorphous  mass,  nearly  insoluble  in  water,  but  dissolving  completely  in  alcohol  and 
•tlier,  the  solutions  having  the  colour  of  chlorophylL    (P  f  a  u  n  a  1  e  r.) 

Quercetin  easily  reduces  nitrate  of  silver  at  ordinary  temperatures,  chloride  of  gdd 
at  the  boiling  heat,  and  eupric  oxide  in  alkaline  solution.  When  heated,  or  left  for 
some  time  in  contact  with  aqueous  ammonia,  it  forms  quercetamide.  (Schutzenber* 
%tf  and  Paraf,  p.  2.) 


QUEBCIMERIC  ACID.  6 

'  Qneroetin  haated  with  potash  yields  queicetic  add  and  other  prodacte,  varying 
Jiooording  to  the  duration  of  the  action.  When  it  is  heatml  with  3  pts.  potassium- 
hydrate  till  a  sample  dissolved  in  water  exhibits  a  purple-red  colouring  on  the  edgei^ 
the  product  consists  chiefly  of  quercetie  acid,  phloroglucin,  and  paradatisce- 
tin,*  C^H^'O*  (formerly  called  by  Hlasiwets  alvha-queroeiin,  and  regarded  as  O*H*0^ 
which  separates  in  yellow  flocks  on  the  addition  of  hydrochloric  acid.  If  the  action 
be  further  prolonged,  protocatechuic  and  quercimeric  acids  are  produced  by 
the  decomposition  of  the  quercetie  acid,  also  a  body  which  has  not  been  obtained  in 
the  free  state,  but  remains  in  the  mother-liquor  from  which  the  phloroglucin  has  been 
deposited,  and  is  characterised  by  yielding  a  fine  violet  colour  with  carlwnate  of  sodium 
and  indigo-blue  with  strong  sulphuric  acid. 

Hlasiwetz  and  Ffiiundler  regard  quercetinas  a  compound  of  quercetie  add  and  morin: 

C^'H^^O"    «    C>«HK)*   •♦•  C»*H>H)' 

Quercetio.  Morin.  Quercetie  acid. 

a  view  of  its  composition  which  explains  t^  formation  of  quercetie,  querdmeric,  and 
protocatechuic  adds,  but  not  that  of  paradatiscetin.  The  querdmeric  and  protocate> 
chuic  adds  are  formed  as  shown  by  the  equation  already  given  (p.  4).  The  phloroglu- 
cin appears  to  be  formed  from  paradatiscetin,  thus: 

The  quantity  of  phlorogludn  produced  is  greater  as  the  action  is  more  prolonged.  [The 
mode  of  formation  of  quercetie  add  and  phloroglucin  according  to  the  older  formulBe  of 
quercetin  has  been  alieady  given,  p.  3.1 

When  a  solution  of  quercetin  in  dilute  soda-lev  is  treated  with  aodium'Omdlgam 
(containing  3  or  4  per  cent  sodium)  till  the  liquid  has  acquired  a  light  brownish- 
yellow  colour,  then  neutralised  with  hydrochloric  add,  and  shaken  up  with  ether,  the 
ether  extracts  phloroglucin,  together  with  two  other  bodies  which  may  be  separated  hj 
precipitation  with  acetate  of  lead.  On  decomposing  the  precipitate  with  sulph^dne 
add,  and  evaporating  the  filtrate  in  a  vacuum,  a  crystalline  powder  is  first  deposited, 
consisting  of  a  body,  A,  having  the  composition  C^'H^'O^  while  another  body  B,  consist- 
ing of  CHH)*,  separates  in  granular  ciystals  from  the  mother-liquid  after  longer 
standing  and  repeated  evaporation. 

The  less  soluble  body  A  is  a  weak  add,  which  crystallises  firom  hot  water  in  slender 
prisms,  and  dissolves  easily  in  alcohol  and  ether;  its  lUcoholic  solution  is  coloured  dark- 
violet  by  ferric  chloride,  and  violet  changing  to  brown-yellow  by  potash.  By 
renewed  treatment  with  sodium-amalgam  it  is  converted  into  phlorogludn ;  by  fusion 
with  potash,  into  phloroglucin  and  protocatechuic  add : 

C"H»«0»  +  0«    -     C«HH)«  +  C'H'O*. 

The  other  body  B  is  also  a  weak  add :  it  melts  at  130^ ;  its  aqueous  solution  is  coloured 
dark  yellow-red  by  a  drop  of  caustic  potash,  ffreen  by  ferric  chloride,  and  then  purple- 
violet  on  addition  of  sodic  carbonate.  It  reduces  silver-solution  and  alkaline  cuprie 
solutions,  and  is  converted  by  fusion  with  potash  into  protocatechuic  add : 

CHH)"  +  H«0     -     Cm«0<  +  2fl«. 

An  alcoholic  solution  of  quercetin  addulated  with  hydrochloric  add  is  converted  by 
sodium-amalgam  into  a  red  body  (Stein's  paraearihamin,  iv.  841),  which  is  eadly 
reconverted  into  quercetin.    (Hlasiwetz  ana  Pfaundler.) 


QVBRCZBKBSZO  ACXD.  0*H'H)*. — Produced  by  the  action  of  melting  potash 
on  quercetie  acid,  or  by  its  prolonged  action  on  quercetin.  When  quercetin  is 
fused  with  hydrate  of  potassium  till  the  mass  no  longer  froths  up  in  large  bubbles,  and 
a  sample  of  it  dissolves,  no  longer  with  golden-yellow,  but  with  tawny-yellow  colour, 
changing  to  red  more  quickly  on  exposure  to  the  air,  quercimeric  add  is  sometimes 
found  in  the  solution,  instead  of,  or  together  with,  quercetie  add,  and  separates  from 
the  mother-liquor  in  granular  crystals,  which  may  be  purified  by  repeated  fractional 
crystallisation  and  decolorisation  with  animal  charcoal,  or  by  decomposition  of  the  lead« 
predpitate  with  sulphydric  add. 

Querdmeric  add  in  the  crystalline  state  contains  C^*0*.HK).    It  is  colourless,  hst 

*  To  obtain  this  lubstance  pore,  it  ii  dIuoWed  In  alcohol ;  thr  tolution  !•  mixed  with  acetate  of  Irad, 
which  throws  down  quercetin  ;  the  liquid  freed  from  lead  bjr  svlphurie  acid,  and  conceDtrated  to  two. 
thirds,  is  mixed  with  water ;  and  the  flodii  thereby  separated  are  cnrstalliscd  from  very  wexk  spirit. 
Panidatlscetin  it  thus  obrained  in  jellowish  needles',  ft  ie  probably  isomeric  with  datlscetln  (it.  M6) 
ind  luteollii  (iiL  73S)  \  dissolves  easily  and  with  acid  reaction  te  dilute  alcohol,  less  easily  in  alcohol, 
and  is  nearly  insoluble  in  water.  The  alcoholic  solution  la  coloured  violet  by  ferric  chloride,  yellow  by 
pntanh,  turning  frreen  on  exposure  to  the  air,  red  or  red>bmwn  by  aqueous  bromine  or  chlorine,  ft 
reduces  nitrate  of  silver  and  alkaline  cupric  solutions  when  heated  with  them.  HVben  boiled  witli 
Alkaline  earths,  it  yields  hjdrated  salts  crystallising  in  long  need  oa.  Bt  fusion  with  hydrate  of  poCas* 
Slum  it  yields  phloroglucin,  but  no  quercetie  or  protocatechuic  acid.  (Hlasiweti  and  P  faun  dl«r.> 


6  QUERCITANNIC  ACID—QUERCITRIN. 

an  acid  reaction  and  astringent  taste,  dissolves  readily  in  water,  alcohol,  and  ether,  and 
separates  therefrom,  in  granular  or  small  prismatic  crystals.  The  aqueous  solution 
immediately  becomes  purple-red  on  addition  of  a  trace  of  alkali,  dark-blue  with  ferrie 
chloride.  Like  quercetic  acid,  it  reduces  nitrate  of  silver  and  alkaline  cupric  solutions, 
and  is  precipitated  by  acetate  of  lead.  When  fused  with  potash,  it  yields  proto- 
catechuic  add : 

C^H>»  +  0     -     CHK)*  +  CO*. 

QVZXCXTAVMZC  ACZD.  An  add  of  unknown  composition,  extracted  from 
oak-bark,  and  exhibiting  with  ferric  salts  the  same  reactions  as  gallotannic  acid.  It 
differs  however  from  the  latter  in  not  being  convertible  into  gallic  acid,  and  not  yield- 
ing pyrogallic  add  by  dry  distillation.  It  is  predpitated  by  sulphuric  acid  in  red 
flocks.    (Stenhouse,  Ann.  Ch.  Pharm.  xlv.  16.) 

According  toRochleder  (ibid.  IxiiL  202),  the  tannic  acid  of  black  tea  is  the  same 
as  that  of  oak-bark. 

QUXXCXnk  G*H^*0.  Quercin.  Sugar  of  Acorns.  (Braconnot,  Ann.Ch.  Phys. 
[3]  xxvii  392. — ^Dessaignes,  Ann.  Ch.  Pharm.  Ixxxi  103  and  251.) — ^A  saccharine 
Mubstance  contained  in  acorns.  To  prepare  it,  the  aqueous  extract  of  bruised  acorns 
is  freed  from  dissolved  tannic  add  by  heating  it  with  lime ;  the  filtrate  is  left  to  fer- 
ment with  yeast,  to  remove  fermentable  sugar ;  the  filtered  liquid  is  evaporated  to  a 
syrup ;  and  the  crystals  which  separate  after  a  while,  are  washed  with  alcohol,  and 
recrystallised  from  water  or  weak  spirit 

^erdte  forms  hard  monodinic  crystals,  grating  between  the  teeth.  It  is  permanent 
in  the  air,  and  does  not  alter  even  at  215^,  but  melts  at  236^,  with  partial  sublimation 
and  slight  carbonisation.  It  dissolves  in  8  to  10  parts  of  water,  forming  a  solution 
which  takes  up  a  small  quantity  of  lime ;  also  in  hot  dilute  alcohol. 

Queidte  triturated  with  strong  sulphuric  acid,  forms  a  conjugated  add,  the  caldum- 
salt  of  which  does  not  crystallise.  By  hot  nitric  acid  it  is  converted  into  oxalic,  not 
into  mudc  add.  A  mixture  of  nitric  and  sulphuric  acids  converts  it  into  nitr  oqu  er- 
cito,  which  is  a  white  amorphous  redn,  insoluble  in  water,  soluble  in  hot  alcohol, 
reduced  to  querdte  when  its  alcoholic  solution  is  treated  with  sulphydric  add. 

With  baryta,  querdte  forms  a  compound  containing  C"H'*0**.6a*0.2H*0.  It  forms 
a  white  predpitate  with  a  warm  solution  of  basic  lead-acetate  mixed  with  ammonia. 

Bemoquercite,  C*H»K)'  «  C«H»»0*.rC'H*0)«.— A  solid  neutral  compound  pro- 
duced by  heating  querdte  with  benzoic  add  to  200^  in  sealed  tubes.  It  is  insoluble  in 
water,  soluble  in  ether  and  in  alcohoL  When  dissolved  in  absolute  alcohol  and 
treated  with  hydrochloric  add  gas,  it  is  resolved  into  querdte  and  ethylic  benzoate. 
(Berthelot,  Compt.  rend.  xliv.  452.) 

Stearoquercite,  C"H«»0'  =  C«H»0».(C»H*fO)«,  is  a  white  solid  mass,  which 
reacts  like  the  preceding,  and  is  obtained  in  a  similar  manner.    (Berthelot.) 

Quercitartaric  acid,  C»H»K)«'  -  C«H'«0»  +  4C*H»0«  -  2H*0,  is  obtained 
like  duld tartaric  add  (iL  348)  from  quercite  and  tartaric  acid.  Its  calcium-acUt, 
C«H*«Ca«0".2H»0,  gives  off  161  per  cent  water  at  llO®.  (Berthelot,  Ann.  Ch. 
Phys.  [3]  Uv.  82.) 

'  QVSROXTRnr.  Quercitric  Acid,  Quercimdin. — A  neutral  substance  occurring 
in  querdtron-bark,  the  bark  of  Quercus  Unctoria. 

Preparation. — 1.  The  bark  is  boiled  with  water,  the  decoction  is  left  to  cool,  and  the 
impure  querdtrin  which  separates  is  collected,  then  rubbed  to  a  pulp  with  alcohol  of 
35^  B.,  heated  over  the  water-bath,  collected  on  linen,  and  pressed,  whereby  theprindpal 
impurities  are  removed.  The  residue  is  dissolved  in  a  larger  quantity  of  boiling  alco- 
hol, the  solution  is  filtered  hot,  and  water  is  added  to  it  tfll  it  becomes  turbid,  so  that 
the  greater  part  of  the  querdtrin  separates  before  the  liquid  is  quite  cold.  It  is  then 
collected,  pressed,  and  purified  by  a  repetition  of  the  same  treatment  (Rochleder, 
J.  pr.  Chem.  Ixxvii.  34).* — 2.  The  pulverised  bark  is  exhausted  with  six  parts  alcohol 
of  specific  gravity  0*84  in  a  percolator,  till  the  liquid  is  of  a  bright  wine-yellow  colour. 
The  tincture  is  fr«ed  from  tannic  acid  by  predpitation  with  washed  ox-bladder  or 
ionglass-solution,  and  filtered;  and  after  adding  water,  the  alcohol  is  distilled  off,  when  a 
quantity  of  brown  resinous  drops  first  separates,  and  afterwards  quercitrin  crystallises  out. 
The  dvstals  must  be  collected  before  remaining  too  long  in  the  mother-liquor,  then 
washed  with  cold  water,  and  dissolved  in  absolute  alcohol;  and  the  filtrate,  after  addi- 
tion of  water,  evaporated  till  it  crystallises  (Bolley,  Ann.  Ch.  Pharm.  xxxvii.  101 ; 
Ixii.  136. — Rigaud,  ibid.  xc.  283).— -3.  The  bark,  in  small  pieces,  is  exhausted  with 
boiling  alcohol ;  the  alcohol  is  distilled  off;  and  the  residue,  while  still  warm,  is  mixed 

*  The  querdtrin  remaining  in  the  bark  it  obtained  ai  quercetin  by  decoropoting  a  tecond  decoctloo 
with  hjfdrochloric  aad  in  the  colil.then  filtering,  and  heatini;  to  the  boiHng*point,  the  quercetin  then 
•eparating.  It  U  to  he  fllt(;red  whilst  hot,  as  afterwards  only  a  little  impure  quercetin  is  deposited 
from  the  solution.    (Rochleder.) 
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with  a  little  acetic  acid,  and  then  with  neutral  acetate  of  lead ;  the  filtrate,  freed  from 
lead  by  aiilphydric  acid,  is  evaporated ;  and  the  quercitrin  which  crystallisea  is  purified 
by  repeated  crystallisation  from  alcohol  (Zwenger  and  Dronke,  Ann.  Ch.  Fharm. 
SuppL  i  266). — Stein  (J.  pr.  Chem.  Izxzt.  3/>1)  apprehends^  in  this  procesa^  a 
decomposition  of  the  quercitrin  by  the  free  acetic  acid. 

Pro^ties. — Hydrated  quercitrin  forms  microscopic,  partly  rectangolar,  partly 
rhombic  tablets  baring  their  obtuse  lateral  edges  truncated ;  pale-yellow  when  pulyerised. 
It  is  neutral,  inodorous,  tasteless  in  the  solid  state,  bitter  in  solution,  permanent  in 
the  air. 

Air-dried  quercitrin  heated  to  100^  gives  off,  on  the  average^  5*74  per  cent  water, 
and  when  heated  to  165^  for  some  time,  a  further  quantity,  amounting  altogether  to 
11*81  per  cent  of  the  air-dried  substance.  After  dehydration,  the  quercitrin  melts  at 
160°  to  a  dark-yellow  resin,  which  solidifies  to  an  amorphous  mass  on  cooling. 
(Zwenger  and  Dronke.) 

HlasiwetE  and  Pfaundler  (Jahresb.  1864,  p.  664)  give  for  anhydrous  quercitrin 
the  formula  0"H»0",  and  state  that  it  forms  three  hydrates— C»H"0".H«0, 
C"H»^".2H«0,  and  C»H»0".3HH).  Several  other  formulie  have  been  proposed  for 
quercitrin.  Hlasiwets  at  different  times  assigned  to  it  the  formulas  C^'H^'O"  and 
C»H««0*  while  Zwenger  and  Dronke  re|;ard  it  as  0"H'*0*«.  It  is  by  no  means 
certain  that  the  so-calleid  quercitrins  exammed  by  these  several  chemists  are  identical 
with  one  another  (p.  4).  [For  analyses  and  i^culations,  see  Gmelin's  Handbook, 
xvi.  497.] 

Quercitrin  is  slightly  soluble  in  cold,  somewhat  more  soluble  in  boiling  wUer ; 
much  more  soluble  in  alcohol,  slightly  in  ether.  It  dissolves  also  in  warm  a^kie  add, 
in  dilute  aqueous  ammonia^  and  in  caustic  Boda  ;  the  ammoniacal  solution  gradually 
deepens  in  colour  on  exposnro  to  the  air. 

Quercitrin  is  almost  wholly  precibitated  from  its  solution  by  neutral  or  basic  acetate 
of  lead,  the  precipitate  being  reaoily  soluble  in  acetic  acid.  Aqueous  or  alcoholic 
quercitrin  is  coloured  dark-green  by /rrr»ccA^r>ri<20,  even  when  diluted  to  4,000  or  5,000 
times  its  bulk  (Rigaud).  It  is  not  coloured  at  first  hj- ferrous  chloride,  but  the  solu- 
tion turns  greenish  on  exposure  to  the  air.    (Zwengerand  Dronke.) 

Decompositions. — 1.  Quercitrin  yields,  by  dry  distillation,  empyreumatic  products, 
together  with  yellow  crystals  of  qucrcetin,  and  leaves  a  light  difficultly  combustible 
charcoal. — 2.  Solutions  of  quercitrin  acquire  a  brown-red  colour  by  exposure  to  the 
air  (Bo lie y).  Concentrated  nitric  acid  produces  a  violent  evolution  of  nitric  oxide 
and  carbonic  anhydride,  and  forms  a  dear  red-brown  solution  containing  oxalic  acid 
(Rigaud).  Besides  a  large  quantity  of  oxalic  acid,  thero  is  produced  a  trace  of  picric  acid 
(Z  w  en  ger  and  Dronke);  none  according  to  S  ten  house  (Ann.  Ch.Fharm.zcviii.  179). 
Dilute  nitric  acid,  when  warmed  with  quercitrin,  produces  nt  first  the  same  splitting- 
up  as  other  acids,  afterwards  mora  complete  decomposition  (Rigaud). — 4.  Quercitrin, 
heated  with  oxide  of  manganese  and  sulphuric  acid  (B  o  1 1  ey),  with  chromate  of  potassium 
and  sulphuric  acid  (Rigaud),  yields  formic  add. — 5.  The  dark-brown  predpitate  pro- 
duced by  nitrate  of  silver  in  solutions  of  querdtriii  is  quickly  reduced  to  the  metallic 
state  (Bo Hey).  Querdtrin  reduces  nitrate  of  n/wr  and  trichloride  i^goldqmMj 
in  the  cold,  cumrate  of  potassium  only  after  continued  boiling  or  long  stancUng 
(Zwenger  ana  Dronke). — 6.  Oil  of  vitriol  forms  with  it  a  solution  which  soon 
becomes  dark  and  black  (Rigaud). — 7*  Querdtrin  is  decomposed,  by  boiling  with 
dilute  mineral  acids,  into  quercetin,  which  separates,  and  a  sacchanne  substance, 
also  according  to  Rigaud  by  boiling  with  alum,  but  not  by  prolonged  heating  with 
acetic  add.  The  decomposition  is  not  effected  by  emulsin  (Zwenger  and  Dronke). 
According  to  Hlasiwetz  and  Pfaundler,  the  sugar  produced  is  isodulcite,  CH'^O*. 

C«H"0"^  +  HH)    -     CH'K)'*  +  C«H»*0«. 
Querdtrin.  Quercetin.         Isodulcite. 

100  pta.  of  anhydrous  quercetin  wero  found  to -yield  25'6  pts.  isoduldte ;  calculation 
requires  26*4  pts.  Hlasiwetz  formerly  found  27'87  per  cent,  sugar,  which  he  regarded 
as  isomeric  with  glucose,  representing  its  formation  by  the  equation, 

C:»H"0"   .-     C»H"0"  +  C*H'«0«  +  HH), 
Quercitrin.  Quercetin.  Sugar. 

#  •  « 

which  requires  27*4  per  cent.  Rigaud,  on  the  other  hand,  found  that  100  pts.  of 
quercitrin  yielded  on- the  average  44 '35  pts.  sugar  and  •61*44  quercetin,  and  Stain 
obtained  62*9  pts.  quercetin.  These  numbers  agree  approximately  with  the  equation 
given  by  Zwenger  and  Dronke : 

C»*H"»0"  +  2H20     «     C"H'»0«  +  C*H»«0«, 
Quercitrin.  Querretin.  Sugar. 
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irhich  requires  60*50  per  cent  quercetin  and  41*57  angar.  The  great  dlTergeoces  ia 
these  resnlta  seem  to  indicate  that  substances  differing  firom  one  another  in  constitu* 
tion  have  been  confounded  together  under  the  name  <»  quercitrin. 

QVBKCZTROV.  A  yellow  dyenstoff  consisting  of  the  shavings  and  powder  of 
the  bark  and  alburnum  of  Quercus  tinctaria,  Q.  nigra,  or  Q.  eitrina,  a  kind  of  oak 
indigenous  in  North  America,  especially  in  Carolina,  Geoigia,  and  Pennsylrania.  It 
is  used  in  America  for  tanning,  in  Europe  for  dyeing  only.  For  the  latter  purpose, 
the  aqueous  decoction  (which  contains  quercitnn)  mordanted  with  alum  or  stannic 
chloride  is  employed.  According  to  Leesching  (Rep.  of  Patent  Inventions,  Jan. 
1856,  p.  65),  a  product  of  greater  colouring  power  mapr  be  obtained  by  boiling  the  bark 
with  dilute  sulphuric  add  or  hydrochloric  acid.  This  result  is  probably  due  to  the 
conversion  of  the  querdtrin  into  quercetin,  which,  according  to  Rigaud,  produces 
much  purer  and  brighter  colours  on  tissues  than  querdtrin. 

QPMRCUB.  Oak. — The  wood  of  Quereus  sessUiflora  *  has  a  specific  gravity  of  0*65^ 
and  in  the  air-dried  state  contains  48*8  per  cent,  carbon,  6*1  hydrogen,  and  45*1  oxygen 
(Schadler  and  Petersen,  Ann.  Chem.  Pharm.  xvii.  139).  Yogel  (N.  Jahreeb. 
Pharm.  viL  367)  found  49*5  C  to  5*3  H,  43*7  0,  and  1*5  ash ;  in  the  mould  of  oak-wood 
52*5  C  to  5*0  H,  40*6  0,  and  1*9  ash.  Sprengel  (J.  Techn.  Chenu  ziii  383)  found  ia 
the  air -dried  wood  only  0*20  per  cent.  asn. 

The  leaves  of  the  oak  contain,  accordingto  Sprengel,  48  pts.  water  and  52  pis.  dry 
substance,  25  pts.  of  which  are  soluble  in  water,  and  57  pts.  in  dilute  potash-ley.  Ac- 
cording to  Boussingault  (Ann.  Ch.  Phys.[2]  Ixvii.  408),  100  pta.  of  the  dried  leaves 
contain  2*1  per  cent,  nitrogen,  and  according  to  Sprengel,  100  pts.  of  the  air-dried 
leaves  yield  5*06  per  cent.  ash. 

Oak -bark  contains,  besides  queidtannic  add  (p.  6),  a  small  quantity  of  gallic 
acid,  red  tannin-depodt  (oak-red),  wax,  pectin,  and  other  vegetable  constituents;  it  also 
yields  2  per  cent,  ash,  consisting  of  lime,  magnesia,  oxides  of  iron  and  manganese, 
phosphoric,  silidc,  and  carbonic  add.  The  proportion  of  soluble  constituents  in  general 
and  of  tannin  in  particular,  is  less  in  old  tlum  in  young  baric,  less  also  in  the  outer  than 
in  the  inner  bark.  Davy  (GehL  N.  Chem.  J.  iv.  343)  found  in  100  pts.  of  oak-bark. 

Inner  white  bark  of  old  oaks      •       •        •       « 
Inner  white  bark  of  young  oaks  •        .        •        • 

Entire  bark  in  spring 

Entire  bark  in  autumn 

Bark  of  oak  underwood       .        •        •        •        « 
Middle  coloured  bark 


Extractive 

Tannii 

natter. 

22*5 

150 

23*5 

160 

12*7 

60 

— 

4-4 

— 

6-6 

90 

40 

Feb  ling  (Wurtemb.GewerbebL  1856,  p.  77)  found  in  old  oak-bark  abovtOper  cent., 
m  bark  of  better  quality  from  13  to  16  per  cent.,  and  in  the  best  inner  bark  19  to  21 
per  cenL  tannin.  Miill  er  (Arch.  Pharm.  zxxviii.  266)  obtained  from  the  bark  of  stems 
two  or  three  years  old,  about  11  per  cent.,  and  firom  that  of  older  stems  5  per  cent, 
tannin. 

The  barks  of  Quereus  sessUiflorOj  Q,  peduneulaiOf  and  Q.  Hex  are  extensively  used 
in  tannin.  Oak-bark  has  also  been  usea  for  the  preparation  of  inks,  and  in  medicine 
for  its  styptic  and  astringent  qualities. 

Acorns,  Glandus  qiurcus,  the  fruit  of  the  oak,  have  been  examined  by  several 
chemists.  The  shell  or  cup  constitutes  about  one-fourth  of  the  entire  fruit.  Shelled 
acorns  contain,  according  to  Brand e,  20*3  per  cent,  starch,  2*9  tannin,  51*7  extractive 
matter  and  water,  7*1  wood-fibre,  and  18*0  per  cent  gluten.  The  results  of  analyses 
by  other  chemists  are  as  follows : 

Compontian  ofshdUd  acorns. 

LSwfg.     BraoonooL    t.  BIbra. 


Starch         .        .        .        , 

38*0 

870 

84*9 

Uncrystallisable  sugar 

— 

70 

8*1 

Gum  and  extractive  matter . 

6*4 

5*0 

— 

Nitrogenous  substances 

— 

150 

7-3 

Tannic  add 

90 

— . 

70 

Fixed  oil             •        .        , 

4*3 

8*3 

3*8 

Woody  fibre 

1-9 

81*9 

— 

Water        .       .        .        . 

— 

81*8 

Vegetable  mudlage,  gum,  W( 

oody 

fibre, 

&C.      — 

— 

440 

*  This  b  the  common  oak  in  Germany  and  the  South  of  Europe,  and  ia  known  as  Querctu  it  our. 
In  England  the  Utter  term  I*  applied  to  Q.  pedmmetUtUa.  which  i$  the  most  common  at  the  pre^nt  day  ; 
iMit  in  former  timet,  tlie  tectile- fruited  oali,  which  ii  a  larger  and  finer  tree  and  produces  more  duralile 
limber  than  the  pedunculated  specie*,  was  the  most  abundant  (see  Pennif  Cydopadia,  article  Querci;*]. 
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Bnoonnot  also  found  citric  add  and  ^uercite  in  aoornt.  According  to  t.  Bibra, 
\hey  alao  contain  a  amall  quantity  of  Tolatile  oil 

An  infusion  of  roasted  acorns  (acorn  coffee)  is  sometimes  recommended  as  a  tonic  and 
astringent.  The  roasting  converts  part  of  the  starch  into  dextrin,  and  forms  bitter 
matter  and  empyreomatie  oiL 


The  ash  of  acorns  has  been  analysed:— a.  By  Graham,  Stenhonse,  and  Campbell 
(ChenuSocQ.  J.iz.38);  6.  by  Kleintchmidt(Ann.  Gh.  Pharm.L  117),  with  the  fol- 
lowing results : — 

RSO.    NaM>.    CaO.     MgO.    F«S0>.  PH>s.      BIO*.    80>.       a.     CO*. 
«.       *4-9         0^         «•!         4-9        0-6       11*1         1*0         4*8         «-5       W-T    ■    9D-5 
A.       64*6         0*5         6-9         ««         1*4       17*0         1*0         T7        0*6         —     ■>  lOO'S 

The  cape  of  the  aooms  of  Quercus  JEgilops  are  imported  firom  Smyrna,  Cypros,  and 
other  places  in  the  Levant  as  VaUmia  ;  they  are  veir  rich  in  tannin,  and  are  therefore 
used  in  place  of  gall-nuts ;  they  likewise  contain  gallic  acid.  The  tannin  contained  in 
them  diners,  however,  from  gallo-tannio  add,  in  not  yielding  pyrogallic  add  by  dry 
distillation.    (Stenhouse.) 

The  cape  of  various  kinds  of  oak,  when  distorted  by  the  ponetures  of  the  gall-wasp, 
form  the  so-called  oak-apples.  These  are  also  nsed  in  tanning,  but  they  contain 
only  a  small  proportion  of  tannic  add.  The  true  gall-nuts  or  nnt-galls  are  ex- 
cresences  produced  on  the  leaves  and  leafttalks  of  the  dyer^s  oak  {fyurcu*  wftcU/na), 
by  tke  punctures  of  the  same  insect  (iL  762). 

QVZCXSEbVBB.    Syn.  with  Mbbcubt. 

QUX&XiATA.  The  bark  of  QuiUaya  saponana,  a  tree  groinr^  in  Mexico^  yields  a 
soapy  infusion,  which  is  nsed  fbr  washing.  It  contains  a  considerable  quantity  ol 
saponin ;  also  deposits  of  oystalline  oxalate  and  tartrate  of  caldum,  formerly  mistaksB 
for  sulphate.    (Fluckiger,  Jahresb.  1862,  p.  624 ;  1863,  p.  610.) 

QVIXJbATIW.  A  name  applied  to  saponin  from  quiUaya-bark,  before  its  identity 
with  saponin  from  other  sources  was  reoogpused. 

QVXVAVSUa>a»  or  Phenyl-qidnamide,  C'Hi'NO*  -  N.(rH"0*.C<H".H. 
(0.  Hesse,  Ann.  Ch.  Pharm.  ex.  336.') — ^This compound  is  produced  by  heating quinic 
add  with  excess  of  aniline  to  180^,  ft«ein^  the  product  from  unaltered  anUine  by 
means  of  ether,  and  dissolving  the  residue  in  ether-alcohoL  The  solution  on  cooling 
deposits  quinanilide  in  small  white  silky  needles,  containing  1  at  water,  which  they 
give  off  at  90^.  It  melts  at  174^  (corrected),  and  decomposes  without  subliming 
when  heated  above  240^.  It  dissolves  easily  in  water  and  in  alcohol,  sparingly  in 
fther. 

QVlVOa.  Cydoniamtigarti, — ^The  juice  ofquinces  contains  malic  add.  Lancaster 
(Am.  J.  Fharm.  xxxL  198)  obtained  1*6  grm.  crystallised  malate  of  lead  from  the 
4idd  contained  in  453  grms.  of  the  fruit.  The  seeds  contain  a  large  quantity  of  mudlage 
(u.  953). 

QVXVOZTB*  A  hydrated  silicate  of  magnesiuzn,  occurring  near  the  village  ol 
Qaincey  in  France,  in  light  carmine-red  partides  disseminated  through  a  limestone 
depodt.  Contains,  according  to  Berthier,  64  per  cent,  silica,  19  magnesia,  8  ferrout 
oxide,  and  17  water  (  ^i  98).  Strong  concentrated  adds  dissolve  out  the  msgneeia  and 
iron,  leaving  gelatinous  sih'ca.    (Dana,  iL  281.) 

QVmrzw.  The  name  given  by  Marchand  (J.  Fharm.  xiv.  247)  to  a  product 
which  he  obtained  by  oxidising  quinine  with  peroxide  of  lead  and  sulphnrie  add.  It 
was  not,  however,  a  definite  compound,  as  it  was  separable  by  water  into  a  red  bitter 
sabstance,  soluble  therein,  and  another  substance  insoluble  in  water  but  cxystallisablo 
from  alcohol 


Gbeen  Hydroquinone  (ilL  213). 

CnS}H)'.    Kinic  acid,    CkmasSure.   Jdde  quinunie,    (Hof- 

mann,  Crell.  Ann.  ii.   314 Vauquelin,  Ann.  Chim.  lix.  162.— Felletier  and 

Caventon,  Ann.  Ch.  Fhys.  [2]  xv.  340.— Liebig,  Fogg.  Ann.  xxi.  1;  xxix.  70. — 
Baup,  Ann.  Ch.  Fhys.  [2]  h.  5.— Woskresensky,  Ann.  Ch.  Fharm.  xxiv.  257.— 
Hesse,  Ann.  Ch.  Fharm.  ex.  194,  333 ;  cxii  52 ;  cxiv.  292 ;  Unierauchungm  mber  die 
Chinon^ppe,  Oottingen,  1860. — Clemm,  Ann.  Ch.  Fharm.  ex.  345. — ^Zwenser 
and  Siebert,  ibid.  cxv.  108;  SuppL  i.  77. — Zwenger  and  Himmelmann,  imti. 
cxxix.  203.— Gm.  xvi.  222). 

This  acid  was  first  isolated  in  1785  by  Hofinann,  an  apothccaiy  of  Leer,  from  the 
oaldum-salt  of  dnchona-barks,  already  known  by  the  researches  of  Hermbstadt^ 
Deschamp,  and  others ;  afterwards,  in  1806,  by  Vauquelin. 

Occurrence. — In  the  true  dnchona-barks,  in  the  bilberry  plant  (  Vaccinium  Myrtillus\ 
ind  in  coffee-beans;  also  in  the  leaves  of  the  coffee-plant,  and  of  the  common 
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holly  {Sex  Aquifdium),  of  Ilex  paraguayensiSf  privet  (Ligusirum  vulgare\  ivy  {Hedera 
Helix\  the  oommon  oak  (Qutrcua  Sobur\  the  evergreen  oak  {Q.  Ilex)^  the  common 
elm  (  Ulmua  campestris)^  the  ash  {Fraxintis  excelsior),  and  Cyclopia  latifolia,  inasmuch 
as  Stenhouse  (Phil.  Hag.  Ul  vii.  21)  found  that  all  these  leaves,  as  well  as  totk-^ 
beans,  when  distilled  with  snlpnoric  acid  and  manganic  peroxide,  yield  quinono,  wbieli 
IB  a  product  of  the  decomposition  of  quinic  add.  The  ericaceous  plants,  Calluna 
tndgariSf  Pyrola  UTnbcllata,  Rhododendron  ferrugineumy  and  Arbutus  Uva  Ursi,  yield  by 
dry  disUllation  hydroquinone,*  also  derived  firom  qoinic  acid,  or,  in  the  case  of  the 
arbutus,  probably  from  arbutin. 

Preparation  of  the  calcium-salt, — o»  From  Cinchona-hark:  1.  The  liquid  obtAinctl 
by  precipitating  the  sulphuric  acid  extract  with  milk  of  lime  in  the  preparation  of 
quinine  (p.  16),  is  evaporated  to  a  syrup,  decanted  from  sulphate  of  calcium,  and 
evaporated  over  the  water-bath  to  a  soft  extract ;  this  is  boUed  two  or  three  times 
with  alcohol ;  and  the  residue  is  dissolved  in  a  small  quantity  of  water.  The  solution, 
after  standing  for  some  days,  solidifies  to  a  crystalline  mass,  which  is  strongly  pressed 
and  purified  by  recrystallisation.  The  mother-liquor  yields  a  further  qusmtity  of  the 
■alt  (Henry  acd  Plisson). — 2.  A  decoction  of  cinchona-bark,  in  water  containing 
oulphuric  acid,  is  filtered  whilst  hot,  and  to  the  filtrate  freshly  precipitated  oxide  of 
lead  is  gradually  added,  until  the  liquid  becomes  neutral,  and  exhibits  no  longer  a  red  but 
a  pale-yellow  colour.  (If  too  little  oxide  be  added,  colouring-matter  remains  in  solu- 
tion ;  if  too  much,  basic  quinate  of  lead  is  thrown  down).  The  filtrate  ia  freed  from 
lead  by  sulphydric  acid  and  filtered ;  milk  of  lime  is  then  added,  to  precipitate  the 
quinine  and  cinchonine ;  and  the  filtered  liquid  is  evaporated  to  a  synip,  which  yields, 
on  cooling,  a  crystalline  mass  of  calcic  quinate  (Henry  and  Plisson). — The  deposit 
frequently  found  in  extract  of  cinchona  is  impure  quinate  of  calcium ;  it  may  be 
obtained  in  crystals  by  precipitating  an  aqueous  solution  with  neutral  acetate  of  lead, 
xemovivg  the  excess  of  lead  by  sulphydric  acid,  and  evaporating.  (Oenicke,  Pharm. 
Ceutr.  1838,  p.  158.) 

/i.  From  the  Bilberry  plant. — The  fresh  ^^ant,  collected  in  May,  is  boiled  in 
water  with  addition  of  lune ;  the  decoction  is  evaporated,  and  the  quinate  of  calcium 
thrown  down  by  alcohol.  The  glutinous  precipitate,  dissolved  in  water  containing 
acetic  acid,  is  freed  from  colouring-matter  by  ad£tion  of  neutral  acetate  of  lead,  then 
filtered ;  and  the  filtrate  (freed  from  lead)  is  evaporated  to  a  syrup,  from  which  the 
quinate  of  calcium  crystallises  after  some  days.    (Z  w  e  n g  e r.) 

7.  From  Coffee-ieans. — ^The  thoroughly-dried  (or  roasted)  Mid  coarsely-powdered 
beans  are  boiled  repeatedly  in  water ;  the  decoction,  after  being  mixed  with  milk  of 
lime,  is  concentrated,  first  over  an  open  fire,  and  later,  after  filtration,  on  a  water-bath, 
to  a  syrup;  twice  its  volume  of  alcohol  is  then  added;  and  the  precipitate;  thereby 
formed  is  separated,  after  24  hours,  from  the  solution,  which  contains  caffeine.  The 
precipitate  is  washed  with  alcohol,  pressed,  and  dissolved  in  hot  water.  The  filtered 
solution  is  slightly  acidified  with  acetic  acid,  and  precipitated  with  neutral  acetate  of  lead, 
whereby  tannate  of  lead  and  other  substances  are  thrown  down ;  and  after  separating 
these  by  filtration,  the  quinic  acid  is  precipitated  by  basic  acetate  of  lead.  The 
lead-salt  thus  obtained,  after  being  washed  and  decomposed  under  water  with  sul- 
phydric acid,  yields  aqueous  quinic  acid,  which  is  converted  into  the  calcium-salt  by 
neutralisation  with  carbonate  of  calcium.  (Z  w  e  n  g  e  r  and  S  i  e  b  e  r  t. ) 

The  quinate  of  calcium  is  purified  by  repeated  crvstallisation,  or  by  precipitating  it 
with  alcohol  of  sp.  gr.  0*849,  and  dissolving  in  alcohol  of  sp.  gr.  0*948. 

Separatum  of  the  acid  from  the  calcium^Mlt — 1.  A  solution  of  the  calcium-salt  in 
water  is  decomposed  by  an  exactly  equivalent  (quantity  of  oxalic  acid,  filtered  from  the 
oxalate  of  calcium,  and  evaporated  to  crystallisation  (Vauquelin).  Hesse  employs 
a  slight  excess  of  oxalic  acid,  which  he  removes  from  the  filtrate  by  means  of  neutral 
acetate  of  lead;  the  excess  of  lead  is  then  removed  by  sulphvdric  acid. — 2.  An 
aqueous  solution  of  the  salt  is  precipitated  by  basic  acetate  of  lead ;  the  washed  pre- 
cipitate, suspended  in  water,  is  then  decomposed  by  sulphydric  acid  ;  and  the  solution 
is  filtered  and  evaporated  (Berzelius). — 3.  The  calcium-salt  is  decomposed  by  an 
aqueous  or  alcoholic  solution  of  sulphuric  acid. 

Properties — Quinic  acid  crvstaUises  in  monodinic  prisms,  odP  .  oP,  with  nVao  and 
[nPoo]  subordinate;  sometimes  oP  predominates  so  far  as  to  give  the  crystals  a 
tabular  form.  Angle  ooP  :  odP  »  146®  48';  »P  :  oP  =  125°  4^.  Specific  gra\nty 
s-  1-637  at  8*5°.  The  acid  does  not  lose  weight  at  100*^,  but  melta,  with  loss  of  water, 
at  161*6°  corrected  (Hesse;  Zwenger  and  Siebert);  at  155°  (Woskresensky), 
and  solidifies  on  cooling  to  a  hard  amorphous  mass.    It  exerts  a  left-handed  action 

*  The  hfdroquinone  thus  produced  was  regarded  by  Uloth,  who  first  obtained  it  from  ericaceous 
plants,  as  a  distinct  substance,  and  called  eridnone.  Hesse,  however,  sugKested  its  identity  with 
■ydroquinoiM,  and  the  correctnesf  of  thii  view  has  been  demonstrated  bj  Zwenger  and  Uimmelniann. 
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on  pokrised  light,  the  molecuUir  zotatoiy  power  beiug  greater  in  s  solution  prepand 
with  cold  than  in  one  prepared  with  hot  water,  leaat  of  all  in  a  solution  of  the  fused 
acid.    ^Hesse*) 

Quinic  acid  dissolvps  slowly  in  2i  pts.  of  cold  water,  and  in  a  much  smaller  quantity 
of  boiling  water.  The  solution,  if  quite  pure,  may  be  evaporated  without  turning 
yellow.  The  add  is  very  slightly  soluble  in  alcohol  of  94  per  cent,  but  dissolres 
easily  in  alcohol  of  ordinary  strength ;  it  is  nearly  insoluble  in  cold  ether, 

Jkcompositione. — 1.  Quinic  acid  heated  to  200^ — 225°  gives  off  water,  and  is  con- 
verted into  quinide,  CH"^*  -  C*H"0«  -  H»0.  Other  products  are,  however, 
formed  at  the  same  time:  for  the  calculated  loss  of  water,  according  to  the  preceding 
equation,  is  9*95  per  cent.,  whereas,  according  to  Hesse,  10  per  cent,  are  given  off  at 
166^,  and  more  than  13  per  cent,  at  220^.  Quinic  add  which  has  been  heated  above 
200^  contains  small  quantities  of  carbohydroquinonic  add  (iii.  214),  recognisable  by 
its  reaction  with  ferric  chloride  (Hesse). — 2.  The  add,  when  quickly  heated  in 
contact  with  the  air,  bums  with  a  yellow  flame,  emitting  an  odour  like  that  of  burnt 
tartar. 

3.  Quinic  add  subjected  to  dry  distillation  in  a  retort,  melts,  boils,  and  at  about  280^ 
turns  brown,  giving  off  water  and  a  gas  which  bums  with  a  pale-blue  flame.  At  a 
higher  temperature,  it  yielda  a  sublimate  of  yeUowish  prisms,  wnich  melt  and  condense 
to  an  oily  distillate  containing  hydroquinone  (iiL  218^  benzoic  add,  phenol,  benzene^, 
aod  pyrocatechin.*    Theformationof  hydroquinone  is  represented  by  the  equa-add: 

CH'^O*    =    CmH)»  +  CO  +  3H«0. 

4.  Quinic  acid  diasolves  in  strong  eulphurie  acid  at  a  moderate  heat,  with  evolutioi 
of  carbonic  oxide  and  fonnation  of  disulpho-hydroquinonic  acid  (iii  217): 

C'H»«0«  +  2S0»     =     Cm^SH^  +  CO  +   8H«0. 

Sulphuric  anhydride  and  ftmiing  sulphuric  add  also  produce  disulpho-hydroquinonic 
ado,  but  carbonise  a  laige  quantity  of  the  quinic  add  (Hesse). — 5.  A  solution  of 
quinic  add  in  aqueous  phosphoric  acid  gives  off  a  lar^  quantity  of  gas  when  con* 
oentrated,  and  forms  phospno-hydroquinonicacid  (iiL  217): 

C'H'«0«  +  H»PO«     «     C'H'PO*  +  CO  +  4H'0  (Hesse). 

6.  Nitric  acid  converts  quinic  add  into  oxalic  acid,  another  add  which  has  not 
been  examined  being  also  formed  at  the  beginning  of  the  action. — 7.  The  aqueous  add 
treated  with  peroxide  of  lead  gives  off  carbonic  anhydride  and  yields  hydroquinone 
(Hease): 

C'H'H)«  +  PbO»     -    C«H«0*  +  C0«  +  3HK)  +  PbO. 

8.  Quinic  add  or  its  salts  distilled  with  sulphuric  acid  and  peroxide  of  manganese, 
yieUb  a  yellow  crystalline  sublimate  of  quin one : 

C^»«0«  +  0«     «     C«H*0»  +  C0«  +  4HK). 

This  reaction  is  yeiy  delicate,  and  will  indicate  the  presence  of  quinic  add  in  a  feW 
grammes  of  cinchona-bark.  For  this  purpose  the  bark  is  boiled  with  milk  of  lime» 
and  the  alkaline  filtrate  concentrated  by  evaporation  is  treated  in  a  small  cap- 
sule with  sulphuric  add  and  oxide  of  manganese :  the  presence  of  quinic  add  is  then 
immediately  indicated  by  the  pun^nt  odour  of  quinone  (p.  27),  (Stenhouse,  Ann. 
Ch.  Pharm.  liv.  100). — ^9.  The  acid  distilled  with  peroxide  of  manganese^  sulphuric 
aeidy  and  common  salt,  yields  a  distillate  containing  mono-,  di-,  tri-  and  tetra- 
chloroqainone  together  with  pentachloracetone.  The  same  products,  to- 
gether with  lower  chlorinated  acetones,  are  obtained  by  boiling  quinic  add  with 
hydrochloric  add  and  chlorate  of  potassium  (Stadeler,  Ann.  Ch.  Pharm.  Ixix.  300; 
cxi.  293) ;  also  carbohydroquinonic  add.    (Hesse.) 

10.  Bromine  dropped  into  aqueous  quinic  add  conyerta  it  into  carbohydroqui- 
nonic acid. 

11.  Quinic  add  heated  for  several  hours  to  116^ — 120^  with  saturated  aqueous 
hydriodio  aeidj  is  converted  into  benzoic  acid.  The  same  product  is  formed  when  a 
syrupy  solution  of  quinic  add  is  distilled  with  4  at  diniodide  of  phosphorus.  When 
quinic  add  is  heated  to  140^  with  hydriodic  add  and  phosphorus  (the  addition  of 
which  preyents  the  action  of  firee  iodine),  an  add  is  produced  containing  6  at.  hydrogen 
more  than  benzdc  add.    The  reduction  appears,  therefore,  to  take  place  as  follows: — < 

C^'W  +  SHI     -     C^ffH)*  +  4H«0   +  4P; 
Qainie 
acid. 

and  CWH^  +  4P       -    CB*0*    +  CHI     +  P. 

Benioic 
acid. 

*  WSh I er  (Ana.  di.  Pbam.  zlv.  tM)  fmud  alto  salicylout  acid ;  bat  accordlnc  to  Zwenger  and 
HUuetloMMt  tMi  bo^  dsw  ast  asaar  among  the  product*  of  distillation  of  qoioic  add. 
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Quinic  acid  in  tlie  fonn  of  caldnmHsalt  is  conTertod  in  the  animal  oiganLim  into  hip* 
puric  acid.    (Lautemsnn,  Ann.  Gh.  Pharm.  cxxy.  9.) 

12.  Quinic  acid  heated  with  aniline  is  converted  into  quinanilide.  (Hesse,  p.  9.) 

Qnlnates.  Quinic  add  decomposes  carbonates.  It  is  monobasic,  the  general  for- 
mula of  its  salU  being  CH^MO*.  No  add  or  double  quinates  are  known,  but  basic 
quinates  of  barium,  le^  iron,  and  copper  have  been  obtained.  The  quinates  are  for 
the  most  part  crystallijiaUs,  and  have  a  neutral  reaction ;  with  the  exception  of  the 
basic  lead-salt  they  are  soluble  in  water,  but  insoluble  in  alcohol  stronger  than  32^  Bm., 
and  are  separated  from  their  solution  by  strong  alcohol  in  the  form  of  glutinous  preci- 
pitates. Host  of  them  retain  their  water  of  crystallisation  at  100^.  By  dry  distillation 
they  yield  formic  add  and  a  sublimate  of  qninone  (Woskresensky).  Quinic  add 
acts  like  tartaric  add  in  preventing  the  predpitation  of  metallic  oxides  by  alkalis. 
(Hesse.) 

Quinate  of  Ammonium  is  deliquescent,  and  siveB  off  part  of  its  ammonia  on 
evaporation. — The  potasaium'Salt  is  bitter  and  deliquescent. — The  sodium-salt, 
C'H**NaO*.5HH),  ciystallises  in  sixHsided  prisms  containing  14*5  per  cent,  water  of 
crystallisation.    It  dissolves  in  half  its  weight  of  water  at  16^. 

Quinate  of  Barium,  C**H»Ba*0>*  6HH),  obtained  by  saturating  the  add  with 
carbonate  of  barium,  crystallises  in  dodecahedrons  formed  by  the  junction  of  two  aciite 
six-sided  p3rramidik  It  contains  17*4  per  cent  water  of  crystallisation,  is  very  soluble 
in  water,  slightly  soluble  in  alcoh  o  of  83  per  cent. 

The  caleium^aalt,  C**H*'Ca''0*'.10HK),  occurs,  as  already  observed,  in  dnchona- 
bark,  and  is  predpitated  by  chloride  of  caldum  from  alkaline  quinates,  after  adding 
alcohol  and  ammonia,  and  leaving  the  mixture  to  stand.  It  crystallises  in 
rhombo'idal  plates  of  about  78^  and  112^,  often  becoming  hexagonal  by  truncation  of 
the  two  acute  angles^  and  easily  splitting  into  shining  laminae.  It  dissolves  in  C  pts. 
of  water  at  16^,  its  solubility  varying  greatly  according  to  the  temperature ;  nearly 
insoluble  in  alcohoL  Contains,  accordmg  to  Baup,  29*5  per  cent,  water  of  ciystallisa- 
tion,  which  it  loses  at  100®  (calc.  30*3  per  cent) ;  it  suffers  no  further  loss  of  weight  at 
120''. 

The  strontium'Salt,  C*H''Sr'O*'.10H'O,  cnrstallises  in  tables  apparently  isomor- 
phous  with  the  caldum-salt,  but  distinguished  by  their  rapid  efflorescence,  and  Uie 
nacreous  aspect  which  they  assume  oii  exposure  to  the  air.  It  dissolves  in  2  pts.  of 
water  at  12^,  and  in  a  much  smaller  (quantity  of  boiling  water.  Contains  27*96  per 
cent  water  of  ctyst^lisation,  of  which  it  loses  three-tenths  by  efflorescence. 

Themaaneaium-salt  is  very  soluble,  and  forms  crystalline  efflorescences  like  cauli- 
flower-heads.— The  yttrium'Salt  dries  up  to  a  gummy  mass. 

Quinate  of  Cadmium,  C*^H'K)d''0",  forms  dirty-whit«  laminae  and  small  white 
oystalline  needles,  permanent  at  180®,  soluble  in  about  253  pts.  of  cold  water. — The 
cobalt-salt,  C**H"Co''0".6HK),  separates  from  the  dark-red  solution,  after  it  has 
been  left  for  several  days  to  dry  up  to  a  syrup  and  then  diluted  with  water,  in  small 
red  nodules,  which  quiddy  effloresce  and  assume  a  lighter  colour.  After  drying  over 
oil  of  vitriol,  or  in  the  air,  it  gives  off  6  at  water  at  160®,  and  becomes  reddish-blue. 
Does  not  melt  when  burnt 

Quinates  of  Copper.—a,  The  normal  salt^  C^H^Cu"©",  is  obtained  by 
mixing  aqueous  (^uinic  add  in  excess  with  hydrate  or  carbonate  of  copper,  and 
cooling  the  resulting  solution,  or  leaving  it  to  evi^x>rate^  any  portion  of  green  basic 
salt  that  mav  be  predpitated  at  the  same  time  being  removedf  and  the  neutral  salt 
crystallised  nom  water  containing  quinic  add.  It  forms  pale-blue  laminae  or  needles, 
which  contain  6  at  water  of  crystallisation,  and  ffive  off  two-thirds  of  it  in  contact 
with  the  air :  dissolves  in  about  3  pts.  of  cold  water,  the  solution  decomposing  on  stand- 
ing, and  more  quickly  when  heatc^  with  separation  of  a  basic  salt. — /3.  A  basic  salt, 
C««H«Cu''0".Cu''H«0«.2HK),  orC»H>«Cu''0«.2H*0,  is  obtained:— 1.  By  decomposing  the 
barium-salt  with  somewhat  less  than  the  equivalent  quantity  of  cupric  sulphate,  and 
adding  a  few  drops  of  baiyta-water  to  the  dear  filtrate,  which  then,  on  standing  or 
evaporating,  deposits  regular  crystals. — 2.  By  boiling  aqueous  quinic  add  with  excess  of 
cupric  hydratev  and  predpitating  the  filtrate  with  ether-aloohoL  In  this  mode  of 
preparation,  howevef,it  is  difficult  to  sejxarate  the  sparinglv  soluble  salt  from  the  excess 
of  cupric  hydrate. — 3.  The  salt  is  likewise  formed  in  small  quantity,  with  evolution  of 
acetic  add,  on  evaporatinff  a  solution  of  caldc  quinate  with  cupric  acetate.  Over  oil 
of  vitriol  it  gives  off  only  its  adhering  water  (Kremers),  amounting  to  between  1  and 
2*6  per  cent.  Between  100®  and  120®,  it  gives  off  all  its  water  of  crystallisation 
(Liebig),  and  decomposes  at  a  temperature  above  140®.  Dissolves  in  1160  to  1200 
pts.  water  at  18®. 

The  ferric  salt  is  a  yellowish-red  gummy  mass,  easily  soluble  in  wat«9. 
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Lfd'$aUa,^9L,  The  normal  salt,  C"H"Pb''0'«.2H*0,  forms  netdle-shaped  cryii- 
WIb  Bolnble  in  alcohol  and  extremely  soluble  in  water. — /3.  A  bask  salt,  C'*H**Pb*0'' 
^  CWPbK)*,  is  deposited  as  a  white  bulky  precipitate  on  mixing  an  alkaline  qninate 
with  banc  acetate  of  lead,  or  on  adding  a  little  ammonia  to  the  boiling  solution  of  the 
normal  salt  It  is  insoluble  in  boiling  water,  soluble  in  basic  acetate  of  lead,  and 
quickly  attracts  carbonic  acid  from  the  air. 

Thttnanganese-aalt  crystallises  in  rose-coloured  lamins. — The  mercuric  salt 
10  colourless,  uncrystallisable,  and  jrields  on  desiccation  a  yellowish-red  residue, 
sparingly  soluble  in  water. — The  nickel'Salt^A^  green,  gummy,  very  soluble  mass. 

SilveT'Saltf  C'H^AgO*. — On  adding  nitrate  of  silver  to  an  alkaline  qninate,  the 
viixture  blackens,  and  quickly  deposits  metallic  silver.  The  silver-salt  may,  however, 
be  obtained  by  saturating  a  weak  solution  of  the  acid  with  recently  precipitated  car- 
bonate of  silver.  The  solution  evaporated  in  a  vacuum  yields  mammellated  groups  of 
crystals,  which  are  perfectly  white,  but  easily  blacken  when  exposed  to  light. 

The  tinc'tuit,  C*^H^n"0",  resembles  the  cadmium-salt  in  appearance,  but  is  very 
■oiuble  in  water. 

QVOno  STBSB.  phytic  Qmnate,  C*H*H)*  -  C^^\Cm*)0;  obtained  by 
heating  qninate  of  silver  with  ethylic  iodide,  is  a  yellow  syrup,  viscidf  at  mean  tempe- 
ratures, mobile  at  60^,  having  a  bitter  taste  and  aromatic  odour,  easily  soluble  in 
water  and  in  alcohol,  leas  soluble  in  ether.  It  appears  to  distil,  partly  without  deoom- 
poeition,  between  240^  and  250^,  in  a  stream  of  carbonic  anhydride,  but  a  large  portion 
of  it  is  decomposed  with  intumescence  at  a  temperature  a  little  above  100^.  Heated 
on  platinum-roil,  it  first  volatilises  in  white  smoke,  and  ultimately  bums  away  with 
•  bright  flame.    (Hesse,  Ann.  Ch.  Pharm.  ex.  335.) 

QUXMZOnra.  OH**NK)*.  (Pasteur,  Comot  rend.  xxxviL  111  and  166.)— 
An  alkaloid  isomeric  with  quinine  and  quinidine,  and  produced  by  the  molecular  trauB- 
formation  of  either  of  those  bases.  It  is  prepared  similarly  to  cinchonicine  (i.  971)*  by 
iMAting  sulphate  of  quinine  with  a  smau  quantity  of  water  and  sulphuric  acid.  The 
salt  remains  fused  even  after  all  the  water  has  been  expelled;  and  by  three  or  four 
honn^  heating  in  the  oil-bath  to  120^ — 130^,  the  whole  mass  is  tnuisformed  into 
sulphate  of  quinidne,  mixed  with  an  extremely  small  quantity  of  colonrine-matter. 

Quinidne  is  insoluble  in  water,  but  very  soluble  in  absolute  alcohol  and  in  spirit  of 
ordinazy  strength.  It  is  very  bitter,  possesses  febrifugal  properties,  and  is  precipitated 
from  its  solutions  by  alkalis  as  a  fluid  resin.  It  turns  the  plane  of  polarisation  to  the 
right.  It  unites  easily  with  carbonic  acid,  and  expels  ammonia  fi^m  ita  compounds 
at  ordinaiy  temperatures.  A  solution  of  quinicine  in  aqueous  racemic  add  deposits  at 
first  chiefly  the  dextrotartrate,  whilst  the  Isvotartrate  remains  in  the  mother-liquor. 
Quinicine  is  coloured  green  by  chlozcne-water  and  ammonia,  though  less  strongly  than 
quinine.    (Herapath.) 

qpiMTDm  or  Quinic  Anhydride,  CH^^O*  «  (?H»K)«  -  H«0.— Prepared  bv  heat- 
lag  quinic  add  to  220^ — ^250^,  dissolving  the  residue  in  boiling  alcohol,  and  leaving 
the  darified  solution  to  evaporate.  When  recrystallised  from  water,  it  forms  small 
dystals  resembling  sal-ammoniac.  It  has  an  add  reaction,  dissolves  easily  in  water, 
sparingly  in  dilute  alcohol,  and  in  presence  of  certain  bases  is  reconverted  into  quinio 
add.    (Hesse,  Ann.  Ch.  Pharm.  ex.  335.) 

QUlHliim.  C^H'^irO*. — This  base,  isomeric  with  quinine,  exists  in  certain 
cinchona-barks  together  with  quinine  and  cinchonine.  It  was  first  observed  in  1833,  by 
Henry  and  Delcndre  (J.  Pharm.  xix.  633),  in  the  quinoidine  of  commerce,  in  which 
it  exists,  together  with  smaller  quantities  of  quinine,  cinchonine,  and  resin.  Van 
Heijningen,  however  (Ann.  Ch.  Pharm.  Ixxii.  302),  first  separated  it  from  this 
mixture  in  the  pure  state,  and  showed  that  it  is  isomeric  with  quinine.  Its  action  on 
polarised  light  has  been  studied  by  Pasteur  (Compt.  rend,  xxxvi.  26).  Several  of 
its  double  raits  have  been  prepared  and  examined  oyStenhouse  (Proc  Roy.  Soc. 
xii  491). 

Occurrence. — In  dnchona-barks,  espedally  in  some  of  the  yellow  barks  (Henry  and 
Delondre).  According  to  Howara  (Pharm.  J.  Trans,  v.  368),  it  occurs  in  certain 
varieties  of  Cinchona  condamtneOf  more  especially  var.  pitayensis ;  according  to 
Henkel  (N.  Repert.  Pharm.  xiii.  200),  in  Cinchona  nitida,  together  with  cinchonine 
and  a  little  quinine.  The  root-bark  of  C.  Caliaaya  contains  quinidine  and  a  small 
quantity  of  quinine.  The  red  bark  of  C.  officinalis,  C.  micrantha,  and  C,  succirubra, 
grown  in  the  East  Indies,  and  taken  at  the  age  of  eighteen  months  or  less,  was  found 
to  contain  6  per  cent,  of  alkaloids,  of  which  about  4  per  cent,  consisted  of  quinidine, 
cinchonidine,  and  quinine,  and  0*9  per  cent,  of  dnchonicine  with  traces  of  cinchonine 
(Howard).  Aoeocdinff  to  Pasteur,  the  quinidine  of  commerce  is  for  the  most  jmrt 
a  mixture  of  true  quinidine  with  a  second  base. 
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Preparation. — Commercial  quinoidine  is  dissolved  in  the  smallest  possible  quantitj 
of  ether;  the  filtrate  is  freed  fh>m  ether  by  distillation ;  the  residue  is  dissolved  in 
dilute  sulphuric  add ;  the  solution  is  decolonsed  bj  animal  charcoal,  and  precipitated 
by  ammonia ;  the  washed  precipitate  is  dissolved  in  ether ;  and  the  ethereal  solution, 
mixed  with  one-tenth  of  its  volume  of  alcohol  of  90  per  cent,  is  left  to  evaporate.  It 
then  deposits  ciystals  of  quinidine,  which  are  purified  bj  washing  with  alcohol.  The 
mother-liquors  saturated  with  sulphuric  add  yield,  first  crystals  of  sulphate  of 
quinidine,  and  afterwards  of  sulphate  of  quinine.  Quinoidine  thus  treated  yields  from 
60  to  60  per  cent,  of  quinidine.    (van  Heijningen.) 

De  Vrij  (J.  Pbarm.  [3]  xzzi  183,  369)  dissolves  commercial  quinoidine  in  the 
smallest  possible  quantity  of  alcohol,  and  neutralises  the  solution  with  aqueous  hy- 
driodic  add ;  whereupon  crystals  of  hydriodate  of  quinidine,  amounting  to  23  per  cent. 
of  the  quinoidine  employed,  soon  make  their  appearance. 

Properties. — Quinidine  separates  from  its  hot  ethereal  or  alcoh<^c  solution  in  large 
transparent  monoclinic  prisms,  which  effloresce  and  become  opaque  when  exposed  to 
the  air.  They  contain  2  at  *-  lO'S  per  cent  water  of  crystallisation,  which  they  give 
off  between  110^  and  130^.  The  anhydrous  base  melts  at  160*^,  ftnd  solidifies  in  a 
resinous  mass  on  cooling. 

The  composition  of  anhydrous  quinidine  is  as  follows : — 

Heory  and    ran  He||nfaig«o. 
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Quinidine  (?  crystallised)  dissolves  in  1500  pts.  of  cold  and  760  pts.  of  boiling 
water  ;  in  3-7  pts.  of  hot  alcohol  of  ordinary  strength ;  in  45  pts.  of  absolute  alcohol,  and 
00  pts.  of  cola  ether  (van  Heijningen).  Its  solution  in  absolute  alcohol  turns  the 
plane  of  polarisation  strongly  to  the  right ;  ^a]  »  250-75^  for  the  transition  tint 
(Pasteur).  This  property  distinguishes  quuudine  from  quinine,  which  is  levo- 
lotatory. 

According  to  Kerner  ^Zeitschr.  AnaL  Chem.  L  152),  there  are  three  varieties  of 
quinidine — ^viz. :  a.  Slightly  soluble  in  lukewarm  ether,  crystaUising  from  alcohol  in 
large  slowly  efflorescent  prisms,  forming  a  sulphate  which  dissolves  in  180  to  300  pt8. 
of  cold  water. — fi.  Much  more  soluble  in  etner ;  crystallises  from  alcohol  in  small 
needles;  sulphate  soluble  in  10  to  110  pts.  water,  the  solution  yielding  a  pulverulent 
predpitate  with  iodide  of  potassium,  whereas  the  sulphates  of  all  other  cinchona-bases, 
except  quinine,  yield  oleo-resinous  predpitates  with  iodide  of  potassium. — y.  Still  more 
•oluble  in  ether ;  the  sulphate  has  the  same  solubility  as  that  of  the  a  modification. 

Decompositions. — 1.  Quinidine  bums  on  platinum-foil  with  an  aromatic  odour  like 
that  of  melilot,  and  partly  volatilises. — 2.  Quinidme-salts,  when  heated,  are  converted 
into  salts  of  quinicine  (p.  13).  Chlorine^water  and  ammonia  colour  quinidine  green, 
even  in  solutions  containing  ooJy  ^^th  of  the  alkaloid  (Pasteur ;  Herapath).  In 
concentrated  solutions  a  predpitate  is  formed^  which  is  not  the  case  with  quinine 
(Herapath).  Chlorine-waierf  ferricyanide  of  potassium,  and  ammonia,  added  in 
succession  to  salts  of  quinidine,  produce  a  permanent  bulky  precipitate;  whilst  the 
same  reagents  produce,  with  salts  of  quinine,  only  a  red  coloration,  which  quickly 
disappears  (Schwarzer,  N.  Jahrb.  Pharm.  xxiii.  348). — Quinidine  forms  with  iodine 
and  sulphuric  acid  a  compound  correspondins  to  sulphate  of  iodoquinine  (p.  25). 
— Quinidine  heated  for  half  an  hour  with  iodide  of  ethyl,  forms  hydnodate  of  ethyl- 
quinidine.    (Stenhouse.) 

SaltsofQuinidin  e. — Quinidine  forms  mono  •  and  di-add  salts,  which  resemble  the 
salts  of  quinine,  but  are,  for  the  most  pairt,  more  easily  crystallisable.  The  sulphatos, 
the  mono-acid  hydrbchlorate,  and  the  oxalate  exert  a  powerful  action  on  polai-ised 
^  light  (Herapath).  These  salts  are  in  some  cases  more  soluble  than  the  corresponding 
suts  of  quinine,  so  that  oxalic,  acetic,  and  tartaric  adds  do  not  predpitate  soluble 
quinidine-salts.  The  hydrochlorate  and  nitrate  are  more  difficultly  soluble.  With 
excess  of  acid  the  salts  are  as  highly  fluorescent  as  those  of  quinine.  The  precipitate 
thrown  down  by  ammonia  in  their  solutions  dissolves  far  less  easily  than  quinine,  but 
more  easily  than  cinchonidine,  in  excess  of  ammonia.    (RiegeL) 

Acetate  of  Quinidine  crystallises  from  its  syrupy  solution  in  fine  transparent 
crystals. 

The  hydrobromate  precipitated  by  bromide  of  potassium  from  the  sulphate  or 
hydrochlorate  is  soluble  in  200  pts.  water  at  11^. 
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.  Hifdrcekloratea The  mono-acid  or  neutral  salt,  C'H-^N'OMICl,  is  obtained  by 

diMolving  the  base  in  hyikocbloric  acid,  or  by  precipitatiog  a  cold  saturated  solution 
of  the  tmpbate  with  chloride  of  sodium,  in  crystals  containing  1  at.  water,  which 
tibej  giTe  off  at  1 20^.  It  dissolves  easily  in  water  and  in  alcohol  (van  Heijningen). 
The  add  salt,  C**H'*N'0*.2HC1,  is  produced  by  exposing  quinidine  to  the  action  of 
hydrochloric  acid  gas,  100  pts.  of  the  base  taking  up  22*52  pts.  of  the  acid  (calc. 
mm  21-91  pts.).    Its  aqueous  solution  yields  large  fine  crystals,     (van  Heijningen.) 

Ckhw-^urate,  C«'H"N*0».2nC1.2AuCl«.— Pale-yellow  precipitate,  melting  and 
^ft\^mg  brown  when  heated  to  116°,  or  boiled  with  water.     (Stonhouse.) 

Ckioromercuratt,  C*»H«'N«0^2HC1.H^''CP.— White  precipitate,  separating  from  a 
■Dlutian  in  boiling  alcohol  in  pearly  lamuue.  It  melts  under  boiling  water ;  dissolves 
riightly  in  oold,  more  easily  in  hot  water,  and  especially  in  water  containing  hydro- 
ch&ric  acid,  from  which  last  solution  it  is  occasionally  deposited  in  the  form  of  a  resin. 
(iSten  house.) 

Ckloroplatinate,  C»H»*N«0«.2HC1JM,«'C1*.2HK).— Precipitated  immediately  from  cold 
concentrated  solutions,  in  crystals  after  a  while  from  hot  or  dilute  solutions ;  decom- 
poses at  200°t  "with  an  odour  of  white-thorn ;  dissolves  with  difficulty  in  water,  either 
cold  or  boiling;  gives  off  4*86  per  cent,  water  at  100°. 

Cklorojtincates. — Slightly  acid  solutions  of  chloride  of  zinc  throw  down  from 
aleoholie  quinidine  a  granular  powder,  slightly  soluble  in  cold  and  in  boiling  water, 
msUt  soluble  in  dilute  hydrochloric  acid.  The  easily  formed  solution  of  the  precipi- 
tate in  alcohol  of  50  per  cent,  yields  cirstals  resembling  calc-spar,  and  containing  26*7 
per  cent,  of  chlorine  (C»H"NK)«.2HCLZn"Cl*  -  26-65  per  cent.  CI) ;  when  recr>'stal- 
lised,  the  compound  gives  up  hydrochloric  acid  and  chloride  of  zinc,  and  is  ultimately 
tranflformed  into  large  hexagonal  tables  and  prisms.  The  latter  contain  7*44  per  cent. 
of  anc  at  100<>,  and  are,  therefore,  2(C*n«*N20«.HC!l).Zn"CP  (calc.  =  758  per  cent. 
Bine.    (Stenhonse.) 

Hydrioda  tet, — ^The  TMrno-aeid  or  netUral  salt  is  thrown  down  by  iodide  of  potas* 
■lum  from  sulphate  or  hydrobromate  of  quinidine,  as  a  white  granular  precipitate, 
which  dissolves  in  1250  pts.  water  at  15°,  and  separates  from  a  boiling  saturated  solu- 
tion in  small,  white,  very  hard  crystals  (De  Vrij).  The  diacid  salt  has  a  pale-yel- 
low colour,  and  dissolves  in  90  pts.  water  at  15°.    (De  Vrij.) 

Nitra te, — ^Large,  flat,  shining  crystals,  (v a n  H  ei j  n  i n gc n.) 
Argenio-niirate,  C2«H**N*0'.AgN0*. — An  alcoholic  solution  of  quinidine  mixed  with 
■itiate  of  silver  solidifies  to  a  mass  of  fine  needles,  which  may  be  recrystallised  from 
boiling  water  containing  nitric  acid.  It  then  forms  fine  silky  needles,  having  a  sUvery 
faistrs  i^ien  diy.  When  recrystallised  from  alcohol,  it  decomposes  with  separation 
•fsilfer.    (Stenhonse.) 

OUate, — Quinidine  behaves  like  quinine  (p.  21),  with  oleic  acid  and  olive  oiL 
(Attfield.) 

0Mclat€8, — ^By  neutralising  oxalic  acid  with  quinidine,  a  neutral  salt, 
f  0*H'^*O*.Cf*H'O*.H*0,  is  obtained  in  small  brittle  crystals,  nearly  insoluble  in  cold 
but  freely  soluble  in  boiling  water  (Stenhonse).  According  to  van  Heijningen,  on 
the  othe?  hand,  the  salt  thus  obtained  is  tin  acid  «a/^  containing  C^H^NW.C^H'OMI^O. 

Pier  ate. — A  solution  of  quinidine  in  boiling  picric  acid  deposits  on  cooling  a  rosin, 
which  does  not  crystallise  by  evaporation  from  solution  in  alcohol.     (Stenhonse.) 
The  succinate  forms  pearly  prisms.     (Henry  and  Delohdre.) 

Sulphates.— The  neutral  salt,  2C«•H"N«02.H«S0^6HK),  is  very  much  like  the  cor- 
responaing  quiiune-salt,  but  more  woolly.  It  dissolves  at  10°  in  350  pts.  water,  and  in 
22  pts.  absolute  alcohol.  Gives  off  12*6  per  cent  water  at  130^  (calc.  for  6  at.  ^  12*84 
per  cent.). 

The  aad  sulphate  is  crystallisable  and  very  soluble  in  water,    (van  Heijni  ngen.) 

Sulphate  of  lodoquinidine. — When  a  dilute  solution  of  di-acid  sulphate  of  quinidine 
is  heated  to  70°  or  80°  with  one-third  or  half  its  volume  of  alcohol,  and  a  little  tincture 
of  iodine  is  added,  long  four-sided  prisms  of  a  deep  garnet-red  colour  crystallise  out. 
The  crystals  are  purple-red  by  reflected  and  dark  brown-red  by  transmitted  light,  and 
polarise  light  like  the  corresponding  quinine-salt  (p.  25).  Thoy  dissolve  in  121  pts. 
of  cold  and  31  pts.  of  boiling  alcohol,  from  which  they  are  precipitated  by  water  in 
the  form  of  a  cinnamon -brown  powder.  They  contain  32*76  per  cent.  C,  4*44  N 
.8'98  H,  6*34  SO*,  and  39*73  I,  corresponding,  according  to  Herapath,  to  the  formula 
(^IfH^'O^P.SO^.HO  +  6  aq. — Other  and  optically  different  crystals  are  obtained 
when  tincture  of  iodine  is  dropped  into  a  strong  solution  of  di-acid  sulphate  of  quini- 
dine mixed  with  30  or  40  volumes  of  alcohol  at  a  temperature  below  70^.  (Herapath, 
Chem.  Soc  Qu.  J.  xi.  139.) 

Tannate  of  Quinidine, — Aqueous  quinidine  forms  a  white  precipitate  with 
tumic  acid. 
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Tartrate  of  Quinidine. — ^Pearly  ciTstab,  obtained  in  the  same  wav  as  th« 
oxalate  (Tan  Heijningen).  The  dextio-  and  IsBTO-tartrates  imdeigo  the  same 
transformation  as  the  quinine-salts  when  heated.    (Pasteur.) 

Tartrate  of  Quinidine  and  Potassium, — Quinidine  and  cream  of  tartar  yield  crystals 
soluble  in  alcohol    (Henry  and  Delondre.) 

(C«H<OT  ) 
Tartrate  of  Quinidine  and  AnHmony,  C»H«N«0«.C*H«(SbO)0«  -  C»H»N«0«  \  o«, 

SbO       ) 

— 1.  Mono-add  tartrate  of  quinidine  is  boiled  for  some  hours  with  freshly  precipitated 

oxide  of  antimony,andthefiltiateisleftto  evaporate. — 2»  Powdered  quinidine  is  added  to 

a  cold  saturated  aqueous  solution  of  tartar^metic ;  the  liquid  is  heated  to  boiling ;  and 

the  excess  of  quinidine,  together  with  the  precipitated  oxide  of  antimony,  is  separated 

by  filtration  £com  the  solution  of  the  double  mlt  and  neutral  tartrate  of  potassium. 

liong  slender  needles,  which,  after  drring  in  a  Tacuum,  lose  ^  to  1  per  cent  of  water  at 

100^.   Dissolves  dightly  in  cold,  easily  in  hot  water,  and  easily  also  in  boiling  alcohol. 

from  which  it  czystallises.    (Stenhouse.) 

mHylqntiiWtnfs  C«H*N«0«  -  (?"H»(C«H»)NK)«.— Not  known  in  the  free  state. 
The  hjfdriodate,  C*'H"N'0'.HI,  is  obtained  by  heatinff  quinidine  with  excess  of  ethylic 
iodide,  and  crystallises  from  boiling  dilute  alcohol  in  long  silky  needles,  nearly  insolu- 
ble in  water.  On  removinff  the  io£ne  by^  oxide  of  silver,  and  filtering,  a  bitter  alkaline 
solution  is  obtained,  which  ^)sorbs  carbonic  acid  but  yields  no  crystals.  On  decomposing' 
the  hydriodate  witii  chloride  of  silver,  and  treatinfthe  filtrate  with  platinie  chloride, 
chloraplatimUe  of  etJ^lamnidine,  C"fl*'NK)*.2HCmi*Cl\  is  precipitated  as  a  pale- 
vellow  powder,  which  oissolves  very  slightly  in  water  either  hot  or  cold,  more  freely 
m  hot  dilute  hydrochloric  add.    (Sten  nouse,  Ann.  Ch.  Pharm.  cxxix.  20.) 

Sulphate  of  lodeihyiquinidine  is  obtained  in  the  same  manner  as  the  corresponding 
quinine-compound.    (Herapath,  p.  25.) 

QUUilJiB.  C~H*'NK)'.  Chinin,  The  eincHona  resin  of  the  older  chemists. — 
The  memoirs  dted  under  CniCHOifiNB  (i.  973)  relate  also  to  quinine;  see  also  Pasteur 
(Compt  rend,  xxxvi.  26;  xxzvii  110, 162;  Jahresb.  1858,  p.  419;  Schutzenberger 
(Ann.  Gh.  Pharm.  cviiL  847,  350;  Jahresb.  1858,  p.  869). — On  quinine  alone:  Bobi- 
quet  (Ann.  Ch.  Phys.  [2],  xviL  816);  Stracmgh  (Bepert  Pharm.  xv.  139)r 
Pelletier(J.  Pharm.  xi.  249};  Duflos  (Berz.  Jahresb.  xxvii.  1,  110);  Strecker 
(Ann.  Ch.  Pharm.  xd.  155 ;  Janresb.  1854,  p.  505). 

This  alkaloid,  the  most  important  constituent  of  the  true  dnchona-barks,  on  account 
of  its  tonic  and  antifebrile  properties,  was  first  obtained,  but  in  an  impure  state,  by 
Gomes  of  Lisbon,  and  by  PfafP  in  1811 ;  Pelletier  and  Caventou,  in  1820,  succeeded 
in  separating  it  from  the  other  constituents  of  the  bark,  and  examined  many  of  its  pro- 
perties ;  and  its  composition  was  established  by  liebig  in  1838. 

The  proportions  of  quinine  and  of  the  other  alkaloids  in  various  kinds  of  cindiona* 
barks,  as  determined  by  different  analysts,  have  already  been  given  in  the  article 
CnrcHONA-BABKS  ^L  970).  The  following  table  exhibits  the  average  results  of  th« 
several  determinations  of  the  quantities  of  quinine  and  cinchonine: — 

1.  Brown  or  Grey  barks: 

Huanoco      .  •  0*4    per  cent  quinine,  1*7   per  cent,  cinchonine. 

Loxa    .        .  .  0*35  „  0'34  ^ 

Pseudoloxa  .  .  0*35  „  0*66  „ 

Huamalies   .  .  0*3  ,,  0*8  ,, 

Jaen  pallida  .  0*56  „  0*60  ^ 

2.  Yellow  or  Orange  barks: 

Boyal  or  Caliaaya  bark. 

a.  plana      .        .  2*2  per  cent  quinine,  0*28  per  cent,  cinchonine; 

b.  convoluta  .  1*1  ,,  0*42  „ 
Cinchona  flava  fibrosa  1*05  ,^  0*83  „ 
Cinchona  fiava  dura  0*54  „  0*48  ^ 
FUaya          .        .  1*68               ^              0*90  „ 

3.  Bed  bark: 

Cinehona  rubra   •        0*91  per  cent,  quinine,  1*05  per  cent  cinchonine. 

According  to  M'lvor,  a  covering  of  moss  on  the  bark  during  its  growth  increases  the 
percentage  of  the  alkaloids ;  and  this  observation  has  been  confirmed  by  De  Vrij,  who 
found  in  a  young  bark  covered  with  moss,  8*4  per  cent  of  alkaloids. 

The  extraction  of  quinine  and  dnchonine  from  dnchona-barks,  by  treating  the  bark 
with  a  dilute  add,  and  predpitating  with  lime  or  carbonate  of  sodium,  has  been 
already  described  under  Cinchoninb  (i.  973) ;  also  the  usual  methods  of  separating  the 
two,  depending:  a.  On  the  greater  solubility  of  sulphate  of  cinchonine  in  water,  and 
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tli6  gMter  fiieilitj  of  erTstalHsatioo  of  the  qninme-salt. — $,  On  the  greater  solabilitj 
of  quinine  in  cold  alcohol,  and  in  ether.  Thiboamerv  (J.  Pluunn.  [3]  zvi.  369) 
extracts  the  alkaloids  from  the  lime>precipitate  with  oil  of  torpentine  or  coal-oil, 
instead  of  alcohol ;  Herring  uses  benzene  for  the  same  purpose.  These  liquids  dissolve 
the  quinine,  with  very  little  dnehonine,  and  ^ve  it  up  again  to  dilute  acidis :  thej  ha?e 
the  advantage  of  taking  up  lees  of  the  colounng-matter  than  alcohol  does.  When  the 
ftlkaloi'ds  hare  been  precipitated  by  carbonate  of  sodium,  hot  fattv  oils  may  also  be  used 
for  the  extraction.  [For  other  methods,  see  Gmdin*a  Handbook,  xriL  266.  For  the 
qnantitative  estimation  of  the  alkaloids,  in  cinchona-barks,  see  the  same  work,  xrii. 
268 ;  also  this  Dictionary,  i.  968.] 

Properties, — Quinine  is  precipitated  by  an  alkali  from  the  solutions  of  its  salts,  as  a 
white  ourdy  hydrate,  porous  and  friable  when  dry,  agglutinating  when  heated.  By 
fusion  in  a  vacuum,  or  by  prolonged  heatinff  to  120°,  it  may  be  deprired  of  its  combined 
water,  leaving  a  white  opaque  mass,  whioi  has  a  crystalline  surface  and  concentrio 
xadiated  fracture,  becomes  strongly  negatively  electric  when  rubbed,  and  melts  to  a 
transparent  liquid  at  a  higher  temperature. 

Quinine  is  permanent  in  the  air,  inodorous,  yery  bitter,  and  antifebrile.  According 
to  Robin  (Compt.  rend,  xxxii.  650),  it  prevents  putrefaction.  It  restores  the  blue 
colour  of  reddened  litmus.    In  alcoholic  solution  it  exerts  a  left-handed  action  on 

Sokrised  light:  [a]  »  -  141'33<' at  26°  for  the  red  ray  (De  Vrij  and  Alluard, 
.  Pharm.  [3]  xlvi.  192);  <-  -  121-6°  at22-6°and-  129-66<^  at  16^  weaker  therefore 
in  warm  than  in  cold  solutions.  Acids  increase  the  rotatory  power;  ammonia  restores 
it  to  its  original  amount  fBouchardat,  Ann.  Ch.  Phys.  [3]  ix.  213).  For  solutions 
of  quinine  in  acetic  or  sulphuric  add,  [a]  •»  287*16°  at  24°  for  the  transition-tint ; 
therefore  220*16°  for  the  red  ray.  (De  Vrij  and  Alluard.) 
The  composition  of  anhydrous  quinine  is  as  follows : 


Pellttier  . 

Calevfatfon 

and  Dumas. 

Begnaolt. 

Licbig. 

Laurent, 

Strerker. 

c»    . 

• 

240 

7407 

7602 

78-38 

7409 

78-41 

74-06 

H"    . 

• 

24 

7*41 

6-66 

7-66 

7-67 

710 

7-60 

»»     • 

• 

28 

8*64 

8-46 

8-66 

0«     . 

• 

82 

9-88 

9-87 

10-42 

C»H»«N«0« 

824 

10000 

10000 

10000 

Pellefier  and  Dumas  save  the  fbrmuhi  C*B**NC^;  Begnault  C^^IP^N^O*;  Laurent 
CSP'N^O*  or  C"H"N'0*.    The  correct  formuk  was  deduced  fix)m  Liebig's  analyses. 

Quinine  forms  two  hydrates,  containing  respectively  one  and  three  atoms  of 
water. 

a.  Tri^drate,  C»H»*NK)«.3HH).— This  is  the  ordinary  hydrate  obtained  by  predpi- 
tation.  When  a  dilute  solution  of  quinine-sulphate  mixed  with  excess  of  ammonia  is 
left  to  evaporate,  slender  needles,  consisting  of  the  same  hydrate,  gradually  form  on 
the  surface;  when  dried,  however,  they  present  the  appearance  of  an  amorphous 
powder.  A  solution  of  quinine  in  absolute  alcohol  leaves  on  spontaneous  evaporation 
a  resinous  mass,  containing  a  few  needles  of  the  trihydrate,  but  it  does  not  crystaUise 
readily  from  alcohol ;  the  ethereal  solution  of  quinine  leaves  nothing  but  a  resinous 


fi.  MonO'hf/draUf  C*H**N'0*.H*0. — ^When  the  amorphous  trihydrate  freshly  precipi- 
tated and  washed  is  exposed  to  the  air  and  frequently  moistened,  it  is  slowly  trans* 
formed  into  crystals  of  the  mono-hydrate,  which  dissolve  in  warm  alcohol,  crystallise 
again  on  cooling,  and  give  up  their  water  at  130°  (Van  Heijningen,  Jahresb.  1849, 
p.  374).  This  hydrate  constitutes  Van  Heijningen's  y-quinine.  It  dissolves  less 
easily  than  ordinary  quinine  in  alcohol,  and  is  said  to  form  a  neutral  sulphate  different 
frt>m  the  ordinary  salt.  De  Vrij  (N.  Jahrb.  Pharm.  xiv.  268)  did  not  succeed  in 
preparing  it 

Quinine  dissolves  in  364  pts.  of  cold  water  (Duflos);  in  480  pts.  water  at  18*76° 
(Abl);  in  200  pts.  of  boiling  water  (Pelletier  and  Caventou);  267  pts.  (Duflos). 
It  is  very  soluble  in  alcohol,  and  dissolves  in  ether,  much  more  easily  than  dnchonice. 
It  dissolves  also  in  volatile  oils,  fixed  oils,  and  chloroform.  It  is  not  quite  insoluble  in 
aqueous  alkalis,  espedally  when  recently  predpitated  from  its  salts.  According  to 
Duflos,  however,  it  is  precipitated  from  aqueous  solution  by  alkalis  and  alkaline  carbo- 
nates, so  that  the  presence  of  adds  probably  influences  its  solubility.  It  dissolves  in 
2,146  pts.  of /ime-tMi^«r.    ^Calvert.) 

Decompositions. — 1.  Quinine  when  strongly  heated  in  the  air  turns  brown,  bums 
with  flame,  evolving  an  aromatic  odour,  and  leaves  a  bulky  easily  combustible  charcoal. 
^2.  Solutions  of  quinine-salts  turn  brown  in  sunshine. — 3.  They  are  violently  acted 
upon  by  the  eiectric  current  ^Hlasiwetz  and  Rochleder). — 4.  With  aqueous  nitrite 
cj  potassium,  sulphate  of  quinine  evolves  nitrogen,  and  is  converted  into  oxyquinine 

Vol.  V.  C 
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(Sehutsenbereer,  it.  S20). — 5.  A  sohition  of  quinine  in  strong  nitric  acid  becomei 
coloared  on  heating  (R  leg  el),  withont  forming  picric  add  (Liebig). — 6.  A  eolntion 
in  oil  of  yitriol  immediatelj  colonn  ckromate  cf  potasnum  dark -green,  with  erolntion 
of  gas  (Riegel  and  Eboli). — 7.  Ptrmanganate  of^ttudum  acts  upon  quinine  in  the 
cold,  and  more  completrij  at  boiling  heat,  forming  carbonate  and  nitrate  of  potassium, 
and  a  peculiar  add  (Cloes  and  Guignet,  Compt  rend.  xlni.  710). — 8.  Peroxide  of 
lead  colours  a  solution  of  quinine  in  sulphuric  acid  grey-brown  (Riegel).  When  a 
solution  of  quinine-sulphate  is  boiled  with  peroxide  of  lead,  and  dilute  sulphuric  add 
is  gradually  dropt  into  it,  a  red  substance  called  quinetin,  partly  soluble  in  water, 
is  produced.     (Marchand,  p.  9.) 

9.  lu  contact  with  Hne  and  dilute  9ulpkuric  acid^  quinine  takes  up  1  at.  of  water, 
and  is  converted  into  hjdroquinine,  U*H*NK>*  (Schiitsenberger)^ — 10.  When 
heated  to  240°  or  260°  with  water  in  a  sealed  tube,  it  forms  chinohne.  (Rejnoso, 
Compt.  rend.  zxir.  796.) 

11.  The  solution  of  quinine  in  oil  of  vitriol  acquires  a  yellowish- brown  colour  when 
heated  (Riegel); /umin^  sulphuric  acid  colours  quinine  jellowish-grv^en  (Schlieken- 
kamp),  forming  quinine-sulphuric  add  (Schutzenberger). — Salts  of  quinine 
heated  alone,  or  with  sulphuric  add  and  water,  are  converted  into  salts  of  quinidna 
(p.  13:  Pasteur). 

12.  Quinine  assumes  a  dirty-yellow  colour  in  vapour  of  iodine  (Donne).  When 
trituntted  with  iodine,  it  forms  a  brown  compound,  whidi  appears  to  be  identical  with 
ihti  predpitate  formed  on  adding  a  solution  of  iodine  in  iodide  of  potassium  to  a 
quinine-salt.  Quinine  is  decomposed  by  aqueous  periodic  acid,  with  liberation  ot 
iodine  (Bodeker).  When  quinine,  or  its  sulphate,  is  warmed  with  an  equal  quantity 
of  tadic  acid,  an  explosive  evolution  of  gas  takes  place.  (Brett,  J.  Pharm.  [3]  xxvii. 
116.) 

1 3.  Quinine,  eidphurie  acid,  and  iodine  together  yield  sulphate  of  iodoquinine  (p.  25). 

14.  Quinine  exposed  to  a  current  of  dry  chlorine,  takes  up  a  large  quantity  of  the 
gas;  according  to  Andr^  it  assumes  a  carmine-red  colour  in  a  few- seconds,  and 
becomes  soluQ»  in  watery  but  according  to  Pasteur,  it  turns  greenish,  and  then 
gives  up  to  boiling  or  cold  water  only  a  small  quantity  of  a  substance  having  an  add 
reaction,  whilst  the  remainder  behaves  like  the  body  formed  by  the  action  of  chlorine 
on  quinine  suspended  in  water.  Quinine  suspended  in  water  is  reddened  by  chlorine 
(A ndr^  and  Pellet ier).  A  solution  of  quinine  in  400  pts.  of  water,  acidulated 
with  sulphuric  acid,  is  not  coloured  or  rendered  turbid  on  passing  chlorine  into  it  for 
ten  minutes.     (Lepage,  J.  Pharm.  xxvi.  140.) 

When  chlorine-water  and  then  ammonia  are  added  to  a  solution  of  a  quinine-salt,  a 
green  predpitiite  is  produced,  which  is  dissolved  by  more  ammonia  to  a  fine  emerald- 
green  liquia.  Exact  neutralisation  of  the  liquid  colours  it  a  sky-blue,  changing  to  violet 
or  flery-red  on  further  addition  of  add ;  ammonia  restores  the  green  colour  (A  ndr^ 
J.  Pharm.  xxii.  132).  In  this  way  [espedally  by  employing  an  ethereal  solution 
(Leers)]  mere  traces  of  quinine  may  be  recognised;  quinidine,  however,  exhibits  the 
same  reaction. 

The  green  colour  is  not  produced  by  other  alkalis  instead  of  ammonia.  It  is  not 
produced  when  the  chlorine-water  is  allowed  to  set  too  long,  nor  with  all  proportions  of 
chlorine- WHter  and  ammonia ;  since  with  too  little  chlorine-water,  ammonia  throws 
down  a  (j^ref^nish-white  predpitate,  and  with  too  much  it  produces  a  yellow  coloration 
(B  r  a  n  d  e  s).     Rf^dish-green  or  brown  colours  may  also  be  produced.    ( A  n  d  r  ^. ) 

When  200  grains  of  sulphate  of  quinine  are  dissolved  in  80  ounces  of  chlorine-water, 
and  the  solution  is  mixed  at  once  with  10  ounces  of  ammonia-water,  a  green  precipitate 
is  produced,  amounting  to  about  60  grains,  whilst  the  liquid  remains  of  a  deep-j^en 
colour.  The  pn-cipitate  is  Brandes  and  Leber's  dalleioehine  :  the  colouring-matter  of 
the  solution  is  not  removed  by  agitation  with  ether,  nor  in  an  unchanged  state  by 
other  means,  but  splits  up  on  evaporation  into  red  rusiochine,  soluble  in  alcohol,  and 
dark-bMwn  mdanochine,  insoluble  in  water  and  alcohol.  (See  Gmelin*s  Handbook, 
xvii.  272.) 

15.  When  strong  chlorine- water  free  from  hydrochloric  acid  is  poured  into  a  concen- 
trated solution  of  sulphato  of  quinine,  till  the  liquid  exhibits  a  faint  yellowish  colour, 
and  finely  pulverised  ferroeyanide  of  potassium  is  then  added  till  the  colour  changes 
to  light  rose-red,  this  tint  gradually  changes  to  dark-red,  espedally  on  addition  of  a 
larger  quantity  of  the  fermcyanide.  The  red  colour  is  not  due  to  the  formation  of  any 
cyanogen-compound,  for  it  may  be  equally  well-produced  by  means  of  baryta  or  lime- 
water,  or  of  sodic  borate  or  phosphate.    (A.  Yog  el.) 

16.  When  quinine  is  heated  with  strong  potash4ey,  hydrogen  is  evolred,  chinoline 
(i.  869)  distils  over,  and  the  residue  appears  to  contain  formic  add.  (Gerhardt  and 
Wertheim.) 

17.  With  iodide  of  metkffl  and  iodide  of  ethyl,  quinine  forms  hydriodate  of  methyl-  or 
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•lIitI  qmiime  (p.  26),  \^th  chhride  of  aeeiyl  and  chloride  qf  benzoyl  it  yields  the 
hyorocnlorates  of  acetyl  and  benzojl-quinine  (p.  26^ 

^tntnH">alt«> — Quinine  neudtuisen  acids  eompletely,  forraing  mono-acid  or 
neutral  and  di-add  salts.  The  salts  are,  for  the  most  part,  more  easily  crystallisabU 
and  less  soluble  in  water  than  the  salts  of  cinchonin&  They  have  a  strong  bitter 
taste,  and  frequently  exhibit  a  pearly  or  silky  lustre.  They  are  precipitated  by  alkalit 
and  their  carbonates^  by  the  hydrates  of  calcium  and  magnesium^  and  by  ammonia  and 
carbonate  of  ammonia,  hydrate  of  quinine  being  thrown  down  in  white  flocks.  The 
precipitate  produced  by  potash,  ammonia,  or  carbonate  of  potassium  is  pulrerulent, 
and  not  crystalline  or  soluble,  to  any  great  extent^  even  in  excess  of  the  precipitant; 
the  sulphate  alone  yields  a  precipitate  easily  soluble  in  excess  of  ammonia  (▼. 
PI  ant  a).  Cyanide  of  potassium  colours  quinine-salts  carmine-red  (Schwabe). 
JAme-water  added  in  excess  to  quinine-salts  redissolves  the  precipitate  formed  at  first. 
Solutions  of  quinine-salts  containing  excess  of  add  are  highly  fluorescent 

Acetate  of  Quinine,  C*E''^NH>^CiI*0*,  crystallises  in  long  needles,  which  melt 
to  a  colourless  glass.  It  gives  off  acetic  acid  at  the  heat  of  the  water-bath,  is  slightly 
soluble  in  cold,  very  soluble  in  boiling  water.     (Begnault.) 

The  arsenate  forms  needle-shaped  prismS  resembling  the  phosphate,  but  lew 
pearly. 

The  aspartate  forms  indistinct  crystals,  easily  soluble  in  water. 

Borate. — ^A  hot  solution  of  quinine  in  aqueous  boric  acid  yields  crystalline  granules 
on  cooling ;  by  spontaneous  evaporation  with  an  excess  of  boric  acid,  a  varnish  is 
obtained. 

Carbonate,  C*H«*N«0«.H*CO«.H«0.— This  salt  is  not  formed  by  precipitation  ;  but 
when  quinine  precipitated  from  the  sulphate  by  ammonia  is  suspended  in  water, 
and  caroonic  add  is  passed  into  the  solution  till  the  quinine  dissolves  completely, 
an  alkaline  liquid  is  obtained,  from  which  crystals  of  carbonate  of  quinme  are 
deposited  on  exposure  to  the  air  for  twenty-four  hours.  By  spontaneous  evaporation 
of  the  mother-liquor,  quinine  is  obtained  firee  from  carbonic  add.  The  carbonate  forms 
translucent  needles,  having  an  alkaline  reaction,  effloresdng  rapidly  in  the  air,  and 
decomposing  at  1 10^,  with  liberation  of  carbonic  add ;  they  are  soluble  in  alcohol,  but 
insoluble  in  ether.    (Langlois,  Ann.  Ch.  Fhys.  [3]  xlL  89.) 

The  chlorate,  formed  by  dissolving  quinine  in  warm  aqueous  chloric  add,  crys- 
tallises in  tufts  of  slender  needles,  melting  to  a  colourless  liquid,  which  solidifies  to  a 
transparent  varnish ;  it  explodes  when  strongly  heated.  (Serullas,  Ann.  Ch.Phys. 
[2]  xlv.  279.) 

Chromates. — The  neutral  salt,  2C*N*H'*0'.CrO*,  is  predpitated  from  an  ai^ueous 
solution  of  neutral  or  add  sulphate  of  quinine  by  neutral  cbromate  of  potassium,  in 
the  absence  of  free  adds,  and  is  slowly  deposited  in  tufts  of  shinins  golden-yellow 
needles,  not  affected  by  light,  but  assuminp^  a  green  colour  when  heated  above  92°.  It 
dissolves  in  2,400  pts.  of  water  at  15°,  m  160  pts.  of  boiling  water ;  in  alcohol,  but 
not  in  ether.     ( A  n  d  r  i. ) 

The  acid  chromate,  C"IP*N*0*.CrO*.8H*0,  is  thrown  down  by  acid  chromate  of 
potassium  from  a  cold  aqueous  solution  of  sulphate  of  quinine  containing  sulphuric  add, 
as  an  orange-yellow  precipitate,  consisting  of  microscopic  needles.  It  decomposes 
rapidly  in  the  light,  turns  brown  at  60®  or  65°,  or  when  boiled  with  water,  evolving 
oxygen.     More  soluble  than  the  neutral  salt.     (Andr^,  J.  Pharm.  [3]  xli.  341.) 

The  citrate,  2C»H"N*0«.C«H»0',  is  a  sparingly  soluble  salt,  crystallising  in 
delicate  needles. 

Croconate  and  Rhodieonateof  Quinine  are  deep  yellow  or  red  amorphous 
masses,  soluble  in  water  and  alcohol  (Heller). — The  cyanuraieiBK  white  amorphous 
mass  (Elderhorst). — The  formate  crystallises  easily  in  needles  resembling  the  sul- 
phate.   (L.  I/.  Bonaparte,  J.  Chim.  m^  xviii.  680.) 

Gall  ate, — Gallic  add  and  alkaline  gallates  form  predpitates  with  all  salts  of 
quinine,  provided  the  solutions  are  not  too  dilute.  The  precipitate  dissolves  in  boiling 
water,  the  liquid  becoming  milky  and  yielding  an  opaque  deposit  on  cooling.  Gallate 
of  quinine  is  soluble  in  alcohol  and  in  excess  of  acid  (Pelletier  and  Caventon). 
According  to  Pfaff  and  Heniy,  gallic  add  and  alkaline  gallates,  when  free  from  tannin, 
do  not  precipitate  quinine-salts. 

Eydriodate  of  Quinine,  C"H"N*0*.HI,  is  obtained  by  direct  union  of  the 
acid  and  base,  or  by  double  decomposition,  in  nodular  groups  of  delicate  crystals 
(Pelletier),  lemon-yellow  prisms  (Herapath).  A  solution  of  sulphate  of  quinine  in 
boiling  water,  mixed  with  an  equivalent  quantity  of  iodide  of  potassium,  yields  on  cooling 
nothing  but  crystals  of  sulphate  of  quinine ;  but  when  240  pts.of  hydrochlorate  of  quinine 
are  mixed  with  460  pts.  of  iodide  of  potassium,  in  hot  aqueous  solution,  a  colourless 
turpentine-like  mass  is  deposited  as  the  liquid  cools  (W  i  n  c  k  1  e  r).  Iodide  of  potassium 
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throws  down  from  acetate  or  hjdrochlorate  of  quinine,  s  heav^  white  powder, 
which  runs  into  drops  (t.  Planta).  The  hydriodate  melts  to  a  resin  over  the  water- 
bath.  It  dissolves  m  water  more  freely  than  the  sulphate ;  in  nearly  all  proportions  in 
alcohol,  and  in  ether  (Winckler,  Jahrb.  pr.Pharm.  zx.  321).  From  a  solution  con- 
taining excess  of  hydriodic  add,  an  acid  i^driodate,  C**H'*N*0*.2HI.6H*0,  separates, 
accorcSng  to  Begnault^  in  large  laminss  having  a  fine  yellow  colour  and  strong  acid 
reaction. 

By  mixing  add  sulphate  of  quinine  with  solution  of  iodide  of  potassium,  Righi  ni 
(J.  Chim.  m^  ziii.  116),  obtained  a  red  powder,  containing,  according  to  l^s  snalysis, 
60  per  cent  of  quinine,  80  of  hydriodic  add,  and  20  of  iodine,  being  a  mixture  of 
hydriodate  of  quinine  and  iodoquinine.  According  to  Reignier  (ibid.  119),  on  dis- 
Bolving  this  predpitate  in  alconol,  and  evaporating  the  solution,  transparent  four- 
aided  prisms  are  obtained,  which  turn  dull  and  brown-red  in  the  air. 

Eydroehlorates,— The  neutral  salt,  2{C»H*^N«0«.HC1).8H20,  is  easily  obtained 
by  dissolving  quinine  in  a  slight  excess  of  warm  dilute  hydrochloric  add,  and  separates 
on  cooling  in  long  silly  fibres.  It  may  also  be  prepared  by  precipitating  sulpnate  of 
quinine  with  chloride  of  barium,  but  the  salt  thus  formed  soon  turns  resinous  in 
presence  of  an  excvs  of  hydrochloric  add  (Winckler).  At  140°  in  a  current  of  dry 
air  it  gives  off  7*106  per  cent,  water  of  crystallisation.  An  acid  hydrochlorate  separates 
from  a  solution  of  quinine  in  a  large  excess  of  hydrochloric  add ;  but  on  redissolving  it 
in  water,  the  solution  deposits  the  greater  part  of  the  quinine  as  neutral  hy(&a- 
chlorate. 

The  neutral  hydrochlorate  forms  yellow  predpitates  with  auric  and  iridic  chlorides, 
—The  chlorimercuratf,  C»H**N*0«.2HCLHg*Cl*,  is  obtained  as  a  granulo-crystaUine 
precipitate,  by  dissolving  equal  parts  of  quinine  and  mercuric  chloride  in  strong 
alcohol,  and  mixing  the  liquids  after  adding  a  little  hydrochloric  add  to  the  quinine- 
solution.  If  weak  tdcobol  is  used,  the  precipitate  forms  more  quickly,  but  \»  less  crystal- 
line. It  is  very  slightly  soluble  in  water,  cold  alcohol,  and  etner. — The  chloroplaiinate, 
C*H"NK)«.2HCl.Pt''Cl*.H«0,  is  obtained  by  adding  platinic  chloride  to  a  solution  of 
quinine  in  a  slight  excess  of  hydrochloric  add,  as  a  vellowish  fiocculent  predpitate  which 
on  agitation  becomes  orange-coloured  and  crystalline,  sinking  to  the  bottom  of  the 
vessel  and  attaching  itself  to  the  sides.  It  does  not  give  off  any  water  at  100°,  but 
the  whole,  equal  to  2*37  per  cent.  (1  at.),  at  140^.     (Gerhardt.) 

Hydrocyanate. — Quinine  triturated  and  agitated  with  aqueous  hydrocyanic  add 
dissolves  to  a  yeUow  liquid. 

Cyannplatinatfs. — A  solution  of  quinine-sulphate  precipitated  with  platinocya- 
nide  of  potaasiura  yields  the  salt  C»H"N*0«.2HCy.Pt"Cy«.H«0,  and  with  platinid- 
cyanide  of  potassium,  the  salt  C»H«*N«0«.2HCy.Pt«'Cy*  (Wertheim,  Ann.  Ch.  Pharm. 
Ixxiii.  210).~According  to  Schwa rzenbach  (Pharm.  Viertelj.  viii.  210),  platinocya- 
Dide  of  potassium  throws  down :— a.  From  a  solution  of  quinine  in  aqueous  acetic  acid, 
a  white  precipitate  of  the  salt,  8C*H«<N»0«.2HCy.Pt"CyS  partly  converted  into  needles 
on  standing. — fi.  From  a  solution  of  quinine  in  a  moderate  excess  of  sulphuric  acid,  a 
bulky  white  precipitate,  which  when  left  at  re^it  is  transformed  into  tabular  crystals 
containing  2(C-'»H"N»0«.2HCy.Pt''Cy«).H«0,  warty  groups  of  needles  consisting  of 
C»H«N»0*.2HCyPfCy«.H*0,  and  a  resin  having  the  same  composition. 

Hydroferricyanaie  of  Quinine,  2(C»H»«N«0«  H«Fe'*Cy»)3H«0,  is  predpitated  by  a 
eoncentrated  aqueous  solution  of  ferricyanide  of  potassium  from  a  strong  aqueous  solu- 
tion of  hydrochlorate  of  quinine  containing  a  little  free  hydrochloric  add  in  golden- 
yellow  crystaUine  lamime,  which  after  drying  resembles  mosaic  gold.  The  salt  does 
not  lose  weight  at  100°;  dissolves  oasily  in  water,  and  deposits  a  blue  powder  on 
evapnratingtne  solution  (Do  1  If  us,  Ann.  Ch.  Pharm.  lxv.224). — ^The  hydroferrocyanaUy 
C*H**N*0*.H*Fe''Cy*.2H'0,  is  an  orange-yellow  crystalline  predpitate,  obtained  on 
mixing  the  alcoholic  solutions  of  quinine  and  hydroferrocyanic  acid. 

Hypophotphite,  C»H"N«0«.H*PO«.— To  prepare  this  salt,  100  pt«.  of  sulphate  of 
qvinine  are  heated  to  94°  with  6,000  pts.  of  water  and  38*7  pts.  of  hypophosphorous 
add ;  a  quantity  of  hypophosphite  of  barium,  barely  sufildent  for  the  complete  decom- 
podtion  of  the  sulphate,  is  then  added,  and  the  liquid  is  filtered  and  left  to  crystallise. 
The  mother-liquor  and  wash-water  yield  colourless  ciystals  only  when  cautiously 
evaporated. — It  is  a  light  very  loose  mass,  having  a  pure  bitter  taste ;  melts  and  turns 
brown  at  150°,  with  Toss  of  water;  dissolves  in  60  pts.  of  water  at  15*5®,  and  more 
easily  in  boiling  water.    (L.  8mith,  Zdtschr.  Ch.  Pharm.  i.  159.) 

Hyposulphite  of  Quinine,  C*H**N«0«.BR3K)«  (at  100*^),  is  obtained  by  adding 
hyposulphite  of  sodium  to  a  solution  of  hydrochlorate  of  quinine,  as  a  fiocculent 
predpitate  sparingly  soluble  in  cold  water.  It  ciystaUises  from  hot  alcohol  in  fine 
aeedleft  containing  1  at.  water,  which  they  give  off  at  100°,  yielding  a  powder, 
•trongly  electric  when  hot. — Hyposulphate, — ^Deposited  in  crystals  from  a   hot 
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■olation  of  sulphate  of  quinine  mixed  with  hypomilpliata  of  baHum.  (WetherilL 
Ann.  Ch.  Phann.  IxrL  150 ;  How,  Ed.  N.  PhiL  J.  [2],  i.  47.) 

lodatea, — ^The  neutral  salt  crystalliaea  in  moderately  soluble  aXkj  needles;  the 
acid  salt  is  a  sparingly  soluble  precipitate.    (Serullas.) 

Lactate  of  Quinine  crystallises  by  spontaneous  eyaporation,  in  flat  silky  needles 
resembling  the  neutral  sulphate,  but  more  soluble.  It  is  said  to  be  efficacious  in  the 
treatment  of  intermittent  leTer.    (L.  L.  Bonaparte.) 

Mellitate, — Alcoholic  quinine  produces,  with  solution  of  mellitie  acid,  an  abun- 
daiut  white  precipitate,  which  becomes  pearly  and  crystaUine  when  washed  with  weak 
alcohol.  It  does  not  lose  water  at  100^,  but  cTolves  a  little  water  and  ammonia  at 
130°,  turning  sulphur-yellow;  dissolves  very  slightly  in  cold,  and  somewhat  more 
freely  in  hot  water,  from  which  it  is  deposited  as  a  crystalline  powder  on  cooling. 
(Karmrodty  Ann.  Ch.  Pharm.  Izxzi.  170.) 

Morintannate, — ^Pale-yeUow  prmapitate,  slightly  soluble  in  water,  easily  in 
alcohoL 

If  it  rate,  C^BPWO'.HNO*. — ^An  aqueous  solution  deposits  on  evaporation  oily 
drops,  whidi  turn  waxy,  and  when  kept  under  water  for  many  days  are  tran»fonned 
into  very  oblique  rhombic  prisms  (Pelletier  and  C a v e n  t o n).  Cirstals  are  obtained 
only  by  evaporating  the  excess  of  acid,  and  dissolving  the  residue  in  water  (van 
Ueijningen). — When  neutral  sulphate  of  quinine  is  decomposed  by  nitrate  of 
barium,  and  the  filtrate  is  allowea  to  evaporate  spontaneously,  large  transparent 
prisms  separate,  which  give  off  4*2  per  cent  of  water  at  100°  (1  at.  *-  4*4  per  cent.) 
(S  t  r  e  c  k  e  r ). — Argento-nitrate.  Alcoholic  nitrate  of  silver  throws  down,  from  alcoholie 
solution  of  quinine,  a  crystalline  precipitate  containing  1  at.  silver-oxide  to  1  aL 
quinine.    (Strecker.) 

Oleate. — Quinine  is  nearly  insoluble  in  olive^il,  and  does  not  saponify  when  heated 
with  it.  When  1  pt.  of  quinine  is  digested  with  2  pts.  of  oleic  acid  for  one  to  two 
hours  at  100^,  a  solution  misdble  with  fat  oil  is  obtained  (Attfield,  Pharm.  J. 
Trans.  1863,  pp.  4,  388).  By  the  action  of  quinine  on  olive-oil  or  margaric  acid, 
Tripier  (J.  Pharm.  [3],  xlvi.  234)  obtained  soaps  miscible  in  all  proportions  with 
oils  and  &ts.  The  ver^  viscid  "  uleomargaraU  as  Quinine  "  thus  formed  ultimately 
oystaUises  by  slow  cooling  in  shining  globules. 

Oxalates,— The  neutral  salt,  2C«*H"N«0».C«H«0<  (at  126°).  is  obtained  by  precipi- 
tttting  a  cold  solution  of  the  acetate  with  oxalate  of  ammonium,  washing  the  preci- 
pitate with  a  little  cold  water,  and  reeiystallising  from  boiling  alcohol,  which  deposits 
it  on  cooling  in  very  fine  needles.~The  acid  salt  forms  needles  vexy  soluble  in  water. 

Perchlorate,  C*H«<N*0».HCaO*.7H*0.— yThen  sulphate  of  quinine  is  precipitated 
by  percblorate  of  barium,  and  the  filtrate  is  evaporated,  yellowish  oily  drops  are 
deposited,  which  redissolve  on  gently  warming  the  liquid,  and  afterwaids  separate  in 
crystals  on  cooling.  By  concentration,  the  mother-liquor  yields  a  further  quantity  of 
oil  which  solidifies  in  contact  with  a  crystal. — According  to  Bodeker,  the  salt  forms 
striated  prisms,  exhibiting  a  &int  dichroism  of  blue  and  yellow;  according  to  Dauber 
(Ann.  Ch.  Pharm.  Ixxi.  65),  it  forms  truncated  rhombic  octahedrons,  deavable  parallel 
to  the  end-face.  P  :  P  basal  •  149°  46' ;  macrodiagonal  «  80°  30* ;  brachydiagonal 
mm  107°  32'.  .The  crystals  melts  at  45°,  and  likewise  at  a  moderate  temperature  over 
oil  of  vitriol ;  and  the  ftised  salt  solidifies  on  cooling  to  a  clear  brittle  mass,  which  loses 
14*3  per  cent,  of  water  at  110°,  pu£b  up  strongly  at  150°,  and  solidifies  again  at  160°, 
having  then  lost  18*63  per  cent  of  water.  On  further  heating,  a  violent  explosion 
occurs,  accompanied  by  flame. — i^queous  solutions  of  a  certain  strength  yield  highly 
lustrous,  dichroic,  rhombic  tables,  which  melt  to  an  oil  under  water,  but  only 
at  210°  when  heated  alone,  losing  6*5  per  cent  of  water  (2  at  *-  6*4  per  cent). 
(Bodeker.) 

Period  ate,  C"H**NK)*.HIO*. — Freshly  precipitated  quinine  neutralises  aqueous 
periodic  acid  but  incompletely  in  the  cold,  and  on  wanning  the  liquid,  iodic  acid  is 
formed.  When  the  acia  solution  is  evaporated  orer  oil  of  vitriol,  it  becomes  covered 
with  oily  drops,  which  are  converted  into  crystals  as  the  evaporation  proceeds.  The 
periodic  acid  contained  in  the  crystals  is  reduced  on  keeping  for  a  short  time,  the  crystals 
acquiring  a  yellow  colour.  On  neutralising  the  alcoholic  solution,  and  evaporating  at 
30°  to  40°,  roundish  masses  of  needles  are  obtained.  They  dissolve  easily  in  waler 
containing  nitric  acid,  but  with  difficulty  in  pure  water,  and  after  drying  at  40°  retain 
9  at,  and  at  100°,  6  at  water.     (Langlois,  Ann.  Ch.  Phys.  [3],  xxxi.  274.) 

Pho8phates,^Q,Jxmm9  dissolves  easily  in  warm  aqueous  phosphoric  acid,  and  the 
solution  on  cooling  yields  a  pulpy  mass  of  needle-shaped  crystals.  A  more  dilute 
solution  deposits  rwiiated  groups  c/t  very  thin  silky  needles,  perfectly  neutral  to  test* 
paper.    They  give  off  7'57  to  7*85  per  cent  water  at  120°,  and  probably  consist  of 
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SC*H*W0«.2PHK)*  (Anderfton,  Ann.  Ch.  Pham.  IxvL  69),  or,  according  to 
Gephardt  (TraiU,  iv.  118),  of  2C»H"N«0«.PHH)«.2HK).— A  hot  solution  of  sulphate 
or  h^drochlorate  of  quinine  mixed  with  a  slight  excess  of  sodic  phosphate,  deposits  on 
cooling  a  white  crystalline  mass,  very  slightly  soluble  in  water.    (Winckler.) 

A  pyrophosphate  of  quinine  is  obtained  by  precipitating  the  hydrochlorate  with  sodic 
pyrophosphate. 

Pier  ate, — Obtained  by  precipitation  as  a  yellow  powder,  very  slightly  soluble  in 
water,  freely  in  alcohol.  When  boiled  in  water,  it  melts  and  floats  on  the  surface  in 
oily  drops(L.  L.  Bonaparte^  According  to  Carey  Lea  (SilL  Am.  J.  [2]  xxvi.  379), 
it  crystallises  from  the  alcoholic  solution  in  yellow  needles ;  according  to  L.  Bonaparte, 
the  alcoholic  solution  does  not  yield  any  cxystals. 

Quinate  of  Quinine  occurs  in  cinchona-barks  (Henry  and  Plisson).  A 
solution  of  sulphate  of  quinine  mixed  with  quinate  of  barium  deposits  the  salt  usually 
in  mammellated  crusts,  having  a  homy  appearance  at  the  edges,  sometimes,  however, 
in  needles.  It  dissolves  in  3*5  pts.  water  at  110^,  and  in  8  pts.  of  alcohol  of  88  per 
cent.    (Baup.) 

Succinate  of  Quinine  forms  pearly  prisms. 

Sulphates  of  Quinine,—^  Neutral  salt,  2C*H**N«0*.BPS0*,  commonly  but  im- 
properly called  Basic  sulphate  of  quinine.  This  salt  is  produced  by  neutralising 
Suinine  with  dilute  sulphuric  acid,  a  few  drops  of  alkali  added  to  the  solution  quickly 
etermining  the  crystallisation  (see  also  p.  16).  It  crystallises  in  scales,  or  in  long 
slightly  flexible  needles,  having  a  nacreous  aspect  The  cxystals  are  monoclinic,  ex- 
hibiting  the  combination  oP  .  ooPoo  .  [  oopoo  ].  Angle  oP  .  [  ooPoo  ]  =•  95°  60' ; 
odPoo  :  [  ooPoo  ]  n  90^.  They  are  often  nemitropic.  Cleavage  distinct,  parallel  to 
oP  and  odP.  The  salt  is  as  light  as  magnesia,  has  a  bitter  taste,  and  effloresces  quickly 
on  exposure  to  the  air. 

The  sulphate  dried  in  the  air  at  8°  to  15^,  or  over  oil  of  vitrol  diluted  with  3*2  to 
8-6  its  volume  of  water,  has  the  composition  2(2C»H«NK)*.H*S0«).16H»0;  the  moist 
salt  loses  its  excess  of  water  when  plticed  over  acid  of  this  strength,  whilst  the  air- 
dried  salt  does  not  alter  in  weight.  When  heated  to  110°  to  120°,  it  loses  the  whole 
of  its  water  of  crystallisatioD,  but  rapidly  absorbs  4*87  to  6*1  per  cent,  again  on  ex- 
posure to  moist  air  (4  at.  »  4*82  per  ceut)  (Jobst  and  Hesse);  the  same  quantity 
of  water  is  retained  bv  the  salt  dried  over  oil  of  vitriol  [or  in  dry  air  (Baup)].  A 
solution  of  1  pt.  of  the  air-dried  s%It  in  40  pts.  or  more  of  alcohol  of  specific  gravity 
0*862,  deposits  on  evaporation  white  needles,  containing  4  at  water.  (Jobst  and 
Hesse,  Ann.  Ch.  Pharm.  cxix.  361.) 

Commercial  sulphate  of  quinine  contains  quantities  of  water  varying  between  61  and 
18*8  per  cent.  (Millon  and  Comaille).  It  usually  appears  haK- effloresced,  but 
still  contains  15*6  per  cent,  of  water.    (Guibourt.) 

The  anhydrous  salt  dissolves  in  798  pts.  water  at  6°,  and  in  788  pts.  at  9*6  (Jobst 
and  Hesse).  One  part  of  the  salt  [crystallised  or  dry  ?]  dissolves  in  266  pts.  of  cold, 
and  in  24  pts.  of  boiling  water  (Bussy  and  Guibourt);  in  336  pts.  cold,  and  33*6 
pts.  boiling  (Howard) ;  in  720°  pts.  at  18'76<'  (Abl) ;  in  740  pts.  at  13°,  and  in  30 
pts. at  100°  (Baup^;  in  740  pts.  at  10°  (van  Heijningen  ;  Cap  and  Garot).  The 
commercial  salt  dissolves  in  738  to  770  pts.  of  water  at  12°  to  16°  (Kerner).  It 
dissolves  very  sparingly  in  a  cold  saturated  solution  of  Glauber^s  salt,  and  scarcely  at 
all  in  Bochelle  salt,  so  that  the  solution  is  scarcely  clouded  by  ammonia,  or  coloured 
by  chlorine-water  and  ammonia  ^Mann).  The  solubility  of  sulphate  of  quinine  in 
water  is  reduced  by  sulphate  of  sodium  and  sulphate  of  magnesium,  but  increased  by 
■al-ammoniac,  saltpetre,  and  chlorate  of  potassium.    (Calloud.) 

One  part  of  anhydrous  sulphate  of  quinine  dissolves  in  100  to  116  pts.  of  alcohol  of 
specific  gravity  0*862 ;  the  strength  of  the  alcohol,  however,  is  altered  by  the  salt  dis- 
solved in  it  (Jobst  and  Hesse).  One  part  of  the  salt  [crystallised  or  dry?]  dissolves 
in  60  pts.  of  cold  alcohol  of  specific  gravity  0*86  (Baup) ;  in  60  pts.  of  cold  alcohol  of 
21°  (Delondre  and  Henry) ;  in  40  pts.  of  alcohol  (Cap  and  Garot) ;  in  7*6  pts.  of 
boiling  alcohol  of  90  per  cent  (Bussy  and  Guibourt),  from  which  it  is  deposited 
almost  entirely  on  cooling.  Sulphate  of  quinine  dissolves  in  40  pts.  of  glycerin,  but 
not  in  fatty  oils  (Cap  and  Garot ;  Attfield).  It  dissolves  abundantly  in  creosote  at 
20^,  and  slowly  in  cold  picamar  (Reichenbach).  It  is  insoluble  in  chloroform. 
(Schlimpert.) 

The  solution  of  quinine-sulphate  in  water  acidulated  with  sulphuric  acid  turns  the 
plane  of  polarisation  of  a  ray  of  light  strongly  to  the  left  For  the  transition-tint 
[a]  B  266*6  for  the  anhydrous  sulphate,  and  210*87°  for  the  sulphate  with  16*72  per 
eent  water  (De  Vrij  and  Alluard,  Compt.  rend.  lix.  201).  The  same  solution  ex- 
hibits a  powerful  blue  fluorescence.    (See  Light,  iii.  633.) 

Sulphate  of  quinine  becomes  luminous  at  100°;  the  phosphorescence  is  likewise 
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produced  hj  friction,  the  rubbing  body  becoming  charged  at  the  same  time  with 
negative  electriettT  Tery  sensible  to  the  electroeoope.  The  salt  melts  easily,  forming  a 
liquid  like  melted  wax.  At  a  higher  temperature  it  assumes  a  fine  red  colour,  and 
ultimately  bums  and  carbonises. 

Impurities  and  Adulterationa  of  Sulphate  of  Quinine. — Sulphate  of  quinine  may  be 
int<^ntionHlly  adulterated,  either  ^th  inorganic  substances  (such  as  sulphate  or  carbo- 
nate of  calcium  or  magnesium),  the  presence  of  which  is  detected  on  heating,  or  with 
organic  substances.  Of  the  htter  class  of  bodies,  starch-powder  and  stearin  are  recog- 
nised by  their  insolubility  in  acidulated  water,  and  gum  by  its  insolubility  in  alcohol; 
salicin,  phlorizin,  and  cane-sugar  assume  a  red  or  brown  colour  with  oil  of  yitrtol ;  the 
other  varieties  of  sugar,  as  well  as  other  substances  soluble  in  water,  remain  in  solution 
on  boiling  the  sulphate  with  baiyta-water,  passing  carbonic  acid  into  the  liquid,  and 
filtering,  and  may  be  recognised  on  evaporating  the  solution.  The  pure  sulphate  thus 
treated  leaves  only  a  slight  residue,  corresponding  to  the  solubility  of  the  salt  in 
water. 

Since  cinchonine  and  cinchonidine  exist,  together  with  quinine,  in  cincliona-bariES, 
the  sulphates  of  those  bases  mav  occur  as  impurities  in  sulphate  of  quinine.  They 
may  be  recognised  by  the  following  ^nine-test  of  Liebtp; : — 10  grains  of  the  sulphate 
to  be  tested  are  warmed  with  10  drops  of  dilute  sulphuric  acid  and  15  drops  of  water 
in  a  test-tube ;  the  solution  is  cooled ;  60  drops  of  commercial  ether  and  20  drops  of 
ammonia-water  are  added ;  the  whole  is  shaken ;  and  the  tube  stopped.  If  the  quinine 
is  free  from  cinchonine,  and  does  not  contain  more  than  10  per  cent,  of  quinidine,  the 
whole  remains  in  solution ;  but  if  cinchonine  is  present,  it  is  deposited  as  a  white 
pulverulent  layer  between  the  ether  and  the  water,  as  is  also  the  case  with  cincho- 
nidine when  present  in  large  quantity.  Smaller  portions  of  cinchonidine  crystallise 
from  the  ether  on  standing  for  a  short  time,  and  still  smaller  quskntities  when  ether 
saturated  with  cinchonidine  is  employed  in  the  first  instance.  As  it  Hometimes  happens 
that  the  upper  ethereal  layer  solidifies  to  a  jelly,  even  with  pure  sulphate  of  quinine, 
it  is  more  convenient  to  employ  ether  containing  alcohol,  or  to  take  a  somewhat 
larger  proportion  of  ether  than  is  directed  above.  Guibourt  evaporates  the  ammonia 
before  adding  the  ether  (J.Pharm.  [3]  xxi.  47). — Instead  of  ether,  Riegel  (Jahrb.  pr. 
Pharm.  xxv.  340)  employs  100  drops  of  chloroform,  whereby  the  cinchonidine  also  is 
dissolved.  To  separate  this  last  substance,  he  dissolves  10  grains  of  the  sulphate 
in  water,  with  addition  of  tartaric  acid,  and  adds  add  carbonate  of  sodium  to  the 
solution.  The  resulting  precipitate  consists  of  cinchonine  and  cinchonidine,  whilst 
quinine  remains  in  solution.  The  cinchonine  and  cinchonidine  may  then  be  separated 
by  chloroform.  O.  Henry  (J.  Pharm.  [3]  xiii  107)  likewise  separates  quinine  and  cin- 
chonine by  means  of  ether  or  cold  alcohol,  but  first  removes  the  greater  part  of  the 
quinine  by  converting  it  into  acetate  (by  precipitating  with  caustic  soda  and  dissolving 
the  precipitate  in  acetic  acid),  and  crystallising  out  as  far  as  possible. — D  elo  nd  r  e  and 
O.  Henry  (J.  Pharm.  [3]  zzi.  281)  triturate  10  grms.  of  the  sulphate  and  4  grms. 
of  acetate  of  barium  with  60  grms.  of  water  and  a  little  acetic  acid,  separate  the 
crystals  which  form  after  a  few  minutes,  and  dilute  the  filtrate  with  twice  its  volume 
of  alcohol  of  36^.  After  adding  a  little  sulphuric  acid  and  again  filtering,  the  liquid  is 
boiled  with  excess  of  ammonia,  and  after  standing  for  24  hours,  the  cinchonine  crystal- 
lises in  needles.  The  cinchonine  may  also  be  obtained  in  crystals  by  dissolving  6  grms. 
of  the  sulphate  in  120  grms.  of  warm  acidulated  alcohol,  boiling  the  solution  with 
excess  of  ammonia,  and  setting  it  aside  for  24  hours.  (For  references  to  other  methods 
see  Ginelin*s  Handbook,  xvii.  280.) 

^  Acid  sulphate,  C»H«*H«0«.H«S0M6H«0,  improperly  called  neutral  sulphate,— 
This  salt,  which  always  separates  irom  a  solution  of  quinine  in  excess  of  sulphuric  add, 
is  distinguished  from  the  neutral  sulphate  by  its  much  greater  solubility.  It  usuaUpr 
crystallises  on  cooling  in  small  needles,  but  by  evaporaticm  in  a  hot-air  chamber,  it 
may  be  obtained  in  rectangular  prisms  terminated  by  a  truncation,  or  by  two,  three,  or 
four  facets  resting  on  the  ^es  of  the  prism. 

It  melts  in  its  water  of  crystallisation  at  100^,  dissolves  in  11  pts.  of  water  at  13^, 
and  in  8  pts.  at  22° ;  and  in  dilute  or  absolute  alcohol,  much  more  freely  in  the  hot 
liquids  than  in  the  cold.  From  a  solution  in  absolute  alcohol  it  is  deposited  in 
crystals,  which  immediately  fall  to  powder  on  exposure  to  the  air.    (Ban p.) 

Sulphate  of  Quinine  and  Iron. — ^A  mixture  of  sulphate  of  quinine  and  ferric  sulphate, 
left  for  some  months  in  a  partially-covered  vessel,  deposits  this  salt  in  small,  perfectly 
regular,  colonrless  octahedrons.    (Will,  Ann.  Ch.  Pharm.  xlii.  111.) 

Stdphate  of  lodoquinine  (see  p.  25). 

Sulphite  of  Quinine. — Dry  quinine  absorbs  sulphurous  anhydride  with  consider- 
able evolution  of  heat,  forming  an  anhydrous  salt     (Liebig  and  Pelouze.) 

Sulphocyanate  of   Quinine,   C*H"N'0*.2CyHS,  obtamed  by  precipitating  a 
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solution  of  qmmne-snlpliate  with  sulphoc^anste  of  potassium,  fonus  fine  Iemon-jello)ir 
munodinic  crystuls  (We r t h e i m).  Quinine  treated  with  sulphocjanie acid  yields  two 
Siilts  crystallising  together,  the  one  white,  the  other  yellow  and  resinous  (Dol  If  us). 
By  precipitating  sulphocyanate  of  quinine  with  mercuric  chloride  and  cyanide^  two 
double  salts  are  formed,  containing  respectively  8(C*H«*NH)«.2CyHS).4Hg"Cl* 
and  2(C»H"NK)«.2CyHS).Hg''Cy«.    (Wertheim.) 

Tannatee, — Quinotannic  acid  occurs  in  cinchona-bark  (Henry  and  Plisson). 
Gallotannic  add  forms  with  dilute  quinine-solutions  a  yellowish-white,  amorphous, 
slightly  bitter  precipitate,  sparingly  soluble  in  boiling  water,  Terr  soluble  in  alcohoL 
This  salt  is  used  in  the  treatment  of  fever,  and  is  said  to  exert  less  action  than  the 
sulphate  on  the  digestive  oigans  and  on  the  nervous  system.  (See  Report  of  MM, 
Orfiia^  Buasy,  and  Souvier  on  a  Memoir  by  M.  BarreswU  on  the  2%erapeiUic  Properties 
of  Thnnate  of  Quinine,  J.  Pharm.  [8]  xxi.  206.) 

Tartrat  ««._a.  Jkxtrotartratee.  The  neutral  salt,  2C»H«<N«0«.C*HH)«  is  predpitated 
on  mixing  sulphate  of  quinine  with  neutral  dextrotartrate  of  potassium,  as  a  ciystal- 
line  powder,  neutral,  fusible,  and  having  a  bitter  taste  (Arppe,  J.  pr.  Chcm.  liii  334). 
The  acid  salt,  C*>H"N«0«.C*H«0«.H«0,  is  obtained  by  mixing  equivalent  quantities  of 
the  acid  and  base,  and  leavinff  the  liquid  to  crystallise.  It  gives  off  1*4  per  cent, 
water  at  100^,  and  the  remainder,  4*4  per  cent  in  all,  at  160^,  decomposing  when 
heated  for  some  time  to  that  temperature  (Pasteur). —  Tartrate  of  quinine  and  potas- 
sium forms  crystals  soluble  in  alcohol  (Delondre  and  Henry).  Quinine  boiled 
with  solution  of  tartar-emetic  does  not  form  a  double  salt  analogous  to  that  of  quinidine. 
(Stenhouse.) 

fi.  Lavotartrate. — Obtained  like  the  dextrotartrate,  and  has  the  same  composition ; 
it  differs  however  in  crystalline  form,  f^jea  off  nearly  all  its  water  of  crystallisation  at 
100°,  and  is  much  more  soluble  in  water  than  the  dextrotartrate.    (Pasteur.) 

Urate  of  Quinine,  C»H"NK)«.C»H*NH)«?— Prepared  by  boiling  uric  add  for 
some  time  with  quinine  and  a  large  quantity  of  water,  and  filtering  the  liquid  while 
hot ;  it  is  a  white,  amorphous,  laminated  mass  (Elderhorst),  or  a  dull  white  powder 
composed  of  microscopic  prisms.  It  has  a  bitter  taste ;  bums  without  melting  when 
heated ;  dissolves  in  855  pts.  cold  and  36*2  pts.  boiling  water ;  in  1580  pts.  cold  and 
45*3  pts.  boiling  alcohol ;  still  less  freely  in  etner.    (Andrea,  Pharm.  Vierte][j.  x.  382.) 

Valerate  of  Quinine,  C*H«*N«0«.C*H»«0«}H«0.— On  neutralising  alcoholic 
quinine  with  a  slight  excess  of  valerianic  add,  and  allowing  a  mixture  of  1  vol.  of  the 
hquid  with  2  vols,  of  water  to  evaporate  at  ordinary  temperatures,  or  not  above  50^, 
bard  rectangular  octahedrons  or  cubes,  permanent  in  the  air,  and  by  rapid  evaporation 
also,  needles  are  obtained  (L.  Bonaparte).  The  salt  may  also  be  prepared  by  adding 
carbonate  of  sodium  to  a  mixture  of  1  pt  of  valerianic  acid  and  2  pts.  of  water  in 
ffuffident  quantity  to  render  the  liquid  slightly  alkaline,  and  pouring  the  mixture, 
at  a  temperature  of  48^,  into  a  solution  of  2  pts.  of  sulphate  of  quinine  in  water 
containing  sulphuric  acid :  the  solution,  on  standing  for  24  hours,  deposits  crystals, 
which  are  washed  with  water  at  36^  (C  ha  tin,  J.  Pharm.  [4]  i.  268).  It  smells  of 
valerianic  acid :  tastes  very  bitter,  and  afterwards  of  the  acid,  melts  at  90^  to  a  trans- 
ptuent  liquid,  g^vins  off  8}  per  cent  of  water,  and  solidifies  to  a  slass  on  cooling. 
When  more  strongly  heated,  it  gives  off  valerianic  add.  The  salt-,  fused  at  90^, 
dissolves  easily  in  alcohol,  and  remains  on  evaporation  as  an  amorphous  mass  when 
the  alcohol  is  strong,  or  in  the  funn  of  crystals  when  weaker  alcohol  is  employed, 
(Bonaparte.) 

The  crystals  dissolve  in  110  pU.  of  cold  [96  pts.  at  18*75^  (Abl)],  and  in  40  pU.  of 
boilinff  water  (Wittstein).  The  solution  on  boiling  deposits  resinous  drops  of  the 
tnhy£ous  salt,  which  do  not  become  crystalline  on  cooling  or  standing  in  water,  but 
crystallise  from  dilute  alcohoL  The  same  anhydrous  salt  is  predpitated  by  valerianic 
acid  from  an  aqueous  solution  of  the  crystals  (Bonaparte,  J.  Chim.  m^  xviii.  680 ; 
zix.  330).  Dissolves  in  6  pts.  of  cold,  and  in  1  pt  of  boiling  alcohol  of  80  per  cent.. 
(Wittstein,  Repert.  Ixxxvii.  295).  The  salt  prepared  with  natural,  but  not  that  made 
with  artificial,  valerianic  add,  becomes  phosphorescent  when  rubbed,  espedally  after  it 
has  efSoresced.  The  two  salts  also  exhibit  different  crystalline  forms,  (lianderer,  N* 
Br.  Arch.  cxiz.  240.) 

BbBIVATIVBS  of  QuDflNB. 

1.  By  Addition. 

Bjdroqulnlne,  0»»H«WO"  -  C»5"N«0».H'0  (at  160°)  (Schutsenberger, 
Ann.  Ch.  Pharm.  cviii.  347). — This  compound,  which  contains  the  elements  of  1  at 
water  more  than  quinine,  is  obtained  by  the  action  of  zinc  and  sulphuric  scid  on 
quinine.    It  is  an  amorphous  resin  nearly  as  bitter  as  quinine.    When  dried  at  120^, 
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It  retains  1  at  water,  forming  the  mono-hydrate  C*H*N*0*.H*0,  which  slowly  giyes 
off  half  its  water  at  140'',  leaving  the  compound  2C»H"rNK)".H*0.  The  mono-hydrate 
softens  at  35°  and  melts  at  100°.  Hydroquinine  dissolves  in  alcohol  and  ether,  and 
exhibits  with  chlorine-water  and  ammonia  the  same  grpen  coloration  as  quinine.  Its 
salts  are  more  soluble  than  the  corresponding  salts  of  quinine.  The  sulphate  crystal* 
lises  with  difficulty.  The  chloroplatinate  dried  at  100°  contains  26*2  per  cent, 
platinum,  agreeing  exactly  with  the  formula  C»H*N«0».2Ha.R»»Cl*. 

Xodoqninlnet  2C^H'^N'0M'  ?. — By  triturating  quinine  with  iodine,  a  brown 
substance  is  obtained,  exactly  resembling  iodocinchonine  (i.  979),  and  containing  28*0 
per  cent,  iodine  (calc.  «  30-3).    (Pasteur,  Ck>mpt.  rend,  xxxvii.  110.) 

Sulphate  of  lodo^uinine^  or  Sulphato-iodide  of  Quinine.  This  salt,  dit- 
covered  by  Herapath,  is  obtained  by  dissolving  acid  sulphate  of  quinine  in  strong 
acetic  add,  and  gradually  dropping  into  it  an  alcoholic  solution  of  iodine.  The 
mixture,  if  left  at  rest  for  a  few  nours,  deposits  the  salts  in  large  plates,  generally 
rectangular,  sometimes  rhombic,  octagonal,  or  hexagonal.  These  crystals,  when  viewed 
by  reflected  light,  exhibit  an  emerald-green  colour,  with  an  almost  metallic  lustre  like 
the  wing-cases  of  cantharides  or  the  crystals  of  murexide ;  by  transmitted  light  they 
are  nearly  colourless,  having  only  a  £&int  olive-green  tint ;  but  when  two  of  them 
are  placed  across  one  another,  so  that  their  longest  dimensions  shall  intersect  at  right 
angles,  the  superposed  portions  are  quite  impervious  to  h'ght,  just  like  two  crossed 
tourmalines.  This  effect  is  produced  even  with  crystals  not  thicker  than  ^th  of  a 
millimetre.  In  polarised  light,  the  crossed  plates  exhibit  complementary  colours,  one 
for  example  being  green  and  the  other  rose-coloured,  and  the  superposed  portions  are 
of  a  dark  chocolate-brown  colour.  In  short,  these  crystals  possess  all  the  optical  pro- 
perties of  tourmalines,  and  may  be  substituted  for  them,  presenting  moreover  the 
advantage  of  transmitting  a  greater  proportion  of  the  inciaent  light ;  but  they  are 
somewhat  difficult  to  manipulate  with,  on  account  of  their  brittleness. 

The  composition  of  this  salt  has  not  yet  been  ascertained  with  certainty.  Herapath 
originally  assigned  to  it  the  improbable  formula  C^^H**N'0*P,2HS0*.ZH0.  Hi« 
latest  analysis,  however,  agrees  better  with  the  formula  2C*H»*NK)*.3H*SO*.I*.  Von 
Hauer^s  analysis,  made  in  &auf  s  laboratory,  agrees  nearly  with  same  formula  +  3H'0 : 
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—Herapath,  PhU.  Mag.  [4],  iii.  161;  iv.  186:  yi.  171,  346;  yii.352;  ix.  366  ;  xiy. 
224 ;  complete  Chem.  Soc  Qu.  J.  xi.  130 ;  Chem.  Gaz.  1858,  p.  437 ;  Jahresb.  1858, 
p.  364. — Haidinger  and  Stokes,  Wien.  Akad.  Ber.  x.  106;  Jahresb.  1858, 
p.  198.— Gm.  xvii.  312. 

Sulphate  of  lodethylqwinine,  prepared  in  like  manner,  forms  either  thin  needles  per- 
fectly opaque,  or  thick  plates,  transparent  and  purple  in  thin  films,  and  of  a  shining 
metallic  green  colour  by  reflected  light,  or  dark-rea  or  orange-red  laminse,  transparent 
and  orange-yellow  by  transmitted  light. 

Ozyqninlne,  C**H'*N*0*. — Produced  by  boiling  sulphate  of  quinine  with  nitrate  of 
potassium,  and  precipitating  by  ammonia.    Alrea^  described  (iii.  320). 

2.  By  SuhetOuHon, 

MetbTlqnlBiBe,  C«»H«N«0«  -  C«H"(CH»)NK)».  (Strecker,  Ann.  Ch. 
Pharm.  xci.  164.)  ^    ' 

When  iodide  of  methyl  is  added  to  an  ethereal  solution  of  quinine,  crystals  of  hydriO' 
date  of  methylquinine,  C**H=^*OMn,  are  formed  in  the  liquid  after  standing  for 
a  while.  The  compound  resembles  hydriodate  of  ethylquinine  in  its  behaviour  with 
ammonia  and  caustic  potash. 

Btbylqninlne.  C^«H»NK)«  «  C»H«(C'H»)N«0«.  (Strecker,  foo  «<.)— Iodide 
of  ethyl  in  contact  with  alcoholic  or  ethereal  solution  of  quinine,  forms,  after 
some  hours,  yellow  needles  of  hydriodate  of  ethylquinine,  an  aqueous  solution  of 
which  is  converted  by  oxide  of  silver  into  iodide  of  silver  and  a  strongly  alkaline  solu- 
tion of  ethylquinine.  When  the  latter  is  evaporated,  and  the  amorphous  residue  is 
dissolved  in  alcohol  and  mixed  with  ether,  a  syrup  is  precipitated  which  is  gradually 
converted  into  colourless  needles,  probably  of  hydrate  of  ethylquinine.     The 
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base  tastes  caustic  and  bitter  in  aqoeous  solution.— When  heated  to  120*',  it  erolres 
an  odour  of  chinoline  and  decomposes.  A  strong  alcoholic  solution  is  not  altered  bj 
iodide  of  eth^l. 

Ethylquinioe  dissolves  easily  in  water  and  in  alcohol.  It  forms  with  acids  mono- 
and  di-acid  salts.  Aqueous  etnylquinine  absorbs  carbonic  acid  from  the  air,  and  is 
converted  into  an  uncrystallisable,  alkaline  salt. 

HydrochloraU  of  EthylqigmtM,  0»H«N«0«.HC1,  or  C«H«N«0«.C«HH:a,  crystal- 
lises in  slender  needles  united  in  hemispherical  groups. — The  chloroplatinate^ 
C"H"NK)*.2HCLFt'*C^\  is  a  yellow  precipitate,  soluble  in  boUing  water,  and  separating 
in  indistinct  crystals  on  cooling. 

The  hydriodaU,  C»H»N''0''.HI,  or  C*H"N«0«C«H»I,  when  purified  by  washing 
with  water,  and  recrystallising  from  ether,  forms  very  light,  colourless,  sill^  needles, 
neutral,  unchangeable  at  110^,  melting  at  a  higher  temperature,  without  loss  of  weight, 
and  solidifying  to  a  yitreons  mass  on  cooling.  Tastes  very  bitter.  Dissolves  freely  in 
water,  and  is  not  precipitated  by  ammonia,  but  is  thrown  down  in  an  unaltered  stat« 
by  a  large  quantity  of  caustic  potash  after  standing  for  some  time.  Dissolves  in 
alcohol,  but  not  in  ether.        

The  neutral  ndfhate,  2C"H""N«0MPS0*,  obtained  by  decomposing  the  hydriodate 
with  sulphate  of  silver,  is  slightly  soluble  in  water,  more  soluble  in  alcohol  than  tha 
acid  salt. 

The  acid  sulphate^  CWSK)*M*90*,  crystallises  in  needles,  which  have  an  acid  re- 
action, and  after  drying  over  oil  of  vitriol,  give  off  8*2  per  cent  water  ( =«  2  at.)  at  120°. 
It  is  very  soluble  in  water,  less  soluble  in  alcohol  than  the  neutral  sulphate.  Potash 
added  to  the  concentrated  aqueous  solution  throws  down  a  precipitate  of  the  neutral 
sulphate,  which  dissolves  in  water. 

Bensoyl-qnlnine,  C"H"NK)»  -  C»H«^C^H»0)NK)«.  (Schutzenberger. 
Compt  rend,  xlvii.  334).—  When  chloride  of  benzoyl  is  poured  upon  quinine  dried  at 
130°,  an  evolution  of  heat  occurs,  and  the  quinine  deliquesces  to  a  thick  syrup,  com- 
posed of  hydrochlorate  of  benzoyl-quinine  and  excess  of  chloride  of  benzoyl.  The  syrup 
IS  dissolved  in  water;  the  base  is  precipitated  by  ammonia;  and  the  white  resinous 
muss  is  dried  at  140°,  at  which  temperature  it  gives  off  a  large  quantity  of  water. 

Benzoyl-quinine  is  coloured  green  by  ehlorine^water  and  ammonia.  The  piaiinvTK' 
salt  contains  23*2  per  cent  of  platinum  (calc  for  C''H»KH)*.2HCLPt*^Cl«  requires 
28*5  per  cent  Ft). 

quiMlJia-SiyXiFHlTBlC  ACIP,C^H*»N*SO^ »  2C»B^*N^O*£0'.'-8ulphoqiiinio 
acid.  Obtained  by  dissolving  quinine  in  fuming  sulphuric  add,  neutralising  with  baryta, 
and  decomposing  the  barium-salt  with  sulphuric  acid.  It  is  a  solid  amorphous  add 
mass,  easily  soluble  in  water  and  in  alcohol. — ^The  barium-^t,  C^H^*Ba'^^0',  is  a 
transparent  friable  vitreous  mass  havinga  bitter  taste.  (Schiitzenb  erger,  Ann,  Ch. 
Pharm.  cviii.  353.) 

Cinchonine  forms  a  similar  add,  containing  C*H^*N^O*.    (Schutzenberger.) 

I.    See  Chenopodium  (i.  868). 

This  name  is  applied  to  the  brown  resinous  mass  obtained  in 
the  manufacture  of  quinine  and  dnchonine,  by  predpitating  the  brown  uncrystallisablo 
mother-liquor  with  ammonia  or  potash,  or  by  evaporating  the  mother-liquors  of  sul- 
phate of  quinine  to  dryness.  There  appear  to  be  two  kinds  of  quinoidine — the  one 
f^ly  soluble  in  ether,  and  containing  ^uinidine,  with  smaller  quantities  of  quinine^ 
dnchonine,  and  resin ;  the  other,  which  is  only  partially  soluble  in  ether,  consisting 
chiefly  of  uncrystallisable  transformatiou-products  of  the  dnchona-bases.  The  former 
is  obtained  from  inferior  kinds  of  dnchona-bark,  but  not  from  Cinchona  regia  or 
C,  fiava  dura.    ( W  i  n  c  k  1  e  r ;  see  Gmelin*s  Handbook,  zvii.  303.) 

Animal  quinoidine. — This  name  is  applied  by  Bence  Jones  and  Dupr^  (Proc 
Boy.  Soc.  XV.  7 3), to  a  fluorescent  substance  resembling  quinine  in  optical  and  chemic^il 
properties,  which  may  be  extracted  from  every  texture  of  man  and  of  some  animals,  and 
18  identical  with  the  fluorescent  substance  existing  in  the  crystalline  lens. 

An  old  name  of  Quinine. 


^unrounVB.    Syn.  with  CHmoLiKB  (i.  869). 

Syn.  with  QuiNOTTAsnc  Acm. 

C^»NO.  (Woskresensky,  J.  pr.  Chem.xxxiv.  261.)— A 
prodnet  intermediate  in  composition  between  quinone(C*H*0')  and  diphenine  (C*H^*), 
Mrmed  by  the  action  of  dry  ammonia  or  quinone : — 

C^K)«     +     NH»      -      C«H»NO     +     H'O. 

It  is  a  crystalline  mass  of  a  fine  emerald-green  colour,  soluble  in  water,  but  quickly 
decomposing,  and  yielding  a  nearly  hlaxk  solution. 
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C«H<0«.  (WoBkresensky,  Ann.Ch.Phapm.xDvill68.— Wohlep, 
ibid.,  li.  148. — Laurent,  Compt  chim.  18i49,  p.  190. — Hesse,  Ann. Ch.  Pharm.  xiy. 
2199.) — A  compound  produced:  1.  By  the  ozidHtion  of  quinic  acid.  When  quinie 
acid  or  a  quinate  is  heated  with  about  4  pts.  peroxide  of  manganese  and  1  pt.  strong 
sulphuric  acid  diluted  with  half  its  weight  of  water,  the  mass  froths  up,  and  gives  o? 
thick  white  vapours,  which  condense  in  the  receiver  to  shining  golden-jellow  needles  of 
quinone ;  the  reaction  is : 

CR'H)*  +  0«     -     C«flK)«  +  C0«  +  4H«0. 
Quinic  acid.  Quluone. 

The  product  is  pressed  between  paper,  and  purified  by  sublimation.  In  like  manner 
quinone  maj  be  obtained  from  coffee  and  other  vegetaole  substances  containing  quinie 
add  (p.  9^. — 2.  By  the  dry  distillation  of  quinates. — 3.  From  hydroquinone,  by  the 
action  of  heat  (iil  213). — 4.  From  benzidine,  aniline,  and  phenylene-damine,  espedally 
the  /3-modification  (iv.  481),  by  oxidation  with  man^;anic  peroxide  and  sulphuric  acid. 
Benzidine  thus  treated  yields  a  large  quantity  of  qumone : 

C»H'»N«  +  H«0   +   0»     -     2C«H^0»  +   2NH». 

Aniline  yields  but  a  small  quantity:  C*H^  +  0«  =  OH^0«  +  NIP,  the  greater 
part  suffering  more  complete  decomposition.    (Hofmann,  Proc.  Hoy.  Soc.  xiii.  4.) 

Properties. — Quinone  when  sublimed  forms  long,  transparent,  golden-yellow,  shining 
needles  (Woskres  ensky) ;  after  crystallisation  from  hot  water  it  is  of  a  darker  and 
dingier  colour,  and  less  transparent  (Wohler);  from  solution  in  hot  ethylic  iodide, 
it  crystalUpes  in  beautiful  laminae  (Hesse).  It  is  heavier  than  water,  melts  at  100® 
(Woskresensky),  at  115*7^  (Hesse),  to  a  yellow  liquid,  which  crystallises  on  cooling 
(Wohler),  at  lld^*^  (Hesse).  Itvolatilises  without  alteration,  andsublimes,  even  at 
ordinaiy  temperatures,  from  one  part  of  the  containing  vessel  to  another.  It  has  a 
pungent  irritating  odour.  It  is  very  slightly  soluble  in  cold  water,  more  soluble  in 
alcohol  and  ether ;  the  solutions  have  no  effect  on  vegetable  colours,  but  the  aqueous 
solution  colours  the  skin  brown.  It  dissolves  with  yellow  colour  in  dilute  hydrochloric 
and  nitric  acids.  The  aqueous  solution  forms  a  pale-yellow  gelatinous  precipitate  with 
basic  acetate  of  lead,  but  does  not  precipitate  the  neutral  salts  of  lead,  copper,  or  silver. 

Ikcompositione. — 1.  The  aqueous  solution  of  quinone  acquires,  by  exposure  to  the 
air,  a  continually  deeper  yellowish-red  colour,  and  ultimately  deposits  a  black-brown 
mouldy  substance  (Wohler).  The  aqueous  solution  mixed  with  ammonia  or  potash 
absorbs  oxygen,  and  assumes  a  black-brown  colour  on  exposure  to  the  air,  ana  then 
forms  with  acids  a  black  mouldy  precipitate,  resembling  melanic  acid  (iii.  867; 
Laurent,  Compt.  rend.xxvi.  35). — 2.  With  dry  chlorine  gas,  quinone  forms  trichloro- 
quinone,  the  action  being  attended  with  great  rise  of  temperature  and  evolution  of 
hydrochloric  acid  (Woskresensky): 

c«H<o«  +  a«  -   eBa«o«  +  3Hcl 

— 3.  Heated  with  hydrochloric  acid  and  chlorate  of  potassium,  it  is  quickly  converted 
into  tetrachloroquinone  (Hofmann,  Ann.  Ch.  Pharm.  hdi.  65). — 4.  Otl  of  vitriol 
carbonises  quinone  (Woskresensky).  —  5.  Strong  hydrochloric  add  colours 
quinone  brownish-black,  and  then  dissolves  it,  forming  a  fed-brown  afterwards  colourless 
liquid,  which  no  longer  smells  of  quinone,  but  contains  chlorohydroquinone,  C*H*C10'. 
(Wohler).  The  first  products  are  probably  quinhydrone  and  chloroquinhydrone  (iii. 
213,  217),  the  presence  of  both  of  which  in  the  black  magma  formed  at  the  begininng 
of  the  action  was  pointed  out  by  Stadeler  (Ann.  Ch.  Pharm.  box.  308)  : 

4C^K)«  +   2HC1     =     C>«H"»0*  +   C>«H»C1*0» ; 

and  these  compounds,  by  the  further  action  of  the  hydrochloric  acid,  are  converted 
into  chlorhydroquinone,  oeing  at  the  same  time  dissolved  and  decolorised : 

C'«H'»0*  +  C>*H»C1«0*  +  2Ha     -     4C«H*C10«. 

Chlorhydroquinone  is  likewise  formed  by  the  action  of  hydrochloric  acid  gas 
upon  dry  quinone  (Wohler). — 6.  Quinone  heated  with  nitric  add  yields  oxalic 
and  picric  acids.  On  treating  it  with  nitric  and  strong  sulphuric  acids,  and 
immersing  metallic  zinc  in  the  diluted  solution,  a  base  is  produced  resembling 
ancine  or  cinchovatine  (Schoonbroodt,  BulL  Soc  Chim.  1861,  p.  107).— 7. 
Ammoniacal  gas  passed  over  quinone,  quickly  converts  it,  with  separation  of 
water,  into  quinonamide  (p.  26). — 8.  Sfulphydric  acid  gas  has  no  action  upon  dry 
quinone,  but  when  passed  through  the  cold  aqueous  solution,  first  reddens  it, 
and  then  throws  down  flakes  of  brown  sulphohydroqninone,  which,  if  the  pas- 
sage of  the  gas  be  still  continued,  and  especially  if  the  action  be  aided  by  heat,  is 
converted  into  yellow  sulphohydroqninone.  The  same  compound  is  formed  when 
•ulphydrate  of  ammonium  is  poured  upon  quinone  (Wohler). — 9.  Quinone  dissolved 
in  water  is  converted  into  hydroquinone  by  excess  of  hgdriodic  or  hydroteUuric  add, 
with  precipitation  of  iodine  or  tellurium ;  and  by  sulphurcus  add,  with  fonnalion  of 
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gulpharie  acid  (Wohler).  Sulphurous  anhydride  has  bo  action  upon  dry  qninone; 
and  eren  phosphnretted  hydrogen,  anenetted  hydrogen,  and  hydrocyanic  add  are 
withoat  action  upon  it  (Wohler). — 10.  Quicklime^  or  hydrate  ofpotaanum,  in  contact 
with  moiat  crystals  of  quinone,  acquires  a  fine  indiso-blue  colour ;  and  on  trituration  a 
blue  powder  is  formed,  having  a  coppexy  lustre,  and  yielding  a  blackish -green  solution 
with  water  (Hesse). — 11.  Quinone  heated  with  hydrate  of  potassium  is  converted 
into  quinonic  acid,  C'fHK)*  (Schoonbroodt,p.  30). — 12.  Quinone  heated  for  a  long 
time  to  118°  with  iodide  of  ethyl  in  sealed  tubes,  yields  long  white  crystals  (Hesse).— 
13.  With  aniline  in  boiling  alcoholic  solution,  it  forms  diphenyl-quinoyl-diamide. 
(Hofmann,  iv.  430.) 

Cliloroqnloc-ii«s«  When  quinic  acid  or  a  quinate  is  heated  with  a  mixture  of  per- 
oxide of  manganei>*>,  sulphuric  acid,  and  common  salt,  a  yellow  crystalline  sublimate  is 
obtained,  coDsisting  of  several  chlorinated  derivatives  of  quinone,  which  may  be 
separated  by  their  different  degrees  of  solubility  in  alcohol.  These  compounds  are 
more  like  quinone  in  proportion  as  they  contain  less  chlorine,  mono-  and  di-chloro- 
quinone  still  ciystallisang  in  prisms,  whereas  tri-  and  tetra-chloroquinone  crystallise 
in  lamina.  By  reducing  agents,  and  especially  by  sulphurous  acid,  they  are  converted 
into  the  corresponding  dilorhydroquinones  (iii.  216). 

Monochloroquinone,  (XH"aO«  (Stadeler,  Ann.  Ch.  Pharm.  bdx.  300).  iV»- 
paration,—One  pt.  of  quinate  of  copper,  or  any  other  quinate  (25  grammes  at  most), 
IS  distilled  with  4  pts.  of  a  mixture  of  3  pts.  common  salt,  2  pts.  peroxide  of  manga^ 
nese,  and  4  pts.  oil  of  vitriol  (diluted  with  three  times  its  bulk  of  water),  in  a  flask 
provided  with  a  descending  tube  six  feet  long,  and  kept  cool  at  the  upper  part  by  a 
wet  doth,  but  not  so  much  as  to  cause  the  liquid  which  distils  over  to  crystallise. 
At  first  the  mixture  froths  up  considerably,  giving  off  carbonic  anhydride  with  a  small 
quantity  of  chlorine ;  but  when  the  liquid  begins  to  boil,  the  evolution  of  chlorine 
ceases.  The  rapid  ebullition  must  be  kept  up,  as  long  as  any  oil  passes  into  the  receiver 
from  the  tube,  in  which,  if  it  be  moderately  cooled,  all  Uie  tetrachloroquinone  is  deposited. 
This  oil,  which  solidifies  on  cooling,  is  collected  on  a  filter,  repeatedly  washed  with 
cold  water,  dried,  pulverised,  and  exhausted  with  successive  small  quantities  of  cold  alco- 
hol of  85  per  cent,  as  long  as  the  alcohol  acquires  a  yellow  colour  and  gives  a  precipitate 
with  water.  Dichloroquinone  then  remains  undissolved,  together  with  a  smaU  quautitj 
of  tri-  and  tetra-chloroquinone,  whilst  the  alcohol  retains  in  solutiou  the  quinone  and 
trichloroquinone,  which  colour  it  yellow.  These  compounds  are  precipitated  from  the 
solution,  by  addition  of  a  triple  volume  of  water,  in  slender  needles  and  laminsB,  and 
dissolved  in  a  small  quantity  of  hot  moderately  strong  alcohol ;  the  solution  is  cooled, 
till  the  large  yellow  laminie  of  trichloroquinone,  which  separate  out»  begin  to  be  asso- 
ciated with  needles  of  monochloroqninone ;  the  liquid  is  then  immediately  filtered  and 
mixed  with  water ;  and  the  precipitate,  consisting  of  monochloroqninone  and  a  small 
quantity  of  trichloroquinone,  is  freed  from  the  latter  by  repeatedly  treating  it  as 
above  with  alcohol,  which  however  cannot  be  effected  completely,  and  is  attended 
with  great  loss. 

Monochloroquinone  crystallises  in  long  yellow  needles,  very  soluble  in  ether^  mode- 
rately soluble  in  alcohol  and  acetic  acid.  It  dissolves  also  in  boiling  watery  and  separates 
on  cooling ;  but  if  the  boiling  be  prolonged,  the  solution  becomes  dark-red  and  opaque, 
with  formation  of  brown  chloroquinhydjrane  (iii.  217).  Chloroquinone  melts  at  160°  to 
a  deep  yeUow  oil,  having  an  aromatic  odour  and  biting  taste.  It  colours  the  epidermis 
purple,  like  gold-salts.  It  dissolves  in  cold  aqueous  eulphuroue  acid,  and  is  reduced 
thereby  to  chlorohydroquinone  (iii.  216). 

Dichloroquinone,  C*H*C1*0*. — This  compound  forms  the  portion  of  the  oily 
product  obtained  in  the  preparation  of  monochloroquinone,  which  is  but  slightly 
soluble  in  alcohoL  When  purified  by  repeated  crystallisation  from  hot  alcohol,  it 
forms  shining,  deep  yellow,  well-defined  monoclinic  prisms,  melting  at  160°,  insoluble 
in  water,  nearly  insoluble  in  cold  alcohol,  soluble  in  hot  alcohol,  very  soluble  in  ether. 
It  dissolves  in  weak  potash,  forming  a  red-brown  solution,  from  which  hydrochloric 
acid  throws  down  prisms  consisting  of  a  peculiar  acid. — Dichloroquinone  dissolves 
slightly  in  ammonia,  forming  a  yellow  solution  gradually  changing  to  red  and 
brownish-black.  Sulphuric,  hydrochloric,  nitric,  and  acetic  acids  dissolve  dichloro- 
quinone, especially  when  hot,  and  deposit  it  in  crystals  on  cooling.  Sulphurous  acid 
at  the  boihng  heat  converts  it  into  dichlorohydroquinone  or  dichloroquinhydrone. 
(St&deler,  loe  cit.) 

Trichloroquinone,  C*H^'0'.  (Woskresensky,  J.  pr.  Chem.  xviii.  419. — 
Stadeler,  Ann.  Ch.  Pharm.  Ixix.  318.) — Produced  by  the  direct  action  of  chlorine 
on  quinone;  also,  together  with  the  other  chloroquinones,  by  the  action  above-mentioned. 
The  action  of  chlorine  on  quinone  is  so  violent  at  first,  that  the  vessel  requires  to  be 
kept  cool  at  the  beginning,  but  towards  the  end  of  the  process  it  must  be  sazroiuidad 
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mith  boiling  water.  The  product  then  volatQisee  with  the  Taponn  of  hydrochlorie 
acid,  and  is  deposited  in  cryBtala  on  the  cold  parts  of  the  apparatus ;  it  may  be  purified 
by  crystaUisation  from  hot  alcohol. 

Trichloroquinone  forms  small  yellow  prisms  melting  at  160^  and  subliming  at  a 
lower  temperature.  It  does  not  colour  the  skin,  is  quite  insoluble  in  wateTf  very 
soluble  in  ether,  soluble  in  hot  alcohol.  Aqueous  pottuh  colours  it  green,  and  forms  a 
brown  solution,  which  gradually  deposits  long  needles  of  a  red  salt,  the  add  of  which 
is  precipitated  by  hydrochloric  acid  in  red  needles. 

Trichloroquinone  is  coloured  green  by  strong  aqueous  ammonia^  but  the  solution 
gradually  assumes  a  brown-red  colour,  and  yields  by  spontaneous  OTaporation  hard 
dark-brown  crystals. — Sulphuric  and  nitric  acids  dissolve  trichloroquinone  without 
alteration  ;  sulphurotu  acid  converts  it  into  trichloroquinone. 

The  alcoholic  solution  of  trichloroquinone  does  not  precipitate  acetate  of  lead  or 
nitrate  of  silver. 

Tetrachloroquinone,  Perchloroquinone,  or  Ohloranil,  CK!1*0'.  (Erd- 
mann,  J.  pr.  Chem.  xxiii.  273  and  279;  Hofmann,  Ann.  Ch.  Pharm.  lii.  65; 
Hesoe,  t^ia.  cziv.  303.) — This  compound  is  formed  by  the  action  of  a  mixture  of 
hydrochloric  acid  and  chlorate  of  potassium  on  qui  none,  aniline,  phenol,  trichloro- 
phenol,  dinitrophenol,  trinitrophenol,  salidn,  salicylous  acid,  salicyhc  acid,  nitrosali- 
cylic  acid,  isatin,  chlorisatin,  dichlorisatin,  and,  according  to  Wagner  (J.  pr.  Chem. 
IxTii.  441),  on  pyrocatechin ;  also,  togetlier  with  the  other  chloroquinones,  when 
quinone  is  heated  with  peroxide  of  manganese,  sulphuric  acid,  ana  common  salt, 
(p.  28). 

Preparation, — 1.  From  Phenol:  Strong  hydrochloric  add  is  poured  upon  phenol  in 
a  basin ;  chlorate  of  potassium  added  in  small  crystals ;  and  the  mixture  neated  as 
soon  as  the  first  violent  action  is  over,  the  heating  being  continued  for  some  time,  till 
in  fact  the  phenol,  which  at  first  becomes  thick  and  red-brown,  is  converted  into  a  light 
yellow  ciystalline  mass,  which,  after  washing  with  water,  may  be  crystallised  from 
boiling  alcohoL  The  transformation  takes  place  more  quickly  when  the  phenol  is 
dissolved  in  boiling  water  or  in  alcohol ;  but  if  alcohol  be  used,  it  is  necessary,  on 
account  of  the  readiness  with  which  explosion  takes  place,  to  use  more  dilute  hydro- 
chloric add,  and  to  add  the  chlorate  gradually  (Hofmann). — 2.  From  Salictn:  This 
substance  is  dissolved,  together  with  chlorate  of  potassium,  in  boiling  water;  and  small 
quantities  of  hydrochloric  acid  are  added,  whereupon  the  solution  immediately  acquires 
a  deep  orange-yellow  colour,  and  becomes  coveivd  with  a  crust  of  small  crystals  of 
perchloroquinone,  amounting  to  30*27  ^r  cent,  of  the  salicin.  If  the  salidn  be  first 
heated  with  hydrochloric  acid  alone,  saliretin  is  formed,  which,  when  afterwards  heated 
with  chlorate  of  potassium,  does  not  jield  any  perchloroquinone  (Hofmann). — 
3.  Quinone^  or  the  wash- water  obtained  in  its  preparation  (p.  27 )»  may  also  be  boiled 
with  hydrochloric  acid  and  chlorate  of  potassium. 

Properties. — Perchloroquinone  forms  pale-vellow  scales,  having  a  nacreous  and 
metallic  lustre.  When  gently  heated,  it  sublimes  completely  without  melting,  but  if 
suddenly  heated,  it  melts,  and  suffers  partial  decompbsition.  It  is  insoluble  m  water, 
and  nearly  insoluble  in  cold  alcohol ;  but  dissolves  m  boiling  alcohol,  forming  a  pale- 
vellow  solution,  from  which  it  crystallises  on  cooling  in  iridescent  scales  reeemoling 
iodide  of  lead.    Ether  dissolves  it  somewhat  more  readily  than  alcohol. 

Perchloroquinone  is  not  acted  upon  by  hydrochloric,  nitric,  or  ordinaiy  sulphurio 
add,  even  at  the  boihng  heat  (Erdmann),  but  dissolves  without  alteration  in  fuming 
sulphuric  acid,  and  in  a  mixture  of  sulphuric  and  nitric  acids  (Hesse).  Sulphurous 
actd  converts  it  into  tetrachlor-hydroquinone  or  chlorhydranil  (St  ad  el  er).  Sul- 
phurous  anhydride  passed  through  a  warm  mixture  of  tetrachloroquinone  and  strong 
alcohol,  forms  octochlorinated  ethyl-dihydroquinone  (iii.  217),  probably  thus: 

2(X)1^0«   +   C*H«0  +   3H«0   +   2S0«     -     C>»fl»(C»H»)Cl"0*  +   2H«S0*. 

In  like  manner  with  sulphurous  anhydride  and  glacial  acetic  acid,  it  yields  octochlo- 
rinated acetyl-dihydroquinone  (Hesse).  A  hot  filtered  solution  of  perchloroquinone 
in  concentrated  aqueous  acid  sulphite  of  potassium  de^cmta  crystals  of  thiochronate 
of  potassium,  C»H*K*S*0'*  (Hesse),  thus: 

CKJ1*0«  +  4SHK0«  +   2HK)     «    C»H*K«SK)"  +  4Ha  +  CO*. 

A  solution  of  tetrachloroquinone  in  concentrated  acid  sulphite  of  ammonium  yields  on 
eooling  colourless  crystals,  consisting  of  the  ammonium-salt  of  dicbloro-disulphosalicylic 
add,  C*HH)1*S*0',  an  acid  which  may  be  regarded  as  derived  from  sulphosalicylic  add 
(C*H"O.CO».SO^,  by  the  substitution  of  Cl«  for  H«  and  of  SO*  for  C0«  (Hesse).  The 
aiaSon  of  the  ammonium -salt  takes  place  as  shown  by  the  equation : 

C5KaH)«  +  2SH(NH*)0«  +  2S0»  +  3H«0  «  e'H»(NH*)*Cl*S»0'  f  2HCI  +  2^80*. 
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Perchloroqninone  heated  to  lOCK'  in  a  glass  tube,  with  diy  acetate  ofgQver  and  a  little 
ether,  yields  chloride  of  silver  and  dichloroqninoylic  acid ;  probably  thus : 

C«C1*0«  +   2C«H»AgO»     =     2AgCl  +  OHW  +   CX!1«0«  (Hesse.) 
Percbloro-  Acetate  of  Acetic  an-      Dichloroqulnoyllc 

quinone.  tllver.  bjdride.  anbyaride. 

Pcrchloroquinone  dissolves  easily  in  hot  dilute  potash  or  soda,  forming  a  pnrple  lianid, 
which  on  cooling  deposits  dichloroquinoylate  (chloranilate)  of  potassiom  or  sodium 
(p.  34) : 

C*C1*0«  +  2H«0     =     CH'aK)*  +  2HCL 

It  dissolves  easily  also  in  aqueous  monosulphide  of  potassium,  forming  a  yellow  liquid, 
which  in  contact  with  the  air  quickly  turns  brown  and  finally  black,  and  deposits  a 
black  granular  powder.     The  recently  prepared  yellow  solution  yields,  with  hjdro 
chloric  acid,  a  yellowish-white  precipitate,  soluble  in   alcohol,   ether,  and  caustio 
potash. 

Perchloroquinone  heated  with  aqueous  ammonia  is  converted  into  dichloroquinoyla- 
mate  of  ammonium ;  with  alcoholic  ammonia  it  yields  the  same  salt,  together  with 
dichloroquinoylamide  (Laurent): 

(>C1«0«   +  NH«  +  H«0     =     C«IPa«NO»  +   2HCL 

Percbloro-  Dicbloroquinoy- 

qiilnone.  Umlc  acid. 

CKn«0«  +   2NH*  «      OH<)1«N»0«  +  2HCa. 

Percbloro-  Dichloroquinojl- 

quinone.  dlamlde. 

With  anilins  in  presence  of  alcohol,  perchloroquinone  yields  diphenyl-dichloroquinoyl- 
diamide.    (Hormann,  iv.  426.) 

qvXVOVZC  ACXB.  C><H^'?— An  acid  obtained  by  Schoonbroodt  (BuIL 
Soc.  Chim.  1861,  p.  107),  by  heating  quinone  with  potash,  but  very  imperfectly  dc^ 
scribed.  When  heated  with  excess  of  potash,  it  is  said  to  yield  a  brown  emp}rreumatio 
oil,  C**H'0',  insoluble  in  water,  and  solidifying  in  fhe  cold  to  brown  crystalline 
laminie.  With  the  vapour  of  fuming  nitric  acid,  this  oil  forms  a  nitro-compound 
insoluble  in  water ;  and  fix>m  this,  by  the  action  of  zinc  and  sulphuric  acid,  a  colourless 
base  is  said  to  be  obtained,  soluble  in  alcohol,  insoluble  in  ether,  slightly  soluble  in 
water,  and  forming  uncrystallisable  salts,  which  have  a  sharp  bitter  taste,  and  yield 
with  potash  or  ammonia  a  precipitate  insoluble  in  excess  of  the  reagent 

The  name  quinonicacid  is  als6  used  as  synonymous  with  quinoylic  acid 
(p.  34). 

QVZWOTAjnrZC  ACXHt  or  Cinchonaiannic  add,  (Berzelius,  Lehrhuch, 
3  Aufl.  vi.  246.— Pelletier  and  Caventou,  Ann.  Ch.  Phys.  [31  xv.  337.— R. 
Schwarz,  J.  pr.  Chem.  hi.  76.) — Cinchona-barks  contain  a  tannic  acid  different  from 
gallotannic  acid,  which  imparts  to  them  the  property  of  precipitating  tartar-emetic 
greyish-yellow,  colouring  ferric  salts  green,  and  precipitating  a  solution  of  gelatin 
(Berzelius).  The  tannin,  both  fo>m  brown  and  ^m red  cinchona-bark,  precipitates 
ferric  salts  dark-green  ;  that  from  yellow  cinchona-bark  forms  a  lighter  green  precipitate 
with  ferric  salts.     (Pelletier  and  Caventou.) 

Preparation. — The  decoction  of  cinchona-bark  is  mixed  with  a  small  quantity  of 
calcined  magnesia,  which  precipitates  cinchona-red ;  the  filtrate  is  precipitated  with 
neutral  acetate  of  lead;  the  precipitate  is  decomposed  under  water  by  sulphydrie 
acid ;  the  liquid  filtered  from  the  sulphide  of  lead  is  precipitated  with  basic  acetate 
of  lead;  the  precipitate  separated  by  filtration  is  dissolved  in  dilute  acetic  acid 
(which  leaves  cinchona-red  undissolved) ;  and  the  filtrate  is  precipitated  by  am- 
monia. The  light-yellow  precipitate  is  washed  and  decomposed  by  sulphydrie  acid, 
and  the  liquid  filtered  from  the  sulphide  of  lead  is  sgain  precipitated  by  an  alcoholic 
solution  of  neutral  acetate  of  lead.  If  the  quinotannate  of  lead  thus  obtained,  be 
decomposed  under  water  by  sulphydrie  acid,  and  the  liquid,  filtered  from  the  sulphide 
of  leao,  be  evaporated  in  vacuo  over  oil  of  vitriol  and  a  mixture  of  ferrous  sulphate 
and  lumps  of  potash,  quinotannic  add  remains  behind,  but  already  somewhat  altered. 
(Schwarz.) 

Quinotannic  acid  is  a  light-yellow,  friable,  very  hygroscopic  mass,  which  becomes 
electric  by  friction.  Its  taste  is  slightly  sour  and  somewhat  astringent,  but  not  at  all 
bitter.  It  dissolves  in  wcUer,  alcoh^,  and  ether  ;  the  ethereal  solution  is  nearly  colour- 
less. [The  acid  cannot  be  extracted  from  the  bark  by  means  of  ether,  because  it  is 
in  combination  with  an  alkali.]  Schwarz  found  it  to  contain  44*75  per  cent,  carbon, 
6*49  hydrogen,  and  4976  oxyeen,  whence  he  deduces  the  formula  C"H'*0**. 

Quinotannic  acid  subjected  to  dry  distillation  gives  off  an  odour  of  phenol.  Its 
aqueous  solution  rapidly  absorbs  oxygen  fVom  the  air,  especially  in  presence  of  fixed 
alkalis  acquiring  a  brown-red  colour,  and  yielding  dnchona-red  (i.  969).    A  concen* 
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tmt«d  soltttfon  of  the  acid,  boiled  with  a  little  hydrochloric  add,  deposits  red  flocks, 
which  diasolve  with  green  colour  io  alkaline  hquid8(Sch war z).  From  the  concen* 
trated  aqueous  solution,  hydrochloric  and  sulphuric  acids  throw  down  compounds  of 
quinotannic  acid  with  those  acids,  but  less  easily  than  from  aqueous  gallotannic  acid. 

Quinotannic  acid  unites  with  bases,  formiog  salts  which  decompose  in  contact  with 
the  air,  much  more  easily  than  the  gallotannates,  yielding  cinchona-red  and  a  carbo- 
nate.   (Berzelius.) 

With  starchy  gelatin,  and  white  of  egg^  quinotannic  acid  reacts  like  gallotannic  add. 
It  colours /frrtcAz/^tf  green,  and  produces  an  abundant  yellowish-grey  precipitate  with 
tartar-emetic.  Its  aqueous  solution  mixed  with  gallotannic  add  (&ie8  up  to  a  transpa- 
rent Tarnish. 


QimroVA-BXTTBK.    See  Qunrovnr. 

qirxvOVA-avOAX.  C*H"0*.  (Hlasiwets  and  Oilm,  Ann.  Ch.  Fharm. 
czi.  182;  Jahresb.  1859,  p.  581.) — ^A  saccharine  substance  produced,  together  with 
quinovic  add,  by  the  action  of  hydrochloric  add  gas  on  quinorin  in  alcoholic  solution 
(p.  32).  It  remains  in  the  acid  mother-liquor  fo>m  which  the  quinoyic  add  has 
crystallised  out,  and  may  be  separated  by  quickly  neutralising  the  liquid  with  anhy- 
drous carbonate  of  sodium  or  carbonate  of  lead,  filtering,  washing  the  predpitate  with 
a  small  quantity  of  absolute  alcohol,  then  distilling  off  the  alcohol,  evaporating  to 
dryness  at  lOO*',  treating  the  residue  witii  wateT,  evaporating  again,  and  exhausting 
the  residue  with  absolute  alcohol.  The  alcohoHc  solution  thus  obtained  leaves  the 
quinova-sugar,  on  evaporation,  as  an  uncrystallisable  hvgroseopic  mass,  having  a  faint 
and  slightly  bitter  taste.  It  emits  an  odour  of  caramel  when  heated,  gives  off  a  little 
water  when  exposed  for  some  time  to  a  tem{>erature  of  100^,  reduces  an  alkaline 
cupric  solution  only  when  concentrated.  It  resembles  mannitAn  more  than  any  other 
kind  of  sugar. 

QVZVOVATAmZC  ACXB.  A  tannic  add  obtained  by  HI  as i  wet  z  (Ann. 
Ch.  Pbarm.  Ixxix.  130;  Gm.  xv.  484),  from  the  bark  of  Cinchona  nova  or  C.  surinamen- 
sis.  It  is  very  much  like  quinotannic  add,  but  differs  from  the  latter  in  having  a 
somewhat  bitter  taste,  and  in  not  giving  a  precipitate  with  gelatin  or  tartar-emetic  It 
yielded  by  analysis  51*8  per  cent,  carbon  and  5*8  hydrogen,  whence  Hlasiwetz  deduces 
the  formula  C^H'^O*,  requiring  6201  C,  69  H,  and  421  0. 

QirzvoVATZC  ACXB.    See  Qunrovnr. 

QfTZVOVZC  ACXB.  C^H'■0^  (Hlasiwetz  and  Gil m,  Ann.  Ch.  Pharm.cxi. 
1829;  Jahresb.  1859,  p.  579.) — ^This  term  was  originally  used  as  a  ^onym  for 
quinovin  or  quinova-bitter,  but  is  now  applied  by  Hlasiwetz  to  an  add  produced, 
together  with  quinova-sugar,  by  the  decomposition  of  quinovin. 

When  dry  hydrochloric  add  gas  is  passed  into  a  solution  of  quinovin  in  strong 
alcohol,  the  liquid  becomes  hot,  and  deposits  quinovic  acid  as  a  white  crystalline 
powder,  while  quinova-sagar  remains  in  solution.  The  quinovin  maybe  obtained  pure 
by  washing  it  with  alcohol,  then  boiling  it  with  a  large  quantity  of  strong  alcohol, 
concentrating  the  solution  by  distillation,  and  leaving  it  to  cool.  The  quinovin  is  then 
deposited  as  a  white  sandy  powder  composed  of  six-sided  laminae,  belonging  to  the  tri- 
metric  system.  It  is  tasteless,  insoluble  in  water ,  very  slightly  soluble  in  cold,  and  no* 
very  freely  in  boiling  tU<x>holf  sparingly  soluble  in  ether.  It  has  the  properties  of  a  weak 
acid,  and  dissolves  easily  in  ai/uUis;  but  is  predpitated  from  the  ammoniacal  solution 
by  strong  adds  as  a  bnll^  gelatinous  mass,  which  becomes  pulverulent  when  left  foe 
some  time  under  the  liquid.    The  alcoholic  solution  is  not  coloured  by  ferric  chloride. 

Quinovic  add  does  not  lose  weight  at  140^.  When  somewhat  strongly  heated  os 
platinum-foil,  it  melts  and  solidifies  to  a  fissured  mass ;  at  a  higher  temperature  it 
gives  off  a  vapour  smelling  like  incense,  and  bums  with  fiame,  leaving  no  reddue.  By 
dry  distiUation  it  first  gives  off  an  oil  smelling  like  oil  of  turpentine,  then  vapours 
having  an  odour  of  incense,  and  a  thickish  amber-yellow  liquid,  which  condenses  in  the 
neck  of  the  retort.  It  is  scarcely  affected  by  hyorochloric  or  even  by  boiling  nitric 
add ;  it  dissolves  in  sulphuric  acid,  and  is  precipitated  therefrom  by  water.  When 
triturated,  or  warmed  with  phosphoric  chforide,  it  liquefies,  evolving  hydrochloric  acid, 
and  on  distillation,  gives  off  phosphoric  oxyehloride,  leaving  a  blackened  residue. 

Quinovates. — Quinovic  add  is  dibasic,  the  general  formula  of  its  salts  being 
C*W*M.H)*.  ItdiHolves  in  alkalis  and  decomposes  alkaline  carbonates,  butits  ammonia- 
cal solution  gives  off  ammonia  on  evi^ration.  The  same  solution  gives  precipitates 
with  salts  of  the  heavy  metals.—The  ;»/a*«w;7i-«fl/^  2C**H»*K«0*.3H«0  (at  160°),  is 
obtained  as  a  bulky  pasty  predpitate,  on  adding  strong  caustic  potash  to  a  concentrated 
ammoniacal  solution  of  tne  acid,  also  by  concentrating  a  solution  of  the  add  in  potash. 
• — The  sodium-salt  resembles  it,  and  is  obtained  in  like  manner. — ^The  barium-,  stron- 
tiwn-,  and  calcium-^ts  separate  as  gelatinous  precipitates,  on  adding  the  corresponding 
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chlorides  to  the  ammoniacal  solution  of  the  acid. — The  copper-salt  is  a  li^ht-blue  pre- 
cipitate, whose  composition  (at  120^)  is  approximately  represented  by  the  tbrmula 
C**H**Cu''0*.6H*0. — The  tUver-talt  is  a  bulky  precipitate,  quickly  changing  on 
•xposure  to  light,  and  exhibiting  when  dried  in  a  vacuum,  and  then  at  120^,  the  com- 
position C«<H*Ag«0*. 

^unrOVZir.  C"*H**0*.  QuinovcMtter;  formerly  also  called  Quinotdc,  Quinoffa- 
iiCf  or  Chiococcic  acid,  (Pelletier  and  Cayentou,  J.  Pharm.  vii.  112. — Winckler, 
Rupert.  Pharm.  li.  193. — Buchner,  jun.  Ann.  Ch.  Pharm.  xvii.  161. — Peterson, 
ibia.  xrii.  165. — Schnedermann,  tbid.  xlv.  277. — Rochleder  and  Hlasiwet^ 
ibid.  Ixxvi.  238. — Hlasiwetz,  ibid.  Ixxix.  129. — Schwarz,!^.  Ixxx.  330. — Hlasi- 
wetz  and  Qilm,  ibid.  cxi.  182;  Jahresb.  1869,  p.  678). — A  substance  discovered  by 
Pelletier  and  Caventouin  the  false  cinchona-bark  of  commerce  {Cinchona  nova), 
found  also  by  Sch  warz  and  by  De  Vrij  (J.  Pharm.  [3]  xxxvii.  266)  in  the  true  cin- 
chona-barks. According  toRochleder  and  Hlasiwetz,  quino  vin  (or  perhaps  rather 
quinovic  acid)  is  formed  by  the  action  of  acids  and  alkiilis  on  camcic  acid  (i.  710).  It 
may  be  extracted  from  false  cinchona-bark  by  boilins  with  milk  of  lime,  precipitating 
the  extract  with  hydrochloric  acid,  and  purified  by  dissolving  the  precipitate  in  alcohol 
reprecipitating  with  water,  and  repeating  this  operation  till  a  perfectly  colourless  pro- 
duct is  obtained.     (Schnedermann.) 

According  to  Be  Vrij,  the  crude  quinova-bitter  extracted  firom  cinchona-bark  may  be 
separated  by  chloroform  into  quinovin,  soluble  in  that  liquid,  and  easily  soluble  in 
alcohol ;  and  quinovic  acid,  insoluble  in  diloroform  and  only  sparingly  soluble  in  aloohoL 
He  obtained  quinova-bitter  from  all  parts  of  Cinchona  Cidisaya^  cultivated  in  Java : 
from  the  woody  parts  of  the  roots,  2 -67  per  cent ;  from  the  root-bark,  1*08  ;  from  the 
wood  of  the  stem,  1*80 ;  from  the  bark  of  the  stem,  0*36  ;  from  the  bark  of  the  woody 
branches,  0*68 ;  from  the  herbaceous  stalks,  0*86 ;  and  from  the  dried  leaves,  0*23 
per  cent^  The  amount  of  quinova-bitter  in  the  several  organs  (excepting  the  leaves, 
which  contain  no  alkaloids)  is  inversely  proportional  to  thequantity  of  alkaloids  present. 

Quinovin  when  dry  forms  amorphous  frtigments  resembling  gum.  It  has  a  very 
bitter  taste,  is  nearly  insoluble  in  watery  moderately  soluble  in  ethers  very  soluble  in 
alcohol^  and  is  not  deposited  from  its  solutions  in  the  crystalline  state  (Schneder- 
mann). It  is  soluble  in  chloroform^  and  turns  the  plane  of  polarisation  of  a  luminous 
ray  to  the  right,  but  less  strongly  than  quinovic  acia.    (Be  Vrij.) 

The  analyses  of  quinovin  (or  quinova-bitter)  by  different  chemists  do  not  exhibit 
very  close  agreement,  probably  because  some  of  the  products  examined  consisted  of 
crude  quinova-bitter,  containing  quinovic  acid  as  well  as  quinovin.  Schnedermann 
found  67 '2 per  cent,  carbon,  9*05  hydrogen;  Hlasiwetz,  66*6 carbon  and  8*9 hydrogen — 
numbers  agreeing  nearly  with  the  formula  CH^O*,  which  requires  67'2  carbon,  9*0 
hydrogen,  and  11*9  oxygen. 

Quinovin  yields  by  dry  distillation  a  thick  oil,  having  a  strong  odour  of  incense  and 
petroleum,  together  with  a  small  quantity  of  shining  crystals.  With  nitrous  acid  it 
gives  off  red  vapours ;  and  on  adding  water  to  the  solution,  white  amorphous  fiocks  are 
precipitated,  tx)gether  with  a  resinous  matter ;  no  oxalic  acid  is  produced. 

When  dry  hydrochloric  acid  gas  is  passed  into  the  alcoholic  solution  of  quinovin,  the 
latter  is  resolved  into  quinovic  acid  and  quinova-sugar  (Hlasiwetz): 

C*H*H)»  +  TS}0     -    C«*H*0*  +  OH'«0». 

^VZWOTA.  A  diatomic  radicle,  which  may  be  supposed  to  exist  in  quinone  and  its 
derivatives,  quinone  itself  being  regarded  as  the  hydride  (C'H'K)*)''H^  dichloroquinono 
M  the  chloride  of  quinoyl  (C*^0*)''C1*,  a  view  which  is  in  accordance  with  its  reactions 
with  alkalis  (p.  28),  and  perchloroquinone  in  like  manner  as  the  chloride  of  dichloro- 
quinoyl  (C«Cl=0«)''a«. 

Q,UXyOTXAlfflC  AOZDf  (OH-0*)">q  ,18  not  known;  but  dichloroquinoy- 

H        3 

lamicacid,C«H»Ca«NO»  -  (CWlWrVQ ,    also    called    dichloro^nonamic  acid, 

ehloranUam,  and  chloranilamic  acid,  was  discovered  by  Erdmann  (J.  pr.  Chem.  xziL 
287),  and  further  examined  by  Laurent  (Ann.  Ch.  Phys.  [31  iii.  493).  It  is 
produced  by  the  action  of  aqueous  ammonia  on  perchloroquinone  (cnloranil): 

CKJ1*0«  +  NH»  +  H«0     =     C«HKJ1*N0»  +  2Ha. 

The  resulting  red  liquid,  when  concentrated,  deposits  crystals  of  dichloroouinovlamate 
of  ammonium ;  and  on  mixing  a  saturated  solution  of  Uiis  salt  with  hydrochloric  or 
sulphuric  acid,  dichloroquinoylamic  acid  is  deposited  on  cooling  in  black  needles  con- 
taining 2C'H'C1*N0*.6HK),  having  a  fine  adamantine  lustre  and  often  several  inches 
long :  it  may  be  purified  by  crystallisation  from  boiling  water. 
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I>idi]oroqmiiojUinie  add  it  alight] j  sohible  inwater,  fonninff  a  Tiolet  86Iittioii,ir]iich 
precipitates  metaillic  salts.  Caustic  potash  decomposes  it,  eliminatiiig  ammonia,  and 
fonninff  dichlopo^uinoylata  of  potassium  (p.  34).  It  is  not  altepedby  hydrochloric 
or  sulphuric  acid  m  the  cold,  but  at  the  boiling  heat  these  adds  oonrert  it  into  dichlo- 
zoqmnoYUc  acid. 

J>ickioroquinoylamate  qf  Ammonium  (or  Chhranilamman)  C*H'(NH*)C1'N0*.2H*0 
forms  flattened  chestnut-coloured  shining  needles,  soluble  with  purple  colour  in  water 
aspedally  when  warm.  The  solution  predpitates  metallic  sidts. —  The  barium^saU 
is  a  light-brown  predpitAte,  soluble  with  purple  colour  in  hot  water. — ^The  copper-salt 
is  a  greenish-brown  predpitate,  obtainea  by  mixing  the  ammonium-salt  with  cuprie 
acetate. — The  leadsatt  is  a  red-brown  prodpitate ;  the  mercurotu  salt  a  dark-browa 
predpitate.  Mercuric  chloride  does  not  form  a  predpitate  with  the  ammonium-salt— 
The  silver-salt,  OH'AgCl'NO*,  is  predpitated  in  brown  flocks,  often  crystalline,  and 
apparently  easily  decompodble. 

qmorOTXiAMZBaS.     l.  QmnoyUdiamide,  \P^^^)  |n«^  jg  not  actually  known* 

but  would  probably  be  obtained  by  the  action  of  ammonia  on  quinone  in  presence  of 
alcohol,  in  the  same  manner  as  its  derivatiyes,  described  below.  Quinone  treated  with 
dry  ammonia  gas  takes  up  2  at.  ammonia,  and  forms  quinonamide.  C*H*NO  (v,  26) 

Liehloroquinoyl-diamide,^     ^4    '  5  N*.   JDichioroquinonamide,  ChloranUa^ 

mids  (Laurent,  Rev.  Sdent  ziz.  141). — This  compound  is  formed  by  the  action  of 
ammonia  on  perchloroquinone  (chloranil)  in  presence  of  alcohol : 

(OKSlK^yCl*  +  4NH«     -.    ^^^*y'|N«  +  2NH*CL 

When  a  mixture  of  perchloroquinone,  alcohol,  and  ammonia  if  gently  heated,  the 
liquid  becomes  red-brown,  part  of  the  solid  substance  dissolves  (the  solution  contain- 
ing dichloroquinoylate  of  ammonium),  whilst  another  portion  remaina  in  the  form  of 
a  brown-red  precipitate.  This  predpitate  is  washed  with  alcohol,  then  redissolved  in 
the  liquid  with  addition  of  potash,  and  gentle  heating ;  the  liauid  is  filtered  if  neces- 
sary I  and  the  potash  is  neutralised  by  an  add,  while  the  liquid  is  still  warm.  Dichlo- 
zoquinoyl-diamide  is  then  separated  almost  immediately,  as  a  red-brown  predpitate, 
the  cobur  of  which  is  finer  in  proportion  as  the  quantity  of  alcohol  used  is  lar|;er,  and 
the  temperature  of  the  liquid  higher.  Too  great  a  heat  must  however  be  avoided,  as 
above  a  certain  temperaturo  the  product  would  be  decomposed  by  the  potash. 

Dichloroquinoyl-diamide  in  the  dry  state,  is  a  crystalline  powder  composed  of  micro- 
scopic needles  of  a  deep  crimson  colour  and  almost  metallic  lustre.  It  is  insoluble  in 
water,  and  nearly  insoluble  in  alcohol  and  ether.  When  cautiously  heated  on  a  glass 
phite,  it  partly  sublimes,  partly  decomposes.  It  is  not  attacked  by  hydrochloric  acid, 
even  at  tne  boiling  heat.  It  dissolves  in  strong  sulphuric  acid,  forming  a  violet  solu- 
tion, from  which  it  is  almost  wholly  predpitat^  by  water.  Boilinff  potash  eliminatea 
ammonia,  and  converts  the  amide  into  dicnloroquinoylate  of  potassium. 

(C-H»)«  ) 

Diphenyl-quinq^l-diamide,  C>»H'«N«0«  «  (C^H)*)" In«,  is  produced  by  the 

aetion  of  quinone  on  aniline,  in  presence  of  a  large  quantity  of  boiling  alcohol : 

8(C«H*0*)'T[«  +  2(C^»)H«N     -    (0^«07'[N«  +  2C^«0». 

QntaMMM*  Aniline.  Dipbenjloainoyl-         Hrdro- 

diuoioM.  quinone. 

The  resulting  brown  solution  deposits  the  diamide  on  cooling,  in  red-brown  scales 
having  an  almost  metallic  lustre,  and  the  mother-liquor  evaporated  with  hydrochlorio 
add,  yields  a  mixturo  of  hydrochlorate  of  aniline  and  hydroquinone.  (Hofmann, 
Froc.  Boy.  Soc.  xiii.  4.) 

Dipksnyl-dichloroquinoyl-diamids,0'lI}KSm*0*  -  ((XJl«OTfN«.-Thia 

compound  is  produced  by  the  addon  of  aniline  on  perchloroquinone.  according  to  the 

€Quati(Mi  I  

CHJ[*0*  +  4C*H^    -    (?«H'K!1«NK)«  +  2(C«H^.Ha). 

It  was  first  obtained  bv  Hesse  (Ann.  Ch.  Phamu  cxiv.  292;  Jahresb.  1860,  p.  283), 
who  regarded  it  as  dkhloro-quinoyl-pentaphenyl-pentamide;  but  Hofmann  {he.  cU,) 
has  shown  that  its  true  formula  is  that  above  given.  It  forms  brown-black  crystalB, 
•nblimable,  insolnbla  in  watet  and  in  oold  alcohol,  ether,  hydrochlorio  add,  and 
VOL.V,  D 
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alluHs,  bat  soliible  in  bensene,  hj  whidi  it  may  be  separated  from  aaotW  sabstane^ 
formed  in  the  same  reaction.    (Hesse.) 

QUnrOT&ZO   ACZI^  or   Quinonie  acid,  ^        ^  |o*  is  not  known,  but  its 

dichlorinated  derivatiye  has  been  obtained. 

Diehloroquinoylie  acid,  CBHJIH)*  -  ^^^^^' ^0\--JDichloroqmfumie  aeid, 

CUoratnUc  aeid  (Erdmann,  J.  pr.  Chem.  xzii.  281).— -Produced  bj  the  action  of 
potash  on  perchloroquinone,  dicUoroquinojhimide,  or  dichloroquinojlamic  acid.  On 
adding  hydrochloric  acid  to  a  solution  of  perchloroquinone  in  warm  potash-ley,  the 
liquid  turns  red,  and  deposits  dichloroquinoylic  add  in  yellowish-white  nacreous  scales, 
which,  when  collected  on  a  filter  and  yiewed  in  mass,  exhibit  the  colour  of  minium. 

The  dystaUised  add  contains  7'1  per  cent  («  1  at)  water  of  crystallisation,  which 
it  gives  off  at  115° ;  when  heated  in  a  test-tube  it  partly  sublimes  unaltered,  but  a  con- 
siderable portion  turns  brown  and  decomposes.  It  dissolves  in  water,  forming  a  violet 
solution,  from  which  it  is  predpitated  by  sulphuric  or  hydrochloric  add. 

Dichloroquinoylic  acid  is  dibasic. 

The  potassium-salt,  0^*01*0* JBPO,  is  deposited  in  crystals  from  a  solution  of  per- 
chloroquinone in  warm  caustic  potash  on  cooling,  and  so  completely  that  the  mother- 
liquor  retains  only  a  very  faint  reddish  or  brownish  tint.  It  is  purified  by  reciystalli- 
sation  from  water.  The  crystals  do  not  give  off  their  water  at  100^.  The  salt  heated 
on  platinum-foil  bums  with  slight  detonation,  ^ving  off  purple  vapours.  It  dissolves 
in  water  and  alcohol,  with  purple  colour,  inclining  to  violet ;  less  freely  in  potash.  Ita 
aqueous  solution  predpitates  several  metallic  salts. — ^The  neutral  aminonium-salt,  pro- 
duced by  the .  action  of  aqueous  ammonia  on  perchloroquinone,  ciystallities  like  the 
potassium-salt 

The  barium-salt  is  obtained  by  predpitation  with  chloride  of  barium,  in  red-browa 
micaceous  scales,  slightly  soluble  in  boiling  water.  Cobalt-salts,  mcktl-salts,  and/srrvM 
salts  are  not  predpitated  by  dichloroquinoylate  of  potassium. 

Ferrio  diekloroqidnoylate  is  a  blackish  predpitate,  obtained  with  ferric  nitrate.  The 
euprie  salt  is  a  greenish-brown,  the  lead-salt  a  brown  predpitate.  The  m^rcurous  salt 
is  a  yellowish-brown  precipitate  obtained  with  mercurous  nitrate.  Mercuric  chloride 
gives  no  precipitate. — The  silver-salt,  C^Ag*Cl*0*,  is  a  brown-red  pulverulent  preci- 
pitate, which  dissolves  but  very  slightly  in  water,  forming  a  reddish  solution. 

QUIM  TB88BVCB.  The  alchemists  distinguished  four  essences,  answering  to  the 
four  Aristotelian  elements ;  to  these  Raimund  Lullius  added  a  fifth,  namely  alcohol, 
denominated  quinta  essentia  on  account  of  its  enlivening  action.  The  term  is  sometimes 
also  used  to  denote  the  therapeutic  constituents  of  any  substance. 

Prefix  synonymous  with  Pbmta. 

OOn  a  kind  of  rock-oil  or  petroleum,  of  thiddsh  consistence,  so 
eaiied  from  the  Chapel  of  St  Quirinus,  at  Tegemsee,  near  which  it  issues.  It  ia 
brownish-yellow,  oUve-green  by  refiected  light,  and  has  a  specific  gravi^  of  0-836. 


R 

O  £LOtn.  C^W  -  (C'H^)*'  1 0*.    Paratartarie  acid,      Uvic  acid. 

Traubensaure, — An  add,  isomeric  with  tartaric  acid,  but  distinguished  f^m  the  latter 
by  several  characters,  and  chiefiy  by  its  optical  properties, — tartaric  add  exhibiting  the 
power  of  circular  polarisation,  whereas  racemic  add  is  optically  inactive,  but  may  be 
separated  into  equal  quantities  of  dextrotartaric  and  isevotartaric  adds,  exerting 
equid  and  opposite  actions  on  polarised  light  There  is  also  a  modification  of  tartaric 
acid,  called  inactive  tartaric  acid,  likewise  optically  inactive,  but  not  separable  into 
the  two  optically  opposite  adds. 

Bacemic  add  exists  ready-formed  in  certain  tartars,  and  was  discovered  in  1822  by 
Kestner,  a  manufacturer  of  tartaric  add  at  Thann,  in  the  Vosges,  who  obtained  it  in 
large  quantity  from  the  tartars  produced  in  the  vintages  of  1822-1824.  It  has  since 
been  found  hy  Kestner  and  others  in  the  crude  tartars  of  Austria,  Hungary,  Saintonge, 
and  espedally  of  Italy,  but  never  in  such  quantity  as  from  those  in  which  it  was  first 
discovered. 

It  is  formed  artifidally  by  several  processes : — 1.  By  the  direct  combination  of  equal 
weights  of  dextrotartaric  and  Uevotartaric  acid.— 2.  By  the  action  of  heat  on  tartario 
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ether,  and  on  the  dextrotartrate  or  leyotaitrtte  of  quinine  or  dnehonine  (Pastenr, 
Ann.  Ofa.  Pharm.  bodL  164,  Ixxxyiii.  211). — 3.  Bj  heating  inactiye  tartaric  acid  to 
200^,  or  by  boiling  it  with  hydrochloric  add  (Desaaignea,  Bull.  Soc  Chim.  1865« 
i.  34).  —4.  From  cane-angar  and  other  carbohydntea,  and  from  mannite,  daldte,  sorbin, 
mucic  add,  and  saccharic  add,  by  oxidation  with  nitric  add,  sometimes  alone, 
sometimes  together  with  tartaric  add  (Carlet,  B^  Chim.  pure,  iL  345;  it.  17. — 
Hornemann,  J.  pr.  Chem.  Ixxzix.  283;  7ahresb.  1863,  p.  880).  The  following  am 
the  relative  quantities  of  tartaric  and  raoemic  adds  produced  by  oaddatioin  m  dif- 
ferent carbohydrates  and  of  saccharic  and  mudc  adds  (Hornemann)  :^ 

In  100  ptt.  of  add. 

Milk-sugar 65-4  446 

Oum 68*0  870 

Cane-sugar 69*7  40*3 

Starch 100 

Bextroglucose  .....  100  .    . 

LeBYoglucoee 100 

Saccharic  add  .....  72*6  27'4 

Mudc  add ?  100 

Hornemann's  experiments  confirm  the  supposition  of  Liebig  (Jahr«sb.  1859,  pi 
281)  and  of  He  in  tz  (ibid,  1860,  p.  259),  that  the  formation  of  tartaric  add  from 
sugars  by  oxidation  is  preceded  by  that  of  saccharic  add,  and  the  formation  of  racemio 
add  by  that  of  mucic  acid. 

5.  By  boiling  dibromosucdnate  of  silver  with  water  (Perkin  and  Duppa,  Chem. 
Soc.  Qu.  J.  xiii.  102) : 

C*H»Ag*Br«0«  +  2H«0     -     C«H«0«  +  2AgBr. 

6.  By  heating  an  aqueous  solution  of  laoemo-carbonic  (desoxalic)  add,  or  a  dilute  solu- 
tion of  its  ethylic  ether  slightly  acidulated  with  sulphuric  acid«  to  100^  in  a  sealed  tube 
for  a  considerable  time:  C»H*0»  -  C0«  +  C*HW  (Lowig,  Jahresb.  1861,  p.  605). 
The  add  obtained  by  the  last  two  processes  has  not,  however,  been  actually  separated 
into  dextro-  and  Isvotartaric  acid,  so  that  it  may  possibly  be  inactive  tartaric  acid. 
The  caldum-salt  of  the  add  obtained  from  dibromosucdnio  add  differs,  also,  in  some 
respects  from  that  of  natural  racendc  add.    (Kekul^,  p.  37.) 

Preparation, — 1.  From  crude  tartar.  Kacemic  add  accumulates  in  the  mother* 
liquors  obtained  in  the  refining  of  tartar;  and  when  these  mother-liquors  are  treated 
with  chalk,  and  the  insoluble  calcium -salt  thus  produced  is  decomposed  by  sulphuric 
acid,  an  add  liquid  is  obtained,  which  when  concentrated  yields  crystals  of  racemio 
and  tartaric  aads.  In  most  cases  the  tartaric  add  forms  the  greater  part  of  the 
product,  and  is  deposited  in  large  transparent  crystals,  the  spaces  between  which  are 
more  or  less  filled  up  with  small,  white,  opaque  needles  of  raoemic  add.  By  separating 
these  needles,  dissolving  them  in  water,  and  evaporating,  the  racemic  add  may  bo 
obtained  in  large  crystals. 

2.  From  tartrate  of  cinchonine. — ^This  salt  (either  the  dextro-  or  the'lsvo- 
tartrate),  when  subjected  to  a  gradually  increasing  temperature,  is  first  converted  into 
tartrate  of  dnchonicine  (i.  971);  and  if  the  heat  be  continued,  the  cinchonidne  gives  oft 
water,  and  is  transformed  into  dnchonidine,  while  the  tartaric  add  likewise  undergoes 
alteration,  and  after  exposure  for  five  or  six  hours  to  a  heat  of  170^,  is  partly  con- 
verted into  racemic  add.  To  extract  this  acid,  the  black  resinous  mass  is  treated 
several  times  with  boiling  water;  the  filtered  liquid  is  mixed  with  excess  of  chloride  of 
caldum ;  the  racemate  of  caldum  thereby  predpitated  is  decomposed  by  dilute  sulphu- 
ric add ;  and  the  filtrate  is  concentrated  to  the  crystaUising-point.    (Pasteur.) 

Part  of  the  racemic  add  formed  in  the  process  just  described  is  further  converted 
into  inactive  tartaric  add,  the  quantity  of  the  latter  increasing  as  the  heating  is  pro- 
longed; and  if  the  solution  obtained  as  above  be  filtered  immediately  after  the  addition 
of  Uie  caldc  chloride,  the  inactive  tartrate  of  caldum,  which  is  more  soluble  than  the 
racemate,  remains  in  the  mother-liquor,  and  separates  after  24  hours  quite  free  frt)m 
racemate.  By  decomposing  this  salt  with  sulphuric  add  as  above,  and  concentrating 
the  solution,  the  inactive  tartaric  add  may  be  obtained  in  crystals.  Now  Dessaignes 
has  lately  shown  (Bull.  Soc.  Chim.  1865,  i.  34),  that  this  acid  in  the  free  sUte  is 
partially  converted  by  heat  into  racemic  add,  although,  when  the  latter  is  in  combina- 
tion with  certain  ommic  alkaloids,  the  opposite  transformation  takes  place.  If  the 
inactive  tartaric  add,  after  being  dried,  be  heated  in  a  retort  to  200^,  till  about  a 
third  of  it  has  passed  off  in  the  form  of  volatile  products,  a  distillate  is  obtained, 
consisting  chiefly  of  pyroracemic  acid  (iv.  770),  and  the  residue  consists  partly  of 
acemic,  partly  of  unaltered  inactive  tartaric  acid.     On  dissolving  thia  residue  in 

d2 
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water,  and  half  neutralising  with  ammonia,  acid  racemate  of  ammonium  eiystiUisw 
oat  fint^  while  the  more  soluble  inactiTe  tartrate,  constituting  about  two-thirds  of  the 
whole,  remains  dissolved.  Inactive  tartaric  acid  may  also  be  partly  conyerted  into 
racemic  acid  by  boiling  with  hydrochloric  add. 

Propertiea, — ^Bacemic  acid  forms  hydrated  aystals,  C^'O'.HK),  belonging  to  the 
tridinicsytem.  Dominant  combination :  od'^P  .  ooPoo .  ooP^' .  ooiPao  .  ^oo  .  ^^oo  /P^^p 
sometimes  with  oP,P\  and  JE»'oo.  Angle 'P^od  :  oafoo  »  128®  33';  'P'oo  :  ooPoo  — 
n^  82';  odT:  oo  Poo  -  110°  46';  oo'^P :  ?oo  «  129°  61';  odPoo  :  odF,  - 
162«»  64';  odP':  odPqo  =  HeoSO*;  'Foo:^,*  »  Uio  67';  '^oo  :  ooF,  «  US® 
32*  ;'f  00  :oo'^  «  107*^28' ;'P'oo  :  oof  00  -  84°  26' ; '^  oo  :  oo  ^  -  120<>  32'.  Ratio 
of  axes,  a:b:c  »  0*48434  :  1  :  0*80602.  Angle  a  »  120°;  /9  -  96^  19';  7  - 
76°  6'.    (De  la  Provostaye,  Ann.  Ch.  Phys.  [sjiii.  131.) 

The  crystals  have  a  specific  gravity  of  1'690  (Buignet,  Jahreeb.  1861, p.  16):  they 
effloresce  slowly  on  exposure  to  the  air,  give  off  all  their  water  of  crystallisation  at  1 00^, 
dissolve  in  6*7  pts.  water  at  16°,  and  in  48  pts.  cold  alcohol  of  spedfic  gravitv  0*809. 
In  these  respects  racemic  add  differs  considerably  from  tartaric  add,  which  forms 
anhydrous  monoelinic  ciystals,  much  more  soluble  in  water  than  those  of  racemic  add. 

Towards  reagents  racemic  acid  behaves  for  the  most  part  like  tartaric  add.  Its 
calcium-salt  is,  however,  less  soluble  than  the  tartrate,  so  that  racemic  acid  predpitates 
a  solution  of  gypsum,  whereas  tartaric  add  does  not.  Eacemate  of  calcium  is  likewise 
insoluble  in  acetic  add,  whereas  the  tartrate  is  soluble.  On  adding  ammonia  to  a 
solution  of  caldc  racemate  in  hydrochloric  add,  a  crystalline  predpitate  is  formed  in 
a  few  seconds ;  whereas  with  the  tartrate,  the  precipitation  does  not  take  place  for 
several  hours. 

Bacemic  add  when  heated  above  100°,  remains  unaltered  up  to  200°,  and  then  yields 
the  same  products  as  tartaric  add ;  bein^  converted,  before  complete  decomposition 
takes  place,  into  tartrelic  add,  tartralic  acid,  and  other  products  formed  by  abstraction 
of  water,  which,  however,  have  not  been  completely  investigated.    (See  Tabtasic  Acid.) 

When  a  solution  of  neutral  racemate  of  ammonium  is  mixed  with  a  small  quantity 
of  the  soluble  ptortion  of  beer-yeast,  or  an  albuminous  body,  a  vegetable  extract,  or 
any  animal  liquid,  and  exposed  to  a  temperature  of  30°,  fermentation  takes  place, 
and  the  whole  of  the  racemic  add  is  converted  into  Isvotartaric  add  (Pasteur, 
Jahresb.  1868,  p.  248).  The  same  transformation  is  produced  when  add  racemate 
of  ammonium  is  fermented  under  the  influence  of  PmiciUium  glaucum,  (Pasteur, 
Jahresb.  1860,  p.  260.) 

Xacemates.  Racemic  add,  like  tartaric  add,  is  tetratomic  and  dibasic,  the 
formulae  of  the  racemates  containing  monatomic  metals  being : 

Neatial  Racematee  C*H*M«0«    -    (C*HK)7' (.0*. 

M«      j 

Add  Racemates        C*H*MO»    «.    (C*HK)7' (.0*. 

*  HM     j 

With  diatomic  metals  it  forms  only  neutral  salts,  C^H^M^O*. 

The  racemates  are  very  much  like  the  corresponding  tartrates,  but  their  ays'talline 
forms  are  always  holohedral,  and  their  solutions  exert  no  action  on  polarised  light ; 
whereas  the  tartrates  are  hemihedral,  and  exhibit  drcular  polarisation  (see  Lioht,  iiL 
676).  Most  of  the  racemates  have  been  analysed  byPresenius  (Ann.  Ch.  Pharm. 
zli.  1 ;  liii.  230). 

Racemates  0/  Ammonium, — ^The  neutral  salt,  C*H*(NH*)*0«,  obtained  by  spon- 
taneous evaporation  of  a  solution  of  the  acid  neutralised  with  ammonia,cry8talli8e8  in 
rhombic  prisms  exhibiting  the  dominant  combination,  ooP  .  oo]^2  .  a  Poo  .  P  .  Poo  . 
If  00.  Angle  ocP:  odP  -  99°  30';  ooP  :  ooP2  =.  160°  60';  Poo  :  :Poo  ^  118^; 
F  00  :  fPoo  «  169°.  Ratio  of  axes,  a:b:e  ^  0*6087  :  1  :  0*8466.  The  crystals  when 
exposed  to  the  air  become  dull,  and  give  off  ammonia :  they  are  very  soluble  in  water, 
nearly  insoluble  in  a]cohoL — The  acui  salt,  C*H*(NH*)0*,  is  prodpitated  as  a  crystal- 
line powder,  on  neutralising  1  pt  of  racemic  acid  with  ammonia,  and  adding  an  equal 
quantity  of  the  add.  It  dissolves  in  100  pts.  water  at  20°,  and  in  a  much  smaller 
quantity  of  boiling  water.  It  reddens  litmus,  and  is  insoluble  in  alcohoL  From  an 
aqueous  solution  slowly  cooled,  it  crystallises  in  monodinic  prisms,  often  assuming  the 
tabular  form  from  predominance  of  oP.  The  decomposition  of  the  racemates  of  ammo- 
nium by  fermentation  has  been  already  described. 

Racemate  of  Antimo ny. — White  granular  predpitate,  obtained  by  adding  alcohol 
to  a  solution  of  antimonious  oxide  in  aqueous  racemic  add.   (B  era  el  ins.) 
PotatiUHnUimoniom  BacenuUe,  2C^n\SbO)KO*.H'0,  is  obtamed  by  saturating  a 
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boiliiiff  solntion  of  acid  ncemate  of  potaarinm  with  antimonioiui  oxide,  and  ayitaUisetf 
on  oooUng  from  a  ntorated  ■olntion  in  monoclinic  prisma  terminated  by  the  fiu^ta  of 
a  rery  obtnae  octahedron.  Obeerred  combination,  odP  .  }P.  Angle  ooP :  ooP  ■>  SCP 
20';  QoP:  ^P  -  118<'  2^;  ^P :  )P  «  U(P;  the  aame  behind  -  142o  55'.  Axea, 
a:b:  e  ^  1*074  :  1  :  0*9217  (De  la  ProToataye).  Like  tartar-emetic,  after  diying 
at  lOO^',  it  loaea  5*5  per  cent  water  at  260^. 

Eaeemates  of  Arsenic  and  the  Alkali-metals. — ^Theae  aalta  are  prepared 
by  adding  to  a  boiling  solution  of  a  neutral  raoemate  of  alkali-metal,  first  a  amall 
quantity  of  arsenious  acid,  then  raoemic  acid,  and  ao  on  alternately  till  a  aufficient 
quantity  of  the  double  salt  ia  produced,  idiile  a  laree  ezceaa  of  add  racemate  of  the 
alkali-metal  remaina  in  aolution.  On  evaporating  Uie  liquid,  the  double  salt  and  the 
acid  racemate  are  deposited  separately. — The  ammdnium'SaUt  2C*HX  AsO)(NH*)0*.HK), 
forms  smaU  effloreaoent  crystala,  aoluble  in  10*6  pta.  of  water  at  15^.  Its  solution  ia 
decomposed  by  eraporation  into  arsenious  acid  and  add  racemate  of  ammonium. — The 
potassium-salt,  2OH*(A80)K0*  3H*0,  forms  well-defined  nacreous  crystids,  which 
effloresce  and  give  off  4*23  per  cent,  water  at  100^,  the  remainder  of  the  crystallisation- 
water  between  155^  and  170^. — The  anhydrous  salt  may  be  h«atedtto  250^  without 
alteration,  but  at  255^  it  gives  off  water  and  empyreumatic  pro  ducts.  It  diasolvea  in 
a  very  small  quantity  of  hot  water,  but  the  solution  is  parti^y  decomposed  by  evapo- 
ration, add  racemate  of  potassium  being  deposited,  while  arsenious  acid  remama 
in  solution.  The  ciystab  dissolve  in  7*96  pts.  water  at  16^. — The  sodtttm-salt, 
2OU*(As0)Na0*.5HK),  forma  large  non-efflorescent  crystals,  which  dissolve  in  14*6 
pts.  water  at  19^,  give  off  |ths  of  their  ci^tallisation-water  at  100^,  and  the  remainder 
at  ISO*'.    (Werther,  J.  pr.  Chem.  zxxiL  385.) 

Racemate  of  Barium,  2C«H*Ba''0'.5HH).— Baoemie  add  forms  with  baiyta- 
wator,  white  flocks,  which  dissolve  in  excess  of  the  add;  but  the  solution  soon  becomes 
turbid,  and  depoeita  the  whole  of  the  barium-salt  aa  a  d^rstalline  predpitate.  The 
aame  predpitate  is  formed  on  mixing  raoemate  of  aodium  with  chloriae  of  barium. 

Racemate  of  Calcium,  C*H*Ca"0*.4H'0. — Obtained  in  the  aame  manner  as  the 
barium-salt.  Aqueoua  racemic  acid  also  gives  a  predpitate  after  a  while,  with  sulphata 
of  caldum.  Racemate  of  caldum  assumes  the  form,  either  of  an  amorphous  prmpitate 
or  of  fine  needles.  The  crystals  give  off  their  water  (27*76  per  cent)  at  200®.  The 
salt  is  nearly  insoluble  in  eold  water,  but  dissolyes  in  hydrochloric  add,  and  is  predpi- 
tat<)d  therefrom  by  ammonia.  It  is  insoluble  in  acetic  add,  and  likewiae  in  excess  of 
racemic  add,  after  it  haa  become  oystalline.  The  caldum-salt  of  raoemic  add  pro- 
duced from  dibromosuccinic  acid  (p.  85),  crystallises  from  boiling  water  in  cubie 
crystals  containing  C^HOa'O'.SHK),  whereas  that  of  natural  racemic  acid  aeparates 
from  boiling  water  in  small  white  prisms  containing  4  at  water.  Hie  artificial  calde 
racemate,  when  diasoWed  in  hydrochloric  add  and  predpitated  by  ammonia,  likewiae 
forms  prisma  with  4  at  water,  but  on  recrystallisation  from  boibng  water  it  assumes 
the  cubic  form  with  3  at  water.  The  caldum-salt  of  the  artificial  add  is  also  some- 
what more  soluble  in  water  than  that  of  the  natural  add.  (Keknl^  Jahresb.  1861, 
p.  364.) 

Racemates  of  Chromium, — ^The  violet  solution  of  chromic  hydrate  in  racemie 
add  leaves  on  evaporation  a  violet  crystalline  maas  soluble  in  water ;  alcohol  added  to 
this  solution  throws  down  a  violet  basic  aalt,  which  blackens  in  drying,  and  dissolves  in 
water  only  en  addition  of  racemic  add. — ^With  potash,  racemate  of  chromium  forms  a 
solution  which  leaves  a  dark-violet  mass  on  evaporation,  and  ii  completely  predpitated 
by  lime-water. 

Racemate  of  Cobalt. — The  solution  of  recently  predpitated  cobalt-oxide  in 
racemic  add,  yields  by  evaporation  a  pale  red  erystauine  crust  soluble  in  water 
containing  racemic  add ;  it  dissolves  alK>  in  potash,  forming  a  violet  solution,  which 
on  dilution  deposits  a  dingy-blue  predpitate. 

Racemates  of  Copj^er. — a.  The  cuprmts  salt  is  obtained  by  digesting  euprooa 
oxide  with  racemic  ada  in  a  tightiy-doeed  vesseL  It  is  moderately  soluble  in  water, 
and  ia  deposited  on  cooling  in  colourless  rhomboidal  prisms.  When  exposed  to  the  air 
it  is  converted  into  the  cupric  salt 

fi.  Cupric  Racemates. — A  mixture  of  the  hot  solutions  of  racemic  acid  and 
cupric  sulphate,  deposits,  after  a  while,  pale-green  tabular  crystals.  A  dilute  solution* 
of  cupric  acetate  forms  with  racemic  add  nale-blue  needles,  containing  C^HH}u''0'.2HK) 
This  salt  giyes  df  its  water  at  100^,  dissolves  sparingly  in  water,  easily  in  hydro- 
chloric acid ;  the  solution  when  mixed  with  potaah  assumes  a  fine  blue  colour,  and  ia 
not  decolorised  even  at  the  boiling  heat  Alkaline  racemates  form  a  green  predpitate 
with  cupric  salts. 

Cupne  racemate  dissolves  in  caustie  alkalis  and  alkaline  carbonate's.  On  addin|i^ 
alcohol  to  a  saturated  solution  of  the  salt  in  caustic  soda,  dark-blue  needle-shaped 
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eiyitalfl  are  deposited  on  the  sidee  of  the  Teasel,  and  light-blue  tables  at  the  bottom ; 
both  consisting  of  the  salt,  C*H*Na*0'.Cn*0.4HH),  raaringly  soluble  in  cold,  mora 
soluble  in  boiling  water,  and  depositing  cuprous  oxide  when  boiled  with  excess  of 
alkalL 

Raoematea  of  Iron, — ^Ferric  hydrate  dissoWes  in  raeemic  acid,  an  insoluble  basic 
salt  being  formed  at  the  same  time.  The  solution  when  eyaporated  leaves  a  browa 
amorphous  mass,  easily  pulverised,  very  soluble  in  water,  not  precipitable  by  alkalis. — 
With  potash,  ferric  raoemate  forms  a  dark-brown,  granular,  deliquescent  double  salt, 
soluble  in  raeemic  acid. 

Racemate  of  Lead,  C*H*Pb*0*  (at  100®). — On  adding  raeemic  acid  drop  by  drop 
to  a  hot  solution  of  lead-acetate  as  long  as  the  precipitate  redissolves,  and  cooling  the 
filtrate,  racemate  of  lead  is  deposited  in  shining  grains  or  delicate  needles,  soluble  in 
hot  aqueous  raeemic  acid. 

Racemate  of  Magnesium,  C*H^Mg^'0*.5H'0. — A  solution  of  magnesium-carbo- 
nate in  the  boiling  aqueous  acid  deposits  this  salt  on  slow  cooling  in  small  right 
rhombo'idal  prisms ;  by  quick  cooling  or  prolonged  evaporation  as  a  white  powder.  It 
effloresces  in  dry  air,  gives  off  4  at  ^27*24  per  cent.)  water  at  100^,  the  rest  without 
decomposition  at  200^.  It  dissolves  in  120  pts.  water  at  19°,  in  a  small  quantity  of 
boiling  water,  is  insoluble  in  alcohol,  dissolves  in  raeemic  add,  but  the  solution 
deposits  nothing  but  the  neutral  salt  and  the  free  acid. 

A  saturated  solution  of  magnesium-carbonate  in  an  acid  racemate  of  alkali-metal 
yields  by  slow  evaporation,  a  syrupy  mass,  which  gradually  changes  on  cooling  to  an 
amorphous  double  salt,  from  which  water  extracts  but  a  small  quantity  of  alkaline 
racemate,  even  at  the  boiling  heat. 

Racemate  of  Manganese,  C*H*Mn"0'.B['0. — Obtained  b^  evaporating  a  solution 
of  manganous  acetate  mixed  with  raeemic  acid,  in  yellowish-wnite  crystals,  per- 
manent in  the  air  even  at  100°,  slightly  soluble  in  water,  easily  soluble  in  acida  and 
alkalis. 

Racemate  of  Mercury, — ^Raeemic  acid  forms  with  mercurous  nitrate,  a  white 
heavy  precipitate,  which  becomes  coloured  on  exposure  to  light,  is  insoluble  in  water 
and  m  raeemic  acid,  but  soluble  in  nitric  add. 

Racemate  of  Nickel,  C^H^Ni"0*.6H*0,  is  obtained,  like  the  manganous  salt,  in 
green  needles,  which  effloresce  slowly  at  ordinary  temperatures,  rapidly  at  100°.  It  ia 
but  tdightly  soluble  in  pure  water,  more  soluble  in  water  containing  raeemic  add. 
It  dissolves  with  green  colour  in  potash,  also  in  hot  aqueous  carbonate  of  sodium, 
the  liquid  solidifying  to  a  gelatinous  mass  on  cooling. 

Racemates  of  Potassium, — ^The  neutral  salt,  C*H^K'0*.2H'0,  crystallises  hj 
■low  evaporation,  according  to  Pasteur,  in  six-sided  tables  belonging  to  the  trimetrio 
system,  and  exhibiting  the  combination  oP  .  ooI>  oo  .  ooP.  Angle  oo^oo  :  ooP  » 
128°  20'.  According  to  v.  Lang,  on  the  other  hand  (Wien.  Akad.  Ber.  xlvi.  [2]  31 ; 
Jahresb.  1862,  p.  806),  the  crystfids  (with  the  same  amount  of  water)  are  monoclinic, 
exhibiting  the  combination  ooPoo  .  [  ooPoo  ]  .  oP  .  [Poo  ]  .  [2Poo  ]  .  ooP  .  ooPf  .  —  P  . 
•f  P  .  +  P2.  Axes  a:b:c  ^  I:  0*9134  :  0*7586.  Angle  of  inclined  axes  ^  92°  35'  . 
[Poo  ]  :  [  ooPoo  ]  -97°  9';  [2Pao  ]  .  [  ooPoo  ]  »  146°  36';  [2Poo  ]  :  oP  =  122°  66', 
odP  :  ooPoD  «  137°  67';  ooP  :  oP  »  88°  6';  ooPf  :  oP  -  87°  43' ;  -P:oP  « 
132°  43^.  The  crystals  dissolve  in  0*97  pt  water  at  26  ,  are  nearly  insoluble  in  alcohol, 
and  give  off  all  their  water  at  100°.  Mmeral  adds  or  raeemic  acid  added  to  the  solu- 
tion throw  down  the  acid  racemate. — The  acid  salt,  obtained  like  the  corresponding 
ammonium-salt,  forms  oystals  soluble  in  180  pts.  of  water  at  19°,  in  139  pts.  at  26°, 
%nd  in  14*3  pts.  of  boiling  water ;  it  is  insoluble  in  alcohol,  but  dissolves  easily  in 
mineral  acids. 

Racemate  of  potassium  and  ammonium,  C*H^E[(NH*)0',  is  obtained  by  slow  evapo- 
ration of  a  solution  of  the  add  potassium-salt  saturated  with  ammonia,  in  acicular, 
longitudinally  striated,  rhombic  pnsms,  having  the  angle  oDf^oo  :  ooP  s  130°  46',  and 
not  modified  at  the  ends.    (Pasteur.) 

A  racemoborate  of  potassium  is  obtained,  according  to"  Fresenius,  by  evaporating  a 
solution  of  1  at.  boric  add  and  2  at.  add  potassic  racemate,  at  100°,  as  a  white,  add, 
almost  crystalline,  friable  mass,  very  soluble  but  not  deliquescent  Similar  products 
are  obtained  by  evaporating  a  solution  of  borax  and  acid  racemate  of  potassium  or 
sodium.    (Fresenius.) 

Racemate  of  Silver,  C*H*Ag*0*. — ^When  a  warm  moderately  strong  solution  of 
the  acid  potassium -salt  is  added  to  a  solution  of  silver-nitrate  heated  to  80°  or  85°,  till 
the  precipitate  begins  to  be  permanent,  the  liquid  on  cooling  deposits  racemate  of 
silver  in  fine  shining  scales,  less  soluble  in  water  than  the  tartrate,  soluble  in 
ammonia. 
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Sac$mat$9  of  Sodium.—The  neutral  mdi,  C*B*VbH^,  oyatallifes  readily  ia 
anhydnyiiB  ibombic  prisms  soluble  in  2*63  pts.  of  water  at  26^,  insoluble  in  alcohol.-^ 
The  acid  »alt,  C*H*NaO*.H*0,  is  precipitated  by  alcohol  from  a  miztuie  of  equivalent 
quantities  of  the  neutral  salt  and  racemic  add,  and  may  be  obtained,  by  reciystallisa- 
tion  from  water,  in  monoclinic  prisms  with  striated  faces.  It  has  a  pleasant  add  taste, 
giTCfl  off  its  water  (9*41  per  cent)  at  100^,  dissolves  in  11*3  pts.  water  at  19^,  in  a 
much  smaller  quantity  of  boiling  water,  but  is  insoluble  in  aleonoL 

Sodithomnumie  and  Sodio-potassic  racemate^  exist  only  in  solution,  being  separated 
by  reciystallisation  into  mixtures  of  equal  quantities  of  the  corresponding  dextio-  and 
lievotartiates. 

Racemate  of  Strontium,  C*H*Sr'0«.4H«0.— Predpitated  by  racemic  add,  from 
strontia-water  in  white  flocks,  and  by  the  neutral  potassium-saJt  from  chliNride  of 
strontium,  as  a  ciystalline  precipitate.  It  gives  off  its  water  (22*87  per  cent.)  at  100^, 
is  nearly  insoluble  in  cold,  and  onlv  slightly  soluble  in  boiling  water;  dissolves  easily 
in  hydrochloric  acid,  but  is  insoluble  in  acetic  add. 

Racemate  of  Thallium  forms  small,  closelv-aggregated,  easily  soluble  crystals, 
resembling  those  of  the  neutral  ammonium-salt.  ooP  :  ooF  «  100^.  (De  la 
Provostaye,  Ann.  Ch.  Pharm.  cxxvi.  79.) 

Racemate  of  Tin  is  very  soluble  and  ciystallisable. 

Racemate  of  Zinc. — Racemic  acid  dissolves  zinc  with  evolution  of  hydrogen,  and 
the  solution  yields  by  evaporation  colourless  needles  of  racemate  of  zinc.  Racemic 
acid  forms  with  acetate  of  zinc,  a  gelatinous  predpitate,  nearly  insoluble  in  water  and 
difficult  to  dry. 

Vitroimeemlo  aeld.  C«H^(NO*)K)*.  (Dessaignes,  J.  Pharm.  [S]  xxxii.  46).^ 
Prepared  by  quickly  dissolving  perfectly  dehydrated  and  finely  pulvensM  racemic  add 
in  lukewarm  nitric  acid  of  spedfic  gravity  1*52,  and  mixing  the  decanted  solution  with 
half  its  volume  of  strong  sulphuric  add.  The  resulting  magma  dried  between  bricks  under 
s  bell-jar,  forms  a  light  white  silky  mass,  the  saturated  solution  of  which  in  lukewarm 
water  yields,  when  filtered  and  cooled  to  0^,  nacreous  prisms,  thinner  and  shorter  than 
those  of  nitrotartaric  add.  It  has  no  action  on  polarised  light.  In  aqueous  solution 
it  decomposes,  giving  off  gas  and  yielding  tartronic  add,  together  with  other  products. 
It  dissolves  without  decomposition  in  absolute  alcohol,  and  crystallises  therefrom  by 
spontaneous  evaporation,  in  small  plates  composed  of  microscopic  crystals.  It  forms  a 
predpitate  with  basic  acetate  of  lead,  but  not  with  acetate  of  potassium,  caldum  or 
lead,  or  nitrate  of  silver.  The  ammonium-salt  decomposed  by  sulphydrie  add,  yields 
racemic  and  tartaric  add. 


lCSMZC  WTMMRBm  The  only  known  compounds  of  this  group  are  the  add 
racemates  oi  ethyl  and  methjl.  

Ethyl-racemie  acid,  or  Rocemevinic  acid,  C^^W  «  C«H*(C«H»)0«  (Gu^rin- 
Varry,  Ann.  Ch.  Phys.  [2]  Ixii.  77). — ^Produced  by  boiling  4  pits,  absolute  alcohol 
with  1  pt.  of  racemic  add,  and  cohobating  the  mixture  in  a  retort  at  a  gentle  heat  till 
the  liquid  evaporated  to  a  syrup  no  longer  deposits  any  solid  matter  on  cooling.  It  is 
then  diluted  with  water,  and  saturated  with  carbonate  of  barium  ;  the  filtrate  is  evapo- 
rated at  50^  or  60^  ;  and  the  crystallised  ethyl-racemate  of  barium  thus  obtainea  is 
decomposed  by  sulphuric  acid. 

Ethyl-racemic  add  crystallises  in  colourless  elongated  prisms  with  oUiquely  inclined 
bases,  deliquescent,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  The  solu- 
tion has  no  action  on  polarised  light,  and  is  decomposed  by  ebullition  int«  alcohol 
and  racemic  add,  which  crystallises  out. 

Ethyl-racemic  acid  is  decomposed  by  dry  distillation,  yielding  alcohol,  water,  ethylie 
acetate,  acetic  acid,  ethylene  gas,  pyroraeemic  add,  ^ — Nitric  acid  converts  it  into 
acetic,  carbonic,  and  oxalic  adds.  Its  solution  dissolves  ginc  andtron,  with  evolution 
of  hydrogen ;  yields  with  ^tash  a  pulverulent  predpitate,  and  with  soda  an  opaline 
predpitate,  which  appears  just  before  the  liquia  becomes  neutral,  and  increases  with 
the  quantity  of  acid  added.  When  added  drop  by  drop  to  baryta^water,  it  forms  a  pre- 
dpitate, which  diminishes  as  the  liquid  approaches  neutralitv,  but  reappears  when  the 
acid  is  added  in  excess.  The  precipitate  is  soluble  in  nitnc  acid. — ^With  lime-water 
ethyl-racemic  add  forms  a  predpitate  insoluble  in  water,  and  in  excess  of  the  add, 
but  soluble  in  nitric  acid.  The  add  does  not  produce  any  turbidity  with  caldc  or 
sodic  sulphate.  It  forms  a  white  predpitate  with  acetate  of  lead,  and  with  a  concen- 
trated solution  of  nitrate  of  silver, 

Ethyl-racemic  add  is  monobadc  Its  salts  crystallise,  but  not  so  well  as  the 
cthyl-tartrates  :  some  of  them  contain  water  of  crystallisation,  which  they  give  off  in  a 
vacuum. — ^The  barium-saltf  C"H^'Ba''0'*.2H'0,  crystallises  in  small  prisms  arranged 
in  nodular  groups.  It  is  much  more  soluble  in  hot  than  in  cold  water,  insoluble  in 
absolute  alcohol  and  in  ether. — The  potaseium-aalt,  C*fl*HO*.H'0,  forms  prisms. 
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TOwdntly  monodlim:,  gives  off  7'56  per  cent  water  in  Taciio.^Tlie  tUver^mU^ 
€^H*AgO*,  crystalliBefi  in  prismB  slightly  soluble  in  cold  water,  decomposing  at  100^. 

Methyl-raoemie  acid,  C»H»0«  -  C*H»(CH»)0«  (Gu^rin-Varry,  loc.  cit.)^ 
Ptepared  by  dissolYin|;  1  pt  of  ncemic  acid  in  1  pt.  of  methylic  alcohol,  at  the 
boiling  heat,  eyaporating  to  a  syrap  at  a  temperature  below  100^,  leaving  the 
syrup  to  evaporate  freely,  and  drying  the  resulting  crystals  in  a  vacuum.  It  fonoB 
colourless  rectangular  prisms  truncated  on  the  longitudinal  edges,  and  passiiig 
into  rhomboidal  prisms.  It  dissolves  easily  in  toater,  alcohol,  and  wooaspirit, 
slightly  in  ether.  By  boiling  with  water,  it  is  resolved  into  methylic  alcohol  and  race- 
mic  acid.  Its  aqueous  solution  decomposes  zinc  and  iron,  with  evolution  of  hydrogen* 
"With  baryta-water,  it  forms  a  precipitate  soluble  in  excess  of  the  acid,  and  in  water ; 
inthlime-water^  it  forms  a  precipitate  composed  of  radiate  groups  of  acicular  prisms, 
insoluble  in  excess  of  the  acid.  Methyl-racemic  add  does  not  precipitate  causftifl 
soda  or  carbonate  of  sodium. 

Methyl-racemaU  of  Barium,  C'*H"Ba''0".4H'0,  crystallises  in  monoclinic  prisms, 
which  give  off  part  of  their  crystallisation-water  on  exposure  to  the  air.  When  not 
eflaoresced,  it  softens  at  60°,  and  at  100°  gives  off  vapours,  which  condense  in  beautiful 
crystalline  laminae.  It  is  more  soluble  in  hot  than  in  cold  water,  insoluble  in  alcohol 
and  ether. — The  lead-salt  is  precipitated  on  pouring  methyl-racemic  acid  into  a  solu- 
tion of  lead-acetate ;  the  precipitate  redissolves  in  excess  of  acid. — The  potassium-salt, 
2C*fl'K0*.HK),  forms  rectangular  prisms,  which  are  decomposed,  by  prolonged  ebulli- 
tion with  water,  into  methylic  alcohol  and  acid  racemate  of  potassium.  Methyl-racemio 
acid  added  to  aqueous  potash  forms  a  pulverulent  precipitate  soluble  in  a  large  quan- 
tity of  water. — ^The  silver-salt,  OH'AgO*,  is  precipitated  on  adding  met^yf-racemie 
acid  to  a  moderately  concentrated  solution  of  silver-nitrate ;  it  is  soluble  in  excess  of 
methyl-racemic  add. 

RACBBKOCAlUiOVZC  ACXB.    Desoxalic  acid,  C*H*0*  »      ^^^g^.^^^  |  O*. 

(Lowig,  J.  pr.  CheuLlxxix.  455;  Ixxxiii.  129;  Ixxxiv.  1 ;  Jahresb.   1860,  p.  404: 


deoxidation  of  oxalic  add,  thus : 

5Cr»H«0«  +  H*0  -  0»     -     2C»H«0«; 

whence  the  name  desoxalic  acid;  but  the  reaction  is  complicated,  yielding  a  number  of 
products  which  have  not  been  thoroughly  investigated. 

Preparation, — ^An  amalgam  of  30  grms.  sodium  and  800  to  2,000  grms.  mercury  is 
agitated  in  a  glass  cylinder  with  about  an  equal  part  of  ethylic  oxalate,  the  mass  being 
kept  cool  by  occasionally  plunging  the  vessel  into  cold  water ;  the  resulting  unctuous 
mass  is  stirred  up  with  ether,  the  liquid  is  decanted  from  the  mercury ;  the  residue  is 
treated  several  times  more  with  ether ;  the  united  ethereal  liquids  are  left  at  rest  for 
a  while ;  and  the  clarified  solution,  decanted  from  the  sediment,  is  repeatedly  and  vio- 
lently agitated  with  small  quantities  of  water,  till  a  pasty  mass  no  longer  separates 
from  it,  and  the  ethereal  solution  rises  to  the  surface  free  from  colour.  This  ethereal 
solution,  when  freed  from  the  greater  part  of  the  ether  by  distillation,  and  left  to  eva- 
porate in  a  warm  place,  deposits,  after  a  while,  large  transparent  shining  crystals  of 
ethylic  racemocarbonate,  which  increase  in  quantity  on  further  evaporation,  while 
the  uncrystallisable  portion  thickens  to  a  yellow  syrup. 

The  ethylic  racemocarbonate  may  be  converted  by  heating  with  carbonate  of  potas- 
sium, or  by  treatment  with  caustic  potash,  into  alcohol  and  racemocarbonate  of  potas- 
sium ;  the  solution  of  this  salt,  predpitated  by  nitrate  of  lead,  yields  the  corresponding 
ioad-salt;  and  this,  when  decomposed  b^  sulphuretted  hydrogen,  yields  racemocar- 
bonic  acid,  the  filtered  solution  of  which  may  be  made  to  crystsJilise,  by  first  evapo- 
rating it  at  a  gentle  heat  over  the  water-bath,  and  then  leaving  it  under  a  bell-jar  over 
oH  of  vitrioL 

Properties  and  Reactions. — ^Racemocarbonic  add  thus  obtained  is  a  dry  crystalline 
mass,  yielding  a  dazzling  white  powder.  It  is  very  soluble  in  water  and  in  alcohol, 
and  deliquesces  in  the  air.  It  softens  at  the  heat  of  the  water-bath,  and  at  a  somewhat 
high  temperature  becomes  dark-coloured ;  swells  up,  giving  off  an  odour  like  that  of 
burnt  tartaric  add ;  then  carbonises,  and  bums  with  a  faintly  luminous  flame,  leaving 
no  residue.  When  its  dilute  aqueous  solution  is  heated  for  some  time  to  100^  in  a 
sealed  tube,  it  splits  up  into  racemic  acid  and  carbonic  anhydride. 

Bacemocarbonates. — Hacemocarbonic  acid  is  tribasic,  the  formula  of  its  neutral 
salts  being  C*H'M*0*.  It  likewise  forms  add  and  basic  salts. — The  neutral  potassium- 
salt,  C*H.*K'0',  formed  bv  direct  neutralisation,  or  by  decomposing  the  ethylic  ether 
with  caustic  potash,  or  boiling  it  with  potassic  carbonate,  remains,  on  leaving  its 
aqueous  solution  to  evaporate,  as  a  gummy  mass,  which  becomes  crystalline  after  stand- 
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itig  over  oil  of  Titriol,  and  dries  up  at  100°  to  a  white  poroiu  mass.  The  solution  yield* . 
the  barium-,  lead-,  and  ailyer-salts  by  double  decomposition.— > An  acid  poUusUtm-talt, 
C^K*KK>*f  is  obtained  by  decomposing  the  ethylic  ether  with  a  solution  of  potash  in 
absolute  alcohol,  as  a  viscid  mass,  which  dries  up  to  a  dazzling  white  powder,  becom- 
ing moist  on  exposure  to  the  air.  The  same  salt  is  obtained  in  shining  white  crystal- 
line crosts,  by  supersaturating  a  solution  of  racemocarbonic  acid  in  potash  with  acetio 
add.  It  has  a  slightly  sour  taste,  dissolves  in  19'4  pts.  water  at  16^,  and  does  not 
decompose  till  heated  above  100^. — The  neutral  sodiumrsalt  is  veiy  soluble,  and  decom- 
poses at  130®. —The  barium-salt,  C>»H«Bii>0",  and  the  calcium-salt,  C»«!H«Ca»0".3HH), 
are  white  powders.  When  racemocarbonic  acid  is  mixed  with  excess  of  lime-water, 
and  the  bulky  precipitate  is  dissolved  in  a  few  drops  of  hydrochloric  add,  the  solution 
instantly  yieldis  with  ammonia  a  flocculent  predpitate  of  caldc  racemocarbonate, 
whereas  the  racemate  is  predpitated  luder  similar  drcumstances  as  a  heavy  crystalline 

powder,  and  only  after  the  lapse  of  a  few  seconds. — The  neutral  lead-scdt,  C'^H'Pb'O*', 
IS  when  dry,  a  daoling  white  powder,  not  quite  insoluble  in  hot  water.    It  appears  to 

retain  1  at.  water  at  lOO®.— A  haste  lead-salt,  C»*H«ft)"0".C'«H<Pb*0'«,  is  obtwned  aa 
a  hulkj  precipitate,  by  heatinff  the  aqueous  solution  of  the  ethylic  ether  with  basic 
acetate  of  lead — ^The  neutral  stiver-stilt,  C^H'Ag'O",  is  a  white  predpitate,  soon  turning 
black  when  moist,  slightly  soluble  in  water,  easily  soluble  in  dilute  nitric  and  in  racemo- 
carbonic acid,  the  latter  solution  depositing  a  mirror  of  silver  on  standing. — A  some- 
what more  Soluble  acid  silver-salt,  C*H*Ag*0*,  is  obtained  by  predpitating  the  corre- 
sponding potassium-salt  with  nitrate  of  silver. — The  predpitates  formed  in  the  solution 
of  the  neutral  potassium-salt  by  the  sulphates  of  ginc,  copper,  and  manganese,  dissolve 
in  excess  of  the  precipitant 

Ethylic  Racemocarbonate,  C"H»»0»  =  C*H»((?H»)"0«  prepared  as  above 
described,  forms  large,  transparent,  colourless,  highly  lustrous  ciystals,  which  resemble 
clilorate  of  sodium,  but  do  not  appear  to  belong  to  the  regular  system.  They  retain 
their  lustre  for  months,  dissolve  in  10  pts.  water  at  16°,  also  in  alcohol  and  ether, 
have  no  odour,  but  a  strong  purely  bitter  taste,  melt  at  85°,  forming  a  liquid  which 
solidifies  again  at  85°.  When  the  fused  compound  is  exposed  for  some  time  to  the 
heat  of  boiling  water,  it  remains  after  cooling  as  a  thick  oily  liquid,  which  does  not 
solidify  for  a  considerable  time.  The  ether  may  be  sublimed  by  careful  heating  in  a 
glass  tube,  but  if  heated  for  some  time  to  140° — 150°,  it  yields  on  cooling  (without 
loss  of  weight)  a  perfectly  colourless,  s^rapy,  extremely  bitter  mass,  which  no  longer 
solidifies.  When  distilled  in  a  retort^  it  leaves  only  a  trace  of  carbonaceous  residue ; 
the  distillate  is  oily,  has  a  bitter  taste,  and  does  not  appear  to  contain  racemocarbonic 
acid. 

Ethylic  racemocarbonate  heated  with  baiyta-water,  caustic  alkalis,  or  alkaline  car- 
bonates, is  decomposed,  yielding  alcohol  and  a  racemocarbonate  of  barium,  &<*.  (p.  40). 
When  a  dilate  solution  of  the  ether,  slightly  addulated  with  sulphuric  or  hydrochloric 
add,  is  heated  to  100°  in  a  sealed  tube,  the  racemocarbonic  acid  is  resolved  into  car- 
bonic anhydride  and  racemic  add.  If,  on  the  other  hand,  a  concentrated  solution  of 
the  ether  is  used,  only  partial  decomposition  takes  place ;  and  Lowig  thinks  it  probable 
that  an  add  intermediate  between  racemocarbonic  and  racemic  add,  or  perhaps  a  com- 
pound of  the  two,  may  be  formed.  When  a  dilute  solution  of  ethylic  racemocarbonate 
containing  a  little  sulphuric  or  hydrochloric  add,  is  boiled  in  a  platinum  dish,  scarcely 
any  gas  is  evolved,  so  long  as  the  water  lost  by  evaporation  is  renewed ;  but  on  subse- 
(^uently  concentrating  the  liquid,  it  becomes  darker  and  gives  off  gas.  The  syrupy 
liquid  remaining,  after  the  hydrochloric  add  has  been  completely  expelled,  solidifies  on 
cooling  to  a  brittle  friable  mass,  easily  soluble  in  water ;  and  if  the  concentrated  solu- 
tion be  left  to  evaporate,  a  tolerably  abundant  crystallisation  of  racemic  acid  is 
obtained ;  the  greater  part,  however,  forms  a  syrupy  add,  which  dries  up  over  oil  of 
vitriol  to  a  translucent  mass,  and  yields  a  silver-salt  having  the  composition  of  silver^ 
racemate. 

The  yellow  syrup  (p.  40),  obtained  toeether  with  the  crystals  in  the  preparation  of 
ethylic  racemocarbonate,  is  an  uncrystulisable  modification  of  that  compound.  By 
heating  it  with  strong  hvdrochloric  add,  and  then  evaporating  off  the  whole  of  that 
add,  a  very  acid  syrup  is  obtained,  which  dries  up  over  oil  of  vitriol  to  an  amorphous 
transparent  mass,  easily  soluble  in  water.  The  add  thus  obtained  is  isomeric  with 
racemic  add,  but  is  distin^hed  from  that  acid  and  from  racemocarbonic  add  by  its 
reaction  with  lime-water,  yielding  therewith  a  predpitate,  which  when  dissolved  in  a 
small  quantity  of  hydrochloric  add  is  not  repredpitated  by  ammonia.  Moreover,  it 
does  not  form  a  sparingly  soluble  acid  salt  with  potash.    (Lowig.) 

KABZATIOW  AVB  OOWBVOTIOW  OV  BMA.T.  There  are  various  modes 
in  which  heat  may  be  transferred  from  one  place  to  another.  Of  all  these,  the  most 
easily  intelligible— in  the  sesBe  of  our  being  able  deaxly  to  coDoeiTe  and  follow  the 
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Berenil  parts  of  the  process — consists  in  the  bodily  moyement  of  heated  matter.  A 
Tery  important  case  of  the  transference  of  heat  in  this  manner  is  presented  by  the  so- 
called  phenomena  of  convection,  upon  which  the  distribution  of  heat  in  liquid  and 
aeriform  bodies  almost  entirely  depends.  Another  way  in  which  the  motion  of  material 
bodies  may  intervene,  as  the  medium  of  the  transference  of  heat,  is  exhibited  in  many 
cases  of  the  evolution  of  heat  by  mechanical  means.  For  instance,  if  a  steam-engine 
is  employed  to  overcome  friction,  or  to  do  other  work  in  opposition  to  molecular  forces, 
and  so  to  develop  heat,  the  process  may  be  correctly  described,  so  &r  as  the  general 
result  is  concerned,  as  consistmg  in  the  transfer  of  part  of  the  heat  of  combostioii  of 
the  coals,  from  the  furnace  to  the  place  where  the  heat-produdng  work  is  performed. 
In  other  cases,  again,  electricity  is  the  medium  of  the  transference  of  heat  from  one 
place  to  another.  But,  in  addition  to  all  these  various  wavs  in  which  the  motion  of 
heat  may  be  brought  about  by  the  action  of  other  forms  of  energy,  there  are  two  dis- 
tinct ways  in  which  it  can  occur  without  the  intervention  of  energy  in  any  other  form. 
These  are  Radiation,  or  the  spontaneous  outflow  of  heat  in  all  directions  which  ii 
constantly  taking  place  at  the  &ee  surface  of  material  bodies ;  and  Cokduction,  or  the 
propagation  of  heat  by  communication  through  the  substance  of  material  bodies, 
whereby  the  temperature  of  eveiy  mass  of  matter  tends  constantly  to  become  uniform 
throughout.  We  shall  attempt  in  this  article  to  state  the  most  important  laws  and 
conditions  by  which  the  transference  of  heat  in  these  two  ways  has  been  found  to  be 
determined. 

Badzation. 

The  radiation  of  heat  is  a  phenomenon  completely  analogous  to  the  radiation  of 
light ;  in  fact,  all  the  known  properties  of  radiant  heat  and  of  light  point  to  the  con- 
clusion, that  there  is  no  difference  of  a  fundamental  kind  between  them.  And  if,  as 
seems  inevitable,  we  adopt  the  hypothesis  that  temperature  in  material  bodies  consists 
in  a  vibratoxy  or  other  movement  of  their  particles  (Heat,  iii.  131),  we  must  reeard 
radiation,  whether  of  heat  or  light,  as  due  to  vibrations  of  the  luminiferous  ether 
(Light,  iii.  589),  excited  by  the  heat-vibrations  of  the  particles  of  ordinary  matter,  and 
propagated  by  the  ether  in  all  directions  &om  their  source.  According  to  this  view,  a 
radiating  body  may  be  compared  with  a  vibrating  tuning-fork,  or  other  source  of 
sound  ;  and  the  rays  of  heat  or  light  which  it  emits,  with  the  progressive  undulations, 
constituting  waves  of  sound,  which  the  vibrations  of  the  sounding  body  excite  in  the 
air.  The  cooling  of  a  heated  body  by  radiation  would  thus  answer  to  the  gradual  dying- 
out  of  the  vibrations  of  the  tuning-fork,  as  it  gives  up  its  motion  to  the  air :  any  cir- 
cumstance which  increases  the  rate  of  radiation,  that  is  to  say,  the  quantity  of  heat 
given  out  in  a  given  time,  hastening  the  fall  of  temperature  of  the  heated  body ;  just  as 
whatever  increases  the  amount  of  motion  imparted  to  the  air  in  a  given  time  by  a 
vibrating  fork,  and  so  augments  the  loudness  of  the  resulting  sound,  causes  the  fork 
to  come  to  rest  more  quickly.  On  the  same  view,  a  rise  of  temperature  in  a  material 
body,  caused  by  ra^s  of  heat  absorbed  by  it^  would  correspond  with  the  production  of 
sympathetic  vibrations  in  solid  bodies  under  the  influence  of  sound-waves  transmitted 
to  them  through  the  air ;  and  just  as  those  conditions,  which  facilitate  most  the  com- 
munication of  motion  bv  a  vibrating  body  to  the  air,  are  also  the  conditions  most 
ikvourable  to  its  beine  tnrown  into  vibration  by  undulations  of  the  air,  so,  as  we  shall 
see,  the  conditions  which  most  promote  the  loss  of  heat  by  radiation  are  also  those 
which  are  most  favourable  to  the  absorption  or  gain  of  heat  in  the  same  way.  Again, 
the  different  refrangibility  which  characterises  rays  of  light  of  various  colours,  as  well 
as  rays  of  heat  from  various  sources,  being  caused  by  different  rates  of  vibration,  cor- 
responds to  the  different  pitch  of  various  sounds.  (On  the  analogies  of  heat  and 
sound,  comp.  Thomas  Young,  Lectures  on  Natural  Philosophy,  2  vols.  4to.  LondL 
1807,  vol.  i.  p.  666.) 

Radiation,  considered  as  a  mode  of  transference  of  heat,  is  obviously  a  process  which 
can  only  go  on  between  at  least  two  material  bodies,  of  which  one  gives  out,  and  the 
other  receives,  heat.  And,  except  in  the  case  of  radiation  through  a  vacuum,  a  third 
body  also  intervenes  in  the  phenomenon — namely,  that  through  which  the  radiation 
takes  place.  Hence  the  entire  process  consists  of  three  distinct  parts — ^Emission,  Ab- 
sorption, Transmissio  n — ^the  course  of  each  of  which  is  dependent  on  the  physical 
properties  of  the  particular  material  substances  concerned.  6ut,  before  considering 
radiant  heat  in  relation  to  the  properties  of  individual  substances,  we  will  briefly  de- 
scribe its  general  properties,  and  enumerate  the  most  important  and  decisive  of  the 
experiments  by  which  the  essential  identity  of  radiant  heat  and  light  has  been  proved, 
and  which  therefore  justify  the  conclusion  that  radiant  heat,  like  light,  consists  in  un- 
dulations propagated  by  the  luminiferous  ether,  in  the  same  way  as  waves  of  sound  are 
propagated  by  the  air. 

1.  Sadiaani  ktai  tromrsu  a  vaouMn^  or  any  homoffensous  medium,  in  straight  lines^ 
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This  &et  is  proTed,  like  the  corresponding  fiict  in  the  case  of  light,  by  the  effect  of 
opaque  screens,  which,  with  the  exceptions  mentioned  at  page  46  (parsff.  7%  prevent 
the  heat  of  any  radiant  source  from  arriving  at  any  point  so  sittatied  that  a  straight 
line  drawn  from  it  to  the  source  would  cut  such  a  soreen. 

2.  Radiant  heat  is  mnitted  in  straight  lines  in  all  directions  from  a  radiating  point. 
Hence  the  quantity  of  heat  which  in  a  given  time  falls  on  a  given  surface  from  a 
radiating  pomt  is  inversely  proportional  to  ike  square  of  the  distanee  of  that  surface 
from  the  radiating  point.  The  most  complete  and  decisive  proof  of  this  law  was 
furnished  by  Mel  Ion  i,  who  showed  that  when  a  thermo-electric  pile  (ELBcmiaTT,  ii. 
413 ;  Hb4T,  iiL  22),  fitted  with  a  non-reflecting  cone,  is  turned  towards  a  large,  flat, 
uniformly  heated  surface,  the  heating  effect,  as  shown  by  the  deflection  of  the  needle 
of  a  galvanometer  connected  with  the  pile,  is  the  same  at  all  distances  of  the  pile  from 
the  heated  surface.  In  this  case  the  portion  of  the  flat  surface  subtended  by  the  face 
of  the  pile,  or  visible  therefrom,  tnerva«M  proportionably  to  the  square  of  the  distance: 
that  is  to  say,  the  number  of  points  of  the  heated  su^ce  from  which  rays  can  reach 
the  pile  is  directly  proportional  to  the  square  of  the  distance ;  but,  since  the  total 
heating  effect  remains  the  same  at  all  distances,  it  follows  that  the  effect  of  each  point 
must  be  inversely  proportional  to  the  square  of  its  distance  from  the  pile.  (Melloni, 
La  n^ermochrdse,  »Ai^les,  1850,  p.  129.) 

8.  The  velocity  of  propagation  of  radiant  heat  has  not  yet  been  measured  directly,  in 
consequence  of  the  time  required  by  it  to  produce  sensible  effects  being  greater  than 
the  time  of  its  transmission  through  such  distances  as  are  available  for  experiment. 
There  is,  howeirer,  every  reason  to  suppose  that,  in  substances  not  pc^sessed  of  disper- 
sive power,  it  is  the  same  as  that  of  light.  Melloni  found  the  time  of  transmission 
through  357  feet  of  air  inappreciably  short    (Op.  cU.  pp.  121-123.) 

4.  It  follows,  from  the  laws  which  hold  with  respect  to  the  propagation  of  wave- 
motions,  that,  whenever  a  train  of  waves  arrives  at  a  surface,  on  opposite  sides  of  which 
the  relation  between  the  elasticity  and  density  of  the  medium  of  propagation  is  different^ 
partial  or  total  reflection  must  tue  place ;  and  that  this  reflection  must  take  place  so 
that  the  reflected  ray  lies  in  the  same  plane  with  the  incident  ray,  and  the  normal  to 
the  reflecting  surftuse  at  the  point  of  incidence,  and  that  the  incident  and  reflected  rays 
make  equal  angles  with  the  normaL  That  radiant  heat  is  thus  reflected  on  arriving  at 
the  surfi^e  of  separation  of  two  media,  may  be  proved  by  means  of  a  thermo-multiplier 
placed  in  such  a  position  relatively  to  a  source  of  heat  and  a  plane  metallic  reflector, 
that  the  radiation  from  the  source  cannot  reach  it,  except  by  the  rays  beinff  reflected 
in  accordance  with  the  above  conditions.  The  equality  of  the  angles  of  incidence  and 
reflection  can  be  still  more  decisively  demonstrated  by  means  of  two  parabolic  reflectors 
placed  with  their  concave  surfaces  towards  each  other,  and  their  axes  coincident :  if  a 
source  of  heat  be  placed  in  the  focus  of  one  reflector,  the  rays  which  strike  this  reflec- 
tor will  be  brought  to  a  focus  again  at  the  focus  of  the  other  reflector. 

But,  as  in  the  case  of  light,  this  law  can  only  be  recognised  when  reflection  takes 
place  at  polished  surfkces,  that  is,  at  sur&ces  each  element  of  which  is  situated  sen- 
sibly at  tiie  same  plane,  or  coincides  with  the  same  curve.  Since,  however,  even  with 
the  most  perfect  polish  that  can  be  obtained,  many  superficial  elements  are  doubtless 
inclined  in  directions  which  do  not  coincide  with  the  general  form  of  the  surface,  the 
intensity  of  the  heat  refiected  in  such  a  direction  as  to  make  with  the  normal  to  the 
general  surface  an  angle  equal  to  that  made  by  the  direction  of  the  incident  heat,  is 
fdwavs  less  than  the  intensity  of  the  incident  heat,  even  allowing  for  the  quantity 
which  may  penetrate  the  reflecting;  surface.  The  amount  of  heat  thus  irregularly 
reflected,  or  diffused,  necessarily  vanes  with  the  nature  of  the  reflecting  surfeice,  being 
less,  under  otherwise  similar  circumstances,  in  proportion  as  the  latter  is  more 
perfectly  polished ;  it  also  varies  with  the  absolute  value  of  the  angle  of  incidence. 

The  fiict  of  the  diffusive  reflection  of  heat  was  flrst  placed  beyond  doubt  by  Mello- 
ni, whose  method  of  experiment  consisted  in  determining,  by  means  of  the  thermo- 
multiplier,  the  relative  quantities  of  heat  radiated  obliquely  by  very  thin  unpolished 
screens,  upon  which  rays  were  incident  normallv  from  a  source  of  heat  The  screens 
were  so  thin  that  both  surfaces  might  be  regarded  as  having  the  same  temperature; 
nevertheless,  the  quantity  of  heat  radiated  in  a  direction  makmg  a  given  oblique  angle 
with  the  sur&ce  turned  towards  the  source  of  heat,  exceeded  tiiat  radiated  in  a  direc- 
tion making  the  same  angle  whh  the  other  surface ;  showing  that  the  radiation  from 
the  former  surface  did  not  consist  entirely  of  the  heat  given  out  by  the  screen  itself 
but  also,  in  part,  of  heat  irregularly  reflected.  The  influence  of  the  absolute  value  of 
the  ansle  of  incidence  on  the  proportion  of  heat  reflected  irregularly,  has  been  investi- 
gated by  Knoblauch.  With  solar  heat  and,  in  one  set  of  experiments,  a  glass 
mirror  blackened  at  the  back,  and  in  another  set  with  a  metallic  minor,  he  obtained 
the  following  resolts : — 


lO-O® 

66-0® 

10-0 

66*0 

110 

64-6 

15*1 

600 

281 

480 

430 

430 
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Anglo  of  Inddeoee  DdhetSon  of  the  G«lTaMNn«ler-Deidle  ptoduetd 

wand  from  tho  Mirror.  by  the  Bars  reguUrhr  reOected— 

From  the  Blackened  Mirror.   From  the  Metallic  Mirror. 

60O 

60 

40 

30 

20 

10 

The  nnmbera  in  the  lut  oolimm  show  that  the  quantity  of  heat  ivflected 
regularlj  by  the  metallic  mirror  diminished,  and  oonseqnentlj  the  quantity 
reflected  irreguhirly  increased,  as  the  incident  rays  made  a  smaller  angle  with  the 
surface  of  the  mirror.  The  increased  reflection  from  the  glass  mirror  at  low  angles  of 
incidence  is  to  be  attributed,  not  to  diminished  HiflRiignn^  but  to  diminished  abeoip- 
tion. 

4.  In  addition  to  the  portion  which  is  reflected,  regularly  or  irregularly*  when 
radiant  heat  arrives  at  the  surfiice  of  separation  of  two  media,  a  certain  quantity 
usually — perhaps  always — penetrates  the  second  medium.  Of  the  heat  which  thua 
pasBas  onwards  into  the  second  medium,  a  ffreater  or  less  proportion  is  always  absorbed; 
or,  in  the  language  of  the  view  we  have  adopted  respecting  the  nature  of  radiant  heat» 
the  vibratory  motion  of  the  particles  of  the  ether  is  given  up  to  the  material  particles 
of  the  medium.  The  pro^rtion  of  heat  so  absorbed  varies,  from  a  barely  perceptible 
amount,  even  when  a  considerable  thickness  of  the  second  medium  is  traversed,  as  in 
the  case  of  rock-salt,  to  the  total  quantity  which  enters  the  medium,  as  in  the  case  of 
the  metals,  in  which  the  absorption  of  heat  is  so  complete,  within  a  very  short  distance 
from  the  surfiice,  that  it  was  only  by  employing  exceedingly  thin  fllms  of  metal, 
deposited  on  glass  by  chemical  means,  that  Knoblauch  suo^eded  in  proving  that  the 
metals  are  not  absolutely  impenetrable  by  radiant  heat  The  proportion  of  radiant  heat 
absorbed  in  its  passage  through  a  given  thickness  of  a  given  medium  is  not,  however, 
a  constant  quantity;  it  varies  to  a  great  extent,  as  we  sh^  presently  see,  with  the  tem- 
perature of  the  source  from  which  the  heat  comes,  just  as  the  absorption  of  light  by 
various  media  depends  on  the  colour  of  the  light. 

5.  Another  consequence  of  the  ^neral  principles  of  waye-motion,  is  that,  upon  the 
theory  we  have  adopted,  when  radiant  heat  passes  from  one  medium  into  another,  in 
which  the  elasticity  and  density  of  the  luminiferous  ether  are  to  each  other  in  a  diflTe- 
rent  ratio  from  what  they  were  in  the  first  medium,  its  velocity  of  propagation  must 
be  different  in  the  two  media.  Consequently,  if  the  rays  of  heat  are  incident  upon  the 
separating  surfS&ce  of  the  media  in  any  other  direction  than  that  of  the  normal  to  the 
surfiice  at  the  point  of  incidence,  their  direction  will  be  altered  on  passing  from  the 
first  medium  into  the  second,  or  they  will  undergo  rtfraction  ;  and  this  refraction  will 
take  place  according  to  the  same  laws  as  the  refraction  of  light — that  is,  the  refracted 
ray  will  be  in  the  same  plane  with  the  incident  ray  and  the  normal  to  the  surface, 
and  the  sine  of  the  angle  which  the  incident  ray  makes  with  the  normal  will  be  to 
the  sine  of  the  angle  which  the  refracted  ray  makes  with  the  normal,  as  the  velocity  of 
the  ray  in  the  first  medium  is  to  its  velocity  of  propagation  in  the  second  medium  (see 
Light,  iii.  608,  609).  A  familiar  example  of  the  refraction  of  heat  is  afforded  by  the 
effects  of  burning-glasses. 

The  second  part  of  the  law  of  refraction  of  heat,  as  above  stated,  has  not  hitherto 
received  direct  experimental  confirmation,  for,  as  has  been  aheady  said  (p.  43 X  the 
velocity  of  propagation  of  radiant  heat  has  not  yet  been  measured.  It  is,  however, 
abundantly  proved  that  the  index  of  refraction  (Ijoht,  loc.  cit.\  corresponding  to  the 
passage  of  radiant  heat  from  a  given  medium  into  a  ffiven  second  medium,  has  a  con- 
stant value.  But,  just  as  there  are  various  kinds  of  light,  (Bering  from  each  other 
in  refrangibility  (Lioht,  iii.  618),  so  there  are  various  kinds  of  radiant  heat  which 
differ  from  each  other  in  the  same  way.  The  indices  of  refraction  of  heat  of  several 
kinds,  corresponding  to  its  passage  from  air  into  rock-salt,  have  been  measured  by 
Forbes,  by  Wollaston's  method  (iii.  614),  depending  on  the  total  refiection  which 
takes  place  when  rays  traversing  one  medium  are  incident  very  obliquelvon  the  surface 
of  another  medium  of  less  refractive  power.  In  the  following  table  (taken  from 
Wullner's  Lekrbuch  der  ExperimenUd-phynk,  2  vols.  Leipzig,  1863-65,  vol.  ii.  p.  327) 
the  numbers  in  the  last  column  represent  the  indices  of  refraction  of  the  rays  present 
in  greatest  abundance  in  the  heat  of  the  various  kinds  specified ;  but  it  is  to  be  under- 
stood that  each  kind  of  heat  examined  contained,  in  a  smaller  proportion,  rays  of  both 
greater  and  lets  refrangibility  than  those  which  formed  the  largest  part. 
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Indices  of  RrfraeHon  qf  Heat^aya  m  Soeksalt, 

Kind  of  hesc  Index  of  Befractkn. 

Heat  from  a  LocAtelli*8  lamp  (an  oil-lamp  with  solid  square  wick  bat  no)     ,  e«« 
chimney)  >     ^'^^^ 


The  fame  after  pausing  through  a  plate  of  alom 

„  »,  window-glass 

„  „  black  glass 

«  n  black  mica 

Heat  from  incandescent  platinum    .... 

The  same  after  passing  through  a  plate  of  window-glass 
„  H  black  mica 

Heat  from  brass  at  371^  C 

Xiominous  rays  of  mean  refrangibilitj  from  the  lamp 


1-558 
1-547 
1-553 
1-543 
1-532 
1-548 
1-544 
1-528 
1-552 


The  index  of  refraction  for  crown-glass  of  the  least  refrangible  solar  rays  has 
been  deduced  by  J.  M tiller,  from  an  examination  of  the  solar  spectrum  produced 
by  a  prism  of  crown-glass,  b^  means  of  a  linear  thermo-electno  pile  (Miiller's 
Jjehrbuch  der  JPhyaiky  6th  ed.,  iL  743-745^.  Miiller  gives  the  number  1*506,  but 
from  a  criticism  of  his  experiments  by  F«  Eisenlohr  (Fogg.  Ann.  cix.  240),  it  appears 
that  1*516  would  be  more  correct. 

We  shall  have  occasion,  as  we  proceed,  to  return  several  times  to  the  differences 
between  the  kinds  of  heat  emitted  by  various  sources ;  but  we  may  take  this  first  occa- 
sion, upon  which  such  differences  call  for  special  mention,  to  state  wherein  they 
probably  consist,  and  also  how  far  there  is  any  real  difference  between  radiant  heat  and 
light 

If  radiant  heat  be  regarded  as  consisting  in  an  undulatoiy  motion  of  theltmiiniferous 
ether,  all  the  differences  (irrespective  of  intensity  and  state  of  polarisation)  which  have 
been  observed  between  various  rays  of  heat  may  be  referred  to  differences  in  the 
rapidity  of  the  vibrations  by  which  they  are  produced,  and  consequent  differences  in 
the  length  of  the  waves  of  which  they  consist ;  the  most  refrangible  rays  having  the 
most  rapid  vibrations  and  the  smallest  wave-length,  and  the  least  refrangible  rays 
having  the  slowest  vibrations  and  the  greatest  wave-length.  These,  it  wUl  be  seen, 
are  differences  of  precisely  the  same  kind  as  those  existing  between  rays  of  light  of 
various  colours.  Hence,  unless  the  vibrations  constituting  radiant  heat  have  a  different 
direction,  or  a  different  form,  from  those  constituting  light  (of  which,  however,  there  is 
not  the  slightest  evidence,  for,  as  we  shall  see,  all  the  characteristic  properties  of  lights 
with  the  single  exception  of  visibility,  are  shared  by  radiant  heat),  we  are  forced  to  ad- 
mit that  rays  of  heat  and  rays  of  light  of  the  same  wave-length  are  in 
all  respects  identical,  and  this  conclusion  is  borne  out  by  every  test  which  it  has 
hitherto  been  possible  to  apply  (oomp.  iu.  632).  But  although  there  is  absolutely  no 
known  difference  between  rays  of  heat  and  rays  of  light  of  the  «a9n«refrangibility  (rate  of 
vibration,  wave-length),  rays  of  heat  exist  whose  refrangibility  is  less,  and  accordingly 
their  rate  of  vibration  slower  and  wave-length  greater,  than  that  of  the  least  refran- 
gible rays  of  light.  The  relation  between  radiant  heat  and  light  may  therefore  be 
summed  up  as  follows :  All  luminous  rays  are  rays  of  heat,  but  all  rays  of  heat  are 
not  luminous ;  they  only  become  so  when  their  rate  of  vibration  exceeds  a  certain 
minimum  limit  (about  400  millions  of  millions  per  second),  and  their  ware-length  con- 
sequently falls  below  a  certain  maximum  (about  7  ten-millionths  of  a  millimetre). 
According  to  this  view,  the  difference  between  radiant  heat  and  light  is  subjective  and 
not  objective,  being  dependent  on  the  structure  of  our  eyes,  and  not  upon  any  want  of 
similarity  between  radiant  heat  and  light  themselves. 

6.  Like  rays  of  light,  rays  of  heat  interfere  with  and  neutralise  each  other,  when  two 
rays  from  the  same  source  arrive  at  the  same  point  by  paths  of  very  slightlv  different 
lengths.  This  phenomenon  was  first  observed  byFizeauand  Foucault  (Compt. 
rend.  xxv.  447),  by  means  of  Fresnel's  interference-mirrors  (iii.  599),  and  a  spirit  ther- 
mometer whose  bulb  was  not  more  than  1*1  mm.  in  diameter,  and  which  could  be  read 
to  73?sth  of  a  degree  centigrade.  When  this  instrument  was  gradually  moved  across  the 
miaule  of  the  field,  the  readings  were  successively  20*9,  35-9,  and  20,  the  number  35*9 
corrMponding  to  the  middle  of  the  central  fringe. 

Knoblauch  afterwards  (Ann.  Ch.  Phys.  [3]  lix.  493)  observed  the  same  phe- 
nomenon by  means  of  a  Pouillef  s  interference-prism  (iii.  600),  and  a  linear  thermo- 
electric pile ;  and  the  same  philosopher  showed,  at  the  same  time,  that  the  positions  of 
the  alternate  maxima  and  minima  of  heating  effect  (corresponding  to  the  light  and 
dark  bands  in  the  case  of  li^ht)  suffered  a  lateral  displacement  when  a  slightly  wedge- 
•haped  piece  of  glass  was  interposed  between  the  prism  and  the  thermonalectric  pile^ 
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thus  proving  that  the  Telocity  of  propagation  of  radiant  heat  is  not  the  same  in  gjaai 
aa  it  18  in  air.    (See  Light,  lii.  601.) 

Knoblauch  has  likewise  demonstrated  the  interference  of  radiant  heat  nnder  the 
Mune  oiicninstaaces  as  those  under  which  the  colours  of  thin  plates  (iii.  643)  are  pro- 
duced by  light . 

7.  Diffraction  (iii.  601). of  radiant  heat  occurs  when  rays  from  a  source  of  sufficiently 
small  extent  pass  through  a  small  aperture,  or  by  the  edge  of  an  opaque  screen.  Knob- 
lauch ascertained  that  when  heat  from  a  linear  source  passes  through  a  narrow  slit, 
the  thermal  effect  on  the  &rther  side  of  the  slit  extends  to  points  which  the  rays  could 
not  reach  if  th^  all  followed  straight  paths ;  and  he  found  that  the  lateral  extension 
of  the  heating  effect  increased  ([1)  with  the  distance  from  the  slit  of  the  position  where 
the  effect  was  examined,  (2)  with  the  narrowness  of  the  slit^  and  (3)  with  the  distance 
of  the  slit  from  .the  source  of  heat. 

The  diffraction  of  radiant  heat  and  the  simultaneous  interference,  when  it  paases  the 
edge  of  a  simple  screen,  were  observed  by  Fiseau  and  Foucault ;  and  its  ai£fraction 
by  ''Rratings"  (iii.  605),  bySeebeck  in  1849  (Fogg.  Ann.  Ixxrii.  574),  and  subse- 
quent by  Knoblauch. 

8.  The  interference  and  diffraction  of  radiant  heat  prove  condusively  that  it  oonsisfs 
in  undulations;  and  that  these  undulations,  like  those  of  light,  take  place  in  directions 
perpendicular  to  that  in  which  the  ludulatoiy  movement  advances,  is  proved  by  the 
phenomena  of  the  polarisation  of  radiant  heat  Like  light,  radiant  heat  may  be 
polarised,  by  reflection,  by  ordinary  refraction,  by  double  rennction,  and  by  absorption 
in  doubly-refracting  ciystals. 

The  polarisation  of  heat  by  reflection  from  the  sur&ce  of  glass  was  distinctly 
proved  in  1812  by  B^rard,  who  showed  that  when  heat  was  reflected  successively  by 
two  glass  mirrors,  the  intensity  of  the  beam  reflected  from  the  second  mirror  was 
decidedly  greater  when  the  plane  of  reflection  of  the  two  mirrors  coincided,  than  when 
they  were  at  right  angles  to  each  other.  But  the  accurate  investigation  of  the  phe- 
nomena of  th<^  polarisation  of  heat  is  chiefly  due  to  K  noblauch  and  D  e  la  Frovo- 
Btaye  and  DesainB(Ann.  Ch.  Fhys.  [31  xxvii  109 ;  xxx.  159 ;  267 ;  276).  Knoblauch 
found  that,  as  in  the  case  of  light  so  in  that  of  radiant  heat,  the  polarisation  produced 
l^  reflection  is  most  complete  when  the  rajrs  are  incident  at  some  particular  angle  de- 
pending on  the  naturo  of  the  reflecting  substance.  Thus,  out  of  100  rays  reflected  from 
glass  at  various  angles  (measured  from  the  normal),  he  found  the  proportion  of  polarised 
rajrs  to  be  that  stated  below: — 
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It  will  be  seen  that  the  maximum  of  polarisation  occurred  when  the  angle  of  in- 
eidence  was  55°,  which  agrees  almost  exactly  with  the  angle  (54°  35')  at  which  the 
most  complete  polarisation  takes  place  in  the  case  of  luminous  rays  (iii.  653).  When 
a  steel  mirror  was  used  as  the  polarising  apparatus,  the  maximum  of  polarisation 
(34  per  cent,  of  the  total  heat  reflected)  occurred  with  an  angle  of  incidence  of  about 
75°. 

De  la  Frovostaye  and  Desains  not  only  proved  that  the  polarisation  of  heat  takes 
place  under  the  same  conditions  as  the  polarisation  of  light,  but  showed  that  the 
properties  of  polarised  heat  aeree  precisely  with  those  of  polarised  light.  Fresnel 
nad  establish^  that,  when  p<uarised  light  is  reflected  at  the  surfieuse  of  a  transparent 
medium,  the   intensity  of  the    reflect^  light  may  be  expressed  by   the  formula 

I  ^  y."  '.  when  the  plane  of  polarisation  is  parallel  to  the  plane  of  reflection,  and  by 

tan'ff— r) 
the  formula  - — jj-. — !  when  the  plane  of  polarisation  is  perpendicular  to  the  plane  of 

reflection,  t  and  r  denoting  the  angles  of  incidence  and  refraction  respectively.  Takins 
the  index  of  refraction  of  glass  as  »  1*52,  De  la  Frovostaye  and  Desains  calculatod 
the  intensity  of  the  reflected  beam  for  various  angles  of  incidence,  for  the  two  cases  to 
which  these  formul»  correspond,  and  found  the  results  to  agree  precisely  with  those 
ftinnshed  by  direct  experiments  with  polarised  heat»  as  shown  by  the  foUowmg  table  :^-« 
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Reflection  ofPolariaed  Heat, 


HmI  polariMd  tn  plane  of  inddmce. 

Heat  polarised  at  right  angles  to  plane  of 
incidence. 

Aocloor 
tadoonco. 

InCouitj  of  reflected  beein. 

Angle  of 
incidence. 

* 

Intensity  of  reflected  beam. 

Obienred. 

Calculated. 

Obserred. 

Calculated. 

80 
76 
70 
60 
60 
40 
80 
20 

651 

407 

80*6 

180 

117 

81 

61 

60 

64-6 

40-8 

80-8 

18*3 

117 

81 

61 

60 

80® 
76 
70 
28 

24-0 

110 

4*3 

8*0 

23-6 
10-6 
416 
2-9 

De  la  Provostaje  and  Desaius  have  likewimobseired  that  rotation  of  the  plane 
polarisation  of  heat  is  caused  when  polarised  heat  is  transmitted  through  a  piece  of 
neary  glass  placed  between  the  poles  of  a  powerfnl  electro-magnet,  and  also  wnen  it  is 
made  to  pass  through  certain  Kqnids,  sucn  as  oil  of  turpentine  and  solution  of  sugar, 
and  have  ascertained  that  in  both  cases  the  action  is  precisely  the  same  as  in  the 
analogous  phenomena  presented  by  polarised  light  (see  iiL  671  and  676).  Some  of 
the  numerous  other  points  of  agreement  which  the  same  obserrers  haye  detected 
■between  the  properties  of  polarised  heat  and  polarised  light,  are  mentioned  below  in 
connection  with  the  double  refraction  of  heat 

The  polarisation  of  heat  by  ordinary  refraction  was  observed  by  Forbes  (PhiL  Mag. 
[3]  vi.  209)  and  Mellon.i,  but  this  phenomenon  also  has  been  more  completely  in- 
vestigated by  Knoblauch  and  De  la  ProTostaye  and  Desains,  than  by  pre- 
vious observers.  It  has  been  shown  by  their  experiments,  that  when  a  beam  of  radiant 
heat  is  incident  upon  a  bundle  of  thin  plates  of  glass  at  the  polarising  angle,  it  is 
separated  into  two  parts — a  reflected  bc^m  polarised  in  the  plane  of  incidence,  and  a 
refracted  beam  polarised  at  right  angles  to  the  plane  of  inddenoe ;  and  they  have  also 
proved  that  the  intensity  with  which  a  beam  of  polarised  heat  is  transmitted  through 
one  or  more  plates  of  glass  can  be  calculated  by  precisely  the  same  formulse  as  those 
which  apply  in  the  case  of  liffht. 

9.  The  same  investigators  have  demonstrated  the  douiferefracHon  of  heat,  and  proved 
that  the  phenomenon  agrees  in  all  respects  with  the  double  refraction  of  light 
Knoblauch  caused  a  penal  of  solar  rays,  reflected  from  a  helioetat  to  £el11  upon  the 
natural-cleavage  faces  of  a  crystal  of  calc-spar,  and  received  the  transmitted  rays  upon 
a  thermo-electric  pile,  the  face  of  which  presented  only  a  vertical  strip  of  0*26  mm.  in 
widUi.  As  the  pue  was  placed  successively  in  the  pa&i  of  one  of  the  luminous  beams 
produced  by  the  double  refraction  of  the  incident  light,  in  the  d^k  space  between  the 
two  beams,  and  in  the  path  of  the  second  luminous  beam,  the  needle  of  the  galvano- 
'  meter  was  deflected  to  20*6^,  then  came  back  to  6°,  and  was  then  deflected  again  to 
20*75®,  showing  that  the  heat-rays  had  been  completely  separated  into  two  pencils  of 
equal  intensity.  Knoblauch  ftirther  found  that,  when  the  crystal  was  turned  round  the 
incident  ray  as  an  axis,  one  of  the  transmitted  pencils  of  heat-rays  (the  extraordinary 
pencil)  rotated  round  the  other  (the  ordinary  pencil),  which  remained  stationary. 

Similar  results  have  been  obtained  by  De  la  Provostaye  and  Desains.  A  beam  of 
solar  rays  was  directed,  by  means  of  a  helioetat,  on  to  an  achromatic  double-image 
prism,  uid,  one  of  the  emergent  beams  being  stopped  by  a  screen,  the  other  was  re- 
ceived upon  a  glass  mirror  (Saced  vertically,  whereby  it  was  reflected  at  an  angle  of 
66^  upon  the  the  thermo-electric  pile.  When  the  principal  section  of  the  prism  was 
horisontal,  and  the  ordinary  ray  (which  was  consequently  polarised  in  a  horizontal 
plane,  iii.  664)  was  allowed  to  fill  upon  the  mirror,  the  galvanometer-needle  was  de- 
flected to  75°,  whereas  it  remained  completely  at  rest  when  the  prism  was  turned 
round  through  90^ ;  thus  proving  that  tbe  two  transmitted  beams  were  completely 
polarised  in  phmee  st  right  angles  to  each  other,  a  result  which  was  also  arrivea  at  by 
Knoblauch. 

De  la  Provostaye  and  Desains  have  also  proved  that  when  a  beam  of  polarised  heat 
falls  upon  a  doubly-refracting  crystal,  so  that  the  plane  of  polarisatioB  is  neither 
pazallel  with,  nor  perpendicular  to,  the  principal  section  of  the  crystal,  it  is  broken 


48 


RADIATION  AND  CONDUCTION. 


up  into  two  beams  whose  relative  intensities  follow  the  same  law  as  the  inteiudtrea  of 
the  two  beams  of  light  prodnoed  under  similar  circmnstances.  In  the  case  of  lif^t,  if 
the  intensity  of  the  mddent  beam  be  represented  by  I,  that  of  the  ordinary  re&vcted 
beam  by  0,  that  of  the  extraordinary  refracted  beam  by  E,  and  the  angle  which  the 
plane  of  polarisation  makes  with  the  principal  section  of  the  crystal  by  m,  Mains 
showed  that  these  quantities  are  related  to  each  other  as  follows : — 

O     B     I  .  oos^a;  £     b     I  .  sinVu 

Patting  la  1,  De  la  Provostaye  and  Desains  fonnd  the  following  values  fn  O  oar- 
responding  to  various  values  of  a:  namely,  for — 

a     B     SO®,     -     36°      -     460,  .     52© 


0 


076. 


0-67,     -   0-68, 


0-8 


results  which  agree  exactly  with  the  above  formula. 

When  a  doubly-refracting  crystal  absorbs  one  of  the  two  beams  produced  by  double 
refraction,  as  is  the  case  to  a  great  extent  with  tourmaline  cut  parallel  to  the  principal 
axis  (iii.  655),  the  beam  which  is  transmitted  is  necessarily  polarised,  either  in  the  case 
of  light  or  beat.  The  polarisation  of  heat  by  tourmaline,  observed  by  Forbes,  was  the 
earliest  discovered  instance  of  the  polarisation  of  heat  by  double  refraction;  and  it  wae 
supposed  by  him  for  a  time  to  reveal  an  essential  difference  between  radiant  heat  and 
light,  since  he  found  the  polarisation  of  heat  from  some  sources  apparently  much  less 
complete  than  that  of  light.  The  cause  of  this  apparent  anomaly  was  afterwards 
aficertained  by  Melloni  to  be  that,  although  tourmalme  is  opaque  for  luminous  rays 
whose  vibrations  take  place  perpendicularly  to  its  principal  axis,  and  therefore  completely 
absorbs  one  of  the  two  luminous  beams,  it  is  not  equally  opaque  for  ravs  whose  vibra- 
tions are  perpendicular  to  the  axis  but  are  as  slow  as  those  of  the  invisible 
heat-rays. 

Having  thus  briefly  stated  the  most  important  of  the  general  properties  of  radiant 
heat,  we  have  still  to  consider  it  in  its  relation  to  material  bodies^  under  the  three  heads 
of  Emission,  Absorption,  and  Transmission. 

Emission  of  Radiant  Heat, 

It  is  a  matter  of  universal  experience,  that,  under  otherwise  similar  circumstances, 
a  given  body  gives  out  more  heat  in  s  given  time,  the  hotter  it  is.  Temperature,  there- 
fore, is  one  condition  which  determines  the  emissive  power  of  bodies  for  heat ;  but 
further  examination  shows  that  it  is  not  the  only  condition  upon  which  this  phenomenon 
depends.  It  was  observed  as  early  as  1804,  by  Lesli  e,  that  different  substances  have 
very  different  powers  of  emitting  heat,  even  when  their  temperatures  are  exactly  the 
same.  He  placed  in  front  of  a  concave  metallic  mirror  a  cubical  metal  vessel  filled 
with  boiling  water,  and  put  one  bulb  of  a  differential  thermometer  in  the  focus  of  the 
mirror,  the  other  bulb  being  protected  from  the  radiation.  By  coatins  the  different 
sides  of  the  cube  with  the  various  substances  to  be  examined,  and  turning  them  suc- 
cessively towards  the  mirror,  he  was  able  to  compare,  by  the  effect  on  the  thermometer, 
the  relative  emissive  powers  of  the  several  substfuices,  independently  of  any  difference 
of  temperature.  Meil  on  i  subsequently  made  similar  comparative  experiments,  using 
his  thermo-multiplier  instead  of  Leslie's  differential  thermometer.  Among  all  the  sub- 
stances examined,  both  Leslie  and  Melloni  found  that  lampblack  had  the  greatest 
emissive  power,  or  at  least  that  the  emissive  power  of  no  other  substance  exceeded  it^ 
and  they  accordingly  adopted  it  as  a  standard  of  comparison  for  all  the  rest.  The  nu- 
merical ^results  given  in  the  following  table  are,  therefore,  to  be  understood  as  giving 
the  intensity  of  the  radiation  at  100*^  C.  from  a  superficial  unit  of  each  of  the  substances 
named,  the  radiation  from  a  unit  of  surfiice  covered  with  hunpblack  being  taken  at 
100:— 

Emissive  "Bowers  for  Radiant  Heat  at  100^  C. 


Leslie.                                               1 

Melloni. 

Lampblack 

.    100 

Isinglass   . 

80 

Lampblack  •        , 

.     100 

Paper 

98 

G^phite    . 

75 

White  lead    . 

.     100 

Resin 

96 

Tarnished  Lead . 

45 

Isinglass       .        , 

91 

Sealing-wax     . 

95 

Mercury    . 

20 

Indian  ink    • 

86 

Crown-elass 

90 

Polished  Lead  . 

19 

Oum-lao 

.      72 

Indian  ink 

88 

Polished  Iron    . 

15 

Polished  Metals    . 

12 

lee  . 

85 

Tinplate     • 

Gh)la,  Silver,  Copper,  • 

12 

Red  lead . 

80 

12 
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The  exact  nnmbera  in  this  table  cannot,  howtprer,  lay  claim  to  any  rery  great  degree 
of  accuracy.  For  it  was  found  both  by  Lecilie  and  Melloni,  that  the  radiating  power 
of  the  same  substance  varied  consideiably  according  to  the  condition  of  its  surface,  and 
the  same  fact  has  been  repeatedly  obseired  by  later  investigators.  The  metals,  for 
iiiHtHocp,  when  polished,  radiate  much  less  than  thev  do  when  tarnished  or  roughened. 
That  a  tarnished  metallic  surface  should  have  a  different  emissive  power  from  a  bright 
mf'tal  is  not  surprising  :  for  the  tarnish  consists  in  the  formation  of  a  thin  film  of 
oxide  or  sulphide,  and  it  is  this  film,  and  not  the  metal  itself,  which  forms  the  true  sur- 
face from  which  a  great  part  of  the  radiation  proceeds.  But  even  when  the  chemical 
nature  of  the  surface  undergoes  no  change,  the  emiasive  power  is  often  affected  to  a 
considerable  extent  by  the  physical  state  of  the  surface.  Tiiis  is  veiy  distinctly  shown 
in  the  following  experiment  of  Melloni's  {T%^rmochrtae,  p.  87,  note):  he  prepared 
fuur  plates  of  pure  silver,  two  of  which  were  strongly  hammereid,  and  the  other  two 
simply  cast  and  not  hammered ;  all  four  plates  were  then  polished  with  pumice-stone 
and  charcoal,  but  without  the  use  of  a  hammer  or  burnisher ;  and  lastly,  one  plata 
of  each  pair  was  scratched  by  rubbing  it  in  one  direction  with  coarse  sandpaper. 
The  four  plates  so  prepared  were  used  to  form  the  vertical  sides  of  a  cube  which  waa 
filled  with  boiling  water,  and  the  radiating  power  of  the  four  sides  was  determined. 
The  deflections  of  the  galvanometer-needle  which  they  severally  produced  were — 


PoU$ked. 

Serateked, 

Hammered  plate    . 

.       10« 

180 

Unhammered  plate 

.   13-7 

11-3 

The  following  numbers,  obtained  by  De  la  Provostaye  and  Desains  (Ann.  Ch. 
Phys.  [3]  xxii.  372)  for  the  relative  radiating  powers  at  120®  C,  of  several  metals  in 
different  conditions,  compared  with  the  radiating  power  of  lampblack  at  the  same 
temperature  taken  as  100,  show  similar  differences,  although  the  absolute  values  of  the 
numbers  are  considerably  below  those  found  by  Melloni  and  Leslie.  The  comparisons 
with  lampblack  were  made  in  two  ways :  the  first  method  depended  on  determiningthe 
size  of  the  surface  of  the  substance  nnder  examination  which  caused  as  great  a  defiection 
of  the  galvanometer  as  a  given  surfSice  of  lampblack  at  the  same  temperature ;  in  tha 
second  method  the  radiating  surfaces  were  equal,  and  their  respective  radiating  powers 
were  calculated  from  the  excess  of  temperature  of  the  metals  over  the  lampblack  at 
which  they  emitted  equal  quantities  of  heat. 

Emurive  powers  of  Metals  at  120°  C. 


Pure  silver,  rolled, 

„        „      polished 

„        »         M        after  long  heating 
Silver  chemically  deposited  on  silver 
Silver  chemically  deposited  and  burnished 
Silver  chemicallv  deposited  on  copper,  dull 

Platinum,  rolled 

Platinum,  polished 

Gold-leaf 

Copper-foil 


BmlMive  power. 


Byfiret 


80 
2-6 
2-75 


2-25 
6-4 
10-8 
9-5 
4*3 
4-9 


ByMooDd 
■lethod. 


2-9 
2-2 
80 
205 
2-2 
5-3 
10-4 
90 
4-3 


The  general  rule  which  may  be  deduced  from  these  and  numerous  allied  observationfl, 
is  that  the  denser  and  more  compact  the  surface  of  a  body  is,  the  smaller  is  its  emissive 
power,  while  any  treatment  which  diminishes  the  density  of  the  surface  increasea 
the  emissive  power.  The  mere  fact  of  the  surface  being  polished  or  not  polished,  if 
these  differences  do  not  involve  differences  of  density,  does  not  affect  the  emissive 
power  of  a  substance :  thus  marble,  ivory,  agate,  quartz,  selenite,  and  other  similar 
substances  which  are  capable  of  receiving  a  polish,  but  in  which  the  polishing  process 
does  not  alter  the  densi^  of  the  superficial  stratum,  have  the  same  emissive  powers 
whether  polished  or  unpolished.  (Melloni,  La  ThermochrCse,  p.  83,  note. — Compare 
also  Knoblauch,  Pogg.  Ann.  Ixx.  343.) 
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Kock-salt 

.     35-3 

Sulphate  of  calcium 

Mercuric  iodide     . 

.     39-7 

Ferric  oxide  •        • 

iSuIphur         .        .        .        . 

.     40-6 

Zinc  hydrate 

Chloride  of  lead    . 

.     55-4 

Ferroso-ferric  oxide 

Carbonate  of  calcium     . 

.     70-2 

Ferrous  sulphide  . 

Ked  lead       .        .        .        . 

.     74-2 

Lampblack    . 

Oxide  of  cobalt 

.    767 

"  The  following  table  gives  the  relative  pmissive  power,  at  100*'  C,  of  several  mibstanees 
in  a  state  of  fine  powder,  according  to  Tynd all's  experiments: — 

Euiissive  powers  of  Powders  at  100**  C. 

.  777 

.  78-4 

.  80-4 

.  81-3 

.  81- 

.  840 

Previous  experimented,  in  particular  Mas  son  and  Conrt^pie  (Compt.  rend.  xxv. 
936),  had  concluded  that  the  emissive  powers  of  all  substances,  in  a  suflfieiently  fine 
state  of  division,  were  equal ;  but,  according  to  Ty  nda  1 1,  this  apparent  result  was  due 
to  the  powders  examined  having  been  mixed  with  gum  in  order  to  attach  them  to  a 
metallic  surface,  whereby  radiation  from  the  gum  took  the  place,  to  a  great  extent,  of 
radiation  from  the  particles  of  powder  enveloped  by  it. 

Another  circumstance  which  exerts  an  influence  on  the  quantity  of  heat  emitted  by 
a  given  substAuce  at  a  given  temperature,  is  the  thi<:kne88  of  the  radiating  stratum. 
The  effect  of  variations  of  this  condition  is  not  however  sensible,  except  in  the  case  of 
substances  which  are  perceptibly  transparent  for  radiant  heat,  and  therefore  allow  the 
particles  which  lie  below  the  actual  surface  to  take  part  iu  the  radiation,  such  as  glass 
and  varnishes  of  various  kinds  ;  with  metals,  on  the  oth^r  hand,  which  are  completely 
opaque  for  radiant  heat  as  well  as  for  light  in  any  thickness  in  wliich  they  can  be 
used,  the  effect  of  variations  of  thickness  is  imperceptible.  Thus  Melloni  found,  on 
applying  successive  coats  of  varnish  to  the  metal  face  of  a  radiating  cube,  that  the 
radiating  power  was  increased  by  each  coat  of  varnish  up  to  the  sixteenth  ;  but  on 
coating  one  of  the  faces  of  the  cube  with  gold-leaf  of  various  thicknesses,  the  radiuting 
power  was  diminished  to  the  same  extent  in  each  case 

The  intensity-  of  the  radiation  from  a  plane  surface  is  not  the  same  in  all  directions, 
but  is  greatest  m  the  direction  of  the  normal  to  the  surface.  Leslie,  who  investigated 
this  point  experimentally,  believed  that  the  radiation  in  any  direction  was  proportional 
to  the  cosine  of  the  angle  which  that  direction  made  with  the  normal ;  that  is  to  wiy, 
if  R  represents  the  quantity  of  heat  radiated  by  a  unit  of  surface  in  the  direction  of 
the  normal  to  the  siirface,  and  R'  the  quantity  of  heat  radiated  by  a  unit  of  surface  in 
any  direction  making  an  angle  a  with  the  normal,  Leslie  concluded  that  the  relation 
between  these  two  quantities  might  be  expressed  in  all  cases  by  the  equation 

R'    =    R .  cos  a 

According  to  the  experiments  of  De  laProvostayeandDesains,  however,  this  rela- 
tion does  not  hold  good  except  for  a  small  number  of  substances,  lampblack  being  one  of 
them.  They  placed,  between  a  radiating  surface  of  considerable  extent  and  the 
thermo-electric  pile,  a  screen  pierced  with  a  comparatively  small  aperture,  through 
which  alone  the  rays  could  reach  the  pile.  Now  it  is  obvious  that  with  this  arrange- 
ment)  the  extent  of  surface  from  which  rays  could  arrive  at  the  pile  was  less  when  the 
surface  was  placed  so  as  to  radiate  normally  through  the  aperture,  than  when  it  was 
placed  so  as  to  radiate  obliquely,  and  that  the  extent  of  surface  from  which  rays  were 
received  by  the  pile  in  the  latter  case,  was  to  the  extent  of  surface  from  which  they 
were  received  in  the  former  case,  inversely  as  the  cosine  of  the  angle  through  which  the 
radiating  body  had  been  turned.  Hence,  if  the  intensity  of  the  radiation  from  a  unit 
of  surface,  varied  directly  as  the  cosine  of  the  same  anple,  the  total  heating  effect  upon 
the  pile  must  have  remained  the  same  for  all  positions  of  the  radiating  surface ;  this, 
however,  was  not  the  case  except  with  lampblack,  as  will  bo  seen  from  the  following 
Uble  '.— 

Emissive  Powers  at  variom  Angfcs. 


Angle  of  emiislon. 

(meMured  ttom 

Lampblack. 

Glabs. 

normal). 

0*^ 

100 

900 

60* 

•          ■ 

83-6 

70° 

100 

750 

70° 

•          • 

653 

80° 

100 

64-4 

White-load 
▼arnikh. 


100 
94-6 
83-9 

65-9 


Itetl  ochre 
varni>h. 


RIack  Taniish 


100 
91-2 
82-3 


100 


70 
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From  these  results  it  appears  that  the  emissiTe  powers  of  the  substances  mentioned,  for 
oblique  directions,  diminish  more  rapidly  than  the  cosine  of  the  angle  of  obliquity, 
except  in  the  case  of  lampblack. 

In  considering  the  effect  of  the  temperature  of  the  radiating  body  on  the  quantity  of 
heat  emitted,  it  is  important  to  be^r  in  miud  that  what  is  measured  in  the  various 
methods  for  determining  the  emissive  {)owcrs  of  different  bodies,  is  not  the  actual 
quantity  of  heat  given  out  in  a  given  time  by  a  given  extent  of  surfiice,  but  merely  the 
rate  of  exchange  of  heat  between  the  radiating  body  and  surrounding  objects,  including 
the  thermometric  apparatus  itself.  If  in  a  given  time  a  thermo-electric  pile  gives  out 
to  a  body  placed  opposite  to  it  exactly  ns  much  h^nt  as  it  receives  back  again  from 
that  body,  its  temperuture  is  not  altered,  and  the  state  of  tilings  is  tluj  name  as  though 
neither  the  pile  nor  the  radiating  body  near  it  had  any  emissive  power  whatever.  But 
this  stationary  condition  will  be  disturbed  equally  by  raising  the  temperature  of  the 
radiating  body,  so  as  to  make  it  give  out  more  heat  than  it  receives  in  return,  or  by 
lowering  the  temperature  of  the  thermo-electric  pile,  so  as  to  make  it  give  out  less  heat 
than  it  receives ;  that  is  to  say,  the  same  thermometric  effect  may  be  produced  upon 
the  thermo-electric  pile  by  lowering  ita  temperature,  as  by  raising  that  of  the  radiating 
body.  There  is  therefore  obviously  no  reason  to  expect  that  any  simple  relation 
would  be  apparent  between  the  emissive  power  of  a  given  body,  as  measured  by  the 
methods  above  described,  and  its  absolute  temperature  (Heat,  iii.  52),  much  less 
between  this  property  and  the  temperature  of  the  body  on  the  centigrade  or  any  other 
arbitrary  thermometric  scale.  We  might,  however,  expect  to  find  the  actual  quantity 
of  heat  which  a  given  body  loses  in  a  given  time,  proportional  to  the  excess  of  its  tem- 
perature over  that  of  surrounding  bodies. 

To  ascertain  whether  this  is  so,  it  is  needful  to  examine  the  rate  at  which  the  same 
body  cools  in  a  vacuum,  when  its  initial  temperature  exceeds  that  of  the  surrounding 
space  by  different  known  amounts.  A  very  elaborat-e  investigation  of  this  subject  was 
made  by  Dulong  and  Petit  (Ann.  Ch.  Phys.  [2]  vii.  226. 337).  They  determined  the 
rate  of  cooling  of  a  large  mercurial  thermometer,  placed  in  the  middle  of  an  exhausted 
brass  globe  kept  at  a  constant  known  temperature,  with  various  definite  differences  df 
temperature  between  the  thermometer  and  the  globe,  and  at  various  absolute  temperi^ 
tures  of  each.  Their  most  important  results  are  given  in  the  following  table,  where 
the  columns  headed  "Rate  of  Cooling"  give  the  number  of  degrees  through  which  the 
temperature  of  the  thermometer  would  sink  in  one  minute  under  the  various  conditions 
specified,  if  it  continued  during  the  whole  time  to  lose  heat  as  fast  as  at  the  beginning 
of  the  interval : — 


Excels  of  tem> 

peraturr  of  ther. 

niometer  over 

globe. 

Temp. 

of  gl(NM 

-0°. 

Rate  of 
Cooling 

=  9. 

9 

Temp, 
of  globe 

=  ao°. 

Rate  of 
Cooling 

Temp, 
of  globe 

Rate  of 

Cooling 
=  »,. 

.2L 

Temp. 

of  globe 

=  fiOO. 

Rate  of 
Coling 

=  e3- 

Temp, 
or  globe 

Rate  of 

Cooling 

=  r^. 

240°  C. 

10-69 

116 

12-40 

116 

14-36 

220    „ 

&-81 

118 

10-41 

116 

11-98 

200    „ 

7-40 

116 

8-68 

116 

1001 

115 

11-64 

116 

13-45 

180    „ 

610 

Via 

704 

116 

8-20 

116 

9-56 

115 

1105 

160    „ 

4-89 

116 

5-67 

117 

6-61 

1-16 

7-68 

1-16 

8-95 

140    „ 

3-88 

117 

4-57 

116 

6-32 

1-15 

614 

1-17 

7-19 

120    „ 

302 

1-17 

3-56 

1-17 

416 

117 

4-84 

116 

5-64 

100    „ 

2-30 

118 

2-74 

116 

316 

1-16 

3-68 

1-17 

4-29 

80    „ 

1-74 

115 

1-99 

1-16 

2-30 

1-18 

2-73 

117 

318 

60    „ 

•         • 

■         • 

1-40 

116 

1-62 

1*16 

1-88 

116 

2-17 

From  this  table  it  appears  that  the  rate  of  cooling,  or  quantity  of  boat  lost  in  a  given 
time,  depends  not  merely  upon  the  difference  of  temperature  between  the  cooling  body 
and  surrounding  objects,  but  also  upon  its  absolute  temperature.  Thus,  for  instance, 
when  the  temperature  of  the  thermometer  was  200**,  and  that  of  the  globe  0^,  the  rate 
of  cooling  was  7*4  ;  but,  when  the  temperature  of  the  globe  was  60**,  and  that  of  the 
thermometer  260®,  the  rate  of  cooling  was  11*64,  although  the  difference  of  temperature 
was  the  same  as  in  the  former  case,  namely  200°.  It  further  appears  that  the  quotient 
obtained  by  dividing  the  rate  of  cooling  corresponding  to  a  given  excess  of  temperature 
of  the  thermometer,  by  the  rate  of  cooling  corresponding  to  the  same  excess  when  tht 
temperatures  of  both  thermometer  and  globe  are  20®  lower,  is  constant,  namely  » 1-16 ; 
that  is  to  say,  the  rate  of  cooling  increases  in  a  geometrical  ratio  when,  for  a  given 
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f  xcesfl  of  temperature  of  the  cooling  body,  the  temp<*ratQre  of  the  enrelope  rises  in  the 
urithmetical  ratio.  Hence,  if  k  denotes  the  rate  of  cooling  corresponding  to  a  giTm 
excess  of  temperature  t,  when  the  temperature  of  the  globe  is  0^,  the  rate  of  eooliE^ 
corresponding  to  the  same  excess  of  temperature  when  the  temperature  of  the  globe  is 
9P,  wiU  be 

where  a  is  the  ratio  of  the  rate  of  cooling  when  the  temperature  of  the  globe  is  1^  to 
the  rate  of  cooling  when  tlie  temperature  of  the  globe  is  0°  the  excess  of  temperature 
being  in  both  cases  the  same.     Making  9  b  20,  the  results  contained  in  the  abore  table 

five  us  for  a^  «  a**  the  value  1*16,  whence  we  get  a»^*Vl  16»1'0077.  Dulong  and 
'etit  found  that  the  dependence  of  the  rate  of  cooling  in  vacuo,  of  a  heated  bodj,  upon 
its  temperature,  and  its  excess  of  temperature  over  that  of  the  envelope,  might  be  ex- 
pressed by  the  following  equation : — 

A   «     M.a*(fl*-1). 

where  A  is  the  rate  of  cooling,  M  a  constant  depending  on  the  mass,  extent  of  surface^ 
specific  hetkw  and  emissive  power  of  the  body,  and  a,  0,  and  t  have  the  meaningi 
already  assigned  to  them.  The  numerical  value  of  M  in  Dulong  and  Petit's  experi- 
ments may  be  deduced  from  any  of  the  results  given  in  the  table :  thus,  taking  t  =  140 
and  0  «>  0,  we  have  for  the  rate  of  cooling  A  s  3*88,  and  therefore 

M  -  sr^.     -      ^ -  1-S829. 

a«(a*-l)  10077'*«-1 

The  values  of  the  constants  M  and  a  require  to  be  determined  in  eveir  case  by  special 
experiments ;  M  necessarily  varies  from  one  body  to  another,  and  it  has  been  proved 
by  De  la  Provostaye  and  Desains,  that  a,  or  the  rate  at  which  the  rate  of  cooling 
for  a  constant  excess  of  temperature  of  1^  increases  with  rise  of  temperature,  is  different 
for  different  bodiejs.  If  the  coefficient  a  were  the  same  for  all  bodies,  we  should  have 
for  the  rates  of  cooling  of  any  two  bodies  under  the  same  circumstances  of  temperature 

A-  M  .  «V-1)  and  A'  -  M» .  a«(fl»-l),  and  therefore 

A  M 

-r—     ■•     —     MB  constant: 
A»  M*  ' 

Uiat  is  to  say,  the  rates  of  cooling  of  the  two  bodies  would  be  to  each  other  in  a  constant 
proportion,  so  long  as  they  both  had  the  same  temperature,  and  the  same  exoesn  of 
temperature  over  surrounding  objects.  But  the  rates  of  cooling,  other  things  being 
equal,  must  depend  on  the  radiating  powers  of  the  two  bodies,  which  therefore,  under 
the  circuinstances  above  supposed,  must  be  to  each  other  in  a  constant  ratio.  To 
ascert&in  whether  this  constant  ratio  really  existed,  De  la  Provostaye  and  Desains  con- 
nected a  strip  of  platinum-foil,  one  face  of  which  was  coated  with  lampblack,  and  the 
other  with  borate  of  lead,  with  the  terminals  of  a  galvanic  batteiy,  so  that,  by  sending 
through  it  an  electric  current  of  greater  or  less  intensity,  its  temperature  could  be  raised 
to  any  required  point,  and  placed  it  between  two  thermo-electric  piles,  regulating  the 
relative  positions  so  that,  when  the  strip  was  heated  by  a  moderate  current,  the  effect 
of  its  radiation  on  both  piles  was  exactly  the  same.  On  now  raising  the  temperatnre 
of  the  platinum  to  a  higher  degree,  it  was  found  that  this  equality  of  radiation  was  no 
longer  maintained,  the  blackened  side  radiating  more  heat  than  the  side  coated  with 
borate  of  lead,  so  that,  after  the  piles  had  been  adjusted  to  equality  of  effect  with  the 
platinum  strip  at  100^,  they  indicated  differences  m  the  amount  of  radiation  from  its 
two  surfaces  in  the  ratio  of  0*75  to  1  when  its  temperature  was  550^.  Hence  the 
emissive  powers  of  different  substances  do  not  vary  according  to  the  same  law  with 
variations  of  temperature,  and  therefore  the  quantity  denoted  above  by  a  is  not  the 
Mme  for  all  bodiet. 

it  was  supposed  by  Newton  that  the  rate  of  cooling  of  a  given  body  was  directly 
proportional  to  the  excess  of  its  temperature  over  that  of  surrounding  objects.  It  baa 
been  alwady  pointed  out  that  Dulong  and  Petit's  experiment**  prove  this  not  to  be  the 
case ;  nevertheless  Newton's  law  of  cooling  corresponds  very  closely  with  their  formula 
when  the  value  of  0  is  constant  and  that  of  t  small,  and  therefore  the  factor  a*  — 1, 
which  expresses  the  effect  of  the  excess  of  temperature  of  the  cooliug  body,  nearly- 
proportional  to  t.  which  denotes  that  excess.  In  the  cases  of  most  frequent  occurrence, 
in  which  the  law  of  cooling  has  to  be  taken  into  account, — such,  for  instance,  as  the 
ealrulation  of  the  corrections  to  be  applied  in  calorimetrical  experiments  for  differences 
of  temperature  between  the  calorimeter  and  external  objects  (see  Heat,  iii.  27) — the 
abore  conditions  are  very  approximately  fulfilled;  and  h(?nce,  in  such  cases,  Newton'a 
law  may  ffenenilly  be  applied  instead  of  the  more  accurate,  but  more  complicated, 
formulaof  Dulong  and  Petit. 
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When  a  heat^  body  ia  in  contact  with  air  or  any  other  gas,  as  usually  happens  in 
practice,  it  loses  heat  not  alone  by  radiation,  but  also  by  conduction  and  conununication 
of  heat  to  the  particles  of  gas.  Hence,  in  such  a  case,  the  rate  of  cooling  may  be 
zepresented  by 


A  +  A 


1* 


where  A  represents  the  cooling  which  is  due  to  radiation,  and  Ai  the  cooling  due  to 
conduction,  &c.  Dulong  and  Petit  found  experimentally  that  the  term  A^  may  bo 
expressed  by  the  empirical  formula 

Aj  -N. !>•.<»•« 

where  N  is  a  constant  depending  on  the  mass,  extent  of  surhce,  and  nature  of  the 
cooling  body,  and  also  on  the  nature  of  the  suirounding  gas ;  p  is  the  pressure  of  the 
gas ;  c  is  a  constant  depending  on  the  nature  of  the  gas,  being  0*45  for  air,  0*38  for 
hydrogen,  and  0*617  for  carbonic  anhydride;  and  t  is  the  excess  of  temperature  of  the 
cooling  body. 

The  complete  expression  for  the  rate  of  cooling  of  any  given  body  whose  temperature 
is  ^  +  9,  in  a  space  whose  temperature  is  6,  and  in  contact  with  a  gas  whose  pressure 
is  |),  is  therefore 

V    -    M.a^a*-1)  +  N.i>«.^'-«. 

This  equation  may  be  put  under  a  somewhat  different  form.  If  we  denote  the  weight 
of  the  cooling  body  by  P,  its  specific  heat  by  C,  its  superficial  area  by  S,  and  the 

Suantity  of  heat  given  out  by  a  unit  of  surface  in  a  unit  of  time  by  W,  we  have,  for 
tie  quantity  of  heat  given  out  by  the  whole  body  in  a  unit  of  time, 


S  .  W  «  P .  C .  V,  and  therefore  v 


8.W 
P.O 


But,  since  W  is  made  up  of  two  parts,  one  of  which  «  to  is  proportional  to  a'  (a*  «i  1), 
and  the  other  =  to'  is  proportional  to  tf .  <••",  we  have  -, — r — —  —  const.  —  H,  and 

-— -  —  const  =  K:  we  may  therefore  write 


M  -H. 


FTc 


and  N 


S 


and  hence 


^|Ha*(a«  -   1)    +  K.|i-<>«|^ 


or 


W  -  H  .  at^cfi  -  1)  +  K  .|>-  <»•«. 

In  order  to  apply  this  formula  to  special  cases,  it  is  necessary  to  determine,  experi- 
mentally, the  numerical  values  of  the  constants  H  and  K.  This  has  been  done  in  tlie 
case  of  several  substances  by  Hopkins  (Phil.  Trans.  1860,  p.  379;  Proc  Roy.  Soc 
X.  514),  whose  principal  results  are  given  in  the  following  table,  where  W  expresses, 
in  terms  of  the  quantity  of  heat  required  to  raise  the  temperature  of  1000  grains  of 
water  1°  C,  the  heat  given  out  by  one  square-foot  of  sur&ce  in  one  minute ;  a,  ^,  0,  and 
p  have  the  meanings  and  values  already  assigned  to  them,  p  being  measured  in  metref 
of  mercury : — 

Absolute  EnHuive  Bowers. 


Sakntancet. 

Emiuioa  per  iqoare^rooC  per  ininuto. 

Glass       •         •         •         . 
Dry  Chalk 

Dry  New  Bed  Sandstone . 
Sandstone  {buUding  stone) 

Polished  Limestone 

Unpolished  Limestone    ) 
{fame  block  as  the  last) 

W  -     9-566  a^a»  -  1)  +  003720  (J^V«  <  »« 

W  -     8-613  «»(a«  -  1)  +   003720/  M» *»<»-«» 

W  -     8-377  a^a»-  1)  +   003720 (  M»-«  <  >•» 

W  -     8-822  a«(a«-  1)   +  003720(^  ]••«  <  »*" 

W  -     9106a«(<i»-  1)   +   003720 f  ^  W  <  i-w 

\0*72/ 

W  -  12-808  a^a«-  1)   •*-   003720/  ^  U^^i-m 

10-72/ 
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The  more  recent  researches  of  De  la  ProTOstaye  and  Desains  have  sem-edin  the 
main  to  confirm  the  accuracy  of  Dal  on  g  and  Pe  tit's  formula :  but,  in  order  to  mak« 
it  reproduce  still  more  closely  the  results  of  observation,  they  have  introduced  some 
modifications ;  for  which  we  must  refer  to  their  original  papers.  (Ann.  Ch.  Phys.  [3] 
XTi.  337;  xxii.  368.) 

8till  another  circumstance  affecting  the  emissive  power  of  bodies  for  radiant  heat 
has  been  pointed  out  by  Clausius  (Pogg.  Ann.  cxxi.  43),  who  arrives  by  mathema- 
tical reasoning  at  the  conclusion  that  the  emissive  power  of  a  body  depends  on  the 
Telocity  with  which  rays  of  heat  (or  light)  are  propagated  through  the  surroumliiig 
medium,  the  emissive  powers  of  the  same  body  wnen  immersed  in  any  two  media  beiii^ 
to  each  other  in  the  inverse  ratio  of  the  squares  of  the  velocities  of  propagation  of 
radiant  heat  in  those  media,  or,  what  comes  to  the  same  thing,  in  the  direct  ratio  of 
the  squares  of  the  indices  of  refraction  of  the  two  media.  And  by  comparing  the 
radiation  of  heat  through  hydrogen  and  through  carbonic  anhydride,  from  the  blackened 
surface  of  a  metallic  vessel  filled  with  boiling  water,  v.  Quintus  Icilius  (Pogg.  Ann. 
cxzvii.  30),  believes  that  he  has  obtained  an  experimental  verification  ofClausius's 
deduction. 

Quality  of  Emitted  Rays. — "We  have  hitherto  considered  only  those  circum- 
stances which  affect  the  total  intensity  of  the  radiation  by  heated  bodies;  but  the 
quality  of  the  heat  emitted,  as  well  as  its  quantity,  varies  with  the  temperature  and 
nature  of  the  radiating  body. 

By  comparing  together  the  relative  penetrating  powers  of  radiant  heat  from 
different  sources  through  a  great  variety  of  substances,  Mellon i  found  that,  as  a 
genoml  rule,  the  higher  the  temperature  of  the  radiating  source,  the  greater  was  the 
number  of  different  substances  through  which  a  greater  or  less  proportion  of  the 
radiated  heat  was  capable  of  passing.  Hence  he  concluded  that  the  heat  radiated  by 
sources  of  low  temperature  was  more  homogeneous  than  the  heat  radiateil  by  sources  of 
high  temperature,  the  latter  containing  rays  capable  of  penetrating  substances  through 
which  none  of  the  rays  emitted  by  sources  of  low  temperature  were  able  to  pass.  On 
the  theory  we  have  adopted  as  to  the  nature  of  radiant  heat,  this  is  equivalent  to 
saying  that,  among  the  heat-waves  emitted  by  sources  of  high  temperature,  there  is  a 
gresiter  variety  of  wave-lengths  than  there  is  among  the  waves  emitted  by  sources  of 
low  temperature.  But  at  the  same  time  that  new  kinds  of  rays  are  successively  emitted 
as  the  temperature  of  a  radiating  body  is  raised,  Melloni  showed  that  the  rays 
previously  given  out  by  it  still  continue  to  be  emitted,  and  with  increased  intensity. 
(See  La  Thennochrosc^  pp.  311 — 316.) 

By  examining,  in  the  manner  that  has  been  mentioned,  the  heat  radiated  by  metals, 
whether  polishtKi,  varnished,  oxidated,  or  blackened,  as  well  as  by  wood,  leather,  or 
marble,  when  each  wjis  heateil  to  160^,  Melloni  was  unable  to  detect  any  difference 
of  qualitv  ( Op.  cit.^  p.  32t')) ;  but  between  the  heat  radiated  from  a  source  at  100^,  and 
that  radiated  from  a  source  at  400°,  he  found  very  marked  differences.  By  experiment- 
ing in  a  similar  manner,  Knoblauch  could  not  detect  any  difference  of  quiility  in 
the  heat  radiated  by  such  variou.s  substances  as  metals,  wood,  porcelain,  leather,  cloth, 
and  cardboard,  when  heated  to  temperatures  between  30°  and  112°  (Pogg.  Ann.  Ixx. 
852).  Moreover,  Draper  (Phil.  Mag.  [3]  xxx.  346)  found,  by  heating  very  various 
substances,  such  as  platinum,  chalk,  marble,  fiuor-spar,  bniss,  antimony,  gas-carbon, 
and  lead,  in  a  gun-barrel,  that  they  all  became  red-hot^  that  is  to  say,  they  all 
began  to  emit  red  rays,  at  tlie  same  temperature,  estimated  at  625° ;  and  it  has  been 
shown  by  Kirchhoff  (Ann.  Ch.  Phys.  [3]  Ixii.  179),  that,  on  theoretical  grounds, 
such  must  be  the  case :  that,  in  fact,  all  bodies  whose  temperature  is  gradually  raised 
begin  by  emitting  rays  of  the  same  wave-length ;  at  a  certain  temperature  all  become 
red-hot,  and  at  a  certain  higher  temperature,  which  is  the  same  for  all,  they  bfgin  to 
emit  orange  rays,  then  at  a  still  higher  temperature  yellow  rays,  and  so  on— rays  of 
greater  and  greater  refirangibility  making  their  appearance  as  the  temperature  rises. 
This  conclusion  is  in  exact  accordance  with  an  experiment  long  previously  made  by 
Draper  {loc.  cit.).  This  consisted  in  examining,  by  means  of  a  prism,  the  rays 
emitted  by  a  platinum-wire  raised  to  successively  higher  and  higher  degrees  of  in- 
candescence by  sending  an  electric  current  through  it.  The  first  visible  rays  which 
the  wire  emitted  were  red;  then,  when  the  temperature  was  raised  to  about  665°,  the 
prismatic  appearance  of  the  wire  was  that  of  a  spectrum  extending  from  the  red  as  far 
as  Fraunhofer's  line  F  in  the  preen  (iii.  621);  at  a  temperature  estimated  as  718°,  a 
narrow  strip  of  blue  was  nsible  in  addition  to  the  previous  colours ;  at  782°  the 
spectrum  reached  towards  the  more  refrangible  end  as  far  as  the  line  G  in  the  indigo,  and 
at  the  other  end,  the  portion  between  the  lines  B  and  A  which  was  not  visible  at  first, 
bad  made  its  appearance,  thus  proving  that  the  emission  of  rays  of  greater  refrangi- 
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bility  waa  accompanied  by  increased  intensity  of  the  rays  pn'nously  emitted.  Lastly, 
at  1166°,  the  extent  of  tbe  spectnim  was  nearly  e<jual  to  tliat  of  d;iylight. 

But  although  the  quality  or  wave-length  of  the  individual  rays  which  constitute  the 
total  radiation  from  a  heated  body,  depends  solely  upon  the  temperature  and  not  upon 
the  nature  of  the  radiating  body,  the  latter  circumstance  exorcises  an  imp(»rtaut  influence 
on  the  relative  intensities  of  the  rays  of  different  wave-length.  Comparing  radiant 
heat  fcr  a  moment  to  a  compound  substance,  we  may  say  that  the  radiation  from 
different  sources  at  the  same  temperature  consists  of  the  same  component  parf^,  but 
that  these  components  are  not  present  in  all  cases  in  the  same  n^ilative  proportions. 
Hence  when  the  radiation  from  different  sources  at  the  same  temperature  is  examined 
MS  a  whole,  it  sometimes  appears  to  differ  not  only  in  intensity,  but  also  in  quality : 
whereas  the  real  difference  is  in  the  relative  intensity  of  the  rays  of  part  icular  wave- 
lengths. It  is  in  this  way  that  we  must  interpret  the  obsenatious  of  De  la 
Provostaye  and  Desainson  the  heat  radiated  from  a  surface  of  copper,  heated  to 
173°,  one  half  of  which  was  covered  with  lampbhu^k,  and  the  other  half  with  cinnabar: 
observations  which  proved  that  the  quantity  of  heat  c;ipable  of  passing  through  a  thin 
sheet  of  glass  which  wais  radiated  by  the  lampblack,  was  to  the  quantity  of  heat  capable 
of  passing  through  the  glass  radiated  by  the  cinnabar,  iis  lUO  to  67,  although  the  total 
quantities  of  heat  radiated  by  the  two  substances  respectivi'ly  were  to  each  other  as  100 
to  87.  The  same  remark  applies  to  the  exj.»eriments  of  M e  1 1  o n  i  ( ThtritKhhroaa,  p.  178), 
Knoblauch  (Pogg.  Ann.  Ixxi.  53),  and  Tyndall  (Phil.  Mag.  [4]  xxviii.  527)  on 
the  different  cluiracters  of  the  Iieat  radiated  l>y  certain  feebly  luminous  flames,  and  by 
H  spiral  of  platinum-wire  made  incandescent  by  the  same  flames ;  as  well  as  to 
Tyutl all's  experiments  {ihU.  p.  51 1)  on  the  differences  between  the  radiation  from 
lampblack  and  platinum  at  100"^.  In  certain  exj)erirnent8  by  Magnus  (Popg.  Ann. 
cxxiv.  476 ;  Phil.  Mag.  [4]  xxx.  81),  which  appear  at  first  sight  to  establish  a  difference 
of  quidity,  between  the  heat  radiated  by  polished  platinum  and  by  platinum  covered 
with  a  pulverulent  coating  of  spongy  platinum,  depending  on  the  nature  of  the  radiat- 
ing surtace,  the  obsened  effects  Were  clearly  due  in  reality  to  difference  of  temperature, 
the  platinised  platinum  having  a  greater  emissive  power  than  the  bright  platinum,  and 
being  in  con5e<j[uence  more  cooled  than  the  latter.  Accordingly,  the  geiiurtd  result  of 
the  experimfuts  was  that  the  rays  of  greatest  wave-length  (^lowest  refrangibility) 
constituted  a  lai^crproix)rtion  of  tlie  total  heatradiatcd  by  the  platinised  platinum  than 
of  that  radiatf^l  by  tiie  polished  metal. 

In  further  illustration  of  the  qualitative  differences  between  tho  heat  radiated  by 
different  sources,  it  may  be  mentioned  that,  according  to  TyndalTs  experiments,  the 

}>roportionate  intensity  of  the  rays,  whoso  wave-length  is  greater  tlian  tliat  of  red 
ight,  to  the  intensity  of  the  total  radiation  is  as  24  :  25  for  the  radiation  from  the 
brightest  part  of  a  flame  of  coal-gas,  as  23  :  24  for  the  ra<liation  from  platinum  at  a 
dazzling  white  heat,  and  as  9  :  10  for  the  radiation  from  the  electric  light  produced  by 
discharging  a  Grove's  battery  of  40  cells  between  carbon  points. 

In  the  case  of  most  solid  bodies  that  arc  sensibly  opaque  for  both  light  and  radiant 
heat,  the  emissive  power  does  not  exhibit  any  abrupt  variations  for  niys  of  different 
wave-lengths;  certain  transparent  solids,  however,  have  decidedly  greater  powers  of 
emitting  rays  of  certain  determinate  wave-lengths,  than  they  have  of  emitting  other 
rays  {iHd.  infr.  p.  60).  Gases  and  vapours,  on  the  other  hand,  generally  possess  very 
marked  maxima  of  emissive  power  corresponding  to  particular  rays  :  thus,  the  emissive 
I>ower  of  sodium-vapour  is  incomparably  greater  for  a  group  of  orange-yellow  rays, 
coinciding  in  refrangibility  with  Fraunhofer's  line  I),  than  for  any  other  visible  rays; 
lithium  vapour  has  a  maximum  of  emissive  power  for  red  rays  of  refrangibility 
intermediate  between  Fraunhofer's  lines  E  and  C,  another,  but  much  sninller  maximum 
for  orange  rays  of  somewhat  less  refrangibility  than  the  line  D,  and  a  third,  still 
smaller  maximum,  for  blue  rays  interm<rdiate  in  refrangibility,  between  the  lines  F 
and  G ;  potassium-va^Mjur,  again,  has  maxima  of  emissive  power  for  red  rays,  equal 
in  refrangibility  with  the  line  A,  and  for  violet  rays  somewhat  hbs  refrangible  than 
the  line  H,  while,  for  nearly  all  the  rays  whose  refrangibilit.ies  are  int«»rmediate 
between  those  of  the  lines  C  and  F,  it  has  a  low,  but  almost  uniform  emissive  power 
(See  Light,  iii.  622 ;  also  Spectrax  Analysis).  About  the  emissive  powera  of 
vapoura  and  g:ises  for  rays  of  lower  refrangibility  (greater  wave-length)  than  the 
least  refrangible  red  rays,  nothing  exact  is  known ;  but  there  is  no  reason  to  doubt 
the  essential  similarity  of  their  invisible  to  their  ^-isible radiation  ;  and  Tyndall  has 
shown  that,  at  tempejaturi>s  not  very  greatly  exceeding  the  ordinary  temperature  of  Uie 
atmosphere,  there  are  well-marked  differences  between  the  emissive  powera  of  different 
gases  and  vapours. 
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Absorption  of  Radiant  Heat. 

It  has  been  explained  already  (p.  43),  that  when  radiant  heat  amyes  at  the  vnrfaoa 
of  a  material  body,  part  of  it  la  always  reflected,  either  regularly  or  diffuaiTely  ;  but 
thia  reflection  is  never  complete;  another  portion  uf  the  heat  penetrates  into  tha 
substance  of  the  body,  and  according  to  the  particular  properties  of  the  latter,  is  either 
wholly  or  in  part  transmitted  through  it,  or  is  wholly  or  in  part  annihilated,  causing 
an  increase  of  temperature  in  the  body.  It  is  this  extinction  of  radiant  h«*at  in 
causing  rise  of  temperature  in  material  bodies,  that  constitutes  the  phenomenon  of 
absorption.  Upon  the  undulatory  theory  of  radiant  heat,  we  must  conceive  of  it  as 
consisting  in  the  pruduction  of  vibrations  of  material  particles  by  the  impinging 
waves  of  ether.  Lpon  this  view,  it  is  obvious  that  the  vibrations  excited  by  radiant 
heat  can  never  be  more  rapid  than  those  of  the  rays  themselves,  nor,  therefore,  than 
those  of  their  source ;  in  other  words,  a  body  can  never  be  raised  by  radiatioD  to  a 
higher  temperature  than  that  of  the  body  firom  which  the  rays  are  emitted  ;  and  it  is 
likewise  obvious  that  whatever  rays  a  body  most  plentifully  emits,  those  it  will  also 
most  plentifully  absorb.  Both  these  deductions  fh)m  theory  have  received  the  most 
complete  verification  from  experiment ;  in  fact  the  phenomena  of  absorption  have 
been  found  to  present,  even  in  the  minutest  particulars,  the  exact  counterpart  of  those 
of  emission,  as  upon  the  undulatory  theory  they  must  necessarily  do. 

The  absorptive  power  of  a  substance,  or  its  coefficient  of  absorption^  is  the  ratio  of 
the  quantity  of  heat  absorbed  to  the  quantity  of  heat  which  is  incident  upon  it. 
Calling  the  quantity  of  heattibsorbed  Q',  and  the  total  quantity  of  incident  heat  Q,  the 
coefficient  of  absorption  may  be  represented  by 

^  Q 

If  a  body  absorbed  all  the  heat  which  fell  upon  it^  its  coefficient  of  absorption 
would  attain  a  maximum  value  »  1,  but  the  absorption-coefficient  of  no  known 
substance  quite  reaches  this  maximum,  though  that  of  lampblack  probably  makes  a 
near  approach  to  it. 

The  experimental  measurement  of  the  absorptive  powers  of  diflferent  substances  is  a 
problem  of  considerable  complexity.  ThH  first  person  to  attempt  its  solution  was 
oirJohnLeslie  (Experinuntal  Inquiry  into  the  Nature  of  Heat,  London,  1 804).  He 
coated  the  bulb  of  a  differential  thermometer  successively  with  the  different  substances 
to  be  examined,  and  observed  the  temperature  which  the  thermometer  attained  in 
each  case  when  it  was  exposed  to  the  radiation  of  a  source  of  constant  intensity.  The 
results  were  stated  with  reference  to  the  absorptive  power  of  lampblack  ;  calling  the  ab- 
sorptive power  of  this  substance  Ax,  and  the  excess  of  temperature  above  the  surround- 
ing air  attained  by  the  thermometer  when  its  bulb  was  coated  with  lampblack  Z^, 
Leslie  assumed  that  the  relative  absorptive  power  A  of  any  other  substance  which 
caused  the  thermometer  to  acquire  the  excess  of  temperature  ^,  might  be  deduced  from 
the  equation 

Ai      "    t^ 

This  assumption,  however,  is  not  correct.  When  the  thermometer  has  become  stationary 
at  some  maximum  point  uf  temperature,  it  is  because  it  is  then  giving  out  precisely  as 
much  heat  as  it  absorbs.  If  we  denote  by  Q  the  constant  quantity  of  heat  which  falLi 
upon  the  thermometer,  the  quantity  absorbed  in  the  two  cases  will  be 

Q  .  A    and    Q  .  A^ ; 

and  if  S  is  the  superficial  area  of  the  thermometer-bulb,  and  E,  and  £  the  reapective 
emissive  powers  of  lampblack  and  the  substance  to  be  compared  with  it,  we  shall  have 

QA     -     SE<    and    QAi     =     SEj^j 

A  E       t 

or  «  .    - 

Aj  El     t^ 

Hence  we  see  that  the  temperature  attained  by  the  thermometer  depends  on  the 
emissive  power  as  well  as  on  the  absorptive  power  of  the  substance  with  which  it  is 
coated,  and  can  only  be  taken  as  a  measure  of  the  former,  on  the  supposition  (which, 
we  know  to  be  erroneous)  that  the  emissive  power  of  all  substances  is  the  same. 

A  somewhat  similar  but  rather  more  accurate  process  was  employed  by  Melloni. 
He  coated  one  side  of  a  thin  copper  disk,  a  little  larger  than  the  opening  of  the  conical 
reflector  of  the  thermo-electric  pile,  with  lampblack,  and  the  other  side  with  the  sub- 
stance to  be  examined,  and  fixed  it  close  against  the  open  end  of  the  reflector  with  the 
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blackened  side  inwards.  On  now  exponne  the  cuter  snrface  of  the  di»k  to  the  radiation 
from  any  source  its  temperature  rose,  and  it  consequently  itself  began  to  radiate  hrat 
from  its  blackened  surface  upon  the  thermo-electric  pile:  thus  causing  a  deflection  of 
the  galvanometer,  which,  after  a  certain  iime,  reachea  a  maximum  at  which  it  remainiNl 
constant  Denoting,  as  before,  the  quantity  of  incident  heat  by  Q,  the  absorptive  and 
emissive  powers  of  the  substance  by  A  and  £,  and  the  corresponding  quantities  in 
the  case  oif  lampblack  by  A^  and  £x,  and  further  putting  S  for  the  area  of  one  side  of 
the  disk,  we  have  for  the  quantity  of  heat  absorbed  by  the  disk  QA,  and  for  the 
quantity  of  heat  emitted  by  it  S£^  •»•  8£i^,  where  t  represents  the  excess  of  the 
temperature  of  the  disk  above  that  of  surrounding  objects.  When  the  temperature 
of  the  disk  has  become  stationary,  these  two  quantities  of  heat  are  equal,  that  is 

Q.A     -    S(E  +  Ei).<; 

and  if  both  sides  of  the  disk  are  covered  with  lampblack,  its  temperature  becomes 
■tationaiy,  when 

Q .  Ai     »    2S£i .  tj^ 

Hence  for  the  relatiTe  absorptive  powers,  we  have 

A      ^    E_+_E|  ^    t 
A|  2£2,  *i 

E  +  E 
It  is  evident  that  the  value  of  the  factor  —^ — ,  which  appears  in  this  equation, 

must  always  lie  between  the  limits  ^  and  1,  and  that  it  is  always  more  nearly  equal  to 

unity  than  the  factor  v, ,  which  occupies  the  corresponding  place  in  the  equation 

applicable  to  Leslie's  experiments;  in  other  words,  the  effects  measured  by  Melloni 
were  more  nearly  proportional  to  the  absorption-coeflicients  of  the  various  substances 
than  the  effects  measured  by  Leslie.  The  values  of  the  absorptive  powers  of  various 
substances,  as  thus  estimated  by  Melloni,  are  given  in  the  following  table,  compared 
with  the  absorptive  power  of  lampblack  taken  as  100: — 


Subttanees. 

Souroet  of  Heat. 

Locatelirs 

locandetcenC 

Copper 

Copper 

Lamp. 

PUtinum. 

ai40U°. 

at  100°. 

Lampblack 

100 

100 

100 

100 

Indian  ink 

96 

96 

87 

86 

White  lead 

63 

66 

89 

100 

Isinglus 

62 

64 

64 

91 

Oum-lae 

43 

47 

70 

72 

Metallic  surfaces. 

14 

13*6 

13 

18 

This  table  shows  not  only  that  different  substances  differ  greatly  in  absorptive 
power,  those  substances  which  have  the  greatest  emissive  powers  being  also  the  best 
absorbers,  but  also  that  the  same  substance  exerts  veiy  different  absorbent  actions  on 
radiant  heat  from  different  sources.  And  it  mav  be  observed  that  although,  for  the 
reasons  already  stated,  the  numbers  in  this  table  do  not  represent  quite  accurately  the 
relative  absorptive  powers  of  different  substances,  they  do  express  accurately  the 
relative  absorptive  powers  of  tbe  saTne  substance  for  different  kinds  of  heat.  For,  if 
we  denote  by  A  and  A' the  absorptive  powers  of  the  same  substance,  for  the  heat  from 
two  different  sources,  and  by  t  and  r  the  excess  of  temperature  attained  by  the  disk 
under  the  radiation  from  the  respective  sources,  we  shall  have  for  the  conditions  of 
equilibrium  of  temperature  in  tbe  two  cases, 

QA  -  S  (E  +  E,)  .  <  and  QA'  »  S(E  +  E,)^ 

the  difference  between  t  and  f  beine,  under  the  circumstances  of  the  experiment,  so 
•mall  that  we  may  consider  the  emissive  power  of  the  substance  constant,  and  represent 
it  in  each  case  by  £.    Hence  we  get  as  above : — 

A  B  +  El     <  J        A'  E  +  El     r 

—     mt  « — ?  •  —  and         ; —    ■*     — ., —  •  — 

Ax  3Ei        h  Ai  2Ei        i. 


A 

IT 


i 
? 
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From  the  foreeoing  duiciusion  of  Leslie's  and  Mellours  ejcpcriincntH,  it  will  La 
'evident  that  in  oraer  to  be  able  to  deduce  the  absorptive  powers  of  Tarioua  sabstaneH 
from  the  elevation  of  temperature  which  they  nndeigo  under  the  influence  of  radiant 
heat,  the  conditions  of  the  experiments  must  be  such  that  the  quantity  of  heat  emitted 
by  each  substance  shall  be  the  same. 

These  conditions  were  fulfilled  for  the  first  time  in  the  experiments  of  De  la  ProTo- 
staye  and  Desains  (Ann.  Ch.  Fhys.  [3]  xxx.  431),  the  general  principle  of  whose 
method  will  be  intelligible  from  the  following  considerations.  If  a  thennoineter, 
placed  inside  a  closed  and  exhausted  envelope,  remains  at  a  constant  temperature,  it  eao 
only  be  because  the  quantity  of  heat  which  it  emits  in  a  given  time,  is  pri'^iielj  equal 
to  the  quantity  it  absorbs  of  the  heat  radiated  upon  it  from  the  envelope.  The  quan- 
tity of  heat  emitted  in  a  unit  of  time  is  plainly  =  v.P.c/if  v  denotes  the  rate  of  cooling 
of  the  thermometer  under  the  given  conditions  of  temperature,  P  its  mass,  and  e  i\M 
specific  heat.  Hence,  if  Q  is  the  quantity  of  heat  radiated  by  the  envelope,  and  A  the 
coefficient  of  absorption  of  the  substance, 


QA 


t; .  P  .  0 


If  now  the  same  thermometer  is  covered  with  lampblack,  with  the  absorption-cocfil- 
cient  Ax,  the  envelope  and  its  temperature  remaining  unchanged,  we  have  also 


and  therefore 


QAi    =    Vi .  P  .  tf 


A      =Ax-: 


that  is  to  say,  the  determination  of  the  relative  absorbing  powers  is  resolved  into  a 
determination  of  rates  of  cooling. 

In  the  practical  application  of  these  principles,  De  la  Provost  aye  and  Desains 
employed  a  very  sensitive  thermometer  with  a  spherical  bulb,  which  they  coated  suc- 
cessively with  the  substances  to  be  examined.  The  thermometer  was  fixed  in  each 
experiment  in  exactly  the  same  position  in  the  ii}terior  of  a  metal  globe,  blackened  on 
the  inside,  exhausted  of  air  as  completely  as  possible,  and  kept  at  a  constant  tempera- 
ture by  being  surrounded  with  water.  In  the  side  of  tht;  globe  was  inserted  a  convex 
lens,  the  focus  of  ^hich  was  a  b'ttle  in  front  of  the  thermometer-bulb.  By  means  of 
this  lens,  the  surface  of  which  was  so  small,  compared  with  the  total  interior  surface  of 
the  globe,  that  it  did  not  make  the  loss  of  heat  by  the  thermometer  sensibly  dififerent 
from  what  it  would  have  been  if  the  surface  of  the  globe  Iiad  been  unbroken  and  of  a 
uniform  temperature  throughout,  tlie  heat  of  the  sun  or  of  a  lamp  could  be  concentrated 
upon  the  bulb  of  the  thermometer.  The  temperature  of  the  thermometer  then  rose, 
until  it  became  stationary  at  the  point  at  which  the  loss  of  heat  by  radiation  exactly 
balanced  the  gain  of  heat  by  absorption.  The  stationary  tempomture  having  been 
found,  the  rate  of  cooling  corresponding  to  this  temperature  w:is  }u^ce^tained  by  sepa- 
rate experiments ;  and  such  determinations  having  been  made  when  the  thermometer 
was  coated  with  several  different  substances,  the  coefficients  of  absorption  of  these 
substances  could  be  deduced  as  above  explained.  The  following  table  gives  the 
results  obtained,  compared  with  the  coefficient  of  absorption  of  lampblack  taken  as 
unity : — 

RdtUive  Coefficients  of  Absorption. 


Solar  heat. 

SatMtance. 

CoefBcienta  of 
Absorption. 

White  lead  .... 
Gold-leaf     .... 
Silver-leaf  .... 

019 
013 
0075 

Heat  of  a  "  Moderator  "  lamp. 

Platinum  black    . 
Cinnabar      .... 
White  lead  .... 
Silver,  pulverulent 
Oold-leaf     .... 

1 

0-285 

0-21 

0-21 

004 
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In  the  CAse  of  certain  substancM,  another  method  is  applicable  for  the  dotermination 
of  their  coefficients  of  absorption,  and  this  method  gives  absulut-e  ralaes  for  these 
coefficients,  and  not  merclj  comparative  values  referred  to  some  one  substance  chosen 
arbitrarily  as  a  standard.  According  to  what  was  said  al)ove  (pp.  43,  44),  a  quantity 
of  radiant  heat  Q  falling  upon  a  material  body  is  in  general  broken  up  into  four  parts, 
of  which  one  QA  is  absorbed,  another  QT  is  transmitted,  another  QR  is  regularly  re- 
flected, while  the  last  QD  is  diffusively  reflected.     Hence,  we  may  write 

Q  -  Q(A  +  T  +  R  -}-  D). 

But,  for  metallic  substances,  the  power  of  transmitting  radiant  heat  is  imperceptible, 
and  many  of  them,  when  thoroughly  polished,  do  not  diffuse  any  sensible  quantity  of 
heat  Hence,  for  perfectly  polished  metals,  T  and  D  in  the  above  equation  both 
become  s  0,  and,  for  the  coemcient  of  absorption,  we  have  the  expression 

A Q-. 

For  such  substances,  therefore,  the  coefficient  of  absorption  may  be  found  by  dividing 
the  difference  between  the  reflected  heat  and  the  total  incident  heat  by  the  incident 
heat.  In  this  way,  De  la  Provostaye  and  Desains  {he.  cit.  p.  442)  obtained  the 
numbers  given  in  the  following  table.  They  remark  that  they  may  be  considered  as 
appUcable  to  all  incidences  between  0^  and  70^,  but  that  they  must  be  a  little  in  excess 
of  the  truth  for,  such  metals  as  cannot  be  polished  sufficiently  to  completely  destroy 
difflisive  reflection: — 

Coefficients  of  Absorption  of  Polished  Metals, 


Meul. 

Source  of  Heat. 

The  Son. 

'•  Moderator" 
lamp. 

Locatelli'i 
lamp. 

Flame  of  alcohol    r<'».n^ 

■aturatedwitbcblo-  h^JS? 

ride  of  sodium.      "  *«^- 

Steel. 

Speculum  metal . 
Platinum   . 
Zinc  .... 
Tin    . 
Brass 
Gold. 

Plated  silver,  very 
bright                ( 

0*42 
0*34 
0*39 

•  . 

•  • 

0-13 
0*08 

0*34 
0*30 
0*30 
0*32 
0*32 
0*16 

•         • 

0035 

0*175 

0*145 

0*17 

019 

015 

0*07 

0*045 

0025 

0*12 
0*11 

0*06 

•     • 

0-105 

o*or»5 

0*045 

The  close  agreement  between  the  numbers  ^ren  in  this  table  and  those  given  in 
the  last  for  the  absorptive  powers  of  gold  and  silver  for  solar  heat,  prove  that  the  num- 
bers of  the  last  table  may  likewise  be  taken  as  very  nearly  representing  the  absolute 
coefficients  of  absorption  of  the  substances  included  in  it,  or  that  the  coefficient  of 
absorption  of  lampblack  is  very  nearly  equal  to  unity,  as  it  is  there  assumed. 

We  may  mention  here  an  observation  of  De  la  Provostaye  and  Desains  which 
illustrates  very  strikingly  the  important  influence  of  the  emissive  power  of  a  substance 
as  well  as  of  its  absorbing  power,  on  the  ficUity  with  which  it  is  heated  by  radiant 
heat.  They  placed  under  the  receiver  of  an  air-pump  a  differential  thermometer,  one 
of  the  bulbs  of  which  was  covered  with  gold-leaf,  and  the  other  with  white  lead,  a 
small  blackened  metallic  screen  bc>ing  placed  between  them  in  order  to  intercept  their 
mutual  radiation.  After  the  receiver  was  exhausted,  a  powerful  lamp  was  placed 
symmetrically  with  respect  to  the  two  bulbs  so  as  to  radiate  equally  upon  each  of  them, 
when  it  was  found — notwithstanding  the  absorptive  power  of  white  lead  for  the  heat 
of  the  lamp  being  0*21  and  that  of  gold-leaf  only  0*04 — that  the  gilde<l  bulb  was  most 
heated.  This,  at  first  sights  paradoxical  result  is  easily  understood  when  it  is  remem- 
ber.'Hl  that,  although  white  lead  absorbs  five  times  as  much  of  the  heat  of  the  lamp 
as  gold-leaf  does,  its  emissive  power  for  obscure  rays  is  twenty-five  times  as  great  as 
that  of  gold-leaf. 

By  comparing  the  above  numbers  and  those  of  Melloni  (p.  57)  with  the  numbers 
previously  giveu  (p.  48),  for  the  emissive  powers  of  Viirious  substances,  it  will  be 
seen  tliat  the  best  absorbers  of  heat  are  also  the  bodies  which  radiate  most  abundantly, 
while  the  worst  abt«orb»*r8  are  also  the  worst  radiaters.  And  if  this  eomparision  is 
carrie<l  further,  it  is  found  that  the  correspondence  between  the  absorptive  and  emissive 
]towers  of  bmlies  is  not  merely  general  but  exact ;  that,  in  fact,  any  circumstance  which 
modifies  the  emissive  power  of  a  Ixxly  in  any  manner  whatever,  modifies  its  absorptive 
-  -wer  to  a  prccibcly  similar  extent,  and  in  precisely  the  same  way.    Thus,  taking 
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Mellonrs  detenniDatioiis  of  the  emissive  powers  of  certain  substances  at  100^,  andof  tlM 
absorptive  powers  of  the  same  substances  for  the  heat  radiated  by  copper  at  lOO^^  we 
find  the  following  results : — 

Lampblack  .        .        • 

White  Lead  . 

Isinglass 

Induin  Lik  . 

Ghim-lac 

Metals   .  •        •        • 


BmiMlve  Powen. 

Abtorptive  Powers 

.       100 

100 

.       100 

100 

91 

91 

85 

86 

72 

72 

12 

13 

Again,  it  has  been  mentioned  (p.  50),  that  when  a  heated  body  is  covered  with  a  thin 
eoating  of  a  substance  which  is  more  or  less  transparent  for  heat,  the  emissive  power 
increases  with  the  thickness  of  the  superficial  film.  Precisely  similar  results  have  beejD 
obtained  byKnoblauchinthe  case  of  absorption.  He  covered  a  metallic  plate  with 
layers  of  varnish,  black  lac,  and  whit<»  lead  of  various  thicknesses,  and  found  that  in 
each  case  the  absorption  increased  with  the  thickness  of  the  layer.  In  order,  however, 
that  this  effect  may  be  perceptible,  it  is  necessary  that  the  total  thickness  should  be 
but  small ;  otherwne  the  external  coating,  in  consequence  of  its  low  conducting  power, 
becomes  heated  at  the  surface,  and  then  the  increased  emission  more  than  counter- 
balances the  better  absorption. 

The  correspondence  between  emission  and  absorption  naturally  extends  to  visible 
radiant  heat  (light),  as  well  as  to  invisible  heat,  and  in  this  case  many  very  striking 
observations  in  confirmation  of  it  can  be  made  with  veiy  simple  means.  For  instance, 
Balfour  Stewart  has  pointed  out  (Proc.  Roy.  Soc.  x.  385),  that  when  a  black  and 
white  china  cup  is  heated  in  the  fire  and  held  in  the  dark,  the  parts  of  the  pattern 
which  by  daylight  are  black,  in  consequence  of  their  absorbing  nearly  all  the  visible 
nys  whieh  fall  upon  them,  are  more  luminous  than  the  parts  which  by  daylight  are 
white,  in  consequence  of  diffusively  reflecting  nearly  all  the  visible  rays  which  they 
receive.  The  same  observer  has  also  shown  that  media,  which  are  opaque  for  certain 
rays  but  transparent  for  others,  emit,  when  heated,  rays  of  the  kind  for  which  they  am 
opaque ;  thus,  red  glass  which  absorbs  greenish  rays,  emits  greenish  rays  when  heated 
and  viewed  in  the  dark ;  while  green  glass,  which  absorbs  red  rays,  emits  red  rays. 
The  emission  and  absorption  of  rays  of  the  same  wave-length  is  still  more  strikingly 
exhibited  by  gaseous  bodies.  It  has  been  already  stated  (p.  55),  that  these  substances 
usually  emit  rays  of  certain  definite  degrees  of  refrangibility,  or  length  of  wave,  with 
much  greater  intensity  than  other  rays,  and  it  has  been  proved  byXirchhoff  that  the 
rays  which  a  gas  or  vapour  most  readily  absorbs  are  precisely  those  which  it  most 
freely  emits  (see  Liokt,  iii.  622).  The  iaentity  in  the  absorbing  and  emitting  proper- 
ties of  the  same  body  has  been  found  to  hold  good  even  in  respect  to  the  state  of  polar- 
isation of  the  rays  absorbed  or  emitted.  Thus  at  ordinary  temperatures  a  plate  of 
tourmaline,  cut  with  faces  parallel  to  the  principal  axis  of  the  ciystal,  transmits,  with 
little  diminution  of  intensity,  rays  polarised  in  a  plane  perpendicular  to  the  axis,  but 
absorbs  almost  completely  rays  which  are  polarised  in  a  plane  parallel  to  the  axis 
(iii.  655) ;  and  Kirchhoff  (Ann.CluPhys.  [3]  Ixii.  186)  has  found,  not  only  that  this 
difference  of  action  on  differently  polarised  rays  is  retained,  though  in  a  less  degree,  at 
temperatures  at  which  tourmaline  itself  becomes  luminous,  but  that  the  light  wfa^ch  the 
crystal  then  emits  is  polarised  in  the  same  manner  as  the  light  which  it  absorbs.  The 
same  fact  was  independently  observed,  at  about  the  same  time  by  Stewart  (Proc 
Boy.  Soc  X.  603),  who  also  showed  that  the  absorption  and  radiation  of  heated  tour* 
maline  are  equal  in  decree  as  well  as  in  kind. 

Among  the  non-luminous  rays,  differences  of  refrangibility  are  not  recognisable  by 
any  character  so  distinctly  marked  as  the  various  colours  which  reveal  such  differences 
in  the  case  of  the  visible  rays ;  hence,  at  temperatures  below  that  at  which  they  become 
luminous,  it  is  less  easy  to  demonstrate  that  the  rays  which  particular  substances  give 
out  are  identical  in  quality  with  those  which  they  absorb.  Nevertheless  the  following 
observations  seem  to  prove  conclusively  that  such  is  the  case.  Colourless  rock-salt, 
which  is  perfectly  transparent  for  visible  rays,  is  likewise  so  transpareilt  for  the  invi- 
sible rays  emitted  by  a  surface  of  lampblack  at  100^,  that  a  plate  of  rock-salt  0*77  inch 
thick  allows  75  per  cent,  of  them  to  pass,  whereas  the  same  plate  allows  only  30  per 
cent,  to  pass  of  the  beat  radiated  by  rock-salt  at  100°.  Similarly,  a  thin  plate  of  crown- 

{(lass  allows  only  half  as  much  heat  from  heated  crown-glass  to  pass  as  from  heated 
ampblack.    (B.  Stewart.  Op,  ciU  p.  387.) 

It  has  also  been  shown  by  Tyndall  (Phil.  Mag.  [4]  xxviii.  518)  that  aqaeous 
vapour  is  specially  opaque  for  the  heat  of  a  hydrogen  flame,  wherein  the  phn<*ipal 
raoiater  is  no  doubt  aqueous  vapour;  that  carbonic  anhydride  is  especially  opa(^ue  for 
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the  heat  of  a  carhonic  oxide  flame;  and  sulphurous  anhydride  for  the  heat  radiated 
by  the  flame  of  sulphide  of  carbon. 

From  the  foregoing  facts,  we  may  conclude  that  the  difference  between  the  two  pro- 
cesses of  emission  and  absorption  of  radiant  heat,  is  a  difference  of  the  kind  which 
would  be  represented  in  mathematics  by  a  difference  of  sign.  The  mechanism  of  the 
two  processes,  if  we  may  use  the  expression,  appears  to  be  absolutely  identical, 
but  in  the  one  case  it  operates  in  the  opposite  sense  to  what  it  does  in  the  other. 

The  equality  of  emission  and  absorption  may  be  deduced  from  the  fact  that  a  body 
which  is  in  equilibrium  with  surrounding  objects  undergoes  no  change  of  temperature 
when  the  condition  of  its  surface  is  changed.  A  thermometer,  for  instance,  is  not 
affected  by  wrapping  its  bulb  in  muslin ;  and  since  in  this  case  its  emissive  power  is 
ffreatly  increased,  its  temperature  can  be  maintained  unaltered  by  the  same  quantity  of 
heat  falling  upon  it  from  without,  only  if  ita  power  of  absorbing  this  heat  is  increased 
in  exactly  the  same  proportion. 

Transmission  of  Radiant  Heat. 

In  preyious  parts  of  this  article,  we  have  already  had  occasion  several  times  to  speak 
of  the  differences  exhibited  by  various  bodies  in  respect  of  their  power  of  transmitting 
radiant  heat,  and  of  the  differences  shown  by  the  same  body  in  its  power  of  transmitting 
heat  from  various  sources.  Before  proceeding  to  a  somewhat  more  detailed  considera- 
tion of  the  phenomena  of  transmission,  it  will  be  convenient  to  explain  certain  term^ 
that  are  often  employed  in  the  description  of  them.  These  terms  were  introduced  by 
3ielloni  to  facilitate  the  conception  and  expression  of  the  fact,  first  clearly  established 
by  his  own  researches,  that  the  relations  of  the  invisible  rays  oi  heat  to  material  bodies, 
are  essentially  identical  with  those  of  light.  Bodies  which,  like  atmonpheric  air,  rock- 
ealt,  glasj,  &c. — afford  a  more  or  less  free  passage  to  rays  of  heat,  are  called  by  Melluni 
diathermic;  while  those  which  like  the  metals,  entirely  obstruct  the  passage  of 
radiant  heat,  are  called  adiathermic;  the  corresponding  properties,  which  we  nave 
hitherto  in  this  article  spoken  of  as  transparence  and  opacity  for  radiant  heat,  beiue 
called  diathermacy  and  adiathermacy,  sometimes  also  diathermaneity  and 
adiathermaneity.  The  property  of  selective  transrmsnion  which  most  diathermic  bodies 
possess,  that  is  the  property  of  transmitting  rays  of  certain  wave-lengths,  and  not 
transmitting  other  ra\  s,  is  called  t  hermochrose  (from  Btptihy  and  xp^^*\  &Q<^  bodies 
which  possess  this  property  are  termed  thermochroic,  and  those  which  do  not  possess 
itathermochroic.  The  terms  thermochrose and  thermochroic  are,  however, also  used 
in  reference  to  sources  of  heat  in  whose  radiation  rays  of  certain  wave-lengths  predo- 
minate,  and  to  tlie  heat  itself  which  such  sources  gijre  out,  as  well  as  to  adiathermic 
bodies  which  exhibit  a  power  of  selective  absorption  or  reflection  :  just  as,  in  the  case 
of  light,  the  words  colttur,  colcured^  &c.,  are  used  equaUy  in  speaking  for  instance,  of 
the  flame  of  alcohol  chaiced  with  chloride  of  sodium,  of  the  light  which  such  a  flame 
gives  out,  of  a  piece  of  yellow  glass,  or  of  a  piece  of  gold,  and  the  same  word,  yeUow^  is 
used  to  describe  the  light  itself,  the  flame  which  emits  it,  the  glass  which  transmits  it, 
and  the  metal  which  reflects  it. 

By  maintaining  a  constant  source  of  heat  at  a  constant  distance  from  the  thermo- 
electric  pile,  and  interposing  between  them  various  substances  in  succession,  Melloni 
was  able  to  determine,  on  the  one  hand,  the  influence  of  the  transmitting  substance  on 
the  quantity  of  heat  transmitted ;  and  by  placing  different  sources  of  heat  at  such 
distances  from  the  thermo-electric  pile  that  each  caused  the  same  deflection  of  the 
galvanometer,  and  interposing  the  same  substance  on  the  path  of  the  rays  from  each 
source,  he  was  able,  on  the  other  hand,  to  measure  the  influence  of  the  source  of  heat 
on  its  transmission.  The  following  tables  contain  the  results  uf  a  large  number  of  ex- 
periments of  this  kind. 

The  four  sources  of  heat  employed  in  the  experiments,  the  results  of  which  are  given 
in  the  flrst  table,  were— Ist,  an  oil-lamp  (Locatelli's),  with  a  solid  square  wick  and 
without  chimney  ;  2nd,  a  spiral  of  platinum-wire  heated  to  incandescence  in  the  flame 
of  a  spirit-lamp;  3rd,  a  plate  of  copper  covered  with  lampblack,  and  heated  to  about 
400^  by  the  flune  of  a  spirit-lamp  applied  to  the  back  of  it ;  4th,  a  cubical  copper  vessel 
coated  wiUi  lampblack,  and  fiUea  with  water  at  100^.  The  next  table  nves  in  like 
manner  the  intensity  of  the  heat  of  an  Argand  oil-lamp,  provided  with  a  glass  chimney, 
after  passing  through  a  thickness  of  9*21  millimetres  of  certain  liquids,  endosod 
between  plates  of  glass,  the  intendty  of  the  incident  heat  being  taken  as  100 : — 
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Trammission  of  Radiant  Heat  hy  SoUda, 


Substances. 

(Reduced  to  «  common  thickness  of 

S^milUmetret.) 


Rock-salt  (limpid) 
Sulphur  (Sicilian,  yellow) 
Fluor-spar  (limpid)     . 
Bock-salt  (translucent) 
Beryl  (greenish-yellow) 
Fluor-spar  (greenish) . 
Iceland  spar  >    ^^^^j^j 


Glass? 


; 


>» 


>  (limpid) 

Bock-crystal  (limpid) . 
„         (smoky). 
Potassic  bichromate  (orange) 
Toptiz  (limpid)    . 
Carbonate  of  lead  (limpid)  . 
Sulphate  of  barium  (translucent) 
Felspar  (adularia ;  tninslucent) 
Amothyst  (nolet) 
Artificial  amber  (yellow)     . 
Beryl  (aquamarine ;  bluish-green 
Agate  (yellow,  translucent) . 
Sodic  borate  (translucent)   . 
Tourmaline  (dark-green) 
Gum  (common;  yellowish^  . 
Heavy  spar  (veined,  translucent) 
Selenite  (limpid) 
Citric  acid  (limpid)     . 
Ammonic  carbonate  (translucent  ( 


streaked) 
Potassio-sodic  tartrate  (limpid) 
Amber  (natural;  yellow)     . 
Alum  (limpid)     . 
Glue  (yellowish-brown) 
Sugarcandy  (limpid)   . 
Fluor  spar  (dark  green,  veined) 
Melted  sugar  (barley-sugar?  yd- 

lowish) 
Ice  (limpid) 


Percentaffe  of  Heat  tnumnltted— 
from 


Locatelli's 
lamp. 


92-3 

74 

72 

65 

54 

46 
[39 
[38 
[39 
[38 

38 

37 

34 

33 

32 

24 

23 

21 

21 

19 

19 

18 

18 

18 

17 

14 

11 

12 

11 
11 

9 

9 

8 

8 

7 
6 


Incandescent 
platinum. 


92*3 

77 

69 

65 

23 

38 

28 

28 

24 

26 

28 

28 

28 

24 

23 

18 

19 
9 
6 

13 

12 

18 

16 
3 

11 
5 
2 


3 
5 
2 
2 
1 
6 


0-5 


Copper 
at40(y. 


92-3 

60 

42 

65 

13 

24 
6 
5 
6 
5 
6 
6 

15 
4 
4 
3 
6 
2 
0 
2 
2 
8 
3 
0 
3 
0 
0 

0 

0 
0 
0 
0 
0 
4 


Copper 
at  100". 


92-8 

38 

0 
20 
0 
0 
0 
0 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
.  0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
3 


0 
0 


Transmiasum  of  Radiant  Heat  by  Liquids, 


Name  of  Liquid.    ( Thlckneis  of  stratum 
s  9*21  millimetres.) 

Bisulphide  of  carbon  (colourless)  • 
Bichloride  of  sulphur  (dark  garnet-red) 
Phosphorous  chloride  (colourless) . 
Chloroform  (colourless) 
Nut-oil  (yellow)    .... 
Oil  of  turpentine  (colourless) 
Oil  of  rosemary  (colourless)  . 
Colza-oil  (yellow) 
Olive-oil  (greenish-yellow)    . 
Rock-oil  (bro^Tiish-yellow)  . 
Balaam  of  copaiba  (yellowisk-brown) 
Oil  of  lavender  (colourless)   . 
Poj-py-oil  (yellowish-white) 


Percentage  of  Heat 
transmitted  firom 
gand  lamp  with 
glass  chimney. 

63 

63 

62 

37 

31 

31 

80 

80 

30 

28 

26 

26 

26 
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JVansmission  of  Radiant  Heat  by  Liqitids  (continued). 

Percentage  of  Heat 
Maine  of  Liquid.    (Thickncti  of  stratam  tranimitted  Trom 

B  9*S1  millimetrea.)  Argand  lamp  with 

gla 

Rectified  naphtha  (colourless) 
Ether  (pure ;  colourless) 
Sulphuric  acid  (pure ;  colourless)  . 
Noridhausen  sulphuric  acid  (brown) 
Solution  of  ammonia  (colourless)  . 
Concentrated  nitric  acid  (colourless)     • 
Absolute  alcohol  (colourless) 
Hydrate  of  potassium  (colourless) 
Kectified  acetic  acid  (colourless)    . 
Pyroligneous  acid  (brown)    . 
Solution  of  sugar  (concentrated,  colourless) 
Solution  of  rodc-salt  (colourlens)   . 
Solution  of  alum  (colourless) 
White  of  egg  (yellowish-white)     . 
Distilled  water 


glass  chimney. 

26 
21 
17 
17 
15 
15 
15 
13 
12 
12 
12 
12 
12 
11 
11 


The  following  short  table  gives  the  quantities  of  heat  transmitted  through  a  layer  of 
water  50  millimetres  in  thickness,  contnined  between  highly  polished  plates  of  gla^s, 
According  to  the  experiments  of  De  la  Frovostaye  and  Desains  (Ann.  Ch.  Phys. 
[3]  XXX.  286).  These  results  illustrate  very  well  the  influence  which  the  source  of 
neat  exerts  upon  the  relative  proportion  in  which  it  is  able  to  pass  through  the  Fame 
medium.  The  numbers  of  this  table  represent  the  intensity  of  the  heat  transmit t-^l 
from  each  source,  tlie  intensity  of  the  incident  heat  being  in  each  case  taken  u£ 
«  100:— 

Transmianon  of  Radiant  Heat  through  Water 

Source  of  Heat.  Percentaf  e 

tran«mitted. 

The  San.    Solar  rays  whicli  bad  already  passed  through  52  centi* 

metres  of  water 92 

The  Sun.     Total  Solar  radiation 5S 

Argand  lamp.    Hays  which  had  already  passed  through  a  lens 

and  10  centimetres  of  water 51 

Electric  light  (carbon  points) 23  to  24 

Lime  made  incandescent  in  the  flame  of  ether  fed  with  oxygen  .  20 

The  Sun.      Invisible   rays  from  a  part  of   the  spectrum  as 

far  beyond  the  red  as  the  distance  between  red  and  the  limits 

of  the  green  and  blue 14 

Locatelli  or  Argand  lamp  with  chimney 10 

Flame  of  alcohol  saturated  with  chloride  of  sodium   .        .        .  2  to  3 

The  Sun.    Invisible  rays  still  less  refrangible  than  the  above  .  0* 

After  the  explanations  that  have  been  already  given,  the  results  recorded  in  the 
a1x>ve  tables  do  not  call  for  much  further  discussion.  We  must,  however,  direct 
attention  to  the  remarkable  properties  of  rock-salt  in  relation  to  radiant  heat.  It  will 
be  seen  that,  according  to  Melloni's  experiments,  a  plate  of  clear  colourless  rock- 
salt  transmits  the  same  proportion  (92'3  per  cent)  of  the  heut  which  falls  upon  it,  from 
whatever  source.  Hence  Mellon i  concluded  that  rock-salt  exerts  no  absorbing  power 
whatever  on  heat-rays  of  any  kind,  or  that  it  is  in  fact  perfectly  dijithermic  and  ather- 
mochroic  The  7*7  per  cent,  by  which  the  intensity  of  the  incident  rays  is  diminished 
by  passing  through  a  plate  of  rock-salt,  Melloni  attributed  to  the  effect  of  reflection 
at  the  BurBsM^es  of  entrance  and  exit,  not  to  absorption  within  the  substance  of  the 
plate ;  for  if  this  loss  were  due  in  whole  or  in  part  to  absorption,  its  amount  could 
hardly  have  been  the  same  for  heat  from  sources  so  greatly  differing  in  temperature. 
This  conclusion  is  support^  by  the  further  observation  of  Melloni,  that  the  quantity  of 
heat  transmitted  by  perfectly  clear  and  transparent  rock-salt  is  independent  of  its 
thickness,  being  always  92*3  per  cent,  of  the  heat  incident  upon  it ;  whereas  if  two 
plates  of  rock-salt  are  used  instead  of  one,  in  which  case  the  number  of  reflecting 

qO'S         92*3 
surfaces  is  doubled,  the  percentage  of  heat  transmitted  is  reduced  to  ' —    x    -—-    « 

*  ^  100  100 

85*2.     According,  however,  to  the  more  recent  experiments  of  Dela  Provostaye 

and  Desains  (Compt.  rend,  xxxvi.  84,  1073),  as  well  as  of  Tyndall  (Phil.  Mag.  [4] 

xxviii.  532),  rock-salt  does  exert  a  slight  but  perceptible  absorbent  action  upon  rays  from 
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■ources  of  low  tempenitore,  and  an  experiment  of  Stevart'a  has  been  alzvady 
mention«*d  (p.  60)  which  sho^s  it  to  be  opaque  to  a  great  extent  for  rajs  emitted  Ij 
rock-salt 

In  the  case  of  all  other  substances  except  rock-salt,  the  thickness  of  the  tranmiitting 
stratum,  as  well  as  the  nature  of  the  source  of  heat,  has  a  great  influence  on  the 
amount  of  heat  transmitted.  The  effect  of  Tariations  of  thicknsM  was  made  bj 
Melloni  the  subject  of  an  extended  experimental  investigation,  but,  before  giTing  the 
numerical  results  arrived  at  by  him,  it  will  be  wMl  to  explain  the  theoretical  investi- 
gation  of  the  same  subject  by  Biot  (MSm.  de  VAcadhn.  des  Sciences,  xiv.  466. — 
Dagui  n's  Traite  ilSmentairede  Physique,  ii.  62).  Suppose  a  pencil  of  rays  of  sensibly 
the  same  wave-length  to  fall  perpendicularly  upon  a  plate  of  some  diathermic  snb^taooe 
«nd  let  the  intensity  of  the  pencil  be  represented  by  I,  the  reflecting  power  of  the 
surface  of  the  plate  by  r,  and  the  thickness  of  the  plate  by  e.  Then  a  pencil  of  the 
intensity  Ir  will  be  reflected  at  the  first  surface,  and  the  intensity  of  the  pencil  which 
enters  tLe  plate  will  be  I  (1  —  r).  Of  this,  a  certain  proportion  will  undergo  absorption 
while  traversing  the  plate,  the  amount  of  absorption  being  some  function/ («)  of  the 
thickness,  which  has  to  be  determined.  The  quantity  of  heat  which  arrives  at  the 
second  surface  will  therefore  be  I  (1  —  r)f{e).  Here  a  second  reflection  will  take 
place,  whereby  a  fraction  r  of  this  heat  will  be  kept  back,  and  the  quantity  which 
i&sues  from  the  plate  will  consequently  be 

I(l-r)(l-r')/W- 
If  a  sf'oond  plate  of  the  same  substance,  having  the  thickness  e',  be  placed  in  the  path 
of  the  pencil  emergent  from  the  first  plate,  the  intensity  of  the  heat  which  issues  nam 
the  second  plate  will  be  found,  by  reasoning  similar  to  the  abovA,  to  be 

i-l(l-r)»(l-r7/(«)/(0. 
Now  let  the  same  original  pencil  pass  through  a  single  plate,  still  of  the  same  substance^ 
but  of  the  thickness  e  +  e^;  the  intensity  of  the  emeigent  pencil  will  be  found  as  above, 
to  be 

•*-I(l-r)(l-0/(«  +  0. 
But  it  is  found  by  experiment  that  t  =  »"  (1  —  r)  (1  —  /),  that  is  to  say,  that  the  loss 
by  absorption  is  the  same  for  the  same  thickness  of  substance,  whether  this  is  disposed 
in  two  plates  or  united  into  one,  the  factor  (1  —  f)  (1  -  f ')  representing  the  additional 
loss  by  reflection  in  the  former  case.    Hence  we  have 

/(«  + O  =/('). -/(O. 

which  can  only  hold  good  iff  (e)  »  a*,  where  a  is  a  conbtant  dependent  on  the  nature 
of  the  substance  and  on  that  of  the  incident  rays,  so  that/  («)./  («* )  —  a*.a^  «  a»*^. 
Consequently,  the  expression  for  the  quantity  of  heat  which  passes  through  a  plate  of 
the  thickness  e  is 

I  (1  -  r)  (1  -  O  «•. 

which  shows  that  (hr  inimsity  of  the  transmitted  heat  varies  according  to  a  geometries 
progression  whtn  the  thickness  of  the  plate  increases  in  an  arithmetical  progression.  The 
ratio,  A,  of  the  former  progression,  which  depends  as  wc  have  said  on  the  nature  of  the 
plate  and  of  the  incident  heat,  is  called  the  coefficient  of  transmission  of  the  substance 
of  which  the  plate  is  made,  for  the  particular  kind  of  heat  in  question  ;  it  represents  the 
quantity  of  heat  transmitted  through  a  thickness  of  1  millimetre. 

It  follows  also  from  the  above  considerations,  that  the  quantities  of  heat  absorbed  by 
successive  layers  of  equal  thickness  of  the  same  substance  likewise  form  a  diminishing 
geometrical  progression ;  for,  calling  the  intensity  of  the  heat  which  penetrates  the  first 
surface  of  the  substance  T,  we  get,  for  the  quantities  transmittea  and  absorbed  hj 
successive  layers  of  the  same  thickness,  the  following  expressions : — 

Transmuted.  Abwrb*^. 

Bythe/r«nayer     .        .        .         I'a  I'         -  I'fl     «I'(l-a) 

By  the  second  layer         .        .        To*  I'a       —  IV    «  I'a .  (1  -  a) 

By  the  M/rrf  layer  .        .        .        I'a*  I'a*      -  I'a»    «I'a«.(l-a) 

.  •  •  . 

.  •  .  • 

By  the  n«»  kyer      .        .        .        fa"  I'a »-» -^  Ta-     «  I  'a^» !  (1  -  a) 

If  the  incident  pencil  consists  of  rays  of  various  wave-lengths,  having  the  respective 
intensities  I,  Ii,  I„  .  .  .  .  and  if  the  coefficients  of  transmission  of  the  diathermie 
plate  for  these  various  rays  are  respectively  a,  a^  aj,  .  .  .  .  the  intensity  cf  the  pencil 
on  emerging  from  a  plate  of  the  thickness  e  will  be  the  sum  of  the  intensities  of  the 
r.iys  of  each  scvenil  wave-length,  and  will  therefore  be  represented  by — 

(1  -  r)  (I  -r')  (la*  +  I,  a^,  +  V,-  + ). 

Ui-nee  it  is  evident  tliut  the  composition  ur  thcrmochroseoi  Xht  emergrnt  pencil  will  not 


TRANSMISSION  OF  RADIANT  HEAT.  68 

%•  dia  «MDa  u  that  of  the  incident  pencil  eiMpt  when  At  ooendenti  a,  o,  a  && 
«•  »n  ttpuL  We  ehidl  «e  immedimly  tUt  auh  of  then  dednctionl  from  tHearr 
U  fUllj  eoafinned  by  experiment.  ' 

The  nf»olt»rfMeIlonr«  experiment  on  the  ti»n»mi«ion  of  hiat  Chionidi  Uybw 
«rf  Tmryuig  thicknew  are  coUocled  in  the  fbUowing  table :—  '' 

TVoiumunim  of  BaiUant  Beat  tkrougk  lat/an  o/varvmi  TUckiuMta, 


■ 


Bj  nUrMting  th*  ^nantitj  of  heat  trtntmittad  by  a  lajer  of  x  millimBtm  in  thick. 
DeM  from  that  bantmiOad  by  a  IsTir  of  ii  —  1  milliinetiae,  we  obtain  the  qnantity  of 
hnt  aitoritd  br  the  •"  itntnm  of  1  miltimetn  thick.  Thni,  for  inetaoce,  for  th> 
kbeorption  of  the  heat  of  a  LocatalH'l  lamp  bj  inaBeinTe  itnu  of  Water,  1  millimstn 
in  thiekaea*,  we  obtain  tha  foUowing  renilti : — 
Kunber  of  ew:h  alratnm  ..llStlSTS 
Quantitjof heaObmrbad    ,  BOT   fit     26      1-i     OB     OS     04     0-2 

Eeie  the  diminution  of  abeoiptiaa  in  mcceaiiTe  itrata  of  the  aame  thicknen  if 
*ei7  apparent,  bat  the  ratio  of  tbs  absoiption  of  a  given  itcatnm  to  tbe  absorption  of 
the  prerioiu  one  in  br  no  meana  eoutant,  aa,  afcording  to  the  Ibnigoiiig  diaeoMion, 
miut  be  the  caae  for  bomogensooe  heaL  The  reason  of  tliis  i«,  that  the  heat  emptojed 
in  the  Biperiments  was  far  from  homogeneoaa,  bat  consiated  in  part  of  Tiaible  and  in 
part  of  iniiiible  rays,  and  each  of  these  portiotu  contained  raja  dilKuing  greatly  from 
one  another  in  ware-length.  CotiaeqQentlj,  the  coefficient  of  tiannmnion  ot  water  for 
Tiaible  rays  beitig  nearly  eqnsJ  to  nnity,  but  Tary  mnch  lees  for  inTisible  nyi,  the  diSferest 
eomponenl  paita  of  the  hc«t  underwent  oneqoal  abeocptJon.andhencetheqtiality  of  tha 
lieat  which  arrived  at  each  stratum  was  diflerent  from  that  of  the  heat  wbKJi  arrived  a( 
tha  preceding  and  the  sncceeding  Bttata.  When,  however,  homogeneoni  heat  is  used, 
the  abaoiptioii  in  successive  equal  MratA  of  the  same  material  tatei  plafe  according  to 
a  regnlarly  decreasing  geometric*!  serial.  This  is  clearly  shown  io  the  foUowiDs  ex- 
perimenUby  Masaon  and  Jamin  (Wullnor's  i>*riiu;*  rfw  Emrinmtalpi^tUt 
iL  33a).    Theconstiti   -    *     •----     ■-'-    •-  -  -  -   '■  '     ■' 


33a).    The  conitjtuent  rays  of  a  beam  of  solar  heat  were  separated  from  each  other 

- '  1  rock-salt  — —   —' '  -  — •= '  "• " '•"- ■ 

allowed  b 


by  meBDS  of  a  rock-salt  Dnam,  and  a  portion  of  the  yellow  rays  of  the  ^leetrum  so 
d  to  full  upon  one,  two.  or  three  pieces  of  the  same  yellow  glaaa 


•Rejneaenting  theihickneasof  each  piece  of  glass  ^y  e,  an^  its  ooeffldeiit  of  tiananuMion 
for  the  nys  in  question  by  a,  we  find  the  following  raltiea : — 
For  the  beat  transmitted  by  1  piece  of  yellow  glass  -  A,  —  I  (I  -  r)  (1  -  r}  «•  , 
For  ths  heat  transmitted  by  2  pieces  of  yellow  glaM  -  A*  —  I  (1  -  r)*  (1  -r'J'o*. 
For  the  beat  transmitted  by  8  piecea  of  yellow  gla«  -  A,  -  I  (1  —  r)*  (1  —  r*)*  o^. 
The  sane  beam  of  jallow  ravi  was  next  altawad  to  fall  npou  one^  two,  or  thn*  thiek' 
Ton.  T.  P 
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neMes  of  elear  eokyarlesB  glaM»  whose  ooefBeieDt  of  transmiflBion  wis  iiei^  ^5?"^.  ^ 
vmtj,  and  the  intensity  of  the  heat  transmitted  in  eadi  case  waa  detennined.  Ualliag 
tiieae  qnantities  of  heat  respectirely  B^,  B^,  and  Bs,  we  haye— 

Bj  -  I(l-r)  (1-/);B,  -  I (l-r)« (!-/)«, and  B,  «  I  (l-ryO-fO*; 

and  consequently  ^  a  «• ;  ^  »  a**;    and-=^  «=  a"*. 

Bi  Bg  B, 

The  coefficients  of  transmission  for  one^  two,  and  three  thicknesses  of  yellow  g^laai  w«m 

thus  found,  independently  of  the  eflfects  of  reflection  at  the  surfaces.    The  square-root  of 

the  second  and  the  cube-root  of  the  third  ought  obviously  to  be  equal  to  the  firsts  if  the 

calculation  was.made  with  perfect  strictness,  and  the  fcdlowing  numerical  resnlta  show 

that  such  was  nearly  the  case  :~^ 

Namber  of 
Plates  of  OlMt.  Rest  tnnimUted.  tf» 

1  O*    »  0*497  0-407 

2  a**  -  0-2097  0-468 
8                           o^  -  0-094  0-466 

The  gradual  decrease  in  the  yalue  of  a*  is  to  be  attributed  to  the  coefficient  of  tiuii* 
mission  for  colourless  glass  haying  been  taken  as  exactly  equal  to  unity,  whereas  in 
reality  it  is  only  nearly  so. 

The  following  table^  taken  from  Melloni  {Thermockroae,  p.  227),  illustrates  on  the 
other  hand,  the  change  of  quality  which  a  pencil  of  non-homogeneous  radiant  heal 
undergoes  on  passing  through  diathermic  substances.  The  nnmb^  in  the  table  repre- 
sent the  intensities  of  the  transmitted  pencils  compared  to  that  of  the  incident  penal 
taken  as  100.  The  original  source  of  heat  was  a  Locatelli's  lamp,  and  the  thicks 
ness  of  the  plates,  except  where  otiierwise  stated,  was  2*6  niiUimetres :— 


Tyofumissiim  of  Radiant  Beat  through  Two  Media, 

Percentage  trantmitted  of  the  heat  of  a  Loeatelll*fe  lamp     | 

DImt 
radiation. 

aAer  paating  Ihroagh 

a  pitta  of 

Subitanoet  interpoMd. 

• 

Rock-Mlt. 

Alum. 

FOtawlcbl- 
chromate. 

Gjpeuni* 

thick). 

Bock-salt    . 

92-3 

02-3 

92-3 

92-3 

92-8 

92-3 

Fluor-spar . 

78 

78 

90 

88 

91 

01 

Beryl. 

64 

63 

80 

66 

91 

67 

Iceland  spar 

39 

40 

91 

66 

80 

66 

Glass  (0*5  mm.  thick) . 

64 

64 

90 

68 

86 

80 

Glass  (8  mm.  thick)    . 

84 

33 

90 

47 

82 

45 

Rock-crystal 

88 

39 

91 

62 

86 

64 

Potassic  bichromate    . 

34 

33 

67 

71 

63 

24 

Sulphate  of  barium     . 

24 

26 

36 

26 

47 

67 

White  agate 

28 

23 

70 

30 

78 

17 

Felspar  (adularia) 

23 

22 

23 

43 

68 

28 

Yellow  amber     • 

21 

20 

66 

20 

61 

8 

Opaque    black    glass 

|l6 

16 

0 

14 

18 

62 

(1*8  mm.  thick) 

Opaque     black    mica 

jso 

20 

0 

16 

12 

43 

(0-9  mm.  thick) 

Yellow  a^te 

19 

19 

67 

24 

64 

14 

Aquamanna 

19 

18 

60 

26 

67 

21 

Borax 

18 

18 

23 

23 

33 

24 

Green  tourmaline 

18 

17 

1 

14 

10 

30 

Common  gum     . 

18 

18 

61 

12 

62 

4 

Gypsum 

14 

14 

69 

22 

64 

16 

Gypsum  (12  mm.  thick) 

10 

10 

66 

17 

46 

0-6 

Carbonate  of   ammo- 

• 

I" 

12 

44 

11 

34 

5 

nmm 

Citric  add  . 

11 

10 

88 

16 

62 

2 

Potassio-sodic  tartrate 

11 

11 

86 

16 

60 

1 

Alum 

9 

9 

90 

16 

47 

0 

It  will  be  observed  that,  of  the  flye  substances  through  which  the  heat  of  the  lamp 
was  caused  to  pass  in  these  experiments,  rock-salt  it  the  only  one  which  did  not 
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materially  alter  its  properties;  all  the  other  Bubatances  haTinff  strongly  marked 
thermoehroiccharacterB^ortranemittinff  rayaof  diflbrent  wave-lengtoiwithTeiy  unequal 
&cility  (as  may  be  aeen  from  the  taUe  on  page  62),  emit  heat  of  decidedly  different 
eompoeition  from  that  which  falls  upon  them.  Two  of  these  substances  indeed,  alum 
and  black  glass,  are  to  a  great  extent  of  opposite  thermochroic  properties :  of  the  heat 
emergent  from  the  plate  of  alum,  90  per  cent,  was  able  to  pass  throueh  a  second 
plate  of  the  same  material,  but  none  of  it  was  able  to  pass  throu^  a  plate  of 
black  glass ;  while  of  the  heat  emergent  from  the  latter  body,  62  per  cent,  was  trans- 
mitted by  a  second  plate  of  the  same  kind,  but  none  at  all  was  transmitted  by  a  plate 
of  alum.  Alum,  although  almost  perfectly  transparent  for  visible  rays,  is  in  yerj 
moderate  thicknesses  completely  opaque  for  the  invisible  heat-rays ;  hence,  as  shown  by 
the  taUe  on  page  62,  it  completely  intercepts  the  heat  radiated  by  sources  at  tem- 
peratures below  visible  redness.  In  this  property  alum  closely  resembles  ice,  and  it 
probably  owes  it  in  great  measure  to  the  large  proportion  of  solidified  water  (of  ciya- 
tallisation)  which  it  contains.  Black  glassy  on  tiie  other  hand,  is  very  opaque  to 
risible  rays,  and  relatively  transparent  for  invisible  rays.  Hence,  to  some  extent,  it 
filters  off  the  visible  rays,  and  allows  heat  richer  in  rays  of  great  wave-length  to  pass. 
This  etkct,  however,  is  produced  much  more  completely  l^  blackened  rock-sal^  or 
better  still,  as  Tyndallhas  shown  (PhiLMag.  [4]  xxviii.  333),  by  a  solution  of  iodine 
in  bisulphide  of  carbon.  Such  a  solution,  though  perfectly  opaque  for  luminous  raya^ 
does  not  i^Morb  any  appreciable  quantity  of  the  rays  of  oreater  wave-length.  Hence, 
by  placing  a  cell  filled  with  this  bquid  on  the  path  of  a  beam  of  rays  from  a  powerfol 
electric  lamp,  Tyndall  has  succeeded  in  cutting  off  completely  the  luminous  rays,  and 
obtaining  a  beam  of  invisible  heat-rays  of  very  much  greater  intensity  than  has  eves 
been  obtained  in  any  other  way. 

B^  comparing  the  absorbing  and  transmitting  powers  of  various  substances  in  the 
liquid  and  vaporous  states,  Tyndall  haa  arrived  at  the  important  conclusion  that  the 
numbers  by  which  these  properties  are  measured  are  to  each  other  in  the  same  relative 
proportion  in  the  case  of  vapours,  as  in  the  case  of  the  liquids  from  which  those  vapours 
are  formed  (FhiL  Mag.  [4]  xxviiL  461).  The  following  tables  contain  some  of  the 
results  on  which  this  conclusion  is  founded ;  the  numbers  express  the  percentage  ci 
the  incident  heat  abaorbed,  the  source  of  heat  being  a  platinum  wire  heated  by  an 
electric  conent  :— 

JbaorptUm  ofBadiant  Heat  by  Liquids, 


LiqoU. 

Thicknflu  of  liquid  in  parts  of  as  Inch. 

(Htt 

0*04 

0-07       1 

drti 

Sulphide  of  carbon  . 
Chloroform 
Methylic  iodide 
EthyUc  iodide  . 
Benzene  • 
Amylene  •        • 
Ether      .        • 
Ethylie  acetate 
Ethylic  formate 
Alcohol   • 
Water     . 

6-6 
16-6 
36-1 
38-2 
43-4 
68-3 
68-8 

'66-2 
67-3 
80-7 

8-4 
260 
46-6 
60-7 
66-7 
66-2 
73-6 
74-0 
76-3 
78-6 
861 

12-6 
360 
63-2 
69-0 
62-6 
73-6 
761 
78-0 
79-0 
83-6 
88-8 

16-2 
400 
66-2 
69-0 
71-6 

77-7 
78-6 
82-0 
84-0 
86-8 
91-8 

17-3 
44-8 
68-6 
71-6 
73-6 
82-3 
86-2 
86-1 
870 
891 
91-0 

AbaorpHon  qfBadiarU  Heat  bjf  Vapours, 


PlattDaia  iplraL 

Name  of  Vapour. 

Barelv 
▼iilMa. 

Brightly 

White 

Near 

r«14ioc: 

hoc. 

fiuion. 

Sulphide  of  carbon     . 

6-6 

4-7 

2-9 

2-6 

Chloroform 

91 

6-3 

6-6 

3-9 

Methylic  iodide  , 

12-6 

9-6 

7-8 

EUiyuc  iodide    , 

21-0 

17-7 

128 

Benaene     • 

26-3 

20-6 

16-6 

Amylene    •        , 

86-8 

27-6 

22-7 

Ether 

43-4 

31-4 

26-9 

23-7 

Ethylic  formate  . 

46-2 

8  -9 

261 

21-3 

Ethylie  acetate  •       •       •        . 

49-6 

84-6 

27-2 
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That  the  qnalitj  of  the  abBorptioii  of  Hie  same  sabstance  may  remain  ooDstiuit,  not- 
withstanding  great  changes  of  phjsical  condition,  is  proved  by  the  obsenration  of 
Bud 8 en  (Ann.  Ch.  Pharm.  cxzxi.  255),  that  phosphate  of  didymium  in  a  state  of 
iffneous  fusion  shows  the  sameabsorptJon-baod  in  the  yellow  as  that  which  charactmaei 
£dymium-sa]ts  in  aqueous  solution.   (See  ii.  322.) 

From  the  great  absorbing  power  of  water,  as  shown  in  the  first  of  the  above  tables, 
and  from  the  general  correspondence  which  is  apparent  between  the  absorbing  powers 
of  liquids  and  their  vapours,  it  appears  probable  that  aqueous  vapour  would  nave  a 
relatively  high  absorbing  power.  This  view  is  taken  byTyndall,  and  is  supported 
by  the  results  of  a  great  number  and  great  variety  of  apparently  conclusive  experiments^ 
m>m  which  he  infers  that,  "  weight  for  weight  aqueous  vapour  transcends  all  others 
in  absorptive  power."  It  is,  however,  proper  to  add  that  Magnus,  who  has  also  devoted 
a  great  aeal  of  attention  to  the  same  point,  differs  widely  from  Tyndall  in  his  esti- 
mate of  the  absorptive  power  of  aqueous  vapour,  regarding  it  as  very  much  lower ;  and 
so  lonff  as  the  source  of  the  divei^enoe  in  the  results  of  these  two  experimenters  remains 
nnexpUined,  the  question  between  them  cannot  be  considered  as  decided. 

The  transmission  of  radiant  heat  through  permanent  gases  has  also  been  investigated 
by  Tyndall,  who  has  found  that  these  substances  differ  very  greatlv  in  their  power  of 
aosorbing  heat  from  sources  of  low  temperature.  The  following  table  gives  the  relative 
absorbing  powers  found  by  him  for  a  column  82  inches  long  of  several  gases,  under  a 
pressure  of  760  millimetres,  for  the  \b8X  radiated  from  a  plate  of  copper  heskted  by  a 
Bunsen's  gas-lamp : — 


KMB«ofgat. 

Air. 

Oxygen  . 
Kitrogen. 
Hydrogen 


Abtorptlon. 
(Thstofair^l) 


1 
1 
1 
1 


Chlorine 89 

Hydrochloric  add    .        •        .62 


Name  of  gat. 

Carbonic  anhydride 
Nitrous  oxide 
Marsh-gas    . 
Sulphurous  anhydride 
Ethylene 
Ammonia     . 


AbaorptloD. 
(That  or  air -1  I) 

90 
866 
.  408 
.  710 
.  970 
.  1196 


When  the  same  gases  are  compared  in  shorter  columns,  or  under  lower  pressures, 
the  difference  in  their  relative  absorbing  powers  becomes  even  more  strikiiigly' 
evident 

There  is  one  other  circumstance,  besides  the  nature  of  the  medium  and  the  wave- 
length of  the  rays,  which  affects  the  transmission  of  radiant  heat.  This  is  the  ampU' 
tude  of  the  vibrations,  or  the  intensity  of  individual  rays.  It  has  been  already  stated 
(p.  54)  that,  as  the  temperature  of  a  radiating  body  is  raised,  it  gives  out  rays  of 
smaller  and  smaller  wave-length,  but  that  the  amplitude  of  the  more  slowly  vibrating 
rays,  which  it  gave  out  at  first,  is  increased  at  the  same  time.  This  is  very  distinctlv 
proved  by  some  experiments  of  Tyndall  (Phil.  Mag.  [4]  xxviii.  834),  from  which  it 
appears  that  the  mtensitjr  of  the  invisible  radiation  (capable  of  passing  through  an 
opaque  solution  of  iodine  in  bisulphide  of  carbon)  of  a  spiral  of  platinum-wire  may  be 
increased  four-hundredfold  by  raising  the  temperature  of  the  wire  from  a  dark  heat  to 
a  dazzling  white  heat.  Hence  the  non-luminous  rays  of  luminous  sources  are  not,  in 
all  respects,  equivalent  to  the  rays  of  the  same  wave-length  from  non-luminous  sources ; 
and  Tyndall  accordingly  found  that  20  per  cent,  of  the  non-luminous  rays  of  the 
electric  lamp  passed  through  a  layer  of  concentrated  solution  of  alum  more  than  an 
inch  thick,  although  alum  and  its  solution,  even  in  much  thinner  layers,  are  quite 
opaque  for  the  same  rays  emitted  from  sources  of  lower  temperature. 

The  temperature  of  the  medium  has  not  been  clearly  proved  to  exert  any  influence 
on  the  transmission  of  radiant  heat.  According  to  Wilhelmy  (Ann.  Ch.  Phys.  [8] 
xlvii.  206),  glass  transmits  the  rays  of  an  Argand  lamp  more  abundantly  when  hot  than 
when  cold;  but  De  la  Provostaye  and  Desains  failed  to  detect  any  difference  in 
the  transmission  of  rock-salt  or  glass  at  ordinary  temperatures,  or  at  150^.  (Daguin, 
Traiti  de  Phyeique,  iL  52.) 

COWDUCTIOW. 

If  one  part  of  a  material  body  is  at  a  higher  temperature  than  the  rest,  the  high 
temperature  of  this  part  can  be  maintained,  and  the  temperature  of  other  parts  can  be 
prevented  from  rising,  only  by  the  action  of  external  causes.  If  the  body  is  left  to  itself, 
it  will  sooner  or  later  acquire  a  uniform  temperature  throughout,  the  hot  part  losing 
heat  and  the  colder  parts  gaining  heat.  This  tendency  towards  equalisation  of 
temperature  throughout  any  continuous  portion  of  matter,  manifests  itself  in  the  phe- 
iiomena  of  conduction  of  heat,  the  property  of  bodies  which  is  known  as  tiieir  con- 
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Ancting  power  or  conductivity  being  the  rapidity  with  which  this  eqnaliiatioK 
la  effectal  nnder  certain  specified  conditions.  The  different  degrees  of  this  property 
in  different  bodies,  as  exhibited  by  the  Tarions  lengths  of  time  daring  which  equal 
differences  of  temperature  can  be  maintained  between  equally  distant  parts,  am  so 
striking  and  familiar  that  there  is  no  need  to  draw  attention  to  the  mere  fact  of  theif 
existence. 

The  laws  of  the  conduction  of  heat  hare  been  investigated  in  relation  to  the  two 
cases  of  conduction  through  a  plate  or  wall  with  parallel  surfaces,  and  of  practically 
unlimited  area,  and  of  conduction  in  a  prismatic  or  cylindrical  bar.  For  these  two 
cases  the  connection  of  conducting  power  with  the  distribution  of  temperatures  has  been 
investigated  mathematically,  especially  by  Fourier  {Theorie  anafytiqtts  de  Ut  CKalewr^ 
Paris,  1822)  and  Poisson  {Thiorie  ntathimatique  de  la  Chaleur,  Paris,  1836),  but 
we  cannot  attempt  to  do  more  here  than  to  give  the  principal  results  that  have  been 
arrived  at  experimentally. 

The  coefficient  of  conductivity  of  a  substance  is  defined  as  the  quantity  qf 
keat  which  passes  in  a  unit  of  time  through  a  plate  of  that  substance  of  unit  thickness 
€nd  unit  area,  whose  surfaces  are  maintained  at  constant  temperatures  differing  from 
one  another  by  one  degru.  This  coefiftcient  has  been  measured  experimentally  by  three 
processes,  wluch  difl^r  from  each  other  in  principle  as  well  as  in  the  manner  in  which 
they  have  been  carried  out  The  most  direct  process  is  that  adopted  by  Pec  let  (Ann. 
Ch.  Phys.  [3]  iL  107),  which  consisted  in  measuring  the  time  required  for  a  given 
quantity  of  heat  to  pass  through  plates  of  different  materials  of  definite  thickness,  the 
two  surfaces  being  maintained  at  known  constant  temperatures.  The  last  condition 
was  attained  by  keeping  the  two  sides  of  the  plate  bathed  with  water,  which,  however,  it 
was  found  needful  to  agitate  very  briskly,  in  order  to  make  sure  that  the  film  of  water 
in  actual  contact  with  the  plate  was  of  the  same  temperature  as  the  remainder.  When 
the  water  at  one  side  of  the  plate  was  at  25^  C,  and  that  at  the  other  side  at  the 
temperature  of  the  air,  the  times  required  for  the  same  elevation  of  temperature  to  be 
produced  in  the  water  at  the  cooler  side,  with  plates  of  lead  of  20  mm.  and  16  mm. 
thickness,  were  600  and  380  seconds  respectively,  or  very  nearly  proportional  to  the 
thicknesses  of  the  plates  (20  :  16  »  600  :  376).  From  experiments  of  this  kind, 
P  e  c  1  e  t  calculated  the  number  3  84  for  the  coefiident  of  conductivity  of  lead,  expressing 
themby  the  number  of  kilogramme-water-degrees  of  heat  which  pass  through  a  plate 
of  lead  1  millimetre  thick,  and  1  square-metre  in  superficial  area,  in  1  second,  when  a 
constant  difference  of  temperature  of  1°  C.  is  maintained  between  ikiie  two  surfaces.  For 
scientific  purposes,  it  lb  commonly  more  convenient  to  express  conducting  powers  in 
gramme- water-degrees,  per  minute,  per  centimetre  of  thickness,  per  square-centimetre 
of  surface ;  the  numerical  value  of  coefficients  expressed  upon  the  scaie  is  }  as  great 
as  when  they  are  referred  to  Peclet's  unit. 

By  a  method  eesestially  similar  in  principle,  but  different  in  the  manner  of  its 
execution,  Lucien  De  la  Rive  (Ann.  Ch.  Phvs.  [4]  i  604)  has  found  for  the 
conducting  power  of  glass  the  number  0'13,  and  by  a  comparative  method  he  ascer- 
tained the  conducting  power  of  ice  to  be  1*76  times  that  of  glass :  hence,  in  the  same 
units,  the  coefficient  of  conductivity  of  ice  is  expressed  by  the  number  0'28. 

Calvert  and  Johnson  (PhiL  Trans.  1868;  Proc  Boy.  Soc.  ix.  169)  have  also 
made  experiments  in  order  to  determine  in  a  similar  manner  the  conductivities  of 
several  metals  and  alloys ;  but  their  method  was  not  such  as  to  make  their  numerical 
results  of  great  value. 

When  once  the  coefficient  of  conductivity  of  a  substance  is  known,  the  quantity  of 
beat  Q,  which  passes  throng  a  layer  of  the  substance  of  the  thickness  e  and  area  «,  in 
the  time  T,  when  its  two  surfaces  are  kept  at  the  constant  temperatures  t^  and  ^ 
supposing  that  these  temperatures  have  been  maintained  unaltered  long  enough  for  the 
body  to  have  arrived  at  a  stationary  condition  of  temperature  throughout  *ts  whole 
thiomess,  and  that  none  of  the  heat  which  enters  the  first  surfiice  escapes  elsewhere 
than  at  the  opposite  surfiBce,  may  be  expressed  by  the  following  formula : — 

Q-*s.i:::^.T,...(i) 

where  h  stands  for  the  coefficient  in  question.    Calling  ^ ,  or  the  quantity  of  beat 

which  pnnncm  in  a  unit  of  time^  the  strength  of  the  thermal  current  »  S,  and  ^-  the 

thermal  resistance  of  the  substance^  the  above  fbrmula  may  be  written  S  «  - .-  * 

R 

in  which  fbrm  it  is  seen  to  be  exactly  analogous  to  Ohm's  formula  for  the  strength  (4 
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electric  cnzrents  (ii.  469) ;  the  difi^renoe  of  tempentnrei,  <  —  f ,  being  the  eonditioB 
which  determines  the  flow  of  heat,  and  therefore  oomparable  with  the  eleekromolifa 
force  in  the  case  of  electricity. 

The  distribution  of  temperature  within  a  body  can  remain  eonstant  onlj  wiien 
each  thinnest  stratum  gives  ap  erery  moment  eaiaetly  as  much  heat  as  it  reeeives; 
and,  if  all  the  heat  which  each  stratum  loses  is  imparted  to  the  following  atratinn, 
the  quantity  of  heat  passing  through  each  stratum  in  a  given  time  must  be  the 
same,  and  this  condition  requires  that  the  temperatures  of  every  two  contigaona  strata 
shall  differ  from  each  other  by  the  same  amount  Hence,  in  such  a  case  as  we 
have  supposed  above,  the  temperatures  of  the  successive  strata  of  the  substanoe  ibim 
an  arithmetical  progression;  or,  if  <^  be  the  temprature  of  the  hotter  surface,  t^  that  of 
the  cooler  surface,  0  the  entire  thickness  of  the  body,  and  d  the  diBtanoe  from  the  hatter 
surface  of  any  given  stratum,  the  temperature  of  this  stratum  will  be  eipgcased  bj 
the  formula — 

<-(<-0^ (2) 

In  many  cases,  however,  the  heat  given  out  bv  each  stratum  of  paztidea  is  nxk 
completely  imparted  to  the  next,  and  in  this  case  tne  flow  of  heat  and  distributioii  of 
temperatures  cannot  be  determined  by  the  above  formulae.    For  instance,  when  one 
end  of  an  iron  bar  is  kept  hot  by  being  placed  in  a  fire,  any  given  stratum  of  paztielea 
near  the  heated  end  receives  heat  from  the  stratum  in  front  of  it,  and  so  its  own 
temperature  rises.    It  then  in  its  turn  begins  to  give  off  heat  to  the  next  stratum, 
whose  temperature  is  thus  likewise  raised,  but  it  £es  not  at  first  give  off  heat  as  &st 
as  it  receives  it;  after  a  time,  however,  it  does  so,  for  the  hotter  it  gets  the  more 
slowly  does  it  taJie  up  heat  and  the  more  rapidly  does  it  give  it  out,  and  henceforth  its 
temperature  remains  constant    But  even  when  this  condition  hais  been  reached,  the 
stratum  in  question  does  not  give  up  to  the  following  one  the  whole  of  the  heat  which 
it  loses :  a  certain  proportion  is  imparted  by  radiation  and  by  conduction  to  the  air  and 
other  surrounding  objects.    Hence  the  quantity  of  heat  received  by  each  successive 
stratum  of  the  bar  becomes  less  and  less  as  Uie  distance  from  the  heated  end  increases, 
and,  if  the  bar  is  long  enough,  no  perceptible  quantity  of  heat  at  all  reaches  the  fiuther 
extremity.    The  flow  of  heat  alone  sudi  a  bar  may  be  conceived  of  as  analogous  to  the 
flow  of  water  along  a  pipe  which  has  a  longitudioal  fissure  extending  along  its  whole 
length.    In  consequence  of  leakage,  the  quantity  of  water  arriving  at  successive  parts 
of  such  a  pipe  would  be  continually  less  and  less,  and  if  the  pipe  were  veiy  long,  none 
at  all  would  arrive  at  the  £irther  end. 

In  order  to  take  account  of  this  leakage  of  heat,  as  it  may  be  called,  a  quantity 
known  as  the  coefficient  of  external  conductivity  was  introduced  by  Fourier 
into  the  theory  of  conduction.  This  coefficient  denotes  the  quantity  of  neat  lost  in 
a  unit  of  time  by  a  unit  of  surface,  when  the  temperature  of  the  latter  exceeds  that  of 
the  surrounding  medium  by  one  degree.  It  evidently  depends  upon  the  emissive  power 
of  the  surface  and  on  the  nature  of  the  surrounding  medium. 

If  we  denote  the  coefficient  of  external  conductivity  of  a  body  by  A,  and  suppose  the 
temperature  t  of  the  surface  of  the  body  to  exceed  the  temperature  k  of  the  medium; 
by  so  small  an  amount  that  Newton's  law  of  cooling  (p.  52)  is  applicable  to  it,  the 
quantity  of  heat  lost  bv  a  unit  of  surface  in  a  unit  of  time  will  be  A  (f'  —  9).  And 
if  the  bodv  under  consideration  is  one  to  which  the  formula  (1)  on  page  69  is  appli- 
cable (such,  for  instance,  as  a  steam-boiler,  to  name  a  practical  example),  the  quanaty^ 
of  heat  which  arrives  at  a  unit  of  sur&ce  in  a  unit  of  time  from  any  depth  f ,  where 

t'-i* 
the  temperature  is  ^,  will  be  k . ,    Hence,  if  the  temperature  of  the  surface  remains 

eonstant,  we  have  k . »  A  (^  -  0),  the  amount  of  heat  received  from  within  equal 

to  the  amount  imparted  to  the  outer  medium — an  equation  which  defines  h  when  h  is 
known. 

The  remaining  methods  by  which  the  coefficient,  k^  of  internal  conductivity  has  been 
measured  may  bis  called  indirect,  since  they  depend  on  observations  of  the  distribution 
of  temperature  in  unevenly  heated  bodies.  This  diBtribution  must  evidently  be  a 
function  of  the  coefficient  f,  and  of  the  coefficient  of  external  conductivity ;  for,  othef 
things  equal,  it  must  necessarily  be  more  nearly  uniform  in  a  good  conductor  than  in  a 
bad  one,  and  less  uniform  in  a  body  whose  coefficient  of  extenial  conductivity  is  higbi 
than  in  one  for  which  this  coefficient  is  low. 

One  mode  of  experiment  depending  on  these  principles  consists  in  maintaining  a 
constant  high  temperature  at  one  end  of  a  long  bar  of  the  substance  to  be  examined, 
and  determining  the  temperature  of  the  bar  at  various  points  of  its  length,  after  the  high 
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tempenture  of  the  heated  end  has  been  kept  np  long  enon^  for  the  temperature  at 
eTeiy  other  point  to  have  become  invariable.  Ezperimenta  of  this  kind  were  made  Mj 
Bnmford,  who  placed  one  end  of  an  iron  bar  in  bodingwater  and  Borronnded  the  other 
with  ice ;  and  obeerred  its  temperature  at  three  points,  equidistant  from  each  other, 
and  from  the  two  ends,  by  means  of  three  delicate  thermometers  inserted  in  holes 
bored  in  ihe  side  of  the  bar,  and  filled  up  with  mercury  to  render  the  indication  of  the 
temperature  more  exact  More  eztensiTe  determinations  were  made  in  the  same  way 
by  Biot  and  afterwards  h^  Despretz  (Ann.  Ch.  Phys.  [2]  xiz.  97 ;  zzxtl  422)  and 
Oouilland  {ibid,  [3]  xlviu.  47 ).  Ftom  these  experiments  it  results  that  the  temperatures 
of  suooessiTe  strata  of  a  uniform  bar  heated  at  one  end  decrease  in  geometrical  vro' 
greMion  when  the  distances  from  the  source  increase  in  arithnutical  progression.  From 
the  ratios  of  the  jtrogression  for  rarious  substances,  the  ratios  of  their  coefficients  of 
internal  conductivity  could  be  calculated,  when  the  coefficients  of  external  conductivity 
were  made  the  same  for  all,  by  giving  to  each  substance  the  same  condition  of  81U&c^ 
and  making  the  external  medium  also  the  same.  But  when  bars  of  considerable 
section  are  used,  the  interior  of  each  cross-section  must  necessarily  be  at  a  sensibly 
higher  temperature  than  the  sides,  and  the  holes  bored  for  the  insertion  of  the  thermo- 
meters must  also  have  affected  the  results.  Hence  Langberg  (Pogg.  Ann.  Ixvi.  1 ; 
Ann.  Ch.  Pharm.  Ivi.  189)  experimented  upon  various  metals  in  the  form  of  wire,  de- 
termining their  temfNeratures  at  different  points  by  means  of  a  small  thermo-electric  pile 
applied  in  contact  with  them.  This  method  of  experimenting  was  afterwards  improved 
b^  Wiedemann  and  Franz  (Pogg.  Ann. Ixxxix.  497)i  whoouuleby  it  the  most  exten- 
sive and,  there  is  little  doubt^  ihe  most  accurate  series  of  observations  on  the  relative 
conducting  powers  of  various  metals  that  have  yet  been  published.  The  following 
table  contains  the  relative  conducting  powers  of  the  metals  examined  by  them,  com- 
pared with  that  of  silver  taken  arbitnmly  as  100,  and  also  the  absolute  conducting 
powers  of  the  same  metals,  calculated  from  their  relative  numbers  by  means  of  Peclet'i 
determination  of  the  absolute  conductivity  of  lead  (p.  69)  :— 

Condwtimiy  qf  Met4ds, 


Coefielnit  of 

Coefident  of 

NameofMeUd. 

CooducClTltj. 

NaaeorMakal. 

CoodoetiHty. 

BeiMiT*. 

Abtolute. 

RelatlTe. 

AtMoInt*. 

SUver      . 

100 

46-2 

Iron.      . 

11-9 

6-88 

^r:   :   : 

78-6 

83*4 

Lead      .        .        , 

8-4 

8-84 

63-2 

24-0 

Platinum 

8-6 

8-79 

Brass 

281 

10*4 

Qerman  silver 

6-8 

2-86 

Zinc 

190 

8-6 

Rose*s  fusible  metal 

2-8 

1*26 

Tin         ... 

14-6 

6*56 

Bismuth         • 

1-8 

0-81 

The  relative  conducting  powers  of  various  rocks  have  been  determined  by  Hopkins 
(Proe.  Boy.  Soc  viii.  536).  His  method  of  experimenting  consisted  in  placing  a  cylin- 
drical block  of  the  substance  to  be  examined,  with  its  base  just  in  contact  with  the 
surfiice  of  mercuiy  contained  in  a  shallow  pan,  and  heated  to  a  constant  known  tem- 
perature, and  observing,  when  the  distribution  of  heat  within  the  block  had  become 
stationary,  the  excess  of  temperature  above  the  surrounding  air  attained  by  a  shaUow 
stratum  of  mercuiy  covering  the  upper  face  of  the  block-i-precautions  being  of  course 
taken  to  prevent  loss  of  heat  through  the  sides  of  the  block,  and  any  disturbing  effect 
of  radiation  from  the  heating  apparatus.-  The  observed  excesses  of  temperature  evi- 
dently depended  directly  upon  Uie  internal  conductivities  of  the  substances  examined, 
and  (inversely)  upon  &e  external  conductivity  of  mercury.  It  has  been  shown 
(p.  70)  that  when  the  temperature  of  the  surface  of  a  body,  whose  temperature  in- 
creases inwards,  remains  constant,  the  relation  expressed  by  the  following  equation 
holds  between  its  coefficients  of  internal  conductivity  Jt,  and  external  conductivity 
A:— 

k  t-%  ^ 

e» 


In  Hopkins'  eiperiments,  the  external  conductivity  of  mercury  («  c)  took  the  place 
4>f  h  in  the  above  formula  in  the  case  of  every  substance ;  kf  however,  varied  from  one 
substance  to   another.     Hence,  by  putting  into  the  formula  the  observed   values 
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of  t,  f,  B,  and  $,  the  yalue  of  -  could  be  ascertained.    The  following  are  acme  of  tba 

xeauUfl  obtained  for  sabataneee  in  the  state  of  diy  powder: — 

Chalk 0066 

Clay -07 

Sand -16 

Sand  and  day '11 

Theae  Talaes  are  proportional  to  the  absolute  internal  conducting  powers  of  the  eerenl 
substances,  but  in  oraer  to  deduce  these  conducting  powers  from  tnem,  they  require  to 
be  multiplied  by  the  unknown  absolute  yalue  of  c,  the  external  conducting  power  oi 
mercury. 

The  obseryation  of  the  distribution  of  temperature  in  a  mass  whose  temperatare  is 
dianging  has  been  employed  by  Forbes  (Trans.    Boy.   Soc.  Edinb.   xvi.   206), 
Angstrom  (Fogg.  Ann.  cxiv.  513;  Ann.  Ch.  Ph^s.  [31  bcvii.  379),  and  Neumann 
(Ann.  Ch.  Phys  [3]  Ixtl  183)  for  the  determination  of  coefficients  of  conductivitj. 
Forbes'  iuTCstigation  related  to  the  rate  of  penetration  downwards  into  the  earth  of 
the  solar  heat  received  by  the  surfeuie.    The  general  effect  of  the  seasons  is  that  the 
temperature  of  the  surface  of  the  ground  oscillates  (in  BritcJn)  between  a  maziniiuB 
which  occurs  in  July  or  August,  and  a  minimum  occurring  in  January  or  February. 
If  now  the  earth's  crust  were  a  perfect  conductor  of  heat^  the  yearly  maximum  and 
yearly  minimum  of  temperature  would  occur  at  any  point  below  the  surface,  at  the 
same  epochs  as  they  do  at  the  surface  itself,  and  the  yearly  range  of  temperature  would 
be  as  great  below  the  surface  as  above  it    But  the  earth  s  crust  opposing  in  realitj  a 
very  considerable  resistance  to  the  propagation  of  heat,  the  maxima  and  minima  occur 
later  below  the  surface  (for  instance,  at  a  depth  of  25*6  feet  in  the  porphyritic  trap  of 
the  Calton  Hill,  Edinburgh,  the  annual  -maximum  occurs  in  December  or  Januaxr, 
and  the  minimum  in  June  or  July),  and  the  difference  between  them,  or  the  yearly 
range  of  temperature,  is  less  than  it  is  at  the  surface.    Thus  the  oscillation  of  tempe- 
rature which  occurs  at  the  surface  suffers  a  retardation  of  phase  and  a  dimintUion  of 
amplitude  as  it  advances  inwards.    From  these  two  effects,  as  revealed  bv  the  obeerva- 
tion  of  thermometers  sunk  to  various  depths,  Forbes  was  able  to  deduce  the  abso- 
lute  coefficients  of  conductivity  of  the  strata  in  which  the  thermometers  were  buried. 

A  method  precisely  the  same  in  principle  has  since  been  employed  by  Anss  trom  for 
the  determination  of  the  conductivities  of  certain  metals.  Square  bars  of  the  metals  te 
be  examined  were  alternately  heated  and  cooled  at  one  place,  and  after  a  considerable 
number  of  such  alternations  the  distribution  of  temperature  was  observed  by  means  of 
thermometers  inserted  into  the  bars  at  intervals  of  50  millimetres  from  each  other. 

Neumann's  method  depended  on  observations  of  the  com^e  of  cooling  in  baa 
which  had  been  heated  at  one  end  until  their  temperature  becapie  stationary  through- 
out, or  in  cubes  or  spheres  of  five  or  six  inches  diameter  which  had  been  previously 
heated  to  a  uniform  temperature.  o 

The  foUowing  table  gives  some  of  the  results  obtained  by  Angstrom  and  faj 
Keumann,  reduced  to  ^e  kilogramme-second  unit  per  square  metre  of  surface  ana 
millimetre  of  thickness  :— 

Coefficienis  of  QmdueUmty, 


Snbitanca. 

jngttrfim. 

N^ttlDADDe 

Copper    •        •        •        •        . 
Zinc         •        •        •        •        . 

91*03 

110-76 
30-70 

Brass 

30-19 

Iron 

German-silver. 

10-30 

•             • 

16-37 
10-94 

The  numbers  in  the  following  table  give  the  values  referred  to  the  same  unit,  of  the 

zatio  -L  according  to  Neumann's  experiments,  k  being  the  coefficient  of  internal 

cu 
eonductivity,  e  the  specific  heat,  and  D  the  density  of  the  several  substances: — 

Coal 0-116 

Melted  sulphur 143 

Ice 1144 

Snow -367 

Frozen  earth    •••••..  '916 

flandatooe 1'367 
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Kemnann  finds  that  the  conductiYity  of  the  same  sabstanoe  variei  veiy  •ensibl/ 
with  the  temperature. 

It  will  be  obeerred  that  while  the  ratios  of  the  oondnctivities  of  the  metals  found  bj 
Keumann  agree  on  the  whole  with  the  relative  conductiTities  determined  bj 
Wiedemann  and  Franz,  they  considprably  exceed  the  absolute  conducting  powera 
calculated  from  these  by  means  of  Pec  let's  coefficient  for  lead.  On  the  other  hand, 
the  absolute  coefficients  obtainc^d  by  Neumann  and  Angstrom  for  iron  are  nearly 
identical,  and  this  value  might  therefore  perhaps  be  most  safely  taken  in  order  to 
convert  Wiedemann  and  Franz's  relative  numbers  into  absolute  coefficients. 

In  substances  whose  elasticity  or  structure  is  diffi}r?nt  in  different  directions,  the  rate 
at  which  heat  is  propagated  depends  upon  the  direction.  Thus  in  crystals  not  belong* 
ing  to  the  regular  or  cubical  system  (Cbtstalloobapht,  ii.  121),  Senarmont  haa 
shown  that  the  conducting  power  in  the  direction  of  the  principal  axis  is  generally 
either  a  maximum  or  a  minimum.  If  a  source  of  heat  be  imagined  at  the  cf'utre  of 
such  a  crystal,  the  heat  would  be  conducted  outwards  with  different  velocities  in  different 
directions^  and  consequently  the  points,  which  at  any  moment  possessed  a  common  tempe- 
rature, would  be  situated  on  the  surface  of  an  ellipsoid;  and  Senarmont  found  that 
the  axes  of  the  iaotkermal  eUipsoids  of  ciystals  coincide  with  their  optic  axes.  He  also 
found  that  mechanical  strains  or  pressures  are  capable  of  modifying  the  conducting 
power  of  bodies  for  heat  in  the  directions  in  which  they  are  applied. 

Wood  presents  somewhat  similar  phenomena*  It  was  observed  by  Be  la  Rive  and 
De  GandoUe  that  the  conducting  power  of  wood  is  always  ereater  along  than  across 
the  fibre.  These  observations  were  extended  by  Knoblauch,  who  showed  that,  as  a 
rule,  the  difference  of  conducting  power  is  least  in  the  hardest  and  greatest  in  the 
softest  kinds  of  wood.  Thus  in  boxwood  &e  ratio  of  the  axes  of  the  isothermal 
ellipsoid  is  1*25  :  1,  in  walnut  it  is  1*45  :  1,  in  aprioot-tree  1*6  :  1,  and  in  soft  woods 
(such  as  poplar,  lime,  birch,  pine),  it  is  1*8  :  1.  Ty  ndall  has  carried  the  same  invest 
tigation  still  further :  he  finds  that  at  all  points  not  situate  in  the  centre  of  the  tree, 
wood  possesses  three  unequal  axes  of  calorific  conduction,  which  are  at  right-aneles  to 
each  other.  The  first  and  principal  axis  is  parallel  to  the  fibre  of  the  wooa;  the 
second  and  intermediate  axis  is  perpendicular  to  the  fibre  and  to  the  ligneous  layers ; 
while  the  third  and  least  axis  is  perpendicular  to  the  fibre,  and  parallel  to  tha 
layers. 

When  two  different  metals  are  in  contact,  the  rate  of  propagation  of  heat  is  different 
on  the  two  sides  of  the  surface  of  separation,  and  therefore  if  heat  is  flowing  across 
this  surface  the  law  of  the  variation  of  temperature  is  different  at  the  two  sides  of  it; 
but  Wiedemann  has  shown  that,  when  tne  contact  is  perfect,  there  is  no  finite  dif-* 
ference  between  the  temperatures  of  the  surfaces  of  the  two  metals  which  touch  each 
other. 

Conduction  of  Heat  by  LiquuU.^In  consequence  of  the  diminution  of  density  which 
takes  place  almost  universally  in  liquids  when  they  are  heated,  an  increase  of  tempera- 
ture is  rapidly  communicated  by  convection  to  the  whole  of  a  quantitv  of  liquid,  when 
heat  is  applied  to  it  from  below.  Hence  it  was  formerly  supposed  that  liquids  possessed 
a  high  de^e  of  conductivity  for  heat  Rumford  however  showed,  near  the  begin- 
ning of  this  century,  that  when  heat  is  imparted  to  a  liquid  from  above,  so  that  the  ex- 
pansion of  the  heated  portions  cannot  cause  tliem  to  rise  and  so  produce  a  circulation  of 
the  liquid,  the  communication  of  heat  from  one  part  of  a  liquid  to  another  takes  place 
with  extreme  slowness,  so  much  so  indeed  that  he  concluded  that  liquids  are  entirely  with- 
out any  real  conducting  power  for  heat.  Later  observers  nevertheless,  and  especially 
Despretz,  have  provea  that  liquids  do  conduct  heat  in  the  same  way  as  solid  bodies, 
but  for  the  most  part  very  much  more  slowly.  Despretz,  in  fact,  found  that  when  a 
constant  source  of  heat  acts  for  a  long  time  upon  the  upper  part  of  a  column  of  water, 
the  heat  gradually  penetrates  downwards;  and  that  when  the  distribution  of  tem- 
perature in  the  column  has  become  stationary,  the  excess  of  temperature  above  that  of 
the  surrounding  air  decreases  according  to  a  geometrical  progression,  when  examined  at 
points  whose  depths  below  the  surface  increase  in  arithmetic  progression.  Hence  it 
follows  that  the  law  of  conduction  in  water  is  the  same  as  the  law  of  conduction  in 
metals,  and  by  comparing  Despretz's  results  for  water  with  those  he  obtained  frar 
copper,  it  appears  that  the  conductivity  of  water  is  to  that  of  copper  as  9  to  1000. 

Conductum  of  Heat  by  Gases. — ^The  distribution  of  heat  in  gases  certainly  takes 
place  chiefly  by  convection,  as  it  does  in  liquids,  but  several  observers  have  concluded 
that  they  do  nevertheless  possess  a  feeble  power  of  conduction.  The  most  direct  ex- 
periments on  this  subject  are  due  to  Magnus  (Fogg.  Ann.  cxii.  497);  according  to 
them  it  appears  that  hydrogen,  if  not  other  gases,  has  a  certain  degree  of  conductivity. 
This  conclusion  accords  wiUi  the  results  of  a  mathematical  investigation  of  the  propa- 
gation of  heat  in  gases  by  Clausius  (FhiL  Hag.  [4]  xxiii  582),  who  flnds  that  the 
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conducting  power  of  the  Hgfater  gases  mast  exceed  that  of  the  beavier  gases.  As  • 
proTision^  estimate,  he  gives  for  the  oondnctin^  power  of  air  about  ^^  of  tlimt  of  letd 
as  determined  by  Peclel^  and  for  the  conducting  power  of  hydrogen  aixmt  four  taaMi 
that  of  air.  G.  C.  P. 

XABZC&B8,  or  XABZCAZA.  The  notion  of  compound  radicles,  ss  it  is  at 
present  receiyed  in  chemical  science,  has  been  explained  already  in  prerioiui  aitides 
(CLASsiFiG^Tioir,  i  1014 — 1017 ;  Equiyalbnts,  iL  495 ;  Fobmttlje,  BjLTioirAi^  iL  700); 
all  that  is  necessary  here  is  therefore  to  indicate  briefly  the  origin  of  the  idea,  and  the 
principal  modifications  which  it  has  undergone. 

The  word  **  radical "  is  of  constant  occurrence  in  the  writings  of  LaToisi  er.  For 
him  and  for  his  school,  chemistry  consisted  mainly  in  the  investigation  of  azyRen  aad 
its  combinations.  Compound  bodies  were  divided  into  the  two  fundamental  ekases  ti 
acids,  which  were  supposed  to  owe  their  essential  properties  to  their  containing  a  lazge 
proportion  of  oxygen,  and  salifiable  bases,  which  were  regarded  eithiir  as  sim^ 
bodies  or  as  containing  a  small  proportion  of  oxygen.  In  all  cases  the  presence  or 
absence  of  oxygen,  or  the  proportion  of  it  which  a  compound  body  oontaineil,  was  con* 
sidered  the  most  important  point  in  its  chemical  history,  and  as  chiefly  deter- 
mining its  properties.  In  the  case  of  the  adds  especially,  the  oxygen,  which  all  wen 
supposed  to  contain,  was  looked  upon  as  the  sole  cause  of  their  charaeteristic  propo 
ties;  Aether  the  oxygen  was  combined  with  sulphur,  with  phosphorus,  or  with 
nitroffen,  was  regarded  as  a  matter  of  far  less  importance.  Hence  arose  the  neeessity 
for  adopting  some  common  designation  for  the  various  substances  which  were  c^iable 
of  serving  as  foundations  or  nuclei  upon  which  oxygen  could  attach  itself^  and  thus 
give  rise  to  adds ;  it  was  in  this  sense  that  the  word  radical  was  first  emplojed  in 
chemistiT.  "II  faut  done,"  said  Lavoisier,  "distingner  dans  tout  adae  la  bass 
addifiable  4  laquelle  M.  de  Morveau  a  donn^  le  nom  de  radical,  et  le  principe  acidiflant^ 
c*est-4-dire,  ro»g6ne."  (TVotY^  iUmmtaire  de  ChimU,  ^t.  1789,  vol.'  L  p.  69.)  The 
passage  here  referred  to  appears  to  be  in  Section  ii.  "  Ika  bases  acidifiahies  au  prineipsi 
radicaux  des  addes  ''ofdeMorveau's"  M^moire  sur  le  D^veloppementdes  Prindped 
de  la  Nomenclature  m^thodique  **  (1787).  The  definition  of  a  radial  which  is  here  given 
is  interesting,  not  only  in  connection  with  our  present  subject,  but  for  the  light  it  thmwi 
on  the  views  then  entertained  with  respect  to  the  constitution  of  adds.  After  speaking 
of  the  adds  of  nitrogen,  carbon,  sulphur,  and  phosphorus,  de  Morveau  goes  on  to 
discuss  the  nomendature  of  adds  of  unknown  composition,  such  as  muriatic  add, 
boradc  acid,  the  addof  vinegar,  &c.,  with  regard  to  which  he  says :  **  Nous  nous  sommes 
content^  de  d^igner  I'^tre  simple  qui  y  modifie  Toxig^ne  par  1' expression  de  bam 
addifiable,  ou,  pour  abr^r,  de  radical  de  tel  acide ;  afin  de  garder  la  m^me  analogie, 
et  de  pouvoir  consid^rer  a  leur  tour  chacun  de  ces  ^tres  d'une  mani&re  abstraite." 

The  signification  of  the  word  radical  was  soon  somewhat  extended  by  LaToi  sier. 
Two  years  after  the  publication  ofde  Morveau's  memoir,  he  says:  *' J^ai  d^jik  fait 
observer  que  dans  le  r^gne  mineral,  presque  tons  les  radicaux  oxidables  et  aeidifiables 
^ient  simples ;  que  dans  le  r^gne  v^^tal  au  contraire,  et  surtout  dans  le  r^gne  animal, 
il  n'en  existoit  presque  pas  qui  ne  fiissent  compost  du  moins  de  deux  subetanees^ 
d*hydrogine  et  de  carbone ;  que  souvent  I'azote  et  le  phosphore  s'y  reunissoient  et  qu*i] 
en  r^ultoit  des  radicaux  a  quatre  bases."  ( TVaite  ilhnmtaire,  vol.  L  p.  209.)  The 
idea  of  compound  radicles,  which  we  meet  with  in  this  psssage,  occurs  yery  fn- 
quentlv  in  other  parts  of  the  same  work,  and  it  is  of  importance  to  observe  that  it  is 
applied  to  explain  the  constitution  of  neutral  bodies  as  well  as  of  acids.  This  is  itfjll 
more  distinctly  seen  in  other  passages;  thus,  of  sugar,  gum,  and  starch,  it  is  said 
(Op.  ct^.  pp.  125,  126):  *'Ces  trois  substances  out  pour  radical  rhydrogine  et  le 
carbone  combing  ensemble,  de  mani^re  k  ne  former  qu'une  seulebase,  et  port^  k  I'^itKt 
d'oxide  par  une  portion  d'oxygine ;  ils  ne  different  que  par  la  proportion  des  principes 
qui  composent  la  base."  Elsewhere  it  is  suggested  that  the  oils  may  actually  constitute 
compound  oiganic  radides  in  the  free  state,  thus  (pp.  198,  199)  :  "  On  apei^oH 
ais^ment  que  les  huiles  ^tant  composes  d'hydrogtoe  et  de  carbone,  ellos  sont  ds 
v^ri tables  radicaux  carbon  e-hydreux  ou  hydro-carboneux,  et  en  efletil  siiffitd'oxyg^ner 
les  huiles  pour  les  convertir  d'abord  en  oxides,  et  cnsuite  en  acides  v^^taux,  suivant 
Ic  degr^  d^oxyg^nation.  On  ne  peut  pas  cepondant  assurer  d*une  mani6re  positive  que 
les  huiles  entrent  toutes  enti^res  dans  la  composition  des  oxides  et  des  acides  v^^taux; 
il  est  possible  qu'elles  perdent  auparavant  une  portion  de  leur  hydrogen e  ou  de  leur 
carbone,  et  que  ce  qui  reste  de  Tune  et  de  I'autre  de  ces  sub^itances  ne  soit  plus  «Vftf 
la  proportion  n^essaire  pour  constituer  des  huiles."  Again  (pp.  210,  21 1) :  "  Doit-OB 
condure  de  ces  r^fiexions,  que  les  huiles  soient  la  base,  qu'elles  soient  le  radical  des 
addes  v^^ux  et  animaux  ?  J*ai  d^ji  cxpos^  mes  doute s  a  cet  ^ard.  Premikv^ 
ment,  quoique  les  huiles  paroissent  n'4tre  uniquement  compost  que  d'hydiog^neet^ 
carbone,  nous  ne  savons  pas  si  la  proportion  qu'elles  en  contienneiit  est  preds6meiitoi£ 
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nfeeSBftiM  ponf  oonedtiier  les  ndicanz  des  actdes.  Seeondemetit^  puisqne  lee  acidefl 
v^^teux  et  animanz  ne  sont  pai  seulement  compoB^  d'hydrogine  et  de  carbone,  mais 
que  Toxygtoe  entre  ^galement  dajia  leur  oombinaison,  il  n'y  a  pas  de  raison  de  oondnro 
<^u*eUe8  oontiennent  plut6t  de  Tbuile  que  de  I'acide  carboniqne  et  de  I'ean.  Ub  con-, 
tiennent  bien,  il  est  vrai,  lea  mat^riauz  proprea  4  cbacune  de  oes  combinaisona ;  maia 
oee  combinaiaona  ne  aont  point  r^alia^  a  la  temperature  habituelle  dont  nous  jouis- 
Bons,  et  lea  troia  prindpea  aont  dans  un  ^tat  d'equilibre,  qu'un  degr^  de  cbaleur,  un 
pen  sup^rieur  4  celui  de  Teau  bouillante,  suffit  pour  troubler."  This  last  passage  ia 
espedally  worthy  of  notice,  as  showing  that  LaToisier  distinctly  apprehended  that  the 
question  of  what  ladide  a  giren  complex  body  contained,  iuToWea  not  only  a  know> 
ledge  of  its  composition,  but  also  of  its  constitution,  or  of  the  way  in  which  its  consti- 
tuent elements  were  combined. 

The  further  development  of  the  notion  of  compound  radidea  was  a  consequence  of 
the  advance  of  organic  chemiatiy.  Consequently,  with  the  exception  of  Gay-Lussac'  a 
discovery  of  cyanogen  in  1815,  we  hear  Uttle  more  of  either  the  word  or  the  idea  until 
about  the  year  1882.  It  ia  true  that  in  1817  Berselius  repeated  Lavoisier^s  state- 
ment that  all  inorganic  oxides  have  simple  radidea,  and  all  organic  oxides  compound 
radides;  but  this  remained  a  general  doctrina  without  precise  spedal  application,  until^ 
in  1832,  Liebig  and  Wohler  showed  that»  by  regarding  oil  of  bitter-aimonds  and  its 
derivatives  aa  compounds  of  a  radide  containing  C'HH),  they  became  exactly  compar- 
able with  the  compounds  of  potassium  or  other  metals.  Thia  view  of  the  constitution 
of  the  benooyl-compounds  was  at  first  eargerly  adopted  by  Berceliua  (Ann.  Pharm. 
iiL  282),  but  was  afterwards  modified  by  him  on  the  ground  that  it  was  inconsistent 
with  the  dectzo-chemical  theory  to  suppose  that  oxygen  could  be  a  constituent  of  a 
radide.  He  consequently  represented  these  compounds  as  containing  the  radide 
CW*;  for  instance,  benzoic  add,  (7«*i5P.O«  ■»•  iSTO,  chloride  of  benzoyl,  2(C^*HKC^)  + 
€^*£P,C^,  The  formulss  thus  obtained  were  strictly  comparable  with  tnose  adopted 
by  Berselius  for  corresponding  inorganic  compounds :  e^.  chromic  add,  CrO^  +  HO, 
oxichloride  of  chromium,  2Cr8^  -i-  CrCP,  (See  BerzeUu^  Jahresbericht,  xiii.  203 
[1833] ;  xviiL  368  [1838]  ;  xix.  345  [1839]). 

The  next  dass  of  bodies  to  which  formulae  were  given,  founded  on  the  idea  of  thai 
containing  compound  radides,  exactly  similar  to  elements  in  their  mode  of  combination, 
were  the  derivatives  of  alcohoL  Alcohol  itodf  was  represented  by  Berceliua 
(Jahresberichtf  xiii  195)  as  the  oxide  of  the  radide  CH',  and  ether  as  containing 
the  radide  C«H»:  thus,  alcohol  2(CH«)0,  ether  2(C«H»)0,  chloride  of  ethyl  C«H».C1, 
&c  Liebig  soon  afterwards  (1834)  save  the  name  ethyl  to  the  radide  CB?,  and  re- 
presented alcohol  aa  its  hydrated  oxide  (Ann.  Pharm.  ix.  1 ;  Poeg.  Ann.  xxri.  335 ; 
berzel.  Jahresber.  xv.  343).  In  1835,  Kegnault  represented  aloehyde,  acetic  acid, 
Dutch-liquid,  and  several  of  ita  derivatives  as  compounds  of  the  radide  C'H',  to  which 
he  gave  the  name  aldehydene  (Ann.  Ch.  Phys.  [2]  Iviii.  301,  and  lix.  358  ;  also  Ann. 
Pharm.  xiv.  22,  and  xv.  60),  and  which  was  afterwards  (Jahresber.  xvii.  232  [1837]) 
called  aeetjfl  by  Berzelius;  and  in  the  few  following  years,  similar  views  were 
applied  by  Berzelius  and  the  chemists  of  his  school  to  nearly  all  known  organic 
compounds.  In  all  cases  the  leading  idea  was  that  which  was  thus  expressed  bv  D  u  m  a  a 
in  1837  (Compt  rend.  v.  300 ;  Joum.  pr.  Chem.  xiv.  298 ;  Berzel.  Jahresber.  xviiL 
243):  "In  mineral  chemistry  the  radicles  are  simple;  in  organic  chemistry  they  ara 
compound :  herein  is  the  only  difference  between  them ;  the  &W8  of  combination  and 
of  transformation  are  the  same  in  both.  Even  if  the  radides  of  inorganic  chemistry, 
such  as  sulphur,  the  metals,  and  oxyeen,  are  really  compound,  we  cannot  look  forward 
to  their  decomposition ;  for  if  this  decomposition  is  possible,  it  requires  forces  which 
we  are  not  acquainted  with.  In  organic  chemistry  the  case  is  the  reverse,  and  thd 
difficulty  is  less.  Here  the  radicles  are  compound,  and  our  whole  art  consists  in 
treating  them  so  that  they  are  not  broken  up  into  their  elementary  constituents.  Thi^ 
decomposition,  however,  we  can  foresee  and  prevent,  for  it  takes  place  according  to 
easily  apprehended  laws ;  so  that  it  is  by  no  means  difficult  to  recognise  an  organic 
radicle,  and  to  transfer  it  undecomposed  from  one  compound  to  another." 

These  views  were  not,  however,  the  only  ones  that  were  applied  to  organic  compounds. 
Hitscherlich,  for  instance,  regarded  a  certain  number  of  organic  bodies  as  consti- 
tuted quite  differently  from  any  known  inorganic  compounds  (see  Fobitulb,  ii.  701, 
702) ;  and  Laurent,  in  1836,  proposed  a  general  theory  of  the  constitution  of  oiganic 
compounds,  which  was  entirely  inconBist€nt  with  the  ladide  theory  as  above  described 

iaee  Nucleus  Theobt,  iv.  143).  But  the  chief  opposition  to  the  radicle  theoiy  arose,-^ 
1),  from  the  difficulty  of  reconciling  with  it,  as  it  was  hdd  by  Berzeliua,  ita  chief 
supporter,  the  constitution  of  substances,  such  as  ohloracetic  add,  formed  by  the  action 
of  ddorine  and  ita  analogues  on  organic  bodies ;  (2)  from  the  fact  that  of  the  veiy 
nnmerons  ndidea  whose  existence  the  theoiy  assimied,  scarcely  two  or  three  were 
known  ill  tho  aoptnte  atate ;  and  (3)  in  consequence  of  Gerhardt  and  Laurent^a 
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disoorerj  that  the  niimber  of  atoms  of  hydrogen,  chlorine,  nitrogen,  and  their  i  _  _ 
taken  together,  which  was  contained  in  a  molecale  of  any  well-investigated  compoimd, 
was  always  an  even  number,  whereas  all  the  supposed  compound  radidee  contained  am 
odd  number  of  such  atoms. 

We  hare  not  space  to  trace  the  long  and  bitter  controversies  which  arose  npon  eseh 
of  these  points:  an  excellent  account  of  them  will  be  found  inKekul^'s  Lekrbmeh  dtr 
organischen  Chemie  (vol.  i  pp.  69-94,  1869).  It  must  suffice  to  say  here  that  th» 
objections  to  the  "radicle  **  theory,  referred  to  under  the  first  of  the  above  heads,  aiose 
from  its  identification  with  the  electro-chemical  theory,  and  therefore  lost  their  force 
when  this  theory  was  abandoned,  and  it  was  consequently  admitted  that  radidet 
playing  the  part  of  electro-positive  metals  might  contain  not  only  oxygen,  but  chlorin<^ 
bromine,  or  m  fact  any  other  element  The  discovery  of  cacodyl  by  Bun  sen  in  1842, 
of  methyl,  ethyl,  and  butyl  byFrankland  and  Kolbo  in  1849,  and  subsequently  of 
several  other  of  the  so-caUed  alcohol-radides,  which  at  first  sight  seemed  to  afibra  a 
conclusive  answer  to  all  a  priori  objections  against  the  possible  existence  of  radidea  im 
the  frf'e  state,  resulted  in  its  being  proved  that  the  molecules  of  the  isolated  radidst 
consisted  of  two  atoms,  and  thus  3ie  "  law  of  even  numbers  "  received  a  oonfirmatios 
instead  of  the  expected  refutation.    (See  Alcohol-badic3.b8,  i.  96.) 

The  idea  of  compound  radicles,  as  it  is  now  entertained,  is  quite  independent  of  tht 
question  whether  they  can  be  actually  prepared  in  the  separate  state  or  not  A  radids^ 
in  modem  chemical  language,  is  simply  a  group  of  elements  which  is  common  to  a 
more  or  less  numerous  series  of  allied  compounds,  and  remains  unaffected  by  the  pro- 
cesses whereby  these  compounds  are  transformed  one  into  another.  It  is  easentiaily 
correlative  with  the  idea  of  molecular  types ;  and,  as  pointed  out  in  the  places  referred 
to  at  the  beginning  of  this  article  (especially  ii.  700),  the  radide  which  any  compley 
compound  is  reearded  as  oontaining,  must  depend  upon  the  type  to  which  the  coidp 
pound  is  referred,  while,  conversely,  the  type  is  equally  dependent  on  the  radide. 

G.  0.  F. 


Natrolite,  firom  Brevig  in  Norway  (iv.  29) :  see  also  an  analynf 
by  Michaelson.   (Jahresb.  1863,  p.  819.) 

XABZ8B.  Sapkanuesaiivus,  Badish-roots  contain,  aooozding  to  T.  J.  Herapat^ 
(Chem.  Gas.  1847,  p.  279),  in  1000  pts.  :— 

Bed  colouring-matter  .        .        .1*77 

Fat  oil 0*46 

Sinapine? 0*04 


Alkaline  and  earthy  phosphates,  >  q..  . 

with  a  little  gypsum  { 

Acetates  of  potassium  and  sodium  0*22 

Nitrates  of  potassium  and  sodium  6*1 7 

Chlorides  of  potassium  and  sodium  4*16 


Water 96974 

Woody  fibre        ....  1702 

Nitrogenous  substance  >  «,  .a^ 

with  a  Httle  starch  {        '        •  ^*'* 

Albumin 0*91 

Extractive  matter        .        •        .  2*26 

Gum 4*30 

Sugar 1*14 

The  ash  of  the  root  and  herb  of  the  radish  has  also  been  analysed  by  T.  Bichardson 
(Jahresb.  1847-48,  Table  0  to  page  1074),  with  the  following  results:— 

KH>.     Na*0.      CaO.     MgO.    SCP.      SiOS^     I»0>.     Fe^PO«  KCl.    NaCL 
Boot     21*16     .    .       8*78    3*63    7*71    817    4009      219     1*29    707  >-    99*99 
Herb      606    11 09    27*90    7*08    9*64    8*22      607     16*46     .    .     8*60  »  100*00 

The  dried  root  yielded  6*48  per  cent,  and  the  dried  herb  2*76  per  cent.  ash. 

BABWH,  OZXi  or.  The  roots  and  seeds  of  the  radish  yidd,  bv  distillation  with 
water,  a  mill^  liquid,  from  which  an  essential  oil  may  be  obtained  by  rectification. 
This  oil  is  colourless,  heavier  than  water,  contains  sulphur,  forms  a  white  predpitate 
with  mercuric  chloride,  yellow  with  platdnio  chloride.  It  is  moderatdy  soluble  in 
water. 

The  same  oil  is  obtained  by  distilling,  with  water,  the  seeds  of  Bnusioa  Negnu^ 
Cochlearia  Draba,  and  Cheiranthus  annuus, 

SAXA&nrA  OAXiZCAXXS.  A  lichen  which  yields  alpha-usnic  add.  (See 
UsNio  Acid.) 

ROITB.    Trimetric  arsenide  of  nickel,  Ni  As'  (iv.  36). 

An  earthy  hydrate  of  silica,  occurring  near  Font  Gibaudin  Franca 
(See  Opal,  iv.  304.) 

rooov  TAm.    See  Naphtha  (iv.  3). 

rouxinik  The  root  of  Ranunculus  Ficaria,  gathered  in  Tuscany  in  April 
and  Mav,  was  found  by  Toscani  (Cimento,  v.  463)  to  contain  0-6  to  1*0  percent  crys- 
tallisable  sugar,  0*4  to  0*6  dextrixu  28  starch,  and  an  acrid  deleterious  substance. 
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Thff  acrid  jtuce  of  Santtncvlus  icderatu*  yielda  by  distillatioii  a  dear,  sharp- tasting, 
f«tid  liquid,  which  when  kept  for  some  time,  even  in  closed  vessels,  deposits  a  white 
amorphous  precipitate  of  anemonin  {i,  290).  Ether  extracts  from  this  distillate  a 
neutnil,  acrid,  golden-yellow,  non-sulphuretted  oil,  heavier  than  water,  which  attacks  the 
eyes  stronely,  and  raises  blisters  on  the  skin.  When  kept  under  water,  or  in  contact 
with  chloride  of  calcium,  it  concretes  to  a  white  solid  mass,  which  quickly  changes  inUy 
anemonin  and  anemonic  acid.  It  is  to  this  transformation  of  the  acrid  principle  of  the 
ranunculus,  and  not  to  its  volatility,  that  the  loss  of  acridity  of  the  pl^t  by  drying  ia 
due.    (Erdmann,  J.  pr.  Chem.lxxv.  209.) 

XAVAXrVX  A  variety  of  granite  containing  60  46  per  cent,  orthodase,  31*8S 
quartz,  and  6*71  mica,  occurring  at  Pyterlaks  and  oUier  localities  in  Finland.  (Jahreab. 
1862,  p.  784.) 

KAFB.  See  Bba8SIC4  (i.  654). — Rape-seed  oil,  HuiU  de  navette,  ia  a  fat  oil 
obtained  by  pressure  from  the  seeds  of  winter-rape  (Bramea  Napu8\  which  yield  about 
83  per  cent  of  it.  This  oil  is  yellow,  has  a  peculiar  odour,  a  density  of  0'9128  at  15^, 
and  solidifies  at  a  few  decrees  below  0^.  By  dry  distillation,  it  yidds  a  mixture  of 
volatile  fatty  acids,  acrolein,  and  oily  hydrocarbons  of  very  variable  boiling  point. 
These  hydrocarbons  are  strongly  attacked  by  nitric  acid,  yielding  capiylic,  oenanthylic, 
eaproic,  valerianic,  butyric,  propionic,  and  acetic  acids.  With  chromic  add  the  same 
hydrocarbons  yidd  only  acetic  and  propionic  add.  (Schneider,  Ann.  Ch.  Phamu 
Ixx.  107.) 

Bape-seed  oil  is  used  for  illumination,  for  the  manufitcturo  of  soft  soaps,  fbr  oiling 
woollen  stu£b,  in  the  preparation  of  leather,  and  for  lubricating  machinery. 

The  seeds  of  summer-rape,  Brassica  pracox,  yield  a  yellow  visdd  oil  of  spedfie 
gravity  0*9139,  which  deponts  t^low  at  —  8°,  and  solidifies  to  a  yellowiah-white  butter 
at  -lO^.    (Schubler.) 

The  seeds  of  the  turnips  Srassiea  Naput,  yidd  a  smaller  quantity  of  a  similar  oil, 
of  specific  gravity  0*9167. 

Colza  oil,  used  chiefly  for  illumination,  is  obtained  to  the  amount  of  about  88  per 
cent,  from  the  seeds  of  colza  or  wild  navew,  {Brastica  eampestriSf  var.  oleifera).  It 
is  yellow,  of  specific  gravity  0*9136  at  16^,  and  solidifies  at  -6^.  It  is  chiefly  a  mix- 
ture of  two  glyceridea,  which  yidd,  by  saponiflcation,  two  peculiar  fatty  adds.  (See 
BsAsaic  Acid,  i.  655.) 

KJLPKAJrOBMZTB.  Kobell's  name  for  native  sdenide  of  lead  and  copper  fron^ 
Tilkerode  (iii.  557.) 

lAWirs.    (See  Radish,  p.  76.) 

»BlXiXTa.    Asbestiform  tremolita  £rom  Lanark,  in  Canada.    (See  Hobh- 
BUDTDJi,  iii.  169.) 


A  reddish-grey  micaceous  mineral  ooeuning  in  monodinic  forma 
at  Monroe,  Orange  County,  New  York,  analysed  by  Shepard  (SilL  Am.  J.  [2] 
xxiv.  128),  snd  bv  Fisani  (Compt  rend.  liv.  606;  Jahreab.  1862,  p.  749),  whose 
tesults  differ  widdy  from  one  another : — 


Alkali 

BIOS. 

Al«0>. 

FeO. 

CaO. 

MgO. 

and  lost. 

H«0. 

42*3 

6*5 

38*25 

20 

1*0 

6*16 

3*8* 

84*98 

21*88 

38*44 

•    • 

6*24 

•     • 

9-22 

-  100       (Shepard). 
->  100*76  (Pisani). 

From  the  physical  characters  of  the  mineral,  Pisani  regards  it  as  allied  to  ripidolite. 


In  the  bark  of  ratanhia  or  rhatany-root,  Krameria  trtandrOf 
Witt  stein  (Jahresb.  1854,  p.  656)  found  a  peculiar  iron-greening  tannin,  a  body 
analogous  to  dnchona-red,  or  rather  to  quinova-red,  resulting  from  the  deoompontion 
of  the  tannin ;  also  gummy  and  extractive  mattevv,  wax,  sugar,  staroh,  and  oxalate  of 
calduip.  Ib  the  American  extract  of  ratanhia,  Wittstein  found  a  nitrogenous  body, 
%hich  he  regarded  as  tyrosine.    (See  the  next  Artide.) 


C'*H'«NO».  (E.  Ruge,  Viertelj.  d.  naturfonch.  Gosellsdi.  in 
Zurich,  vi.  Heft  3  ;  Jahresb.  1862,  p.  493.) — A  compound  homologous  with  tyronne 
(CH'NO*),  occurring  to  the  amount  of  1*26  per  cent,  in  the  extract  of  rhatanjr-root. 
It  was  first  observed  by  Wittstein,  who  regarded  it  as  tyrosine.  To  prepare  it,  the 
solution  of  rbatany  extract  is  precipitated  with  basic  acetate  of  lead :  the  filtrate,  freed 
fit>m  lead  by  sulphydric  acio,  is  evaporated  to  a  small  bulk ;  the  crystals,  which 
separate  after  12  hours,  are  press«Hl,  washed,  and  dissolved  in  ammonia;  the  sdu- 
tion  is  left  to  evaporate ;  and  the  crystals  which  then  separate  are  further  purified  by 

•  With  auorloa 
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precipitating  theii  soliition  with  basie  acetate  of  lead,  and  treating  die  filtiwte  vfth 
Bulphydric  acid  at  the  boiling  heat. 

Ratanhine,  thos  purified,  GEystalliseB  in  laige  spherical  aggregates  of  delicate  irinte 
needles,  drying  up  to  an  interlaced  mass.  It  dissoWes  in  126  pta.  a(  boiling  'vvtci; 
and,  like  tyrosine,  has  a  great  tendency  to  form  supersaturated  solutiona.  It  ie  aUghtly 
■oluble  in  boiling  spirit  of  ordinary  strength,  quite  insoluble  in  absolate  alcohol  and  in 
ether.  It  is  not  precipitated  by  neutral  or  basic  acetate  of  lead,  or  by  mercnric  aeetititflk 
A  solution  of  ratanhme  saturated  at  15^,  assumes  a  rose-red  colour  when  heated  with 
a  few  drops  of  mercuric  nitrate,  and  on  further  addition  of  the  latter,  deposits  brown-ied 
flocks,  when  ratanhine  triturated  with  a  small  quantity  of  water  is  mixed  by  dtom 
with  dilute  nitric  acid^  and  heated  to  the  boiling-point,  the  liquid  becomes  rose-red, 
then  ruby-red,  then  gives  off  gas  and  assumes  a  deep  indieo-blue  colour,  dne  to  the 
formation  of  resinous  bodies.  This  coloration  is  perceptible  eyen  to  the  60,000tfa 
degree  of  dilution.  With  a  larger  quantity  of  nitric  add,  more  complete  deeompoeitioa 
takes  place.  Katanhine  moistened  with  water  is  coloured  rose-red  to  violet-red  bj 
nitrous  acid,  and  with  a  larger  quantity  of  water,  a  blue  or  green  solution  is  ultimately 
formed. 

Katanhine,  like  tyrosine,  unites  both  with  mineral  acids  and  with  alkalis :  it  decom- 
poses the  carbonates  of  the  alkaline  earths.  A  solution  of  ratanhine  in  baryta-wat« 
deposits  part  of  the  ratanhine  unaltered,  while  the  compound  C**H"Ba'77C)'  zemains 
dissolved. 

Hydrochlorate  of  ratanhine,  C'*H"N0*.HC1,  crystallises  by  spontaneous  eraporatkm 
in  colourless  acid  prisms  or  laminse,  which  are  decomposed  by  water  or  alcohol,  with 
separation  of  ratanhin& 

Batankine'sulphuric  or  Sulpho-raianhic  acid. — The  dark-red  solution  of  ratanhine 
in  6  pts.  of  warm  concentrated  sulphuric  add  becomes  colourless  on  dilution,  and  if 
then  neutralised  with  carbonate  of  barium,  deposits  slender  silky  needles  of  the  sall^ 
C**H"Ba''NO'.SO'.|H*0,  and  the  mother-liquor  dries  up  to  an  amorphous  mass,  con- 
sisting chiefly  of  the  salt  C"H"Ba"N«0«.8K)«.6H«0.  The  add  O'^H^NSC,  or 
C**H*'NO'.SH*0*,  separated  from  the  latter  salt  by  sulphuric  add,  erystallises  fWm 
absolute  alcohol  in  large  colourless  square  plates.  Both  the  adds  and  their  barium- 
salts  react  with  ferric  chloride  like  tyroeine-sulphuric  add,  producing  a  splendid  tiqIsI 
coloration. 


A  granular  or  earthy  blue  variety  of  fluor-spar,  mixed  with 
day,  fh>m  Ratoffka  in  Russia. 

XAUSSZTB.  A  mineral,  apparently  allied  to  esmarkite,  from  Raumo,  in  Finland* 
containing,  according  to  Bonsdoi^,  43*0  per  cent,  silica,  19*0  alumina,  19*2  fenie  oxide^ 
12*55  magnesia^  and  6*9  water,  (Rammelsb.  Mineralch.  p.  836.) 

SAZOMOnsXXVa  An  argillaceous  substance  from  Kosemuth  in  Silesia,  con- 
taining, according  to  Gellner,  64*60  per  cent,  silica,  27*26  alumina,  2*00  lime^  0*87 
magnesia,  0*26  ferric  oxide,  and  14*26  water  (  »  98*62). 

Native  protosulphide  of  arsenic,  AsS  (i.  886). 

The  concentration  of  a  volatile  substance  by  distillation. 

Native  oinrsulphide  of  antimony,  or  Kermesite,  Sb'OS' 
(iiL  446). 

BBS  CXAUBv  or  BBBDUL  Earthy  zed  hsematite  having  a  flat  oondioSdBl 
fimcture ;  used  as  drawing  chalk. 

COFFSB-OXB.    Native  cuprous  oxide  (iL  70). 

k    See  Dtbdio  (ii  866). 

lTITSv  or  BBB  Ttunn  OMMm   Native  anhydrous  ferric  oxide  (iiL 
887, 898).       . 

BBS  ZBOW-VITBXO&f  or  Boiryogen,  Native  ferroso-ferric  sulphate  from 
Fahlun  (i  651). 

\t  or  Mimwn,    Red  oxide  of  lead  (iii  661). 

or  Crocoitite,    Native  chromate  of  lead  (L  934). 

or  DidUogiU.    Native  carbonate  of  manganese  (L  789). 

OOBBB*  Red  hsmatite  of  a  soft  earthv  consistence.  The  same  name  is 
applied  to  a  pigment  prepared  by  caldning  yellow  ochre  (day  containing  ferrio 
hydrate). 

BBB  KCMKBVTSv  The  red  pigments  most  commonly  used  are  red  oxide  of 
lion  in  various  states,  red  oxide  of  lead,  and  Vermillion.  Indian  red  is  pure  red 
hematite  flndy  ground.    The  same  name  is  applied  to  a  dark-red  ferric  silicate  from 
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the  Fenian  Gul^  also  used  as  a  pigmoit.  Vtnetian  red  and  edteothar  are  coaner 
Tarieties  of  red  hematite. — Red  ockire  (rid.  sup.).  Bole  of  ArmenuL  ia  a  red  oxide  of 
iron  mixed  with  day. — Respecting  red  lead  or  minium,  see  La^D  (iii.  651).  A  fine 
red-hroum  is  obtained  by  mixing  nd  lead  with  ferric  oxide.  Vermillion  is  mercuric 
■ulphide  prepared  by  snblimation  (iii.  913).  Natire  cinnabar  is  of  a  duller  red  colour. 
-—Antimoni/'Vermillion,  a  sulphide  of  autimony  prepared  by  precipitating  an  antimooy- 
•alt  with  an  alkaline  hyposulphite,  generally  with  hyposulphite  of  calcium,  is  a  very 
solid  red  colour,  little  subject  to  change  except  by  the  action  of  strong  alkalis.  When 
triturated  with  drying  oils,  it  acquires  great  yivacity  and  lustre,  and  forms  an  oll-colour 
well  adapted  for  house  and  furniture  painting  (Hofmann's  Exhibition  Report,  1862, 
p.  79). — Realgar,  or  natiye  red  sulplude  of  arsenic,  is  also  used  as  a  red  pigment. — 
Mercuric  iodide  affords  a  splendid  scarlet,  but  it  is  yery  liable  to  change  by  the  action 
of  light — Cobalt-rose  is  a  fine  rose-colour  obtained  by  calcining  nitrate  of  cobalt  with 
magnesia. — Arsenate  of  cobalt,  both  the  natiye  yariety  and  that  which  is  prepared  by 
calcining  the  arsenio-sulphide  of  cobalt  in  contact  with  the  air,  affords  a  ye^  rich  and 
permanent  red  colour;  but  it  is  yery  poisonous. — ^Various  red  lakes  are  prepared  by 
precipitating  inAisions  of  madder,  cochineal,  and  brasil-wood  with  solutions  of  alumina, 
(i.  666,  804;  iii.  466,  760.  See  also  Ckimie  des  Couleurs,^eii  J.  Lefort,  Paris, 
1866,  pp.  133—196.) 

Mb    See  Fboustitb  (iy.  740),  and  Fxbasotbitb  (iy.  763). 

or  Biberiie,    Natiye  cobalt-sulphate.    (See  Svlphatbs.) 

or  Zmctto.    Oxide  of  ainc  containing  manganese.    (See  Zncc.) 

Syn.  with  Red  Chalk. 

or  Copper-glance,    Natiye  euprons  sulphide  (i.  74). 


The  abstraction  of  an  electro-neeatiye  from,  or  addition  of  an 
electio-positiye  element  to,  any  compound:  thus  an  oxide  deoxidised  by  the  action  of 
hydrogen,  charcoal,  &c.,  is  said  to  be  reduced:  the  addition  of  hydrogen  to  an  organic 
compound,  by  the  action  of  sodium-amalgam,  &c,  is  also  called  an  operation  of 
reduction. 

BaiXaCTZOV  and  BSraAOTZOV.    See  Lioht  (iii.  608). 

XBGUXim*  A  metal  reduced  from  its  oxide  or  other  compound  by  fhsion  with  a 
reducing  agent. 

SBZSar^  8A&T8.  The  diammonio-  and  tetrammonio-  platinous  salts,  dis- 
eoyered  by  Reiset  (iy.  678). 

BSZSSACBX&zra.  A  brown-black  spring-deposit,  occurring  between  slabs  of 
gneiss  at  Wildbad-Gastein,  and  containing,  acoorcling  to  Ho r nig,  84*16  per  cent, 
manganic  oxide,  14*16  ferric  oxide,  7*69  (^cio  carbonate,  16*9  water,  and  27*27  sand. 
(Rammelsb.  Mineralch.,  p.  1008). 

KBMUi  GTOmCTB.  Hydrated  carbonate  of  cobalt,  occurring  as  a  roee^oloured 
incrustation  at  Finksburg,  in  Maryland  (i  782). 

Syn.  with  AtacjlXITB  (i  429). 

A  mineral  haying  the  composidon  of  talc,  but  the  oys- 
talline  form  of  augite.  It  has  a  fine  compart  texture,  is  unctuous  to  the  touchy 
translucent,  and  of  a  grey,  whitish,  greenish,  brownish,  or  sometimes  black  colour. 
Hardness  «  3*4.  Specific  grayity  »  2*87.  On  account  of  its  softness,  translucency, 
and  fine  texture,  it  is  workeid  in  the  lathe  into  inkstands  and  other  forms.  It  occurs 
oyer  large  areas  in  Northern  New  York.  Two  spedmens  analysed  by  T.  S.  Hunt 
(Jahresb.  1868,  p.  743),  a  from  Gbenyille  in  Canada^  6  from  Canton,  New  York,  gaye 
the  following  results : — 

810*.  MgO.  FcO.  H'O. 

a.  61*60  81*06  1*63  6*60     -       99*79 

6.  61*10  31*68  1*62  6*60     -       99*96 

A  term  applied  both  to  realgar  and  to  orpiment. 

LCZD*     A  ciystallisable  add  resin  obtained,  together  with 
other  products,  from  the  root  of  butter-bur  (TussUago  Petasites),   See  Tussilaoo. 

MMUMJLTBBm  A  general  name  for  the  salts  of  the  acids  obtained  from  turpen- 
tine—yiz.,  {nrlyic,  pinic,  and  pimario  acid  (q.v,).  The  general  formula  of  these  salts 
%n  C"H»MO«  and  C^^^'M"©*. 


9  or  BaSXirova.    This  name  is  giyen  by  Fr^my  to  a  hydro- 
'bon  (probably  impnn  colophene,  i.  1086)  obtained  by  tne  dry  distillation  of 
oolophony. 
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MWtUEKMm  A  dais  of  oomponnds  of  vegetable  origm,  ehaneteriied  hj  being  im^ 
luble  in  water,  mostly  soluble  in  alcohol,  uncrystallisable,  and  softening  or  meltiDg  at  a 
moderate  heat.    They  may  be  divided  into — 

1.  Resins  which  anuU  spontaneously  fh>m  plants,  or  from  inciaions  in  the  atenii 
and  branches,  and  harden  on  exposure  to  the  air.  These  are  mostly  mizturefly  sometimes 
containing  considerable  quantities  of  gum  or  mucilage  (  Gum^rerifu)^  or  of  Tolatile  oil 
(Balsams),  They  are  for  the  most  part  produced  by  the  oxidation  of  Tolatile  oils 
secreted  by  the  plant. 

2.  Oxidised  Fossil  Resins ,  occurring  in  beds  of  coal  lignite,  ice,  and  apparently 
produced  in  a  similar  manner  from  pLmts  of  a  bygone  age.  The  term  foasil  reain  is 
sometimes,  but  inappropriately,  extended  to  certain  hydrocarbons^  such  ma  aeheemits^ 
ozokerite,  &c.,  occurring  in  similar  localities. 

3.  Resins  extracted  from  plants  by  alcohol,  and  consisting  in  many  canes  of  definits 
proximate  principles. 

Resinous  bodies  are  also  produced,  artificially,  by  the  oxidation  of  Tolatile  oils  ia 
contact  with  air,  or  by  the  action  of  nitric  acid ;  in  the  desiccation  of  drying  oils ;  ia 
the  decomposition  of  alcohol,  aldehyde,  and  similar  compounds  by  potash,  and  in  tha 
dry  distillation  of  many  organic  compounds. 

Natural  resins  may  b^  freed  from  admixed  volatile  oil  by  exposure  to  the  air,  by 
boiling  with  water,  or  by  fusion ;  giunmyor  mucilaginous  substances  may  be  eztzacted 
from  them  by  water. — ^When  a  resin  has  been  extracted  from  a  plant  oy  hot  alcohol 
or  ether,  the  solution  on  coolins  deposits  the  greater  part  of  the  wax  or  fSit  contained  in 
it;  and  if  it  be  then  distilled  with  water,  the  reain  remains  behind, and  maybe  fruthcr 
purified  by  washing  with  water. 

The  products  thus  obtained  frequently  retain  small  quantities  of  add,  ftt,  Tolatils 
oil,  colouring-matter,  &c.,  and  may  in  some  cases  be  resolved  into  two  or  more  Tcsini^ 
differing  in  composition  and  properties. 

Resins  are  transparent  or  tranlBlucent ;  a  few  are  colourless,  but  the  sreater  nnmber 
are  yellow,  brown,  or  otherwise  coloured.  Some  of  them  are  hard  and  friable,  a  few 
are  crystalline ;  others  are  soft  and  greasy,  or  elastic  like  caoutchouc.  They  become 
electric  by  friction.  When  heated  they  soften  or  melt,  mostly  without  decomposition,  to 
a  thick  tenacious  liquid,  generally  more  viscid  than  melted  fat.  They  are  not  volatile, 
but  when  strongly  heated,  they  carbonise,  and  give  off  carbonic  anhydride,  water, 
gaseous  hydrocarbons,  and  volatile  oils  varying  greatly  in  composition.  (See  Coi/>pnoinr, 
L  1087.) 

Resins  are  insoluble  in  footer;  most  of  them  dissolve  freely  in  cold  alcokol,  sodm 
scarcely  at  all,  or  only  in  hot  aloohoL  The  alcoholic  solutions,  when  exposed  to  the 
air,  give  off  the  alcohol,  and  leave  the  resin  in  the  form  of  a  varnish.  They  are  ren- 
dered milky  by  water,  from  separation  of  the  resin ;  more  complete  separation  is 
effected  bv  mineral  acids.  Most  resins  are  soluble  in  ether.  Volatile  oils  likewise 
dissolve  them,  and  the  solutions,  on  exposure  to  the  air,  leave  first  a  balsam-like  mass^ 
then  the  resin.  Resins  may  be  melted  together  with  fats ;  their  solutiona  in  drying 
oils  harden  in  contact  with  we  air. 

Resins  are  either  neutral  or  acid.  The  former,  when  dissolved  in  alcohol,  do  not 
redden  litmus,  and  they  are  insoluble  or  only  sparingly  soluble  in  alkalis.*' The  latter, 
which  are  the  more  numerous,  redden  litmus  in  alcoholic  solution,  and  dissolve  in 
caustic  alkalis  and  alkaline  carbonates,  the  solutions,  when  evaporated,  leaving  amor- 
phous masses,  called  resin -soaps,  often  precipitable  frx)m  the  solution  by  excess  ctt 
alkali.  Common  yellow  soap  consists  of  tidlow-soap  mixed  with  a  resin-soap,  formed 
by  dissolving  colophony  in  caustic  soda  or  carbonate  of  sodium.  By  decomposing  the 
solutions  of  the  resin-soaps  with  metallic  salts,  compounds,  of  the  acid  resin  irith 
metallic  oxides  are  formed,  for  the  most  part  insoluble  in  water. 

Resins  are  used  for  a  variety  of  purposes.  Their  solutions  in  alcohol,  oil  of  turpen- 
tine, and  drying  fat  oils,  yield  the  several  kinds  of  varnish  used  for  covering  wood, 
metal,  &c  with  a  thin  but  impermeable  coating,  in  order  to  protect  them  from  air  and 
moisture.  Spirit-varnishes  are  the  most  briUiant^  but  also  the  most  brittle ;  their 
rigidity  may  be  diminished  by  the  addition  of  oil  of  turpentine.  The  resins  commcmly 
used  for  varnishes  are  copal,  elemi,  lac  in  scales,  mastic,  and  sandarach. 

The  following  is  a  list  of  the  natural  resins,  showing,  except  in  the  case  of  the  fossil 
resins,  the  plants  from  which  they  are  derived : — 

Resins  sxtdikg  from  Plamts. 

a.  Containing  Benzoic  or  Cinnamic  acid. 


1.  Acaroid  resin,  from  Xanthorrhaa 

hastilis. 

2.  Benzoin,  from  Stt/rax  Benzoin. 

S.  DragonV-blood,  Oriental,  from  Cala- 
mus Draco, 


Dragon's-blood,  Canarian,  from  J)rm^ 

eana  Draco, 
Dragon's  -  blood,     American,    ftoa 

Pterocarpus  Draco, 
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Qmtainmg  Bentoio  and  Cinnamie  Acid  (oontamied). 


4.  Pen  Ba]«mi,  from  ilfyriMry^jMritt- 

feruim, 
A.  liaoidStonz,  American,  from  Zi^m- 

aambar  ttyracifiua, 
6.  Liquid  Storaz,  Oriental,  from  Liqw* 

dambar  AUififfia. 


7.  Solid  Storaz,  from  Styrax  offiemaUt, 

8.  Tola   Balsam,    fit>m    Myrospermum 

toluifemm  or  fnUeaoens, 

9.  Mecca  Balsam,   from   OpobaUamum 

terum,  8,MUeadense, 


fi.  Not  containing  Bm£oie  or  Cinnamie  Acid, 


1.  Alonchi  resin,  from  a  tree  growing 
in  Madagascar. 

5.  Ghim   ammoniacnm,    from   Jhrema 

ammoniacum, 

3.  Anime  resin,  from  HymentM  Qmr* 

barU, 

4.  Arbol-a-Brea,     from      Canarium 

album? 

6.  Asafcetida,  from  Ferula  Asqfatida. 

6.  Bdellium,     from     Balsamodendron 

(yarious  spedes). 

7.  Betulin,  from  Betula  alba. 

8.  Caranna,    from    Amyria    earanna, 

Bursera  ffummf/era  or  acuTninata, 

9.  Ceradia  resin,  from  (>ra<2ia/tf ft»i!a. 

10.  Copaiba  balsam,  from  Tariousspecise 

<k  Cowu/era, 

11.  Copal,  Brazilian  orWest  Indian,  from 

Hymenaa  Courbaril, 
Copfd,  African  and  East  Indian,  from 
Bymenaa   verrueoM  or  EUMoarpus 

eopoHferus, 
Copal,  North  American,  from  Ehu$ 

copallina. 
Dammara  resin,   Australian,   from 

Dammara  auatraliB. 
Dammara  resin,  East  Indian,   from 

Pinus  Dammara  or  Dammara  alba. 

13.  Elemi,  from  Amyria  or  Idea  (rarious 

species). 

14.  Euphorbium,  from  Euphorbia  offici' 

narum^anHquorum^  ^SkdicanarienMs. 
1 6.  Oalbanum,  from  Babon  Galbanum  ? 
16.  Gamboge,  from  Stalagmites  eambo' 

gUndes    or  Sebradendron  eocAtn- 

ehinenae. 


17. 

18. 
19. 

20. 
21. 

22. 

23. 


24. 
25. 
26. 

27. 

28. 

29. 


I 


30. 
31. 

32. 
33. 
84. 
85. 

36. 


87. 


Gomart  resin,  from  Buraeragummi* 

/era, 
Ouaiacum,  from  Chtaiacum  officinale, 
Idca-resin,  from  Tarious  species  o^ 

Idea. 
Ivy-resin,  from  Hedera  Bdix, 
JaJap-resins,     from       Conwlvulua 

SchiedanuSt  &c 
Labdanum  or  Ladanum,  from  Oiatua 

eretieus, 
Lac,  from  Aleuritea  tacdfera^  CroUm 

aromatieuSf  Butea  frondoeaf  Fieus 

religioaaf  and  Zisyphus  Jujuba. 
Laetia-resin,  from  Laetia  resinosa, 
Masopin,  from  a  Mexican  tree. 
Mastic,  from  Pistaeia  Lentiseua, 
Maynas,  from  Calophyllum  Calaba. 
Myrrh,       fr!om       Baliomodendron 

Myrrha. 
Olibanum  or  Incense,  Indian,  from 

BoawdUa  eerrata. 
Olibanum  or  Incense,  Arabian,  from 

Amyria  Kaiaf. 
Opoponax,  from  Ferula  Opoponax, 
Palm-'wax  (Gem  de  Palma),  from 

Ceroxylon  andicola. 
Pasto-resin,  from  a  Mexican  tree. 
Sagapenum,  from  Ferula  peraica, 
Sandarach,  from  71^'a  ariieulat€u 
Scammony,  from  Contfolvtdua  Bcan^ 

monium  and  other  species. 
Tacamahac,     West    Indian,    from 

Amyria  tomentoaa. 
Tacamahac,  East  Indian,  from  Calo' 

phyllum  Inophyllum, 
Turpentine,  from  coniferous  trees. 


B.  Fossil  Rbsims  (containing  oxygen). — Amber,  Ambrite,  Anthracoxene,  Asphalt, 
Berengelite,  Boloretin,  Bucaramanga-resin,  Copalin,  Euosmite,  Fossil  Caoutchouc, 
Guayaquillite,  Hartin,  Inolyte,  Jaulmgite,  Krantsite,  Melanchym,  Middletonite,  Peat- 
resins,  Piauaite,  Pyroretin,  Retinasphalt,  Retinite  or  Walchovite,  Sderetinite,  Resin 
from  Settling  Stones  in  Northumberland,  Tasmannite,  Xyloretin,  Resins  from  the 
Ijgnite  of  Weissenf^ — yis.,  Geooeram,  Gtoocericadd,  Gkocerinone,  Geomyrioin,  Geocerie 
acid,  Leucopetrin. 

C.    Rasnra  sxTKAcm)  fbom  Plaxts  bt  Alcohol. 

Nearly  all  plants  ^eld  resins  when  thus  treated.  Among  them  may  be  mentioned 
the  resins  of  Angelica-root,  Indian  hemp,  Cnbebs,  Manna,  Poplar-buds,  Butter-bnr 
(  Tuaailago  Fetaaitea),  Spanish  pepper  (capsidn).  Squill  (  SciUa  mariHma),  and  Tuxpethum 
(ipomaa  Turpethum). 

Most  of  the  resins  aboTe  enumerated  have  been  or  will  be  described  in  thor  alpha- , 
betical  places.    Some  are  not  suffidently  important  to  require  special  description.    We 
giTe  here  a  few  that  have  been  omitted.    (See  further  GmaUn'a  Handhook,  xrii.  382 — 
455): 

1.  Qum  Ammoniacum, — This  gum-resin  exudes  from  an  umbeUifeions  plant  (Dorema 
ammmiiacum,  Don. ;  Heradeum  gummiferum,  Willd.)  growing  in  the  ncxrthem  parts  of . 
Persia  and  Armenia.    It  ocean  in  commerce,  sometimes  in  white,  yeUow,  or  reddish 
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gnins  of  Tarious  tUstm,  tometimeB  in  cakee  mixed  with  sand  and  sairdngt.  It  liai  A 
strong  disagreeable  odonr,  resembling  that  of  earlie  and  of  castorenm,  and  arisiiig  ftom 
the  presence  of  an  essential  oil  (pr^bly  suphnretted),  which  may  be  septarated  hf 
^stillation  with  water.  It  softens  at  the  heat  of  the  hand,  and  becomes  raittle  when 
eooled.  Spedfic  gravity  «■  1*207.  It  contains,  according  to  Bncholz,  72*0  peir  oeot. 
resin,  22*4  soluble  gum,  1*6  bassorin,  and  4*0  Tolatile  oil  and  water;  acoozding  to 
Braconnot,  70*0  resin,  18*4  soluble  gum,  4*4  bassorin,  7*2  volatile  oil  and  water. 

By  digesting  gum-ammoniacum  with  alcohol,  a  dear  yellow  solution  is  obtained, 
which  yields  by  eyaporation  a  transparent  nearly  colourless  resin,  containing,  according 
to  Johnston,  71*9  per  cent,  carbon,  7*6  hydrogen,  and  20*5  oxygen.  By  heating  this 
resin  to  130  as  long  as  it  gives  off  vapour,  another  resin  is  obtained  containing  mors 
carbon. 

2.  Sesin  of  Ceradia  furcata. — This  plant,  growing  on  the  coast  of  Africa,  opposite 
the  island  of  Ichaboe,  yields  an  amber-coloured  resin,  having  the  odour  of  olibanom, 
and  a  specific  gravity  of  1*197.  It  appears  to  have  the  composition  of  the  turpentine 
resiDS,  C»H*0«. 

8.  Gomart-resin,  from  Bursera  gummtfera. — Solid,  dry,  rather  soft  in  the  middle, 
nearly  white,  and  of  crystalline  structure,  exhibiting  cavities  lined  with  shining  crystals, 
dightly  fusible ;  spreads  out  on  boiling  water  in  adhesive  grains.  The  odour  is  inter- 
m^iate  between  that  of  turpentine  and  that  of  elemi.  Yields  by  distillation  with 
water,  a  transparent  colourless  volatile  oil,  having  the  odour  and  compodtion  of  turpen- 
tine-oil,  C**H**,  vapour  density  »  4*7,  and  forming  with  hydrochloric  acid  gas  a 
hydrochlorate,  C'*H**.2HC1,  which  crystallises  in  daiszling  white  silky  needles. 

4.  Itfy-resin,  from  Hedera  Helix, — Bed-brown  or  greenish  brittle  lumps,  having  a 
specific  gravity  of  1*294  (Brisson).  Has  a  fiBiint  aromatic  taste  and  odour.  Contains, 
according  to  PeUetier,  23  per  cent,  reain,  7  gum,  70  woody  fibre,  with  malic  add  and 
salts.  It  bums  with  a  bright  fiame  and  agreeable  odour;  yields  by  dry  distillation, 
first  add,  then  ammoniacal  water,  together  with  yellow  and  red  oiL 

5.  Besin  of  LaXtia  rennoM.— Small  yellowish-white,  transparent,  green,  brittle 
grains,  with  conchoidal  fracture.  Has  a  niint  aromatic  odour.  Yields  a  small  quan- 
tity of  volatile  oil  by  distillation  with  water.  When  heated,  it  melts,  swells  np,  bonis 
with  a  white  very  smoky  flame,  leaving  a  bituminous  cinder.  Dissolves  completely  in 
boiling  alcohol,  and  putly  separates  on  cooling.  (Maoaire-Frinsep^  BiU.  imiv. 
zlv.  431.) 

IBtMMOWCtMm  CRK)^. — A,  oomponnd  homologous  with  ordn  (CH^'O*)  produced 
by  the  action  of  potash  on  galbanum  (iv.  215). 

MMM9TBJLTZOWm  All  animals,  so  fiir  as  we  know,  have  need  of  oxygen  in  order 
that  the  oxidative  processes,  whereby  thdr  life  is  manifested,  may  be  carried  on.  Some, 
the  so-called  air-breathinff  animals,  obtain  the  oxygen  they  require  from  the  atmo- 
sphere ;  others,  the  so-calkd  aquatic  animals,  live  on  the  free  oxygen  always  to  be 
found  in  those  waters  which  are  capable  of  supporting  life.  In  order  to  bring  the 
oxygen-bearing  medium  into  dose  contact  with  the  blood  or  internal  juices  of  the  body, 
a  spedal  mechanism  is  in  most  cases  provided.  Thus  in  man,  by  the  alternate  ex- 
pansion and  relaxation  of  the  chest- walls,  a  quantity  of  air  is  altematdy  drawn  into  and 
driven  out  of  hollow  organs  called  lungs,  situated  in  the  chest,  but  having  a  direct 
connection  with  the  external  air;  by  means  of  bloodvessels  ramifying  overuie  Innga^ 
the  blood  is  brought  very  near  to  the  air.  Similar  orfi;ans,  with  various  modifications, 
are  found  in  all  the  higher  and  in  some  of  the  lower  air-breathine  animals.  In  other 
cases,  e.  g.  insects,  air  is  carried  by  means  of  ramifying  tubes  8&  over  the  body.  In 
many  aquatic  animals  the  blood  or  nutritive  fiuid  is  made  to  pass  into  or  through 
oigans  called  gills,  so  constructed  that  the  water  in  which  the  animal  is  living  is  sepa- 
rated from  the  blood  or  nutritive  fluid  by  a  very  thin  membrane  only.  In  others  water 
is  carried  by  canals  (water- vascular  organs),  by  a  system  of  irrigation  as  it  were,  through 
a  smaller  or  larger  portion  of  the  body.  Finally,  all  animals  are  capable,  to  a  greater 
or  less  extent,  of  acting  upon  and  being  acted  upon  by  the  surrounding  oxygen-bearii 
medium,  be  it  air  or  water,  through  the  external  surface  of  their  bodies  and  throui 
tiie  walls  ci  various  cavities  ^digestive,  &&).  In  many  of  the  lower  animals  this  is  tl 
only  way  in  which  oxygenation  takes  placKB,  no  specud  organ  of  any  kind  being  pro- 
vided for  that  purpose. 

The  word  breathing  or  respiration  was  at  first  used  to  denote  the  visible  play 
of  the  mechanism,  whereby  the  oxygen-bearing  medium  was  brought  near  to  the  fiuida 
of  the  economy, — ^namely,  the  driving  air  into  (inspiration)  and  out  of  the  lungs 
(expiration),  or  analogous  functions,  in  other  animals,  —and  is  still  often  employed 
in  this  limited  sense.  Inasmuch,  however,  as  a  particular  respiratory  mechanism  is 
not  essential  to  the  guning  of  oxygen,  while  the  gaining  of  oxygen  is  the  end  of 
«yery  respiratory  mec^nism,  it  has  become  a  habit  to  consider  respiration  to  mean 
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the  abflorptioQ  of  free  ozygen  by  any  meaiiB  whateoerer.  And  sinoe  it  8o  htppens  tliac 
at  the  same  time  and  plMe,  and  Ijj  the  same  oiganB  that  Qzygen  ia  taken  into  the 
economy,  carbonic  add  is  alao  giyen  oat  from  it,  and  other  changes  of  gases  possibly 
take  place,  the  term  has  aoqnired  the  still  wider  signiflcatioB  oi  "  the  interchange 
between  the  gases  of  an  organism,  and  the  gases  of  the  medium  in  which  it  lives." 

Theory  of  Respiration, 

The  ancients  were  for  the  most  part  agreed  that  the  ^reat  use  of  breathing  was  to 
cool  the  longs  and  moderate  the  heat  generated  in  the  viscera ;  and  this  opinion  main- 
tained its  groand,  to  a  great  extent,  through  the  middle  ages  into  modem  times,  in  spite 
of  the  anatomical  and  pDysiological  labours  of  Vesalius  and  Harvey.  The  observations 
of  Van  Helmont  (1648),  on  the  unfitness  of  pas  sylvestre  for  breathiog  purposes ;  of 
Boyle  (1670),  on  the  necessity  of  air  for  the  respiration,  not  only  of  all  terrestrial  but 
also  of  aquatic  creatures,  and  on  the  unfitness  of  respired  air  for  further  respiration ;  of 
Hook  (1664)  on  artificial  respiration ;  and  of  Lower  (1669),  on  the  change  of  colour  to 
be  observed  in  blood  while  passing  through  the  lungs,  prepared  the  way  for  the  striking 
views  of  John  Mayow  (1674V  This  young  physiologist  recognised,  as  a  constituent 
of  atmospheric  air,  of  nitre,  ana  of  other  sulMtances,  and  as  a  necessary  &ctor  of  com- 
bustion, a  something  which  he  calls  epiritta  mtrodereus  or  partictUa  nitroderea  sitfe 
ianeoaHheiB,  and  by  which  he  evidently  meant  what  we  now  call  oxygen.  He  observed 
that  by  respiration,  as  by  combustion,  air  was  deprived  of  its  particula  nUroaSrem ; 
and  he  was  the  first  to  remark  that  when  animals  were  made  to  breathe  in  a  limited 
space,  as  in  a  bell-jar  over  mercury,  the  volume  of  the  air  was  lessened.  He  main- 
tained that  the  use  of  respiration  was  not  to  cool  the  blood,  or  to  promot<e  the  transit 
of  that  fluid  throu^  the  lungs,  or  to  encourage  a  due  mixture  of  its  component  parts, 
but  to  supply  it  with  the  particuia  nitroderett ;  and  he  was  of  opinion  that  these  par* 
ticuhe,  embraced  by  the  blood  and  carried  by  it  to  the  muscles,  entered  into  sudi  a 
violent  molecular  conflict  with  the  combustible  or  (as  he  calls  it)  sulphureous  material 
there  stored  up,  as  to  produce  the  phenomena  of  muscular  contraction.  With  these 
views  Mayow  mixed  up  many  crude  and  immature  ideas,  from  which,  had  he  lived 
longer  (he  died  A.D.  1679,  set.  33)  he  might  have  freed  himself.  His  great  lack  was 
the  failing  to  recognise  that  in  respiration  (and  combustion)  there  was  something 

Sroduced  as  well  as  consumed.  This,  however,  was  not  folly  shown  until  Black  (1767) 
emonstrated  the  existence  of  carbonic  acid  in  expired  Ka.  The  next  step  was  made 
by  Priestley,  who  showed  (1771)  that  air  which  had  become  unfit  for  respiration  o^ 
combustion,  by  reason  of  animals  having  breathed,  or  candles  having  bumt^  or  substances 
having  putrefied  in  it,  regained  its  lost  propwties  on  being  submitted  to  the  infiuence 
of  h'ving  plants  {On  Air,  2nd  od.  1775).  He  marred  the  good  of  his  discovery  by 
adopting  a  retrograde  theoiy  of  the  nature  of  respiration  and  combustion.  He  main- 
tained ^at  the  carbonic  add  (fixed  air)  of  expired  air  did  not  come  from  the  lungs, 
but  pre-existed  in  common  atmo^heric  air,  and  was  "  predpitated  "  therefrom  byUie 
union  of  the  air  of  inspiration  with  the  phlogiston  (ultunately  derived  from  the  food^ 
which  was  thrown  off  by  the  lungs.  Living  animals  (and  burning  or  putrefjrinff  bodies) 
phlogisticated,  he  said,  and  living  plants  dephlogisticated  common  ab.  I^estky,  how- 
ever, prepared  the  overthrow  of  his  own  views  by  the  discovery  of  oxygen  (1774-5). 
Through  experiments  made  in  1777,  but  not  published  till  1779,  Crawford  (Animal 
Heat,  2nd  ea.  1788)  was  led  to  connect  animal  heat  with  respiration.  He  says  (p.  361): 
"  The  pure  air  is  received  into  the  lunp^s  containing  a  great  quantity  of  elementary  fire ; 
the  blood  is  returned  from  the  extrenuties  impregnated  with  the  inflammable  prindple; 
the  attraction  of  pure  air  to  the  latter  prindple  is  greater  than  that  of  the  blood.  This 
prindple  will  therefore  leave  the  blood  to  combine  with  the  air ;  by  this  oombination 
theair  is  obliged  to  deposit  a  part  of  its  elementary  fire;  and  as  the  capad^  of  the  blood 
is  at  the  same  moment  increased,  it  will  instantly  absorb  that  portion  of  fire  which  had 
been  detached  from  the  air.  The  arterial  blood,  in  its  passage  through  the  capiUaij 
vessels,  is  again  impregnated  with  the  infiammable  prindple,  in  consequence  of  whidi 
its  capadty  for  heat  is  diminished.  It  will  therefore,  in  the  course  of  the  drculatioUt 
ipradually  give  out  the  heat  which  it  had  recdved  in  the  lunss,  and  diffuse  it  oven 
the  whole  system.  Thus,  in  respiration,  the  blood  is  continuaUy  dischaiging  the  in 
flammable  prindple,  and  absorbing  heat,  and  in  the  course  of  the  dicnlation  is  eon- 
tinually  imoibing  this  prindple  and  emitting  heat.** 

Meanwhile  the  true  theory  of  respiration  had  been  more  dearly  and  distinctly  pro- 
pounded by  Lavoisier,  who,  Ibllowing  up  his  investigations  on  oxidation  and  on  the 
constitution  of  air,  in  1777  (Bixpirimof  tur  la  Beapiratton  des  aninutux  ei  sur  let  ekanao' 
wtents  qui  arrivent  a  Fair  en  pageant  par  leurpoumon,  M^moire  loe  k  TAoad^mie  dee 
Sdenoes  le  3  Mai  1777r  CSuvree,  m.  imp.  174^  demonstrated  that  animals  by  the 
act  of  breathing  took  away  from  the  atmosphere  oxyffen  (Fair  hminement  re»pirabU\ 
And  loaded  it  with  carbonic  add  (Faeide  erayeux  dtfyorme).    He  hcdtated  to  deddt 
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whether  th«  ozjgvii  was  eonTortad  into  otrbonie  add  while  piBsiiig  in  and  out  oH  thS 
lunga,  or  whether  oxygen  was  absorbed  into,  and  carbonic  add  exhaled  frosn^  th» 
blocd  dnrinff  its  passage  throigh  the  hinn ;  bat  inclined  to  the  former  opinion. 
In  1780  he  snowed,  in  ooi^'nnction  with  La  Place  (M^moire  sar  la  Chaleur,  ArL  It^ 
(EuTres,  ^  imp.  .ii.  288),  that  by  &r  the  larger  portion  of  the  heat  given  oat  by 
animab  daring  a  given  period  ooold  be  accoonted  for  by  considering  it  to  be  dae  to 
the  oombostion  of  a  quantity  of  carbon  sufficient  to  produce  the  carbonic  add  exhaled 
during  the  same  time.  In  1786  {AUirationa  mikprcuvt  Voir  respiri,  (EuTres,  M. 
imp.  ii.  676),  be  recognised  that  the  whole  of  tne  oxygen  which  disappeared  daring 
ftspiration,  did  not  return  in  the  form  of  carbonic  add ;  and  while  admitting  the  pos- 
sibility of  the  missing  portion  having  **  combined  with  the  blood,"  thought  it  morb 
probable  that  it  unitra  with  hydrogen  in  the  lungs  to  form  water.  He  bad  by  this 
time  definitively  adopted  the  theory  that  the  formation  of  carbonic  add  took  place  in 
the  lungs,  and  in  a  memoir  published  in  1790  {Premier  Memoire  surla  Tranapirathn  des 
'AnimauXt  pur  S^^uin  et  Lavoisier,  (Euvres,  M.  imp.  ii.  708),  he  gi^es  the  following 
account  of  his  views  on  the  subject.  There  is  continually  tran8u£ng  from  the  bipoa 
through  the  pulmonary  membranes  into  the  air-tubes,  a  humour  which  is  principally 
composed  of  carbon  and  hydrogen.  This  humour,  issuing  from  the  minute  exhalant 
vessels  of  the  lungs  in  a  state  of  very  fine  division,  unites  with  the  oxygen  in  contact  with 
it,  and  is  thus  converted  into  water  and  carbonic  acid.  The  carbonic  add  is  driven  ooft 
by  the  action  of  the  lungs  while  the  accompanying  water  (water  of  respiration),  together 
with  the  water  which  transudes  into  the  air-tubes  along  with  the  hydrowbononi 
respiratory  material  (water  of  pulmonary  transpiration)  is  carried  off  in  the  form  of 
vapour  by  the  heated  air  of  t^e  lungs. 

The  difficulty  felt  in  supposing  that,  while  the  whole  body  is  nearly  of  the  same 
temperature,  combustion  takes  ]^ace  in  one  spot  only,  to  wit  the  lungs,  waa  met  by 
Lavoisier  and  La  Place  with  the  reflection  that  the  rapidity  of  the  drculation,  the 
evaporation  by  the  lungs,  and  an  augmentation  of  the  capacity  for  heat  in  decarbonised 
blood  (theory  of  CrawK>rd),  were  sufficient  to  account  for  the  phenomena.  L agr  a n  ee 
however,  dissatisfied  with  this  explanation,  put  forward  through  Hassenfrats  the 
theory  (which  Lavoisier  had  discarded)  that  oxygen  was  absorbed  into  the  blood,  and, 
during  the  course  of  the  circulation,  combined  with  the  carbon  and  hydrogen  of  that 
fluid,  giving  rise  to  carbonic  add  and  water,  which  were  in  turn  exhided  throogh  the 
lungs.  Lagrange  supported  his  views  by  no  facta  or  experimenta,  and  they  did  not 
meet  with  any  general  acceptance. 

In  1799  H.  Davy  (Beddoe's  Med.  Contrib.  p.  128)  published  a  theory  that  in  the 
act  of  respiration,  phosoxygen,  as  he  called  it,  combined  with  venous  blood,  while  at 
the  same  time  "  caA)onic  acid  and  water  were  liberated,  either  by  the  increase  of  tem- 
perature, or  from  the  superior  affinity  of  phosoxygen  for  venous  blood."  He  was  able 
to  obtain  a  small  quantity  of  carbonic  acid  from  venous,  and  a  very  small  quantity  of 
oxygen  ftom  arterial  blood.  In  1800,  however  {Ttesearehea^  p.  447),  he  had  abandoned 
his  phosoxygen  theory,  and  embraced  the  views  of  Lavoisier,  though  he  was  led,  by  his 
experimenta  on  the  respiration  of  hydrogen  and  nitrous  oxide,  to  believe  that  some  at 
least  of  the  carbonic  acid  of  expired  air  did  not  arise  directly  from  a  combustioin  of 
earbon  in  the  lungs,  but  pre-existed  in  venous  blood,  and  transpired  from  it  throogh 
the  coats  of  the  minute  bloodvessels. 

Spallanzani  (Memoirs  on  Respiration^  by  Sennebier)  in  the  course  of  tome 
experiments  which  were  not  published  until  1803,  found  that  snails  placed  in  an 
atmosphere  of  pure  hydrogen,  still  continued  for  some  time  to  give  off  carbonic  add, 
which  in  this  case  could  not  have  arisen  from  any  direct  combustion  of  carbon.  Singn- 
larly  enough,  he  explained  this  fact  by  supposing  that  carbonic  acid  was  generated  \rr 
the  food  in  the  stomach,  entered  thmce  into  the  blood,  and  so  made  its  way  through 
the  skin  and  lungs. 

These  observations  of  Davy  and  SpaUanzani  were  overlooked  by  physiologists,  until 
W.  F.  Edwards  (Influence  of  Physical  Agents  on  Life,  by  Hodgkin,  p.  226),  showed  itf 
1823  that  Arogs.  fish,  and  infant  mammalia,  when  placed  in  an  atmosphere  of  hydrogen, 
exhaled  a  quantity  of  carbonic  add,  far  too  great  to  be  accounted  for  by  the  oonsomp- 
tion  of  the  small  amount  of  oxygen  still  remaining  in  the  lungs  of  the  ftwiwinU  at  tne 
moment  of  their  being  r^oved  from  atmospheric  air. 

About  this  time,  and  for  some  years  afterwards,  there  may  be  said  to  have  beetf 
three  main  theories  of  respiration  adopted  or  discussed  by  physiologists.  There  waa 
the  theory  of  Lavoisier,  either  in  the  actual  form  in  which  he  enundated  it,  or  thai 
modification  of  it  which  was  more  generally  received  in  England — viz.,  that  thebg^dii^ 
earbonous  material  which  suffered  combustion  in  the  lungs  was  not  secreted  aa  floek 
into  the  air-vesicles,  but  was  oxidised  while  still  in  the  venous  blood  by  meant  cf  tht 
passage  q{  air  or  oxygen  through  the  coats  of  the  bloodvessels.  This,  whieh  Brig|lfcli# 
ealled  the  *^ combustion  **  theory,  obtained  by  isx  the  neatest  amount  of  fi^ipof^ 
indeed  may  still  be  found  in  books  •£  the  present  day.    iLnother  opinion  wii 
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tfitber  sir  M  m  idbln,  or  the  ozYsen  of  il  only,  pttfied  through  thtf  ooAt*  of  thtf  btood-« 
Teasels  and  combined  with  the  blood,  while  at  the  same  time  the  lon^  out  of  the 
hydrocarbonoos  material  with  which  Tenons  blood  was  supposed  to  be  loaded,  deTeloped. 
or  secreted  carbonic  add.    This  "  secretion  "  theoiy,  constructed  chi^y  to  explain  the 
results  of  Edwards,  corroborated  as  they  were  by  those  of  CoUard  de  Martigny,  Berg- 
mann,  Miiller,  &c,  was  embraced  by  a  few  only.    It  is  somewhat  strange  that  the. 
tendencies  of  the  present  day  seem  ncTertheless  to  be  turning  back  to  a  modification, 
of  this  yi^>   Lastly,  there  was  the  old  suggestion  of  Lagrange,  that  oxygen  passing 
by  solution  into  the  blood  was  consumed  in  the  capillaries,  giving  rise  to  carbonic  aucid, 
which  escaped  by  the  lungs.  This  "  diffusion"  theory  was  mostly  rejected  by  reason  of 
the  difficulty  that  was  met  with  in  attempting  to  demonstrate  the  existence  of  free  car- 
bonic add  in  Tenons  or  of  free  oxygen  in  arterial  blood.    Thus  while  H.  BsTy,  Nasse, 
Vogel,   Brande,  Home,   Scudamore,    Collard  de   Martigny,    Maitland,   Vauquelin,; 
SteTens,  Hofinan,  Entschut,  and  Bischof  obtained,  dther  by  heat  or  the  Tacuum,  or 
by  a  current  of  some  indifferent  gas,  cTidence  of  the  existence  of  free  carbonic  acid  in 
Tenous  blood,  J.  DaTy,  Strohmeyer,  Bergmann,  J.  Muller,  and  Tiedemann  with  Gmelin 
andMitscherlich,  failed  to  do  so ;  and  while  H.  DaTy  obtained  a  small  quantity  of  oxy- 
gen from  arterial  blood,  subsequent  obsenrers  were  unsuccessful.    The  **  combustion" 
theoiy  therefore,  in  consequence  of  this  discordance,  retained  its  hold  upon  {rfiysioloffiitts 
until  the  experiments  ofMagnusin  1837,  who  made  an  epoch  in  this  an^'ect  by  defi-- 
nitely  determining  the  gases  of  blood. 

In  his  first  researches  (Pogg.  Ann.  xL  p.  583)  Magnus  repeated  the  experiments 
df  his  predecesson,  who  attempted  to  driTe  off  from  blood  its  frpe  oarbonic  add  by 
means  of  a  stream  of  hydrogen.  By  continuing  the  current  for  24  hours,  he  obtained- 
as  much  as  34  cc  of  carbonic  acid  from  62*9  oc  cd  blood.  Subsequently,  on  obserring 
that  in  using  the  air>pump  blood  could  not  be  made  to  giTe  up  its  gases  until  a  Tery , 
great  exhaustion  had  been  arrived  at,  be  constructed  a  mercurial  air-oump,  and  by 
this  means  was  enabled  to  demonstrate  the  existence  in  both  arterial  and  Tenous  blood 
of  Tery  oonoiderahle  qiymtities  of  oxygen,  nitrogen,  and  carbonic  add: — 
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Hence,  while  both  kinds  of  blood  alike  contain  oxygen  and  carbonic  add,  arterial 
blood  contains  more  oxygen  and  less  oarbonic  add  thui  does  Tenons  blood.  Although 
the  quantities  of  these  gases  thus  obtained  could  not  be  supposed  to  represent  all  the 
gas  really  present  in  a  free  state  in  the  blood,  Magnus  satisfied  himself  that  the 
amount  of  carbonic  add  determined  by  his  experiments  was  suffident  to  account  for- 
the  whole  quantity  giTen  off  by  the  body  in  health.  Further  experiments  (Poggend. 
Ann.  Ixri.  p.  177,  1845)  taught  him  that  blood  shaken  up  in  an  atmosphere  of  oxygen 
will  absorb  from  10  to  12  per  cent,  (of  Tolume)  of  that  gas,  a  quantity  sufficient  to 
account  for  all  the  oxygen  consumed  by  the  economy.  He  was  thus  led  to  adopt, 
in  its  entirety  the  "difiusion"  theory;  and  the  demonstration  of  the  existence 
of  free  gases  in  the  blood  haTing  been  the  one  thing  lacking  to  this  theoiy,  he  was  in 
this  followed  by  nearly  all  physiologists.  He  regarded  the  gases  as  simply  dissoWed 
in  the  blood,  and  explained  the  entrance  of  oxygen  and  the  exit  of  carbonic  add  by  a 
reference  to  theHeniy-Daltonlawof  pressures  (see  Gasbs,  AssoiiFnoNor,  ft  Liquids). 
According  to  this  riew,  which  was  more  folly  elaborated  by  Vierordt  {Phjfaioloffis 
<U»  Athens),  the  carbonic  add  neither  replaces  nor  is  replaced  by  the  oxygen,  but 
both  are  taken  up  and  giTen  off  independently  of  each  other.  (The  idea  (^Valentin 
and  B  runner,  that  the  phenomena  of  respiration  form  an  example  of  Graham's  law  of 
transpiration  of  gases,  was  shown  by  Regnault  and  Reiset  to  be  erroneous  ;  these 
obserTCrs  haTing  proTed  that  in  the  animal  economy  the  ratio  between  the  amount  of 
oxygen  absorbed  and  that  of  the  carbonic  acid  exhaled  is  not  constant).  The  Tenons 
Uoodladen  with  carbonic  add,  on  being  exposed,  during  the  passage  through  the  lungs,. 
to  an  atmosphere  containing  but  little  of  that  gas,  must,  in  obedience  to  the  law  of 
pressures,  giTS  off  a  portion  of  its  earbonic  acid,  and  will  continue  to  do  so  uotil' 
an  equilibrium  is  sstabUriied  between  the  tension  of  the  carbonic  add  in  the  air  of 
the  lungi»  fLWii  the  toudoo  of  oaibonic  add  in  the  blood.  Similariy  Tenons  blood,  poor 
in  oxygen,  on  bdiur  cxpoaed  to  the  air  of  the  lungs,  will  absorb  oxygen  until  an. 
•quJurmm  JiaiCuIUiaalMtWMiillutSBiaionof  oxygen  in  the  air  of  the  lungs,  and  the 
flf«^^piiift  lb*  UnA.    lad  l&?inepn)ce«iea  will  tiike  place  in  the  systemic 
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cftpQIaries  l^tween  the  arteilal  blood  and  the  tissaee.  In  each  case  the  enet  psmA  flfc 
whieh  equilibrium  is  established  will  depend  on  the  so-called  "  abeoiptioD-«oeineient " 
of  blood  for  oxjgen  and  carbonic  acid  respectiyely. 

Before  long,  however,  it  began  to  be  seen  that  this  view  was  open  to  many  objections. 
Liebig,  in  ms  Chemical  Letters  (by  Gregoiy,  3rd  ed.  p.  832),  strongly  am>G8^ed  tha 
opinion  that  the  condition  of  the  greater  part  of  the  oxygen  in  the  blood  was  one  not 
of  simple  physical  absorption,  bat  of  chemical  combination — a  combination,  howeter, 
ao  loose  tnat  it  was  capable  of  being  disturbed  by  the  action  of  indifferent  gases  or  of 
the  Tacunm.  In  support  of  his  yiew,  he  drew  attention  to  an  analogous  combination 
between  carbonic  acid  and  aqueous  solutions  of  phosphate  of  sodium,  dted  the  ezperi- 
ments  of  Begnault  and  Beiset,  which  showed  that  in  an  atmosphere  of  pure  oxygen* 
animals  consumed  the  same  amount  of  that  gas  as  when  breathing  ordinaiy  air,  and 
instanced  the  fact  that  in  high  regions,  where  the  absolute  quantity  of  oxygen  taken 
into  the  chest  at  a  breath  is  only  about  two-thirds  of  that  taken  in  at  the  sea-lereU 
the  Tital  processes  do  not  suffer  any  marked  changes,  such  as  would  certainly  follow 
Tariations  in  the  quantity  of  oxygen  absorbed,  ne,  moreover,  pointed  out  the  necee- 
aity  for  accurately  determining  the  absorption-coefflcients  of  blood  for  its  gasea.  Tliia 
was  afterwards  attempted  by  Lothar  Meyer,  Fernet,  and  others,  whose  inyea- 
ligations,  while  they  may  be  considered  to  haye  explained  the  entrance  of  oxygen  into 
tSd  blood,  haye  left  the  question  of  the  exit  of  carbonic  acid  still  somewhat  unsettled. 

J&aarpHon  of  Oxygen, 

L.  Meyer  (for  whose  figures  see  voL  i.  p.  606,  yoL  ii.  p.  808)  found  that  when  blood 
iras  exposed  to  oxy^n  at  yarious  pressures,  the  quantity  of  that  gas  taken  up  might 
be  regarded  as  consisting  of  two  portions,  one  following  the  law  of  pressures,  the 
other  wholly  independent  of  pressure.  The  former  however,  in  respect  to  which  blood 
differed  very  little  from  water,  was  found  to  be  so  small  comparad  with  the  latter 
that  the  increments  of  absorption  due  to  increments  of  pressure  were  almost  covered 
by  errors  of  observation.  He  accordingly  drew  the  conclusion  that  oxygen  was 
chemically  combined  with  the  blood  during  the  passage  through  the  Innes,  though  in 
00  loose  a  &shion  that  it  could  be  driven  off  again  by  the  action  of  indifferent  gases, 
ee  of  the  vacuum  assisted  by  heat.  Fernet  (Ann.  Sc.  Nat  [iv.]  viii.  p.  125)  arrived 
at  the  same  conclusion,  and  moreover  pointed  out  that  this  special  aflGinity  fm  oxygen 
was  possessed  not  by  the  serum  or  plasma,  but  by  the  red  corpuscles.  Thus  the  proper 
absorption-coefficient  of  blood  for  oxygen  was  found  to  be  '0288  at  16®,  of  serum  *0288 
at  16*8®  (the  absorption-coefficient  of  water  at  16®  for  oxygen  being'02949);  while  1  voL 
blood  chemically  combined  with  *0968  vol.,  and  1  vol.  serum  wi&  '00117  voL  oxygen 
at  the  same  temperature.  Neither  Meyer  nor  Fernet,  however,  were  able  to  obtain  from 
arterial  blood,  by  means  of  the  vacuum,  as  much  oxygen  as  was  absorbed  by  venous 
blood  when  agitated  in  an  atmosphere  of  that  gas.  But  this  difficulty  was  removed  by 
Setschenow  (Wien.  Akad:  Ber:  xxxvi.  p.  293),  who,  using  a  much  larger  vacuum, 
was  enabled  to  drive  off  from  blood  much  larger  quantities  of  oxygen  (see  table  below). 
The  affinity  for  oxyeen  possessed  by  blood  was  also  shown  hj  the  experiments  of 
W.  Muller  ^Ann.  Ch.  Fhann.  cviii.  p.  267)»  who  found  that  animals  (rabbitsV  made 
to  breathe  a  limited  amount  of  oxygen,  consumed  the  whole  of  it,  provided  that  the 
quantity  placed  at  their  dispcMal  <Ua  not  exceed  150 — 200  cc.  The  same  observer 
ascertamed  that  the  residual  air  in  lungs  of  asphyxiated  animals  contained  a  trace  only 
of  oo^gen,  a  fact  which  was  corroborated  by  Setschenow,  and  is  directly  opposed  to 
the  tneorv  that  the  absorption  of  oxygen  taxes  place  according  to  pressure. 

The  behaviour  of  blood  towards  carl&nic  oxide  has  been  fbund  to  illustrate  the  chenu- 
cal  nature  of  the  process  of  absorption  (Bernard,  Lecons,  Subet.  Toxiq.  1857,  p.  157; 
L.  Meyer;  Hoppe,  Virch.  Arch.  xi.  288).  Blood,  wnen  agitated  with  or  treated  witn 
a  stream  of  carbonic  oxide,  becomes  of  a  peculiar  bright  red  colour^  and  is  found,  not 
only  to  have  given  off  its  oxygen,  but  to  have  become  incapable  of  absorbing  that  gaa. 
It  has  lost  the  property  of  becoming  arten'alised.  There  is  reason  to  believe  that 
carbonic  oxide  has  a  stronger  affinity  than  oxygen  for  the  haemoglobin  or  red  colouring^ 
matter  of  the  blood,  and  forms  with  it  a  more  stable  compound  (see  below). 
Nawrocki  (Henle  u.  Meissner,  1863,  p.  298)  finds  that  the  amount  of  oxygen  driven 
off  by  a  stream  of  carbonic  oxide  tallies  extremely  well  with  that  obtained  by  meana 
of  the  mercurial  vacuum,  and  it  has  been  adopted  by  some  subsequent  observera 
(Bernard,  Estor  et  Saintpierre)  as  a  method  of  estimating  the  amount  of  oxygen 
in  blood. 

A  still  further  advance  has  been  made  by  the  optical  studies  of  Hoppe- Seyler 
rVirch.  Arch,  xxxiii.  446,  xxix.  233  and  597;  Med.  CentralbL  1864,  p.  817;  Handb. 
Chem.  AnaL  p.  201)  and  Stokes  (Proc  Roy.  Soc.  xiii.  355).  The  red  corpuscles  of 
▼ertebrate  animals  consist  J|^^e  most  part  of  a  substance  which  has  been  call^ 
kmmatocrystallin  or  hamf^^^f^fOr  shorter  hamoglobin  (Hoppe)  or  eruorin 
(Stokea)^  and  which  m^  ^^Ifcteined  in  a  crystalline  form.    When  tderablj 
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«oiierati«ted  mbtioiif  of  this  body,  whidi  are  found  to  ototain  free  oxmn  and  arv 
of  a  blood-red  ccdoiir,  are  examined  with  the  spectroecope  (or  timplv  with  a  priem 
and  slit  in  Stoked  way)  there  is  found  to  be  little  abeoiption  of  light  in  that  part 
of  the  spectnun  which  reaches  from  the  extreme  red  to  }ths  of  the  distance  b^wf>en 
C  and  b,  while  in  the  remaining  ^th  the  absorption  is  much  stronger.  When 
the  oxygen  has  been  driven  out  of  the  solution  by  a  enirent  of  hydrop;en  or  car- 
bonic add,  there  is  witnessed  a  yery  great  increase  of  absorption  of  light  at  the 
red  end,  except  in  the  space  between  a  and  B,  and  eyen  in  this  part  there  is  a  slight 
increase  of  absorption.  Upon  these  optical  properties  probably  depends  the  difference 
in  colour  between  arterial  and  Tenons  blood.  Venous  blood  viewed  by  Uie  spectroscope 
without  exposure  to  air,  shows  a  venr  distinct  absorption  of  light  from  B  to  beyond  C, 
an  effect  which  disappears  when  the  blood  is  oxygenated  by  agitation  with  air. 
(Hoppe.) 

Dilute  solutions  of  blood-oolouring-matter  show  two  very  dark  and  sharply-defined 
absorption-bands  (visible  in  a  1  oc  thidL  layer  of  a  solution  of  1  grm.  of  colouring- 
matter  in  10,000  cc.  of  water)  between  D  and  £,  one  being  dose  to  D,  the  other  and 
thicker  one  being  close  to  E ;  if  D  is  at  80  of  the  scale  and  £  at  106,  the  first  band 
reaches  from  81  to  87,  the  second  from  95  to  106  (Hoppe,  Stokes).  When  such  a 
solution  is  treated  with  any  reducing  agent,  such  as  a  solution  of  ferrous  sulphate  or 
stannous  chloride  with  tartaric  acid  and  ammonia,  it  assumes  a  purplish  colour,  loses 
the  two  distinct  bands,  but  gains  a  new  one  reaching  from  82  to  97,  with  fainter  bands 
extending  on  either  side  fr^m  77  to  82  and  from  97  to  99.  If  the  solution  be  now 
agitated  with  air,  it  becomes  blood-red  again,  and  exchanges  the  new  band  for  the  two 
original  ones  (Stokes,Hoppe).  The  same  effects  may  be  produced  hj  using  sulphide  of 
ammonium  as  a  reducing  asent,  or  by  passing  a  stream  of  carbonic  acid,  hydrogen, 
nitrogen,  &c  through  the  solution,  or  by  keeping  the  solution  for  some  little  time  at  a 
blood-hctat,  or  for  a  longer  time  at  the  ordinary  temperature.  In  all  these  cases,  the 
two  original  bands  are  found  to  be  replaced  by  an  intermediate  band,  and  may  be 
brought  back  again  by  agitating  the  solution  with  air  or  oxygen,  the  phenomena  being 
accompanied  by  a  chuige  of  colour  from  scarlet  to  purple  and  viee  vered.  Hence  the 
conclusion  has  been  come  to  that  thero  is  a  substance,  holding  oxygen  in  looee  combi- 
nation, giving  two  absorption-bands,  and  possessing  a  scarlet  hue—  the  scarUi  eruorin 
of  Stokes,  the  oxykmmoglohin  of  Hoppe ;  this  bodv  may  give  off  its  loose  oxygen, 
either  to  some  reducing  agent  or  to  some  of  its  fellow  bl^xl-oonstituents  (or  to  the 
tissues),  and  then  has  a  purple  hue  and  shows  only  one  marked  band — the  pwrjde 
eruorin  of  Stokes,  the  Jutmoalobm  of  Hoppe;  on  exposure  to  air  or  oxygen,  tne 
purple  eruorine  or  hemoelobm  absorbs  oxygen,  and  becomes  once  more  the  scarlet 
eruorin  or  oxyhsemoglobin.  And  it  is  presumed  that  this  is  the  way  in  which  the  red 
corpuscles  of  blood  p«rform  their  share  m  th»  work  of  respiration.  The  haemoglobin 
or  purple  eruorin  of  the  blood  of  the  pulmonary  arterv,  absorbing  oxygen,  becomes 
oxynsemoglobin  or  scarlet  eruorin,  and  in  the  course  of  the  circulation  gives  up  its 
oxygen,  becoming  mere  haunnglobin  or  purple  eruorin.  Since  venous  blood  always 
contains  some  oxygen,  one  must  expect  to  &id  the  spectrum  of  oxyhemoglobin  even 
in  venous  blood  examined  without  any  exposure  to  air,  and  such  is  the  case  (Stokes, 
fi  o  p  p  e).  The  blood  of  an  animal  dying  of  asphyxia,  however,  contains  no  oxjrgen,  and 
shows  very  distinctly  the  band  of  hsemoglobin  or  purple  eruorin  alone.    (Hopp  e.) 

When  a  solution  of  oxyhemoglobin  is  treated  with  carlxmic  oxide,  oxygen  is  set 
free ;  the  carbonic  oxide,  however,  does  not  act  as  a  reducing  agent,  the  blood  does  not 
become  purple  from  the  formation  of  hsemo^obin,  but  of  a  peculiar  bright  red  colour 
'from  the  combination  of  carbonic  oxide  with  hemoglobin,  to  form  carboxydheme- 

Slobin,  whose  spectrum  is  similar  to  that  of  oxyhaemoglobin,  thero  being  only  a  slight 
ifference  in  the  position  of  the  bands— one  reaching  from  82  to  90,  the  other  from  95 
to  106  (Hoppe).  The  combination  between  carbonic  oxide  and  hemoglobin  is  not 
(or  at  least  only  slowly  and  partially)  decomposed  by  exposuro  to  air  or  oxygen.  The 
carbonic  oxide  may,  however,  be  replaced  by  nitric  oxide,  the  blood  being  scarcely 
changed  in  colour,^  remaining  still  a  oright  red,  and  the  spectrum  resembling  that  of 
oxyhemoglobin,  but  witii  ^nds  less  strongly  marked.  Nitric  oxide  may  also  be 
diroctly  combined  witih  hemoglobin,  and  also  with  oxyhemoglobin ;  in  the  lattor  case 
some  nitric  oxide  is  oxidised  at  the  expense  of  the  loose  oxypen.  ^  A  given  quantity  of 
hemoglobin  unites  with  equal  volumes  of  oxygen,  carbonic  oxide,  and  nitric  oxide 
(Hermann,  L.  Arch.  Anat.  Fhys.  1865,  p.  469).  It  is  calculated  that  1  grm.  hemo- 
globin unites  with  1*8  cc  of  gas. 

The  entrance  of  oxygen  into  the  economy  being  thereforo  in  the  main  not  a  physical 
process  of  absorption,  but  a  chemical  one  of  oxidation  (and  reduction)  the  amount  of 
the  oxygen  in  the  inspired  air,  provided  only  there  is  enough  for  ordinary  purposes, 
will  have  little  or  no  effect  on  the  amount  of  oxygen  taken  into  the  blood.  We 
accordingly  find  that  anim^  consume  the  same  amount  of  oxygen  and  produce  the 
flame  amount  of  carbonic  add  when  breathing  pnro  oxygen  as  when  breathing 
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•rdiDaiy  air (Regnanlt  and  Beit et).  Neveitheleia,  manj  obaAmn  Iutb  ttom  tim* 
to  time  deaeribcd  aa  tffeCtm  of  breathing  pore  oomen,  symptoma  which  hsTe  bees 
interpreted  aa  indicatire  of  inereaaad  oxidation,  whi<£  can  naraly  be  oonaidered  as  dm 
to  an  angmentation  of  that  fraction  of  ozysen  which  ia  really  phyaieally  abaoorbed,  and 
which  have  not  been  otherwiae  dearlj  ez^uained. 

Exhaiatian  of  Carbomo  JcitL 

L.  Meyer  (op.  eit,),  by  ezpoeing  blood  to  carbonic  acid  at  Tarions  praarazva^ 
found  that  the  quantity  of  that  gas  absorbed  might  be  dirided  into  two  poztion% 
one  obedient  to  and  the  other  independent  of  the  law  of  pressnrea.  Tha  abscnp- 
tion  of  carbonic  add  differed  notably  from  that  of  oxygen,  inasmuch  aa  the  portion 
following  the  law  of  pressures  was  much  larger  than  that  which  was  independent. 
Thus  at  11^ — 12^  the  former  per  voL  blood  was,  measured  at  0^  and  *76  met,  1*161,  tha 
latter  *630.  Since  blood  contains  earbonate  and  phosphate  of  sodium,  and  sinea 
aqueous  solutions  of  these  salts  possess  the  poww  of  holding,  in  loose  eombinatiofi,  a 
quantity  of  carbonic  add  over  and  above  tnat  due  to  simple  physical  absorption^  it 
had  been  suggested  that  the  absorption  of  carbonic  add  by  blood  might  bear  aome 
relation  to  tbese  saline  constituents.  Fernet  accordingly  (op,  eit.)  stadied  the 
behaviour  towards  carbonic  add  of  aqueous  solutions  of  these  salts,  taking  the  arervge 
composition  of  blood  as  a  standard.  He  found  that  on  the  one  hand  they  absorbed  a 
quantity  of  carbonic  add  according  to  the  law  of  pressures  (and  in  this  reapect 
possessed  abeorption-coeffidents  differing  very  slightly  from  that  of  water) ;  while  on 
the  other  hand  the  solution  of  carbonate  of  aodium  absorbed,  independently  of  preaanre^ 
a  quantity  of  carbonic  add  suffident  to  convert  the  simple  carbonate  into  bicarbonate^ 
and  the  solution  of  phosphate  of  sodium  similarly  absorbed  a  quantity  at  the  rate  of 
two  equivalents  of  carbonic  add  to  each  equivalent  of  the  salt.  (According  to  reenit 
researches  of  Heidenhain  and  Meyer,  Stud.  BresL  ii.  103,  Fernefs  reanlta 
require  some  corrections).  He  moreover  found  that  blood  behaved  in  respect  to  the 
absorption  of  carbonic  add  almost  exactly  as  if  it  were  a  mere  aqueous  solution  of  the 
aaline  constituents  in  their  proper  proportions ;  neither  the  corpusdes  nor  the  ozgaoio 
substances  of  the  serum  had  any  marked  share  in  the  matter. 

By  submitting  blood  to  the  action  of  a  vacuum  and  moderate  heat,  Meyer  obtained 
only  small  quantities  of  carbonic  add ;  by  fS&r  the  greater  part  of  the  total  amount  con- 
tained in  the  blood  could  not  be  driven  off  unless  adds  were  employed.  Setschenow, 
however  {op.  eit,),  by  the  help  of  his  larger  vacuum,  gained  much  larger  quantitiea 
without  using  any  adds.  His  results,  together  with  thoee  of  some  subsequent  observera, 
are  given  in  the  following  table,  where  *'  loose  **  carbonic  add  means  that  which  ta 
given  off  to  a  vacuum,  and  comprises  both  that  which  is  physically  absorbed,  and  that 
which  is  retained  by  the  carbonate  and  phosphate  of  sodium,  while  "  fixed  **  means 
that  which  ia  driven  off  by  the  use  of  ad<u : — 
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The  recent  obseirations  of  Pliiger  (Ueb.  d.  Kohtenaaure  d.  Stuies)  seem  to  in- 
Tiilidate  these  results.  This  obseirer,  by  using  a  vacnnm  free  from  aqueous  vapoujE^ 
was  enabled  to  driye  off  the  whole  of  the  carbonic  acid,  so  that  no  more  could  be 
obtained  by  the  addition  of  adds ;  eren  neutral  carbonate  of  sodium  previously  added 
tc  the  blood  was  decomposed.  It  is  probable  that  this  result  was  brought  about,  in 
part  at  least,  by  acids  arising  from  the  decomposition  of  the  haemoglobin;  and, 
though  a  portion  of  the  carbonic  acid  was  obtained  much  more  readily  than  the  rest, 
the  experiments  suggest  the  question  whether  generation  of  acids  does  not  take  place 
in  all  cases  where  the  yacuum  is  used — whether,  in  £ict,  the  above  distinction  between 
loose  and  fixed  carbonic  acid  is  not  in  great  measure  a  factitious  one. 

That  the  escape  of  carbonic  acid  is,  taken  as  a  whole,  a  matter  of  pressures  is 
shown  by  the  results  of  all  observers ;  but  there  are  considerable  difficulties  connected 
with  the  subject,  which  have  not  as  yet  been  thoroughlv  cleared  up  Were  the  venous 
blood,  durinff  its  passage  through  the  lungs,  exposed  to  air  containing  little  or  no 
carbonic  acid,  the  law  of  pressures  would  readily  suggest  a  cause  for  the  immediate 
escape  of  the  due  amount  of  that  gas.  Such,  however,  is  not  the  case.  We  are  led  to 
believe  (Becher)that  the  air  in  the  pulmonary  air-cells  contains  habitually  about  8  per 
cent  of  carbonic  acid.  Hence,  any  just  explanation  of  the  process  of  exhalation  must 
take  into  account  the  existence  to  that  extent  of  a  tension  of  carbonic  acid  in  the 
lung-air,  which  has  to  be  overcome  before  any  escape  can  take  place  from  the  blood. 
Thus  the  hypothesis  that  in  the  lungs  the  add  carbonate  of  sodium  is  reduced,  by 
niAre  exposure  to  lung-air,  to  the  neutral  carbonate,  with  escape  of  carbonic  add,  ia 
untenable,  because  the  add  carbonate  refuses  to  give  up  its  extra  atom  of  carbonic  add 
to  air  containing  above  I  per  cent,  of  that  gas  (Meyer).  Similarly  the  carbonic  add 
retained  by  a  solution  of  phosphate  of  sodium  is  not  nven  off  to  an  atmosphere  of 
like  carbonic  add  tension  (Sch offer,  Wien.  Akad.  Ber.  xli.  p.  M9).  Holmgren 
(loc.  eit.,  xlviiL)  has  attempted  to  determine  the  actual  degree  of  tension  of  car- 
bonic acid  which  a  vacuum  (containing  aqueous  vapour)  must  acquire  before  blood 
ceases  to  give  off  to  it  its  carbonic  acid.  This  he  found  to  be,  at  40^  (X,  22*3  mm. 
of  mercury  for  arterial  blood,  30*6  mm.  for  venous  blood,  and  38*1  mm.  for  the 
blood  of  asphyxia.  In  two  cases,  where  the  normal  expired  air  contained  respectively 
2*94  per  cent,  and  4*31  per  cent  of  carbonic  add,  and  therefore  gave  tensions  of 
22-18  mm.  and  31*98  mm.,  the  blood  ceased  to  ^ve  off  carbonic  add  at  the  tensions 
of  22*13  and  28*20  mm.  Since  the  carbonic  acid  tension  of  the  interior  lung-air  is 
much  higher  than  that  of  the  expired  air,  it  is  obvious  that  in  these  cases  tha 
blood  could  not  have  got  rid  of  its  carbonic  acid  while  passing  through  the  lungs^ 
through  the  simple  working  of  the  law  of  pressures,  unless  there  were  something 
at  hand  in  the  lungs  temporarily  augmenting  the  carbonic  add  tension  of  the^ 
blood,  or  otherwise  assisting  the  escape  of  that  ^.  This  is  still  more  strikingly 
shown  in  two  cases  of  asphyxia,  where  the  tension  of  the  blood  was  34*76  and 
41*41,  of  the  lung- air  98  and  91*6  mm.  respectively.  Holmgren  further  observed 
that  blood  gave  up  its  carbonic  add  more  readily  to  a  rarefied  atmosphere  of 
oxygen  than  to  a  vacuum  containing  nothing  but  aqueous  vapour.  Thus  153  cc 
of  blood  gave  up  to  a  vacuum  of  160  cc.  at  22^,  0*418  cc.  and  0*683  cc.  of  carbonic 
add  (measured  at  0^  1*),  while  to  the  same  space  containing  8*99  cc.  and  20*16  cc. 
oxygen,  there  were  given  up  1*376  cc.  and  1*997  cc  of  carbonic  add  by  the  same 
quantities  of  the  same  blood.  These  results  suggest  the  idea  that  the  act  of  the  ab- 
sorption of  oxygen  in  some  way  or  other  momentarily  augments  the  tension  of  carbonic 
add  in  the  blo^  But  in  what  way  is  it  able  to  produce  such  an  effect?  It  has  been 
shown  that  a  certain  portion  of  the  carbonic  add  of  the  blood  is  given  off  more  readily 
than  the  rest,  and  it  has  been  also  shown  that  this  fixed  or  stable  remainder  is  greater 
in  venous  than  in  arterial  blood  (vide  table,  ante).  In  other  words,  during  the  passage 
through  the  lungs,  a  certain  portion  of  the  fixed  or  stable  carbonic  add  becomes  un- 
stable or  loose,  and  it  has  been  maintained  by  Sch'of  f  er  (jop.  cit.)  that  the  amount  thus 
converted  is  suffident  to  account  for  the  quantity  escaping  into  the  air.  Now  Prey  er 
(Wien.  Akad.  Ber.  xlix.)  has  shown  that  the  same  conversion  of  stable  into  un- 
stable carbonic  add  takes  place  when  venous  blood  is  artifidally  arteiialised  by  agita- 
tion with  air  or  oxygen,  whereas  the  smount  of  stable  carbonic  add  existing  in  serum 
is  wholly  unaffected  by  any  such  treatment  Hence  it  has  been  supposed  that  oxygen 
in  the  act  of  combining  with  haemoglobin  effects  in  some  way  or  other  (by  the  de- 
velopment of  an  add  ?)  some  kind  of  decomposition,  whereby  a  certain  amount  of 
llxea  or  stable  carbonic  acid  n  converted  into  loose  carbonic  add,  the  tension  of 
carbonic  add  in  the  blood  proportionately  augmented,  and  the  escape  of  that  gas  into 
the  air  thus  brought  about:  or,  disregarding  the  distinction  between  loose  and 
fixed,  we  mav  say  that  the  absorption  of  oxygen  is  attended  with  a  liberation  of 
carlxHiic  add  within  the  blood,  leading  to  an  increase  in  thfl  tension  of  the  gas»  and 
its  consequent  escape.  ^ 
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Ahaorption  and  ExhaUUion  of  Niiroffm. 

The  quantity  of  nitzog^  in  blood  is  Tery  small,  and  the  obeerratums  witli  xfttaid 
to  its  being  absorbed  or  exhaled  by  the  lungs  haye  been  rema^ably  disooraaat. 
Fernet  (op.  cU.)  found  the  absorption-coefficient  of  serum  for  nitro^n  to  be  nearly 
exactly  that  of  an  aqueous  solution  of  its  saline  constituents  in  their  proper  propor- 
tions, that  is  to  say,  a  little  less  than  that  of  water  (at  15^  8'  serum,  *0141,  at  15^ 
water  '01478 ).  Setschenow  (op,  cit.),  on  the  other  hand,  obtained  for  blood  as  a 
whole  a  higher  absorption-ooeffiaent  than  that  of  water,  and  therefore  concluded  that 
the  blood-corpuscles  are  able  chemically  to  combine  with  a  small  quanti^  of  nitiogen. 

Qualities  of  Respiratory  Oxygen, 

Schonbein  and  His  remarked  that  the  red  corpuscles  of  the  blood  acted  like 
finely-divided  platinum,  &c.,  upon  a  mixture  of  tincture  of  guaiaeum  with  peioxide  of 
bydroffeu,  ozonised  turpentine,  ether,  &c.,  in  producing  a  (Mep  blue  colour.  Various 
animal  substances  possess  this  property  in  a  greater  or  less  degree,  but  none  approach 
the  red  corpuscles,  or  rather  the  ccuourins-matter  of  the  red  corpuscles,  in  intensi^  of 
effect.  The  presence  of  red  corpuscles  &o  yastly  augments  the  rapidity  with  which  a 
solution  of  indigo  is  decolorised  andhydriodic  aeia  decomposed  by  peroxide  of  hydrogen, 
ozonised  turpentine,  &c.  These  obsenrers  were  unable  to  produce  any  ozidatiys 
action  on  p;uaiacum  with  blood,  unless  one  of  the  so-called  ozone-bearers  were  present. 
A.  Schmidt  (Ueber  Ozon  im  Blute,  1862),  however,  has  shown  that,  under  certain  pre- 
cautions, blood  hj  itself  will  turn  guaiaeum  blue.  If  a  strip  of  paper  be  dipped  in 
tincture  of  guaiaeum  (1  pt.  gum  to  6  of  80  per  cent,  alcohol)  and  dneo,  a  drop  of  dilute 
blood  or  of  dilute  solution  of  haemoglobin  placed  on  it  will  give  an  intense  bine  rin^ 
No  other  substance  in  the  animal  body  is  able  to  produce  this  effect.  A  similar  process 
of  oxidation  may  with  care  be  witnessed  when  hydriodic  acid  or  an  indigo  solution 
is  treated  with  blood.  Blood,  or  a  solution  of  haemoglobin,  will  also  decompose 
peroxide  of  hydrogen  with  an  energetic  evolution  of  oxygen;  and  will  decompose 
Bulphydric  add  with  precipitation  of  sulphur.  According  to  the  ozone  theory,  there- 
fore, oxygen  in  combination  with  haemoglobin  is  that  form  or  kind  which  is  called 
ozone.  The  oxygen,  however,  which  is  driven  off  from  blood  by  the  passage  of  a 
stream  of  other  gases,  gives  none  of  the  reactions  of  ozone,  and  blood  entirely 
deprived  of  its  oxygen  by  carbonic  oxide  still  gives  the  reaction  with  guaiacnm ;  this 
leaction,  however,  ceases  to  be  manifested  when  the  experiment  is  conducted  with  total 
exclusion  of  atmospheric  air.  Haemoglobin  therefore,  in  addition  to  its  power  of  abeorbing 
oxygen  and  of  transferring  it  in  an  active  state  to  other  bodies,  is  able,  like  finely- 
divided  platinum,  to  intensify  the  SM^tion  of  oxygen,  or,  according  to  the  ozone  theory,  to 
ozonise  ox^^en,  without  attaclung  the  oxygen  to  itsell  (Ktihne  and  Scholz^  Vireh* 
Areh.  xxxiii.  p.  96.) 

Flaee  of  Oxidation, 

It  has  not  as  yet  been  decided  whether  the  oxidations  for  which  the  oxygen  of  the 
blood  is  destined,  take  place  in  the  blood  only,  or  in  the  tissues  only,  or  in  both. 
On  the  one  hand,  we  know  that  muscular  and,  probably,  all  other  tissues  oontinne  to 
respiro,  as  it  is  said  (that  is,  to  absorb  oxygen  and  produce  carbonic  acid),  even  when 
totaUy  deprived  of  blood ;  and  actions  probably  requiring  oxygen,  muscular  contrac- 
tions, for  example,  take  place  when  the  blood  contains  no  oxygen  at  all,  as  in  asphyxia 
(Setschenow).  On  the  other  hand,  the  experiments  of  Harley  (Proc.  Roy.  Soe. 
yiii.  p.  78 ;  xiii.  p.  157)  show  that  blood  its^  removed  from  the  body  will  continua 
to  absorb  oxygen  and  exhale  carbonic  acid,  and  that  this  "  respiration  is  affected  by 
various  physical  and  chemical  agents.  Sachs,  too  (Arch.  Anat  Phys.  1868  p.  3451 
finds  thaik,  after  removal  from  the  body,  blood  seduded  from  air  gains  in  carbonic  add 
(both  loose  and  fixed)  and  loses  oxygen,  but  his  experiments  are  open  to  objections. 
Nawrocki  also  arrives  at  the  same  result  (op,  eit.),  Estor  and  Saintpierre 
(Bobin's  Jour.  ii.  302)  find  that  the  oxysen  of  arterial  blood  (determined  by  the 
carbonic  oxide  method)  diminishes  the  farther  the  artery  is  situate  from  the  mngs. 
Thus  for  100  vols,  they  found  in  the  carotid  utenr  21  06,  in  the  renal  18*22,  inSie 
splenic  14-38,  in  the  crural  7*62  vols,  of  oxygen.  They  argue  that  oxidations  of  respi- 
ration take  place  exdusively  in  the  blood  and  are  most  active  in  the  artorial  system. 
Yet  the  capability  of  the  blood  for  oxidising  oxidisable  substances  directly  injected 
into  it  seems  very  limited. 

Qualities  of  Expired  Mr, 

1.  Volume.— The  volume  of  air  given  out  by  an  expiration  is  found  to  be  less 
than  that  taken  in  by  a  corresponding  inspiiatioo,  when  both  are  dried  and  measmed 
at  the  same  temperature,  lliis  d]fferenc#»,  doe  toth^ict  that  the  whole  of  the 
oxygen  absorbed  does  not  reappear  in  the  carU>ai«^^^B||l«d,  is  variable,  but  may 
be  said  to  amount  on  the  average  to  j^  or  ^^  of  th        ^^tp^  ' 
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2.  Temperature. — ^The  temperature  of  expired  air  natnrall j  approachea  tliat  of 
the  longs,  the  exact  degree  depending  on  the  relation  of  the  temperatore  of  tha 
atmoepherB  to  that  of  the  blood,  on  the  mode  and  rate  of  breathing,  the  extent  and 
duration  of  the  breath,  &e.  According  to  Valentin  and  Brunner,  it  is  29*8^  for  a 
surrounding  temperature  of  6-3®  37-26®fbr  19-6**,  38*  1°  for  41-9<>.  For  22<»,  Gr^hant 
(Bobin*8  Journal,  L  p.  523)  pute  it  at  35*8^  when  inspiration  is  made  throngh  the  nose^ 
33*9^  when  throngh  the  mouth. 

8.  Moisture. — The  air  as  it  returns  firom  the  lungs  is  laden  with  wateiy  Tapour; 
aatorated,  for  its  own  temperature,  according  to  Valentin,  not  much  more  than  half 
saturated  according  to  others  (Molesc ho  tt).  Gr^hant  states  that  it  is  saturated  for 
36^  K  Smith  (PhiL  Trans.  1862)  found  it  during  fasting  to  be  little  more  than  half 
aaturated.  The  total  quandtj  of  water  contained  in  the  air  expired  b|T  the  human 
body  during  24  hours  has  been  estimated  at  386 — 778  grms.  (Valentin),  657 
srms.  Gr^hant.  The  total  quantity  of  water  passing  away  witlun  Uie  24  hours 
ftom  the  human  body,  as  aqueous  vapour  of  expired  air,  Taries  greaUy,  beins  affected 
hy  the  temperature  of  the  atmosphere  and  of  the  body,  by  atmospheric  humidity 
and  pressure,  condition  of  the  organism,  &c. 

4.  Oxygen  and  carbonic  acid. — ^The  decrease  of  the  oxygen  and  the  increase  of 
the  carbonic  acid  is  shown  by  the  following  average  composition  of  100  volumes  of — 

Ozyyen.  Nitrosen.  Carbonic  add. 

Atmospheric  air       20*81  79*16  '04 

Expired  air  16083  79'667  4*380. 

In  rough  numbers,  air  may  be  said  to  lose  from  4  to  6  per  eent  of  its  oxygen  and  to 
gain  from  8  to  4  per  cent  of  carbonic  add  by  being  breathed.  For  further  details  sea 
below. 

6.  Nitrogen. — ^W.  Edwards  found  an  exhalation  of  nitrogen  in  warm  weather, 
an  absorption  in  cold.  Begnault  and  Beiset  (Ann.  Ch.  Fhys.  1849,  [3],  xxvi. 
32)  concluded  from  their  experiments  that  warm-blooded  animals,  living  on  an  ordi- 
nary diet,  constantly  exhaled  a  small  quantity  of  nitrogen,  which  was  never  greater 
and  often  much  less  than  ^  of  the  total  weight  of  oxygen  consumed.  In  frogs,  the 
amount  either  exhaled  or  absorbed  was  too  small  to  be  appreciated.  In  fishes  Hum- 
boldt and  Provencal  remariLed  a  constant  absorption  of  nitrogen.  An  exhalation 
of  nitrogen  is  constantly  observed  in  animals  breathing  an  atmosphere  free 
from  that  gas,  and  W.  Muller  {op,  eit»)  observed  an  exhalation  <2r  nitrogen 
when  rabbits  were  made  to  breathe  a  limited  amount  of  air.  More  recently  Beiset 
(Ann.  Ch.  Phys.  [3]  Ixix.  p.  129)  found  that  sheep  exhaled  from  6—8  grms., 
calves  from  6 — 7  grms.,  piffs  aoont  1  grm.,  and  turkeys  2  grms.  in  the  24  hours.  In 
these  experiments,  as  in  the  earlier  ones  of  Begnault  and  Beiset,  the  respiration  of 
the  whole  animal  and  not  of  the  lungs  only  was  studied,  and  it  is  possible  that  some 
of  the  animals  parted,  during  their  stay  in  the  respiratory  chamber,  with  some  of  the 
nitrogen  contained  in  their  intestines  before  the  beginning  of  the  experiment.  The 
calculations  of  Boussingault  and  Barral  led  uem  to  think  that  a  very  large 
amount  of  nitrogen  passed  from  the  body  through  the  skins  and  lun^,  but  such  a 
conclusion  is  most  probably  erroneous  (see  Nutbition).  Pettenkofer  indeed  argues 
that  Beiset's  results  are  wholly  mistakes,  and  that  the  amount  of  nitrogen  exhaled 
or  absorbed  by  the  lungs  is  too  small  to  be  appreciated. 

6.  Ammonia. — The  presence  of  ammonia  in  the  breath  has  been  affirmed  by 
many  observers.  Thiry  (Zeitschr.  Bat.  Med.  xvii.  p.  166)  has  shown  that  it  can  be 
detected  in  expired  air  teken  directly  from  the  trachea  (so  as  to  exclude  the  fluids  of  the 
Hiouth  as  a  possible  source)  when  the  inspired  air  had  been  carefully  fr«ed  from  it 
Begnault  and  Beiset  failed  to  assure  themselves  of  its  presence  in  expired  air. 
Grouven  (Futterungs-Versuche,  p.  232)  has  obtained  the  following  quantitiea  (in 
grms.),  the  mean  being  about  *1  grm.  in  the  24  hours  for  100  kilos,  of  body-weighty 
when  animals  were  placed  in  a  " respiration  chamber:" 

Man.  Boy.        Fat  Ox.       SUrred  Ox.      Am.  Dog.  FUr. 

Per  diem  '0488        *0343        -7218        -0968        -2614        -0898        '2026 

PerlOOkilos.).Qgy  ,^^^q        .^^^^        .^jgg        .j3^        .^32^        .1042 

Toung  *witnAlii  give  out  proportionally  more  ammonia  than  old,  small  mom  than 
lane,  fat  more  than  lean. 

Los  sen  (Zeitcchrf.  BioL  i  207)  places  the  quantity  for  man  in  24  hours  at  *0140 
l^rm. 

7.  Hydrogen  and  Marsh-gas.— These  gases  were  observed  by  Begnault  and 
Reiset,  by  Be^t,  and  b^  Pettenkofer,  in  the  air  of  the  resjnration  chamber.  They 
probably  came  from  the  intestinee.    (See  p.  92.) 
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8.  Other  snbstanees. — ^esidee  the  aboTe-deseribed  diief  logNdienii  of  coqiM 
air,  it  is  probable  that  there  are  aleo  miiiate  qoantitiee  of  perhaps  many  othar  boiiei^' 
and  there  are  many  reasons  for  thinking  that  these  minute  quantities  are  not  withool 
importance.  (See  p.  96,  on  the  effects  of  impure  air).  Their  exact  nature  is  at  pfcseot 
unknown.  Wiederhold  (Henleu.  Meissner  Bericht  1868,  p.  316)  statea  that  oe  bad 
detected  in  the  condensed  ▼sppur  of  eroired  air,  chloride  of  sodium,  uric  acid,  and 
urates  of  soda  and  ammonia !  The  fluid  obtained  by  condensing  the  yapoum  of  ezpiim- 
tion  rapidly  putrefies. 

Cutaneous  Btapiration. — In  man  and  the  higher  animals  a  slight  xnterehaoga 
between  the  gases  of  the  blood  and  the  atmosphere  takes  place  through  the  aku. 
There  is  an  exhalation  of  carbonic  acid,  and  probably  an  absorption  of  ojiygen.  Tb» 
following  table  is  by  Scharling  (from  Gk>rup-Besanei): — 

Carbonic  acid  In  grammea. 

jn  *  \ 

By  lung  and  tUn  By  akin  ia 

in  1  boor.  1  hour. 

20-338  0-181 

34-280  0-181 

36-623  0-373 

19-162  0-124 

-    .  0-272 

When  Begnault  and  Beiset  examined  the  products  of  cutaneous  reapxzstioB  hj 
placing  an  animal  in  a  has  with  the  head  free,  and  passing  a  current  of  air  throng^  ths 
bag,  they  obtained  the  loUowing  reeolta : — 

ToUl  qaantitf  of  eartonlc  add  la 
Duration  grmt.  during  time  of  *^xp. 

Weight.  of  oxp.  Bj  ik\n  00I7.  Bj  akin  and  luagii 

Fowl    .        .        .    1940  grms.  8h.40m.  -336  18*62 

„  7h.  30m.  -076  1613 

8h.  4dm.  •164  18*70 


Bodr.weight 
Inkik)*. 

Boy 
Youth 

9}  years 
16       „ 

.     22*0 
.     67-76 

Man 

28       „ 

.     82- 

Giri 

10       „ 

.     23 

Woman 

19       .. 

•     •     • 

Babbit 


'^ 


n 


2425      „               8h.l6m.  -368  20*63 

7h.46m.  -197  19*38 

4169      ^               7h.  60m.  -136  39*16 

8L  30m.  -176  42*60 


n 


When  the  animal  (with  head  free)  was  placed  in  a  dosed  bag  for  some  hours,  an 
examination  of  the  air  of  the  bag  at  the  end  of  the  experiment  gave  the  following 
results: — 

Lengtb  of  time.  In  100  rok.  of  air  of  bag. 

COf  O.  N. 

Fowl  as  above       .        .    8h.  -27  20-76  78*97 

Rabbit     „  .        ,    8h.  -36  20*66  79*09 

Dog         „  ...  8h.  10m.       -29  2067  79*04 

Among  the  lower  animals  the  skin  takes  a  much  larger  share  in  the  general  respira- 
tion. Thus  frogs,  which  unii\jured  were  consuming  oxygen  at  the  rate  of  -063  {bit) 
-089,  '103,  *06  grms.  per  kilo,  per  hour,  continued  to  consume  at  the  rate  *047,  '068, 
nStet  their  lungs  had  been  cut  away ;  that  is  to  say,  they  respired  nearly  aa  well  without 
their  lungs  as  with  them. 

Intestinal  Bespiration, — Planer  (Wien.  Akad.  Ber.  xlii.  p.  307)  found  the  intestinal 
gases  of  a  dog  (killed  a  few  hours  after  food)  to  have  the  following  percentage  compo- 
sition : — 

C.  N.  O.  H.  SB*. 

Fed  on  Meat    Oas  of  Stomach       .  .  2620  68*68  612 

„    Small  Intestine  .  40*1  46*62  trace?  13*86 

„    Large  Intestine  .  7419  230  0*63  1-41         -77 

Fed  on  Pulse      „    Stomach    .        .  .  32*91  66*30  -79 

„                «    Small  Intestine  .  47*34  397  .    .  48*69 

„                „    Large  Intestine  .  66*13  6*9  .    .  28*97 

Buge  (Wien.  Akad.  Ber.  xliv.  p.  739)  found  jZo^ia  of  man,  obtained  per  rectum,  to  be 
as  follows,  in  7  experiments  on  3  persons : — 

A.  B.  C. 


ft 


Carbonic  acid  .  14*94  40*61  21*86  12*77 

Nitrogen   .  .  45*31  17*60  44*42  4310 

Marsh-gas  .  39*76  19*77  3293  4413 

Hydrogen.  .  .     .  22*22  079  .     . 

with  traces  only,  and  that  not  alwayst  of  sulpfaucietted  h 


21-69  6412 

41*82  22-46 

17-62  8-67 

1907  14-76 


11*87 
40-69 
47*44 
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'  1^  nibogen  in  these  caaee  was  probably  due  to  air  wbich  had  been  swallowed,  ond 
which  had  lost  its  oxjgen  chiefly  within  the  stomach.  The  intestines  are  probably  the 
source  of  the  maish-gas  and  hydrogen  met  with  when  the  respiration  of  the  whole  body 
has  been  examined.  Reiset  (op.  eit.)  found  in  sheep  and  caWes  as  much  as  1  to  2 
Utiles  of  marsh-gas  exhaled  per  hour,  while  pigs  gave  only  *134,  *097  litres  of  marsh- 
gas,  and  '628  litres  hydrogen  per  hour. 

It  may  seem  extravagant  to  speak  thus  of  an  intestinal  respiration,  yet  in  some 
animals  this  is  really  an  important  function.  Thus  the  loach  (Cobitisfo88ilis)i8m  the 
habit  of  rising  to  the  surface  of  water,  where  it  swallows  air.  In  descending  it  emits 
from  the  vent  bubbles  of  gas,  which  when  examined  are  found  to  contain  only  from  12 
to  7  per  cent  of  oxygen,  and  from  1  to  2  per  cent,  of  carbonic  acid.  During  this  process 
of  atmospheric  deglutition,  the  gills  are  temporarily  inactive.  It  appears  that  this 
creature  thus  obtains  a  supply  of  oxygen,  which  bein^  absorbed  from  the  intestine  is 
consumed  by  the  tissues,  the  carbonic  acid  resulting  being  exhaled  chiefly  by  the  gills 
or  skin,  and  only  to  a  small  extent  by  the  Tent     (Baumert,  An.  Ch.  Fharm.  Ixxxiii. 

-  Air-hf adder  of  Fishes. — Many  fishes  possess  an  air-bladder  (either  with  or  without  a 
pneumatic  duct),  the  contents  of  which  consist  of  nitrogen,  a  very  small  quantity  of 
oxygen  in  the  case  of  freshwater  fishes,  a  larger  quantity  in  sea-fishes,  especially  in 
those  dwelling  at  great  depths,  and  a  trace  of  carbonic  acid  (Owen).  Moreaa 
(Compt  rend.  1863,  pp.  37,  816)  finds  in  the  air-bladder  of  the  perch  19 — 26  percent, 
of  oxygen,  of  the  tench  8  per  cent,  wholly  disappearing  when  the  fish  is  asphyxiated. 
The  amount  of  carbonic  acid  never  exceeds  3  per  cent.  When  the  air-bladder  of  a 
fish  possessing  a  pneumatic  duct  is  exhausted  hj  means  of  the  air-pump,  and  the  animal 
is  replaced  in  water,  the  quantity  of  oxygen  in  the  air-bladder  is  found  in  a  short  time 
to  be  very  much  increased,  probably  by  diffusion  firom  the  blood.  The  percentage 
may  temporarily  reach  60  or  even  87. 

Eggs. — The  respiration  of  hens'  eggs  has  been  studied  byBaumgartner  (Henle  u. 
Heissner,  1861,  p.  304).  The  following  table  gives  in  grms.  the  changes  of  24  hours 
on  several  days  of  incubation  of  a  single  egg  (initial  weight  about  56  grms.) : — 


Day.             LoM  of  weight 

cos  exhaled. 

Oabeorbed. 

Water  exhaled 

Ist                       -126 

•009 

•0074 

•123 

6th                    -232 

•016 

•0149 

•230 

10th                    -100 

•060 

•0326 

•082 

16th                    .134 

•290 

•2366 

•079 

20th                    '212 

•66 

•4436 

•096 

21st  (hatched) 

1-008 

•7317 

Variation*  in  the  Quantity  of  Carbome  Aeid  exhalod, 

1.  Dependent  on  the  mode  of  breathing. 

In  a  single  breath  the  air  at  the  beginning  of  an  expiration  is  poorer  in  carbonic 
add  than  towards  the  close ;  this  difference  disappears  when,  after  completion  of  an 
inspiration,  the  breath  is  held  for  40  seconds  before  commencing  the  expiration. 

Inspiration  having  been  made,  the  longer  the  breath  is  held  before  beginning  the 
expiration,  the  ^[reater  is  the  percentage  of  carbonic,  acid , in  the  expired  air.  Thus, 
with  an  inspiration  of  4660  cc.  and  with  pauses,  betwjeen  inspiration  and  expiration  of 
0,  20,  40,  60,  80,  100  seconds  respectively,  the  percentage  of  carbonic  acid  was  found 
by  Becher  to  be  3*6,  6*6,  6*3,  7*2,  7*3,  7*6.  The  increase  of  carbonic  acid  diminishes 
rapidly  with  the  duration  of  the  pause;  and  7*6  or  8  per  cent  may  be  taken  as  the 
limit  of  the  amount  of  carbonic  acid  present  in  the  deeper  layers  of  the  air  in  the 
lungs. 

During  a  piven  time,  and  for  the  same  liite  of  breathing,  the  deeper  the  breath,  the 
less  is  the  percentage  of  carbonic  acid  in  the  expired  air,  but  the  greater  the  total  quan- 
tity exhaled. 

For  a  constant  depth  of  breath,  the  quicker  the  rate  of  breathing,  the  less  is  the 
percentage,  but  the  greater  the  total  quantity  of  carbonic  acid  exhal^ 

2.  Dependent  on  extrinsic  conditions. 

Tsmperaturs. — With  cold-blooded  animals  (ftogs),  the  quantity  of  carbonic  acid  ex- 
haled yaries dif<eetly  as  the  temperature  (Moleschott,  Untersunh.  ii.  316).  The  same 
law  holds  good  with  mammalia  passing  in  or  out  of  the  state  of  hybernation.  With 
warm-blooded  creatures  in  general,  the  amount  of  carbonic  acid  varies  inversely  as  the 
temperature,  when  the  latter  is  neither  too  low  nor  too  high  to  injure  the  economy 
(Letellier  Vierordt).  The  observations  of  K  Smith  (PhiL  Trans.  1869),  on  the 
influence  of  temperature  as  manifested  in  the  effects  of  seasons,  while  leading  to  the 
same  conclusion,  show  "  that  there  is  no  absolute  relation  between  a  given  tempf>rature 
.  and  the  quantity  oi  carbonic  acid  exhaled." 
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Pressure, — ^The  inflneiiee  of  preflsnre  has  not  been  exactly  determiiiedL  Aeeat&g 
to  Heryier  and  St  Lager,  the  quantity  of  carbonic  add  increaaet  with  the  ataa- 
spheric  prestnre  up  to  778  nun.,  beyond  which  it  decreases.  £L  Smith  observed  aa 
inverse  relation  between  pressure  and  carbonic  add,  which  howerer  was  Taiy  gencnl 
only,  and  subject  to  marked  exceptions. 

Liaht. — Frogs  exhale  more  carbonic  add  in  a  strong  than  in  a  waok  Vifjbk 
(Moleschott.) 

Humidity  of  the  atmosphere  increases  the  quantity  of  carbonic  add.    (Lehmaan.) 

Seawns, — R  Smith  obseryed  that  the  amount  of  carbonic  acid  expired  bc^gsn  to 
dedine  in  early  June  and  continued  to  do  so  till  September.  In  October  the  amonot 
began  to  rise,  and  continued  to  do  so  with  more  or  less  uniformity  during  the  winttf 
months.  Spring  is  the  season  of  the  greatest  and  autumn  that  of  the  leact  actintf 
of  the  respiratory  functions.  The  influence  of  seasonal  changes  is  one  that  eannot 
be  explained  solely  by  reference  to  changes  in  temperature  and  barometric  pre— ore. 

Changes  in  the  nature  of  inspired  air, — ^When  the  amount  of  carbonic  acid  inthe 
inspired  air  is  increased  beyond  that  proper  to  the  atmosphere,  the  quantity  of  oarbooie 
add  exhaled  is  proportionately  decreased.  W.  Miiller  found  that  when  rabbits  woa 
made  to  breathe  a  limited  amount  (150 — 250  cc.)  of  oxygen  they  consumed  the  whole 
of  the  gas.  At  first  they  took  in  the  oxygen  and  gaye  out  carbonic  add;  bat  throngli 
the  diminution  of  the  yolume  of  the  gas  at  their  cusposal,  caused  by  the  ooniramptioa 
of  oxyeen,  the  tension  of  the  carbonic  add  that  had  been  expired  became  so  mueo  in* 
creased  as  after  a  while  to  exceed  the  tension  of  the  carbonic  add  in  the  blood.  Henoe 
not  only  the  exhalation  of  carbonic  add  ceased,  but  that  which  had  been  expired  was 
reabsorbed.  When  the  amount  of  oxy  g  e  n  in  the  inspired  air  is  increased  beyond  that 
proper  to  the  atmosphere,  no  appreciable  increase  can  be  obserred  in  the  amount  of 
carbonic  add  exhaled  (Begnault  and  Reiset).  When  hydrogen  ia  snbetitnted 
for  nitrogen  in  the  inspired  air  no  essential  change  in  respiration  takes  place. 

3.  Dependent  on  intrinsic  conditions. 

Food".  Abstinence,  Hunger. — Allobseryers  agree  instating  that  dnzing  starra- 
tion  the  amount  of  carbonic  add  £dls.  In  Bidder  and  Schmidt's  experiments  on 
a  catt  which  endured  18  days'  depriyation  of  food,  the  amount  per  diem,  except 
during  the  first  and  last  days,  was  remarkably  constant  for  each  kilo,  of  body-wei^t 
(though  for  the  whole  body  it  gradually  lessened  from  day  to  day).  (See  Nutbition.) 
E.  Smith  found,  during  a  24  hours'  fast,  the  carbonic  add  diminished  about  25  per 
cent  (7  grains  per  minute  instead  of  9'77  grains).  The  minimum  was  arriyed  at  within 
4|  hours  after  the  last  meal,  and  from  that  point  onward  there  was  no  marked  decrease ; 
thus  indicating  the  existence  of  a  tolerably  uniform  "normal"  or  "  basal "  line,  below 
which  the  system  does  not  pass  in  health.  Pettenkofer  and  Voit  found  that  their 
dog  passed  (30  kilos,  circa),  with  1800  gnus,  meat  and  850  erms.  fat,  840*4  grms. 
of  carbonic  add,  but  after  10  days^  fastine  only  289*4  grms.  Kanke,  J.  (Tetanus^ 
p.  234),  weight  70  kilos,  circa,  determined^  by  means  of  Pettenkofer^s  apparatiiSr  the 
total  quantity  of  carbonic  add  exhaled  by  himself  during  24  houn  under  the  foUowiqg 
circumstances,  to  be : 

gmi.  car-  snM.  o 

bonic  add.  bon. 


Starying 662*9  180*8 

do 668*6  180-9 

Pore  meat  diet  (1832  grms.)  •        •        •        •  847*6  281*2 
( 150  grms.  fieit        ) 

A  diet  of -{300    „      starch   }-        .        .        •  785*2  200*6 
llOO    „      sugar    J 

Ordinary  mixed  diet 7911  216*7 

Hixed  diet»  as  much  as  possible  eaten      .        .  925*6  252*4 

A  diet  in  which  the  mtrogen  of  ingesta  and 

egesta  were  in  equilibriimi   .        .        •        •  759*6  207 


Meals. — An  increase  in  the  production  of  carbonic  add  begins  directly  after  a  meal 
and  progresses  to  a  maximum,  after  which  the  amount  gradually  declines  to  the  basal 
minimum.  The  maximum  was  obseryed  in  from  one  to  two  hours  after  a  meal,  and 
was  greatest  after  breakfast  and  tea  (with  a  midday  dinner).  On  a  day  of  ftstinga 
slight  rise  was  obseryed  about  the  times  when  the  infiuenoe  of  meals,  if  taken,  woimd 
have  been  felt     (K  Smith.) 

Kindsoffoo  d.— -E.  Smith,  taking  the  minimum  quantity  exhaled  whe^  fastine  in 
the  early  morning,  has  inyestigated  the  effects  of  yarious  articles  of  food.  He  finds  Uiat 
the  exhalation  of  carbonic  acia  is  increased  by  the  following  "excito-rMpiratory"  artidss, 
which  are  here  placed  in  a  series  of  decreasing  intensity  of  effect: — Tea,  sug^  (cane- 
sugar,  milk-sugar,  grape-sugar),  coffee,  rum,  mulL,  ooooa,  stout,  ale,  chicory,  casein,  {^utsii. 
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|i(e1atiii,  albnnun.  Gompomid  aliments  containing  Berenil  of  these  (nilMrtanees  ha,y  an 
action  greater  tlian  that  of  anj  of  their  oonstitaenta.  In  most  of  these  instances,  the 
increase  in  the  evolution  of  carbon  was  greater  than  coold  be  accounted  for  by  the 
amount  of  carbon  contained  in  the  article,  ex.  tea ;  in  others  less,  ex  sugar.  The  efiect 
was  erideot  within  a  few  minutes  of  partaking  of  the  food,  and  was  not  inyestigated  for 
periods  of  longer  than  two  hours.  Other  substances  do  not  increase  the  carbonic  add, 
are  non-excito-respirato^,  ex.  starch,  fat,  brandy,  whisky,  gin,  and  the  volatile  elements 
of  wine,  spirits,  &c.  The  influence  of  water  does  not  seem  to  have  been  studied. 
These  observations  s^ply  to  the,  so  to  sp«*ak,  superficial  effects  of  the  various  kinds  of 
food  ;  the  ulterior  effects  of  diet  will  be  discussed  below. 

Sleep. — During  sleep  the  amount  of  carbonic  acid  is  lessened.  In  man,  the  quantity 
expired  per  minute  when  asleep  ia  to  the  quantity  when  awake  as  1 :  1*84  (E.  Smith). 
During  the  condition  known  as  hybernation,  the  diminution  in  the  quantity  of  carbonio 
acid  exhaled  is  exceedingly  marked.  Thus  a  hedgehog,  which  when  awake  gave  1*862 
grms.  of  carbonic  acid  per  hour,  produced  when  in  complete  torpor  no  more  than  *066 
per  hour,  and  a  marmot  1*076  and  *0144  respectively.    (Valentin.) 

Exercise. — The  quantity  is  very  largely  increased,  according  to  all  observers. 
£.  Smith,  whfjse  average  during  the  day  was  9*77  grains  per  minute,  exhaled  6*94 
grains  per  minute,  when  lying  down  but  not  asleep ;  18*1  when  walking  at  the  rate 
of  2  miles  an  hour ;  26*83  at  3  miles  an  hour ;  and  48*36  and  42*9  on  two  occasions  when 
working  the  treadwheel. 

8rx. — ^Men  produce  a  larger  quantity  of  carbonic  acid  than  women. 

Affe. — The  quantitv  of  carbonic  acid  exhaled  by  children  is  abeolntely  less  than  that 
given  out  by  adults,  out  compared  with  the  body-weight  ia  greater,  as  is  shown  in  the 
rollowing  table  from  Lehman n  (Lehrb.  iii.  820) : — 

Csrbonic  add  p«r 
Carbonic  add      hour  per  kilo,  of 
Subject.  Ag9.  Bodf.welght.  per  hour.  body-weight. 

Boy.        .        .  9}yrs.  2200  kiL  20*838  grm.  '9246  grm. 

Girl .        .        .  10  „  2300   „  19*162    „  -8831    „ 

Youth      .        .  16  „  67*75  „  34*280    „  '6887    » 

Young  woman  .  17  „  66*76  .,  26*342   „  '4646    „ 

Soldier     .        .  28  „  8200  „  36*632   „  '4466    „ 

Man         .        .  36  „  66*6     „  33*630   „  -6119   „ 

The  same  applies  to  animals. 

According  to  Andral  and  Gavarret,  the  quantity  produced  daily  by  the  male  sex 
goes  on  increasing,  with  a  sudden  rise  at  puberty,  up  to  al>out  30  years,  remains  tolerably 
stationary  until  ^tween  40  and  60  prears,  after  which  it  diminishes,  especially  beyond 
60.  In  Uie  female  sex  the  amount  increases  up  to  puberty,  then  remains  stationary, 
with  temporary  increase  during  pregnancy,  until  the  cHmacterie,  after  which  it  rises 
up  to  60  years  and  then  finally  faUs. 

ConaumpHon  of  Oxygtn, 

The  whole  of  the  oxygen  absorbed  by  the  blood  firom  the  inspired  air  does  not 
always  reappear  in  the  carbonic  acid  of  the  expiration ;  in  general  the  amount  of 
oxygen  consumed  during  a  given  interval  is  greater  than  the  amount  of  oxygen 
contained  in  the  carbomo  acid  expired  during  the  same  time.  The  difference  is 
not  a  constant  one,  but  varies  according  to  the  nature  of  the  fbod  taken,  &c. ;  it  is 
least  marked  in  herbivora  livine  on  their  ordinary  diet,  or  in  animals  fed  largely  on 
carbohydrates,  and  most  marked  in  camivora  or  in  animals  fed  largely  on  a  meat  diet. 
Begnault  and  Reiset  found  in  the  carbonic  add  exhaled  by  rabbits  fed  on 
carrots,  &c.,.9i*7  per  cent,  of  the  oxygen  consumed ;  in  dogs  fed  on  meat,  74*6  per 
cent ;  in  fowls  fea  on  grain,  92*7  per  cent. ;  in  dogs  fed  on  bread,  91*3  and  94*3  per 
cent. ;  in  fowls  fed  on  meat,  76*7  and  63*6  per  cent. ;  in  ducks  fed  on  bread  and  grain 
89*2  per  cent,  on  meat  73*8,  on  fat  62*3.  They  also  found  that  herbivora  when 
starving  save  the  proportion  of  camivora,  that  is,  they  fed  on  their  own  fiesh. 
Thus,  rabbits  starving  afforded  69  per  cent,  ducks  stsrving  69*3  per  cent,  and  fowls 
707  and  63*9  per  cent  The  observations  of  Pettenkofer  (Ann.  Ch.  Pharm.  1863, 
finppL  ii.)  on  the  respiration  of  the  dog  led  to  some  very  remarkable  results.  After 
16  days*  meat  diet,  63*7  per  cent,  of  the  oxygen  consumed  reappeared  in  the  carbonic 
add  expired.  During  a  hunger  period  of  10  days  immediately  following,  the  percent- 
age was  on  an  averaoe  63*6.  The  dog  was  then  fed  for  7  days  on  meat,  at  the  end  of 
iniich  the  oxygen  in  the  carbonic  acid  expired  almost  exactly  equalled  the  total 
quantity  consumed.  After  8  days*  rations  of  100  grms.  fat  only,  the  result  was  still  the 
aame.  The  animal  bmnc  thtn  poi  on  a  rich  meat  diet,  on  the  4th  day,  the  oxygen  in 
the  carbonie  acid  flSMMid  flifc JMPBPed  by  17  gnna;  on  the  fbllowing  days. 
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howerer,  the  diet  and  excretion  of  urea  remaining  the  same,  the  oonsamptioii  of  oxm^ 
had  increeaed  00  much,  that  on  the  13th  day  the  oxygen  in  the  carbonic  acid  had  a»> 
earned  the  standard  percentage  of  66*1.  The  animal  then  being  fbd  on  600  grms.  of  meet 
and  200  grma.,  first  of  stan^  and  then  of  sugar,  the  relations  of  carbonio  add  ezpind 
and  oxygen  consumed  became  so  changed  that  at  last  the  carbonic  add  contained  150  (in 
a  second  trial  126^  parts  of  oxygen  for  eyery  100  parts  of  oxygen  conaumed.  Thns 
remarkable  variations  serve,  on  the  one  hand,  to  illustrate  the  character  of  the  changes 
going  on  in  the  body  under  the  influence  of  different  kinds  of  food ;  on  the  other  hand, 
the  great  excess  of  carbonic  acid,  coinciding  with  the  appearance  of  7*2  grnut.  of 
hydrogen  and  6*3  grms.  of  marsh-gas,  indicates  that  the  carbonic  acid  waa  not  wholly 
due  to  combustion  of  the  tissues  or  plasma,  but  perhaps  arose  in  part  from  fermentatioa 
of  the  food  wi^n  the  alimentary  canal  (see  Nutiotion).  Hence  the  oonaumption  of 
oxygen  and  not  the  production  of  carbonic  acid  must  be  taken  as  a  measure  of  the 
activity  of  the  vital  processes.  The  following  table  shows  in  grammes  the  amount  of 
oxygen  consumed  per  hour  per  kilo,  of  body-weight  by  members  of  the  varions  kinds 
of  animals.  It  will  be  seen  that  small  creatures  consume  more  than  larger  ones  lor 
the  same  amount  of  body- weight : — 


7^  amount  in  grammes  of  oxygen  comumed  per  hour  per  kilo,  qf  body-weight. 


Sheep 
Calves 
Pigs 
I>og8 


(Reiset) 


It 


(Begnault? 
and  Beiset)) 
Babbits  „ 

„  ^Valentin) 

Marmots :  awake  (B e gn au  1 1  ^ 
and  Beiset)) 
tmpid  ^, 

awake  (Valentin) 
light  sleep 
quite  torpid 
Hedgehog:  awake 
torpid 


M 

n 


tt 


>t 


it 


*» 


tt 


•497 
•480 
•466 

1183 

•918 
1-714 

1198 

•040 
•973 
•144 
•0238 
1-376 
•075 


Fowls    (Begnault  and  Beiset)    1-147 
Ducks  „  1-850 

Small  Birds  ,,  11-478 


G^eese 
Turkeys 


(Beiset) 


ff» 


•677 
•702 


Frogs      (Begnault  and  Beiset)    -084 
Lizuds  ■  y,    -  -1916 

Silkworm  •  „  1^170 

Earthworm  ,,  -1013 


A  curious  observation  was  made  by  Begnault  and  Beiset  on  the  consumption  of 
oxygen  by  the  marmot.  These  animals  when  wide  awake  give  in  their  carbonic  add  a 
percentage  of  oxygen  consumed  76*9,  when  half  asleep  54*7,  when  completely  dormant 
39*9.  This  remarkable  deficiency  explains  how  it  is  that  these  animals  may,  while  in  a 
dormant  state,  provided  that  they  do  not  pass  urine,  actually  increase  in  weight  from 
formation  and  retention  of  water. 

Breathing  Impure  Air. — When  an  animal  is  suddenly  cut  off  from  its  usual  snpptj 
of  air,  as  by  closure  of  the  windpipe,  by  immersion  in  wat^r,  or  by  being  plunged  into 
some  irrespirable  (but  otherwise  innocuous)  gas,  such  as  nitrogen  or  hydrogen,  the 
breathing  is  at  first  hurried  and  laboured,  but  after  a  while  becomes  slow  and  weak ; 
conciousness  is  lost,  convulsions  take  place,  and  death  by  suffocation  or  asphyxia  is  the 
result.  In  such  cases,  the  air  remaining  in  the  lungs  contains  a  trace  only  of  oxygen 
with  a  mat  excess  of  carbonic  acid,  the  blood  both  in  the  arteries  and  veins  ia  (^  a 
dark  colour,  holding  scarcelv  anv  oxygen  but  a  very  laree  quantity  of  carbonic  add. 
It  is  not  yet  dear  how  fkr  the  phenomena  belonging  to  this  particular  mode  of  death 
are  due  to  the  absence  of  oxygen,  or  to  the  increase  in  carbonic  add,  or  to  both  of  these 
causes  combined.  Some  observers  witnessed  no  convulsions  or  dyffpncea,  but  only  a 
kind  of  narcotic  poisoning,  when  animals  were  made  to  breathe  oxygen  containing  a 
great  excess  of  carbonic  add ;  whereas  when  they  were  made  to  breathe  air  diluted 
With  nitrogen,  dyspnoea  came  on  as  soon  as  the  proportion  of  oxygen  fell  below  5  per 
cent  These  experiments  seem  to  show  that  the  dyspnoea  of  asphyxia  arises  from  the 
lack  of  oxygen.  But  other  observers  have  found  dyspnoea  and  convulsions  to  follow 
the  inhalation  of  oxygen  containing  10  per  cent  of  carbonic  acid,  and  the  opinion  that 
carbonic  acid  is  an  excitant  of  muscular  and  other  actions  has  many  supporters. 

Similar  results  are  produced  more  gradually  when  an  animal  is  confined  in  a  limited 
space  without  renewal  of  air,  and  has  therefore  to  breathe  the  same  air  over  and  over 
again.  In  such  cases  life  is  prolonged  if  the  carbonic  acid  be  absorbed  by  potash  aa 
soon  as  it  is  formed.  If  at  the  death  of  the  animal  the  air  is  examined,  it  is  found  te 
contain  from  5  to  7  per  cent,  of  oxygen  and  from  10  to  12  per  cent  of  carbonic  add 
(Bernard).  These  figures  may  be  taken  to  represent  the  limit,  in  either  direction,  at 
which  air  ceases  to  be  respirable.  When  animals  or  human  beings  remain  for  any 
length  of  time  in  ill-ventilated  crowded  rooms,  the  reaultiMtJBBttitgf  of  air  prodi   ^ 
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■jmptoms  of  discomfort  uid  stiffening,  and  ma  j,  as  iu  some  well-known  instances,  lead 
to  fatal  results.  These  minor  ill-effects  are  in  part  duo  to  lack  of -oxygen  and  increase 
of  carbonic  acid,  bat  it  is  highly  probable  that  thev  are  chiefly  owing  to  the  exhalation 
of  Tarions  (unknown)  substances  from  the  skin  and  lungs.  According  to  Pettenko- 
fer  it  is  possible  to  breathe  an  atmosphere  containing  1  per  cent,  of  pure  carbonic 
acid  for  a  length  of  time  without  any  injurious  results  following,  or  indeed  any  discom- 
fort being  felt.  But  1  per  cent,  of  carbonic  acid  may  be  fairly  taken  as  a  limit  of  the 
impurity  of  air  due  to  bad  yentilation,  and  respir^  air  containing  a  much  smaller 
quantity  is  found  to  be  unbearable.  The  effects,  moreover,  which  have  been  described 
as  resulting  fh>m  the  inhalation  of  small  quantities  of  carbonic  acid  (Smith)  are 
distinct  from  those  resulting  from  ordinary  impure  air.  The  latter,  too,  may  bo  imi- 
tated by  breathing  respired  air  freed  from  its  carbonic  acid,  and  containing  therefore 
the  other  impurities  only;  by  experimenting  on  animals,  fisttal  results  may  be  pro- 
duced. At  tne  same  time  the  carbonic  acid  may  be  taken  as  an  indirect  measure  of 
the  impurity  of  respired  air,  and  accordingly  air  which  by  respiration  has  acquired 
more  tnan  '08  per  cent  of  carbonic  add  should  be  considered  as  unfit  for  further 
respiration*  M.  F. 


C'H". — A  hydrocarbon  polymeric  with  benzene,  discovered  in  1837 
by  Fikentscher  and  Trommsdorff,  and  examined  chiefly  by  Fritzsche  (J.  pr. 
Chem.  Ixxy.  281 ;  Jahresb.  1860,  p.  475 ;  Gm.  xyiii.  8).  It  occurs  in  thin  unctuous 
scales  on  fossil  pine-stems,  in  beds  of  peat  and  lignite  in  Denmark  and  other  localities, 
and  together  with  flchtelite  on  the  Fichtelgebir^e,  and  at  Utznach  in  the  Canton  of  St. 
Gall.  It  is  produced  also  by  the  dry  distillation  of  very  resinous  pine  and  fir-wood, 
passing  over  together  with  tne  heavy  tar-oil,  and  separating  in  scales  like  paraffin 
(Krauss,  Ann.  Ch.  Pharm.  cvi.  391).  By  submitting  colophony  to  dry  distillation, 
and  passing  the  vapour  through  a  red-hot  tube,  Fritzsche  obtained  several  hydrocarbons, 
forming  compounos  with  picric  acid,  amonsst  them  probably  retene.  Betisterene,  or 
MetanaphthaUne  (p.  98),  which  is  obtained  in  a  similar  manner  byPelletier  and 
"Walter  (Ann.  Ch.Phys.  [21  Ixvii  296),  is  perhaps  impure  retene.    (Fritzsche.) 

Treparation:  From  foisd  wood, — The  comminuted  wood  is  exhausted  by  boiling 
with  alcohol ;  the  greater  part  of  the  alcohol  is  then  distilled  off;  and  the  remainder 
of  the  decoction  is  evaporated  to  diyness,  and  treated  with  sulphide  of  carbon,  which 
dissolves  retene  and  otner  substances,  leaving  a  red-brown  acid  resin.  On  removing 
the  sulphide  of  carbon  by  distillation,  and  dissolving  the  residue,  together  with  picric 
add,  in  benzene,  a  compound  of  retene  with  picric  acid  and  benzene  separatt^s  out  in 
yellow  needles  on  cooling.  These  are  pressed  and  reciystallised  from  alcohol,  with 
addition  of  excess  of  picnc  add,  the  compound  of  retene  and  picric  add  is  decomposed 
by  ammonia,  and  the  separated  retene  is  recrystallised  from  alcohol.    (Fritzsche.) 

Retene  forms  soft  shining  unctuous  laminae,  inodorous,  tastelea«,  sinking  in  cold  but 
floating  in  boiling  water  (Fritzsche).  It  melts  at  98 — 99°  (Fehling,  Ann.  Cb. 
Pharm.  cvL  388).  According  to  Fritzsche,  melted  retene  solidifies  at  90^,  the  tem- 
perature rising  to  95^.  It  evaporates  gradually  in  the  air  and  over  the  water-bath, 
and  when  melted  gives  off  white  clouds,  which  condense  to  a  woolly  sublimate  (Krauss, 
Ann.  Ch.  Pharm.  zxviii.  345).  It  boils  at  about  the  boiling-poiut  of  mercury,  and 
distils  almost  unchanged  (Fritzsche,  Fehling).  It  is  insoluble  in  water^  dissolves 
slowly  in  cold,  much  more  readily  in  boiling  alcohol,  easily  in  warm  tthtTf  and  in  oiUf 
both  fixed  and  volatUe, 

Retene  bums  with  a  bright  but  smoky  flame.  It  is  converted  into  resinous  products 
by  treatment  with  chromic  acid,  with  h/drochlorte  acid  and  chlorate  of  poiasnum,  and 
with  fttrongnUric acid.  With  more  dilute  nitric  add,  it  also  forms  crystalline  products. 
(Fehlinar.) 

By  prolonged  contact  with  strong  sulphuric  acid^  retene  is  converted  into  retene- 
disulphuric  or  disulphoretic  acid,  C'*H"SK)*,  which  crystallises  in  a  solid 
mass  and  forms  a  soluble  barium-salt,  C»^H'«Ba"S*0«,  crystallising  in  needles.  The 
lead-salt,  C>«H"Pb'^0«,  dissolves  slightly  in  cold,  easily  in  boiling  water,  and  separate* 
therefrom  in  white  flocks. 

A  solution  of  retenein  moderately  dilute  sulphuric  add  deposits  on  standing,  crystals 
containing  C»"H'«S«0«.5H«S0*. 

Retene  heated  with  strong  sulphuric  add  is  converted  into  the  compound  C'*H*SO\ 
called  by  Fritzsche  sulp  horet  en  e,  which  separates  from  boiling  water  in  thin  laminas, 
from  alcohol  as  a  sandy  powder  or  in  crusts ;  is  decomposed  by  heat  and  forms  a  crys- 
talline compound  with  hydrochloric,  oxalic,  and  picric  adds. 

Retene  tciih  Picric  acid.— A  solution  of  1  pt.  retene  and  3  pts.  picric  add,  in  hot 
alcohol  or  ether,  deposits  on  cooling,  delicate  woolly  orange-yellow  needles  of  the  com- 
pound C"H*».C*H"(N0*)*0,  which  is  partially  decomposed  by  alcohol  of  90  per  cent , 
completely  by  more  dilute  alcohol,  into  picric  acid  and  retene. 
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A  mixture  of  retene  and  picric  acid  diBsolved  in  hot  benzene^  deposits  on  eooiing 
needle  of  the  compound  C'"H«.C«H«.OH»(N0»)"0.  which  on  exposnre  to  the  atr 
becomes  opaque,  and  gives  o£f  the  whole  of  the  benzene.    (Fritssche.) 

ACTDm    See  the  last  article. 

A  preen  translucent  yarietj  of  serpentine  firom  Canada,  haTisg 
a  resinous  aspect.    (See  Serfemtine.) 

Sjn.  with  toluene  or  hydride  of  benzyl  (i.  673). 

A  fossil  resin  of  yellow-brown  colour,  earthy  aspect,  rarely 
deuse  and  shining ;  of  specific  gravity  1*07  to  1*35;  fusible,  burns  with  a  white  flame, 
and  aromatic  odour.  Ketinasphalt  from  the  lignite  of  Bovey  in  Devonshire,  'where  it 
was  first  observed,  contains,  according  to  Hatch ett  (Phil.  Trans.  1804,  p.  404),  55  per 
cent,  resin  soluble  in  alcohol,  42  per  cent,  insoluble  resin ;  according  to  Johnston 
(Phil.  Trans.  1840,  p.  347),  13*23  per  cent,  mineral  constituents,  27*45  resin  insolnble  in 
alcohol,  and  59*23  percent  soluble  in  alcohol — the  latter  constituting  Johnston's  rr^Mts 
acid.  Ketinasphalt  from  Halle  contains,  according  to  Bucholz  (Schw.  J.  i.  290),  91 
per  cent,  easily  soluble  resin,  and  9  per  cent,  insoluble  resin,  resembling  amber  ;  that 
m>m  Cape  Sable,  United  St^ites,  contains  42*5  per  cent,  easily  soluble  resin,  66*5  per 
cent,  insoluble  resin,  and  1*5  ferric  oxide  and  alumina.    (Troost) 


The  portion  of  retinasphalt  from  Bovey,  which  le  soluble  in 
alcohol  (Johnston).  It  remains,  on  evaporating  the  alcoholic  solution,  as  a  yellow- 
brown  resin,  which  melts,  with  loss  of  weight,  at  120°,  and  gives  off  gas-bubbles  at 
205°.  It  dissolves  abundantly  in  ether,  whence  it  is  for  the  most  part  precipitated  by 
alcohol,  sparingly  in  alcohol,  and  is  precipitated  by  water.  The  alcoholic  solution 
gives  a  slight  precipitate  with  chloride  of  calcium,  more  abundant  with  alcoholic  acetate 
of  lead.  The  acid  contains,  at  100°,  75*03  per  cent  C,  8*77  H,  and  16-20  O:  after 
fusion,  7708  C,  8*70  H,  and  14*22  0 ;  the  calcium-salt  yielded  10*26  per  cent.  lime, 
the  silver-salt  41*78  to  43*58  per  cent  silver-oxide.  From  these  results  JohnstOB 
deduced  the  formula  O*H**0«. 


WalchovUe.  A  fossil  resin  found  in  the  coal-mines  of  Walchow,  in 
Moravia,  in  rounded  lumps,  varying  in  size  from  that  of  a  pea  to  that  of  a  man*s  head. 
It  is  brittle,  of  specific  gravity  1035  to  1*069,  has  a  yellow  colour,  a  conchoidal 
fracture,  and  fatty  lustre.  At  140°  it  becomes  translucent  and  elastic  without  fusing 
and  at  250°  melts  to  a  vellow  oil.  By  dry  distillation  it  yields  combustible  gas,  tar, 
and  aqueous  formic  acio.  Alcohol  extracts  from  it  1*5  per  cent,  and  ether  7*5  per 
cent  of  resin,  both  the  resins  thus  obtained  being  transparent  yellow,  and  tough.  It 
dissolves  slightly  in  sulphide  of  carbon,  and  in  boiling  rock-oil,  but  softens  in  the 
former.  Contains  80*40  per  cent  C,  10-68  H,  and  874  0,  agreeing  approzimatelj 
with  the  formula  C'*H*"0".  (Schrotter,  Pogg.  Ann.  lix.  61 :  see  also  Cerutti,  N. 
Br.  Arch.  xxii.  286.) 

The  lignite  of  the  Wilhelmszech  mine,  in  the  Westerwald,  contains  reddish-jdlow 
brittle  deposits  of  retinite.  Branchite  or  scheererite  likewise  changes  to  a  resin,  which 
has  the  colour  and  soft  waxy  consistence  of  retinite.     (Cas  selmann.) 

The  name  retinite  is  used  by  Rammelsberg  (Mineralchemief  p.  966)  as  a  geneiie 
name  for  fossil  resins  containing  oxygen . 

SSTZVOXiB  and  WtXTlNYIu  Hydrocarbons  obtained  in  the  rectification  of  the 
products  of  the  dry  distillation  of  turpentine-resins  (Pelletier  and  Walter,  An^. 
Ch.  Phys.  [2]  Ixvii.  269).    Bee  TuapsimifB. 

BBTXSTBSSWa.    Metanaphthalene.     A  solid  hydrocarbon,  probably  identical 
with  retene,  obtained  by  the   distillation   of  resins,  and   passing  over  with   the  last 
portions  of  the  distillate.     (Pelletier  and  Walter,  Ann.  Ch.  Phys.  [21   Ixxii 
296.) 


'•  This  name  was  originallv  applied  to  the  well-known  vessel,  consisting 
of  a  bulb^md  inclined  neck,  used  for  distillation ;  but  it  is  now,  especially  in  technologi- 
cal language,  applied  to  distillatory  vessels  of  other  shapes— for  example,  to  the  cylin- 
ders of  iron  or  earthenware  used  for  the  distillation  of  coal,  &c. 


U  A  massive  grey  mineral  from  Retzbanya,  in  Hungary,  of 
specific  gravity  6*21.  It  is  mixed  with  oxidised  products,  and  gives  by  analysis  7*14 
percent,  oxygen,  11*93  sulphur,  38*38  bismuth,  36*01  lead,  4*22  copper,  and  1*9S 
silver.    (Hermann,  J.  pr.  Chem.  Ixxv.  450.) 

Syn.  with  EDELFORsrrs  (ii.  361). 

A  salt  occurring  as  an  efflorescence  at  Saidschit2,  in 
consisting  of  a  mixture  of  the  sulphates  of  sodium,  calcium,  and 
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chloride  of  magnesium  [and  water],  but  rarpng  in  composition  according  to  the  locality 
aud  the  season  of  the  year.    (Reuss,  Crell.  Ann.  1791,  ii.  18.) 


C"H»0*.  rOellatly,  N.  Edinb.  Phil.  J.  Tii.  256.)— A  pale- 
yellow  ciystalline  substance,  formed,  together  with  glucose,  by  boiling  XMithorhamnin 
with  dilute  sulphuric  or  hydrochloric  acid : 

C"H«0'*  +   3H«0     «     C"H'«0»  +   2C«H»K)«. 

A  amilar  transformation  takes  place  when  Persian  berries,  which  contain  zantho- 
rhamnin,  are  stirred  up  with  cold  water,  the  rhamnetin  being  deposited  from  the  filtrate 
as  a  jellow  powder. 

Kharanetin  is  nearly  insoluble  in  water,  easily  soluble  in  alkalis,  and  precipitated 
therefrom  by  adds  ;  insoluble  in  alcohol  and  ether.  Hlasiwetz  regards  it  as  identical 
with  quercetin  (p.  4). 

XBABOrzv.  (Fleury,  J.  Pharm.  xxyii.  226. — Winckler,  Jahrb.  pr.  Pharm. 
jLxiv.  1. — Binswanger,  Repert.  Pharm.  dr.  54. — Gm.  xvi.  80). — A  yellow  substance 
eontained,  together  with  rhamnocathartin,  in  the  unripe  berries  of  the  buckthorn 
^Rkamrma  caiharticue).  It  may  be  prepared  by  pressing  the  berries  to  remove  the 
juice,  boiling  the  residue  repeatedly  with  water,  setting  the  decoctions  aside  to  crystal- 
lise,  and  purified  by  recrystallisation  from  boiling  alcohol,  with  aid  of  animal  charcoal. 
It  forms  rounded  groups  of  pole-yellow  granules  or,  more  rarely,  tufts  of  needles.  It  is 
decomposed  by  heat,  is  nearly  or  quite  insoluble  in  cold  water,  swells  up  in  boiling 
water,  dissolres  sparingly  in  cold,  easily  in  boiling  alcohol,  but  is  insoluble  in  ether. 
It  dissolves  easily  in  sikalis,  and  is  precipitated  therefrom  by  acids ;  dissolves  with 
■aflfroB-yellow  colour  in  strong  hydrochlonc  or  sulphuric  acid,  and  is  precipitated  by 
water ;  in  hot  nitric  acid,  forming  a  dark-brown  solution,  which  becomes  yellow  on 
oontinued  heating,  and  then  leaves  on  evaporation  a  crystalline  mass,  mostly  soluble  in 
water,  together  with  a  bitter  yellow  powder,  probably  picric  acid. 

The  name  rhamnin  is  applied  also  byOrtlieb  (Mulhous.  Soc.  Bull.  xxx.  16)  to  a 
product  obtained  from  Persian  berries.  According  to  his  observations,  the  aqueous 
decoction  of  the  berries,  after  the  colouring-matter  has  separated  from  it,  contains  a 
large  quantity  of  sugar,  and  after  fermentation  deposits  yellow  ciystalline  grains 
of  hydrate  of  ox^'hamnirif  C**H'H)",  isomeric  or  perhaps  identical  with  euxanthic  acid 
(ii.  609),  then  yellow-green  flocks  of  hydrate  of  rhamnin^  C^*H'*0'« ;  and  the  mother- 
liquor,  if  boiled  with  sulphuric  acid,  yields  flocks  of  rhamnin,  C*'H**0*.  These  results, 
however,  do  not  agree  with  those  obtained  by  Kane  and  by  Q  ellatly  (p.  100).  See 
also  XAirrHORHA.Mimr. 

»HAanrOOATKA»Tnr,  Cathartin.  (Hubert,  J.  Chim.  m^.  vi.  193.— 
Winckler,  Jahrb.  pr.  Pharm.  xix.  221  ;  mv.  1. — Binswanger,Repert  Pharm.  civ. 
64. — Gm.  xvi.  81.)-— The  uncrystallisable  bitter  principle  of  budcthom  berries.  To 
prepare  it,  the  juice  of  the  ripe  berries  is  evaporated  to  an  extract ;  this  extract  it 
exhausted  with  hot  alcohol,  the  tincture  evaporated,  and  the  residue  mixed  with 
water,  which  separates  yellow-green  pulverulent  rhamnotannic  acid.  The  filtrate, 
shaken  up  with  coarsely-pounded,  purified  bone-charcoal,  as  long  as  it  retains  any 
bitter  taste,  yields  rhamnocathartin  to  the  charcoal ;  and  on  washing  this  charcoal 
with  cold  water,  drying,  treating  it  with  hot  alcohol,  and  evaporating  the  tincture,  the 
rhamnocathartin  is  left  behind.    (Binswanger.) 

Khamnocathartin  is  a  translucent,  amorphous,  yellowish,  brittle  mass,  which  emits  a 
peculiar  smell  when  rubbed.  It  has  a  bitter  and  very  repulsive  tAste,  is  neutral,  and 
tolerably  permanent  in  the  air.  When  heated,  it  melts  to  a  yeUow  oil,  turns  brown, 
gives  off  infiammable  vapours,  and  leaves  combustible  charcoal.  With  nitric  acid^  it 
yields  a  large  quantity  of  picric  acid  (Winckler).  It  is  not  decomposed  during  the 
fermentation  of  the  juice.     (Hubert) 

It  is  soluble  in  all  proportions  in  water  (Winckler),  insoluble  in  cold,  somewhat 
soluble  in  boiling  water,  to  which  it  imparts  a  very  bitter  taste,  while  the  remainder 
melts  and  adheres  to  the  sides  of  the  vessel.  The  hot  solution  becomes  turbid  on 
cooling  (Binswanger).  The  aqueous  solution  is  coloured  brownish  gold-yellow, 
without  precipitation,  by  ammonia^  the  fixed  alkalis,  and  basic  acetate  of  lead,  and 
becomes  colourless  again  on  addition  of  acids.  It  colours  ferric  chloride  dark-brown- 
psen.    (Winckler.) 

Bhamnocathartin  dissolves  in  aU  proportions  in  alcohol,  but  is  insoluble  in  ether, 

XSABnrOTAmnC  ACZB*  (Binswanger,  loc.  cit.) — Obtained,  as  above,  in 
the  preparation  of  rhamnocathartin,  and  purified  by  washing,  drying,  solution  in 
ifbo^  and  evaporation. — It  is  a  neutral,  greenish-yellow,  amorphous,  easily  friable 
^  ' »  tastes  bitter  and  astringent ;  melts  and  decomposes  when  heated ;  is  nearly  in- 
IB  cold  water,  somewhat  soluble  in  boiling  water,  and  in  aqueous  ammonia. 

h2 


1 00  RHAMNOXANTHIN— RHODIUM, 

forming  a  golden-yellow  liquid  which  graduallj  turcs  l)rown.  With  lime-WBter  ani 
pot)ish-ley  it  forms  yellow  solutions,  which  do  not  change  in  contact  with  the  air ;  the 
former,  howerer,  gradually  deposits  yellow  flocks.  The  aqueous  solution,  added  to 
neutral  or  basic  acetate  of  lead,  throws  down  orange-yellow  flocks ;  it  colours  fertie 
salts  olive-green,  and  then  precipitates  them.  In  tartar-emetic  it  forms,  after  soms 
time,  a  yellow  precipitate ;  does  not  precipitate  solution  of  gelatin.  The  acid  dissolTw 
readily  in  alcohol  and  ether. 


;.V.  A  yellow,  crystalline,  sublimable  substance  identied 
with  FrangvUn,  under  which  name  it  has  already  been  described  (ii.  706).  It  eziits 
in  the  root,  bark,  and  stem-bark  of  Bhamntu  Frangula  (Buchner,  BinswangerX 
and  according  to  Phipsou  (Compt  rend,  xlyii.  153),  in  the  bast^  and  in  the  Tassels  of 
the  medullary  sheath  of  the  branches.  Phipson  prepares  it  by  macerating  the  branches 
for  three  or  four  days  in  sulphide  of  carbon,  evaporating  the  extract  to  diynesa,  ei- 
hau<«ting  the  residue  with  alcohol,  which  leaves  fat  undissolved,  again  evaporating,  and 
recrystallising  from  ether. 

aHAMHUB.  The  several  species  of  Bhamntu  yield  yellow  or  green  colonriiig- 
matters,  which  have  been  examined  by  different  chemists,  not  always  with  aocardanl 
results : — 

1.  Persian  or  Turkey-berries,  the  seeds  of  Bhamntu  amygdaiinua,  S.  detndeM,  B. 
saxatUif,  and  Avignon-grains,  the  seeds  of  B.  infectoriuSf  which  are  empl<^ed  ia 
dyeing  for  the  production  of  yellow  colours,  yield :  a.  According  to  Kane  (PhiL  Mag: 
[3]  xxiii.  3),  in  the  unripe  state,  chrysorhamnin,  C"H*'0'*  (L  960), and  when  rips^ 
xanthorhamnin,  C^H''*0*^ — 0.  According  to  Gellatly,  xanthorhamnin, 
CH^O**,  with  rhamnetin,  C*'H*»0*,  as  a  product  of  its  decomposition. — y,  Aeoord- 
ing  to  Ortlieb  (Mulhous.  Soc.  Bull.  xxx.  16),  rharanin,  C"H"0»,  hydrate  of 
rhamnin,  C2>H'"0'»,  and  hydrate  of  oxyrhamnin,  C"H"0". 

2.  The  bark  of  the  berry-bearing  alder  (Bhamntts  Frangula^  and  of  the  bnekthon 
(B.  catharticus)y  yields  the  yellow  dye  called  rhamnoxanthin  by  Buchner  and  Bins> 
wanger,  frangulin  by  Casselmann. 

3.  The  berries  of  B.  catharticus  yield  the  rhamnin  of  Henry,  Winckler,  and  Bins- 
WEUiger  (p.  99);  also  Binswanger^s  rhamnocathartin,  called  cathartin  by  Hubert 
(p.  99).  These  berries  and  the  syrup  prepared  from  them  possess  pureatiTe  pro- 
perties ;  but  their  action  is  violent  and  dangerous,  so  that  their  use  in  medicine  is  not 
to  be  recommended. 

The  berries  of  some  species  of  rhamnus  are  used  for  dyeing  morocoo-leather  of  a 
yellow  colour ;  others  for  dyeing  wool ;  and  the  bark  of  some  is  employed  for  strikug 
a  black  with  salts  of  iron.  Those  of  Bhamnus  catharticus  yield  the  pigment  called 
sap-green,  or  bladder-green ;  and  recently  M.  Charvin  of  Lyons  has  obtained  from 
til  em  a  splendid  green  dye  called  Vert  VeniiSj  Vert- Azof ^  or  Vert-LtmUert,  identical 
with,  or  very  similar  to,  the  Chinese  Lo-Kao.  (See  Dyeing,  ii.  358;  also  Wagner*i 
Jahresbcricbt,  1861,  p.  567.) 

XKAPOVTZCZV.    Syn.  with  Chrysophanic  Acid  (i.  958). 

SBBABXC  ACZO.  According  toLeoMeicr  (Repert.  Pharm.  [31  xli.  826),  the 
re<l  colouring-matter  of  the  flowers  of  the  common  red  poppy  {Papaver  Bheas)  consiBts 
of  two  acid.«,  called  rh^adic  and  papaveric  acid,  separable  by  neutral  acetate  of  lead, 
which  precipitates  only  the  former;  they  do  not  appear  to  have  been  obtained  poNi 
(See  Gnulin's  Handbook^  xvi.  527.) 


Syn.  with  CaBYSOPHAinc  Acm  (i.  958). 

Syn.  with  Galtakombter.    (See  ELSCTBicrrT,  ii.  443.) 

:ZS08TAT.    An  instrument  for  regulating  and  measuring  the  force  of  electrie 
currents.     (See  EuBcnucmr,  ii.  464.) 

[.    See  Rhubarb  (p.  107). 

Syn.  with  Chstsophanic  Acid  (i.  968). 

SBODASrXBBS.    A  name  applied  to  sulphocyanates,  on  account  of  the  red  colour 

which  they  pnxluce  with  frrric  salts. 

SBODBOSSTXir.     Syn.  with  Convolwun  (iL  15). 

SBODBOKBTZVO&.  )    ^ 

BBOBBOBBTZVO&ZC    ACZB.)    ^^  ^^^  CoNVOLVUllNOlJC  Aan  (iL  16). 

BBODZUBC  Atomic  Wdght,  104;  St/mhol,  Rh.— A  metal  belonging  to  the  platinum 
group,  diMot'VtnMl  by  Wollaston  in  1804.  He  found  the  ore  from  BrazQ  to  contain  0*4 
per  cent,  and   native  platinum  from  another  locality  has  been  found  to  contain  as 
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much  as  S  per  cent  of  rhodium.    It  often  occurs  in  considerable  quantity  in  platinum 
residues. 

Preparaium, — 1.  Platinum-ore  is  dissolyed  in  nitromuriatic  acid ;  the  platinum  and 
iridium  are  precipitated  by  sal-ammoniac,  and  the  palladium  by  cyanide  of  mercury  ; 
the  liquid  is  then  saturated  with  carbonate  of  sodium ;  hydrochloric  acid  is  added,  to 
decompose  the  excess  of  mercaric  cyanide ;  the  liquid  is  eyaporated  to  diyness;  and  the 
residue  is  treated  with  alcohol.  The  whole  then  dissolves,  excepting  the  chlororhodiate 
of  sodium,  which  remains  as  a  red-brown  powder.  This  salt,  redu^  by  hydrogen  and 
washed  with  a  large  quantity  of  water,  yields  pure  rhodium. 

2.  Granular  platinum-residue,  consisting  chiefly  of  rhodium  and  iridium,  with  small 

Juantities  of  osmium  and  ruthenium,  is  treated,  as  described  under  Iridium  (iii.  315, 
(o.  4),  to  separate  the  other  metals  ;  and  the  residue  insoluble  in  nitiomuriatic  acid, 
eonsisting  of  rhodium  with  a  small  quantity  of  iridium,  is  mixed  with  a  large  excess  of 
common  salt,  and  heated  to  low  rednees  in  a  current  of  dry  chlorine,  whereby  the 
rhodium  is  converted  into  chlororhodiate  of  sodium,  which  may  be  dissolved  out  by 
water  and  crystallised  by  evaporation.  The  metal  may  then  be  obtained  firom  it  by 
Induction  with  hydrogen,  or  b^  precipitation  with  zinc:  or,  better,  the  concentrated 
solution  may  first  be  mixed  with  sal-ammoniac,  which  will  throw  down  any  iridium 
still  remaining,  and  the  filtrate  evaporated.  It  then  yields  fine  prisms  of  chlororhodiate 
of  ammoniuni,  which  when  calcined  leaves  pure  rhodium.     (Fr^my,^ 

3.  Platinum-residue,  precipitated  by  metallic  iron  from  the  mother-bquors  f^m  which 
platinum  has  been  extracted  (iv.  683),  is  fused  at  a  bright  red-heat  with  1  pt.  lead  and 
2  pts.  litharge;  and  the  regulus  thus  obtained,  after  bemg  carefully  freed  from  slag,  is 
treated  with  nitric  add  diluted  with  an  equal  volume  of  water.  Ilie  pulverulent  mass 
which  remains  undissolved  is  then  heated  to  redness  with  6  pts.  of  barium-peroxide ; 
the  ignited  mass  is  treated  with  water,  and  then  with  nitiomuriatic  acid  (which  elimi- 
nates osmic  acid) ;  the  barium  is  precipitated  firom  the  solution  by  sulphuric  acid, 
the  quantity  required  having  been  previously  calcinated;  the  liquid  is  heated  to 
the  boiling-point,  and  filtered ;  the  filtrate  is  evaporated  to  dryness  at  100®,  with  ad- 
dition, first  of  a  little  nitric  add,  then  of  a  large  quantity  of  sal-ammoniac;  and  the 
solution  is  washed  with  a  strong  solution  of  sal-ammoniac,  which  dissolves  out  all  the 
rhodium.    The  filtered  liquid  is  then  heated  with  a  large  excess  of  nitric  add  (to  de- 

•  compose  the  sal-ammoniac),  and  finally  evaporated  to  dryness  in  a  porcelain  crucible ; 
and  the  rhodium-salt  thus  obtained,  after  being  moistened  with  sulphide  of  ammonium, 
is  mixed  with  three  or  four  times  its  weight  of  sulphur,  and  heated  to  bright  redness 
in  the  covered  porcelain  crudble,  endueed  for  the  purpose  in  an  earthen  crudble,  the 
space  between  the  two  being  filled  up  with  powdered  charcoal.  There  then  remains  a 
regulus  of  metalb'c  rhodium,  which  may  be  purified  by  continued  boiling  with  nitro- 
muriatic acid,  and  then  with  strong  sulphuric  acid.  To  obtain  the  metal  quite  pure,  it  is 
fused  at  a  low  red-heat  with  3  or  4  pts.  of  metallic  zinc,  and  the  fused  and  cooled 
mass  is  treated  with  concentrated  hydrochloric  add,  which  leaves  undissolved  a  crys- 
talline alloy  of  the  two  metals.  This  alloy  is  dissolved  in  nitromuriatic  add ;  the 
solution  is  mixed  with  ammonia,  till  the  precipitate  formed  at  first  is  redissolved,  then 
boiled  and  evaporated,  whereby  a  yellow  predpitate  is  formed,  consisting  of  ammonio- 
chloride  of  rhodium,  6NHMU1CI';  and  this  salt,  after  bdng  purified  by  recrystallisa- 
tion,  is  calcined  with  a  small  quantity  of  sulphur,  in  a  graphite  crucible,  at  a  very 
strong  red-heat.  Metallic  rhodium  then  remains,  which  may  be  fused  in  the  9xy- 
hydrogen  furnace  (iv.  313).  (Devi lie  and  Debray,  Ann.  Ch.  Phys.  [3],  IvL  385; 
Jahresb.  1850,  p.  238.) 

According  to  Clans  (J.  pr.  Chem.  Ixxxv.  129;  Jahresb.  1861,  p.  327),  the  above- 
described  method  of  disintegration  with  peroxide  of  barium  does  not  give  good  results; 
because  the  rhodium,  though  oxidised  thereby,  is  rendered  very  difficult  of  solution  in 
acids,  and  indeed  will  not  dissolve  at  all,  unless  iridium  is  also  present,  to  assist  the 
solution  by  contact-action.  Claus  therefore  gives  the  preference  to  Wohlei's  method 
of  decomposition,  by  mixing  the  substance  with  ^chloride  of  sodium  and  ignitine  it  in 
chlorine-gas  (iii.  314).  For  the  separation  of  the  iridium  and  rhodium  in  the  solution 
obtained  by  treating  the  resulting  mass  with  water,  he  recommends  that  the  trichloride 
of  iridium  be  first  converted  into  tetrachloride  by  boiling  with  nitriomuriatic  acid,  and 
the  iridium  then  separated  by  fractional  precipitation  with  sal-ammoniac.  The  mode 
of  separation  by  digesting  the  dried  saline  residue  in  sal-ammoniac  solution,  he  regards 
as  objectionable;  because  the  rhodium-salt,  when  once  crystallised,  dissolves  but  uowly 
in  that  liquid,  and  adheres  obstinately  to  the  iridium-salt,  so  that  a  very  large  quan* 
tity  of  the  sal-ammoniac  solution  is  required  to  dissolve  it. 

Properties, — Rhodium  is  a  whitish-grey  metal,  very  hard,  m'uch  less  ductile  than 
platinum.  It  is  somewhat  more  fusible  than  iridium,  but  scarcely  softens  in  the  fiame  of 
the  oxyhydrogen  blowpipe ;  it  may,  however,  be  fused  in  Deville's  oxyhydrogen  furnace 
(iv.  313).  The  melted  metal  absorbs  oxygen,  and  spits  as  the  globule  sets.  The  spe- 
cific gravity  of  unfused  rhodium  is  10'64  ;  that  of  the  pure  metal  after  fusion  is  12*1 
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Rhodium  is  unalterable  in  the  air  at  ordinary  temperatures,  but  osidiflet  At  a  n4 
heat,  and  with  great  facility  if  in  th(^  state  of  powder.  It  combines  also  with  rhlnriij 
at  a  red  heat.  When  pure  it  resists  the  action  of  the  strongest  acids,  eTen  of  mtro- 
muriatic  acid,  but  when  alloyed  with  certain  metals  (as  with  lead,  bismuth,  copper,  u4 
platinum),  it  dissolves  in  nitromuriatic  acid,  together  with  those  metalB ;  whek  ftmei 
with  gold  or  silver,  however,  it  does  not  dissolve.  It  is  reiadily  oxidised  by  famom  witk 
nitre,  or  with  peroxide  of  barium.  By  fusion  with  sulphate  of  potassium,  itiBConraUi 
into  soluble  rhodiopotassic  sulphate.  Mixed  with  chloride  of  sodium,  and  igmf  «d  in  a 
stream  of  chlorine  gas,  it  is  converted  into  chlororhodiate  of  sodium,  which  is  likmsB 
easily  soluble. 

SSOBZUM,  AZAOT8  OF.  Bhodium  unites  with  most  other  meial*.  Sone  of 
the  alloys,  as  already  observed,  dissolve  completely  in  nitroninriatio  add,  wberoas 
others  yield  to  this  solvent  only  the  metal  alloyed  with  the  rhodium.  An  alloy  of 
rhodium  and  gold  found  in  Mexico  contains  from  34  to  48  per  cent,  rtiodiozn.  (Del 
Rio,  Ann.  Ch.  Phys.  [2],  xxix.  137.) 

One  pt.  of  rhodium  and  1  pt  of  steel  form  an  alloy,  which  has  a  specifle  gravity  of 
9'176,  a  very  fine  colour  and  surface  for  metallic  mirrors,  and  does  not  tarnish  in  ths 
air. — One  pt.  rhodium  with  50  to  100  steel  forms  a  very  hard  and  rather  tough  alloy, 
which  requires  for  tempering  a  heat  higher  by  39^  than  common  steel,  and  17^  hi|^ier 
than  Indian  steeL    (Faraday  and  Stodart) 

Rhodium  also  unites  with  sine  and  tin,  forming  the  crystallised  alloys,  RhZn'  and 
RhSn.    (DevilleandDebray.) 

msOBXUX,  CB&0&ZBB8  OF.    A  dichloride,  Kha*,  is  said  by  Fellenbeig  to  be 

obtained  by  heating  the  corresponding  sulphide,  RhS,  in  chlorine-gas ;  but  according 
to  Glaus,  there  is  but  one  definite  compound  of  rhodium  and  chlorine — Yiz^  the 
trichloride  or  rhodic  chloride,  RhCl'.  It  is  obtained  in  the  anhydrous  state  by 
igniting  the  pulverised  metal  in  a  stream  of  chlorine,  or,  more  easily,  bv  heating  one 
of  its  double  salts  (infra)  for  some  time  with  strong  sulphuric  acid,  ana  pouring  the 
mixture  when  cold  into  water,  which  dissolves  the  alkaline  sulphate  and  a  small  quan- 
tity of  undecomposed  double  chloride,  leaving  the  rhodic  chloride  undissolred.  As 
obtained  by  either  process,  it  is  a  brownish-rra  indifferent  body,  insoluble  in  all  adds 
and  alkah's.  When  heated  with  nitrite  of  potassium,  it  turns  yellow,  and  is  resolved 
into  an  orange-yellow  powder,  slightly  soluble  in  water,  but  easilv  soluble  in  hydro- 
chloric acid,  and  a  soluble  compound  precipitable  by  alcohol.  "With  nitrite  of  9odmm 
it  yields  only  the  soluble  salt.  Sulphide  of  ammonium  added  to  these  solutions,  thzowi 
down  sulphide  of  riiodium,  soluble  in  excess  of  the  alkaline  sulphide,  and  completely 
precipitable  therefrom  by  acids.  (W.  Gibbs,  SilL  Am.  J.  [2]  xxxIt.  341  ;  Jahreaib. 
1863,  p.  293.) 

Hydrated  rhodic  chloride^  RhCl*  4H*0,  remains  in  the  form  of  a  red-brown  vitreons 
mass,  on  evaporating  over  the  water-bath  a  solution  of  rhodic  oxide  in  hydrochloric 
acid,  previously  freed  fix)m  potash  by  treatment  with  nitric  acid.  It  yields  a  red 
powder,  is  deliquescent,  soluble  in  alcohol,  insoluble  in  ether;  at  a  red  heat  it  gives 
off  its  water,  and  becomes  insoluble. 

Chlororhodiate  of  Amnumium.— The  salt  2(3NH*a.RhCl").3H*0  is  obtained  by 
decomposing  the  corresponding  sodium-salt  with  sal-ammoniac ;  it  crystallises  in  fine 
ihombohedral  prisms,  easily  soluble  in  water,  insoluble  in  alcohol.  The  boiling 
aqueous  solution  deposits  on  cooling,  prisms  and  hexagonal  plates  of  the  salt 
2NH*CLRhCl*.HK),  less  soluble  and  darker-coloured  than  the  preceding. 

Chlororhodiates  of  Potassium.— The  salt  3KCl.RliCl".3H»0,  formed  by  mixing  the 
solutions  of  rhodic  oxide  in  hydrochloric  acid  with  a  strong  solution  of  potassic  chloride. 
crystaUises  in  sparingly  soluble  prisms,  which  effloresce  and  give  off  all  their  water  oa 
exposure  to  the  air.  Another  double  salt,  2KCl.RhCl*.H*0,  is  obtained  bv  beating,  in 
a  current  of  chlorine,  a  mixture  of  pulvf^rised  rhodium  or  rhodic  chloride  with 
chloride  of  potassium.  The  black  saline  mass  dissolves  in  water,  and  the  solution 
yields  by  evaporation  dark-red  crystals  soluble  in  alcohol. 

Chlororhodiate  of  Sodium^  3NaCl.RhClM2IF0,  is  obtained  by  heating  a  mixture  of 
1  pt.  rhodium  and  2  pts.  common  salt  in  a  stream  of  chlorine ;  it  ciystallises  like  the 
corresponding  potassium-salt. 

msOBZUM,  CTAJrZBB  OF.    RhCy*.     See  ChrAXiDES  (ii.  271). 

mBOBZUlS,  BBTSCTZOV  AJTB  B8TZMATZOV  OF.  Rhodium  forms 
only  one  class  of  salts,  vi2.  the  rhodic  salts,  corresponding  in  composition  with  the  tri- 
chloride. These  salts  are  for  the  most  part  rose-coloured  (hence  the  name  of  the 
metal),  and  exhibit  the  following  reactions  in  solution: — W^ith  sulphydric  acid,  a  brown 
precipitate  of  sulphide,  which  is  slowly  deposited  ;  with  sulphydrate  of  ammomuMy  a 
brown  precipitate,  insoluble  in  excess;  with  sidphurous  arid  and  sulphites,  a  pale- 
yellow  precipitate,  affording  a  very  characteristic  reaction ;  with  potash^  a  yellow  preci- 
pitate of  hydrated  rhodic  oxide,  soluble  in   excess ;  with  amnumia  also   a  yellov 
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Precipitate,  which,  however,  does  not  form  immediately ;  with  alkaline  carbonates,  a  yel- 
low precipitate  after  a  while.  Iodide  of  potassium  produces  a  slight  yellow  precipitate ; 
itannatis  chloride  imparts  a  dark  colour  to  the  solutions,  but  forms  no  precipitate. 
Mercurotu  nitrate  and  nitrate  of  silver  form  with  rhodic  chloride,  precipitates  analogous 
in  composition  to  the  argento- iridic  chloride  already  mentioned  (iii.  318).  Zinc 
precipitates  metallic  rhodium.  In  a  solution  of  rhodium  mixed  with  excess  of  potash, 
alcohol  forms,  even  at  ordinary  temperatures,  a  black  precipitate,  probably  consisting 
of  metallic  rhodium  ;  with  the  other  platinum-metals,  this  reaction  takes  place  only 
when  the  liquid  is  heated.  No  precipitate  is  formed  by  sal-ammoniac,  chloride  of 
potassium,  chromate  of  potassium,  oxalic  acid,  cyanide  of  potassium,  cyanide  of  mer- 
cury, ferrocyanide  or  ferricyanide  of  potassium,  or  gallic  acid.  Hydrogen  gas  reduces 
the  anhydrous  salts  at  a  moderate  heat. 

Chlororhodiate  of  sodium  (p  102)  forms  with  soluble  horates,  a  yellow  precipitate 
of  rhodic  oxide,  RhO',  containing  the  whole  of  the  metal.  A  simiUu*  reaction  is  pro- 
duced by  trisodic  phosphate  and  by  alkaline  carbonates,  but  part  of  the  rhodium  then 
remains  in  the  solution,  giving  it  a  yellow  colour.    (Glaus,  Jahresb.  1863,  p.  697.) 

Estimation  and  Separation, 

Rhodium  is  estimated  in  the  metallic  state.  The  solution  containing  it  is  mixed 
with  excess  of  sodic  carbonate  and  evaporated  to  dryness,  the  residue  ignited,  and  the 
calcined  mass  treated  with  cold  water ;  oxide  of  rhodium  then  remains,  and  may  be 
reduced  by  hydrogen. 

Rhodium  is  separated  from  many  metals  with  which  it  may  be  alloyed,  by  fhsing  the 
alloT  with  acid  sulphate  of  potassium  ;  the  rhodium  is  thereby  converted  into  sulphate 
of  rnodium  and  potassium,  which  may  be  dissolved  out  by  water. 

The  separation  of  rhodium  from  other  metals  in  solution  is  somewhat  difficult, 
because  it  is  not  completely  precipitated  by  sulphydric  acid.  To  separate  rhodium 
from  copper,  the  solution  is  saturated  with  sulphydric  acid  and  left  to  stand  in  a 
stoppered  bottle  for  twelve  hours,  then  filtered,  and  the  filtrate  heated  to  separate  an 
additional  portion  of  sulphide  of  rhodium.  The  whole  of  the  precipitate  is  then 
roasted  in  a  platinum  crucible  till  the  sulphides  are  completely  oxidised,  and  the  pro* 
duct  treated  with  strong  hydrochloric  acid,  which  dissolves  the  copper  and  leaves  the 
oxide  of  rhodium.  The  liquid  filtered  from  the  sulphydric  acid  precipitate  still  contains 
a  small  portion  of  rhodium,  which  may  be  precipitated  by  carbonate  of  sodium,  and  con- 
verted into  oxide  as  above.     The  whole  of  the  oxide  is  then  reduced  by  hydrogen. 

To  separate  rhodium  from  iron,  the  rhodium  is  precipitated  as  completely  as  possible 
by  sulphydric  acid ;  the  liquid  filtered ;  and  the  iron  in  the  filtrate  precipitated  by  am- 
monia, after  having  been  brought  to  the  state  of  ferric  oxide.  The  iron-precipitate 
carries  down  with  it  a  certain  portion  of  rhodium,  which  may  be  separated  by  igniting 
the  precipitate  in  a  current  of  hydrogen,  and  treating  the  reduced  metals  with  hydro- 
chloric acid,  which  dissolves  the  iron  and  leaves  the  rhodium :  the  latter  is  then  con- 
Terted  into  oxide  by  ignition  in  the  air.  The  precipitated  sulphide  of  rhodium  is  like- 
wise oxidised  by  roasting.  The  small  quantity  of  rhodium  which  remains  in  solution 
after  precipitation  by  ammonia  is  precipitated  by  carbonate  of  sodium,  and  converted 
into  oxide  by  ignition.  The  whole  of  the  oxide  of  rhodium  is  then  reduced  to  the 
metallic  state  by  hydrogen. 

The  separation  of  rhodium  from  the  alkali-metals  is  easily  effected  by  converting  the 
metals  into  chlorides,  and  iCTiting  the  chlorides  in  a  current  of  hydrogen,  which 
reduces  only  the  chloride  of  rhodium. 

The  methods  of  separating  rhodium  from  the  other  metals  of  the  platinum-group 
have  already  be«n  given  (iv.  680 — 684).  The  insolubility  of  chlororhodiate  of  sodium 
in  alcohol  affords  in  many  cases  a  good  mode  of  separation  (p.  101).  To  separate  it 
from  iridium,  Gibbs  (Jahresb.  1863,  p.  293)  heats  the  solution  of  the  two  metals 
with  excess  of  nitrite  and  carbonate  of  sodium,  till  a  light  orange-yellow  colour  is 
produced ;  adds  sulphide  of  sodium  by  small  quantities,  till  the  precipitate  of  rhodium 
sulphide  begins  to  redissolve  (p.  105) ;  then  boils  for  a  few  minutes,  and  mixes  the 
solution  when  cold  with  a  slight  excess  of  hydrochloric  acid.  The  sulphide  of  rhodium 
thereby  precipitated  is  wash^  with  cold  water,  dissolved  in  nitromuriatic  acid,  and  the* 
rhodium  is  converted,  first  into  the  double  chloride  3NH*Cl.RhCl*,  then  into  the  com- 
pound 6NH*.RhCl*.  (See  further  Gibbs,  Jahresb.  1864,  p.  287  ;  and  Carey  Lea» 
ibid.  291.) 

Atomic  weight  of  Rhodium. — 8-146  grammes  of  chlororhodiate  of  potassium, 
2KCl.RhCl»,  heated  in  a  current  of  hydrogen,  were  found  by  Berzelius  (Fogg.  Ann. 
xiii.  485)  to  lose  0*930  grm.  chlorine,  leaving  a  mixture  of  0'912  grm.  of  rhodium 
and  0*616  of  potassium-CAloride.  In  another  experiment  1*3  grm.  of  the  salt  lost 
0-336  grm.  wlorine,  leaving  0*368  grm.  rhodium  and  0*515  grm.  potassium-chloride. 
The  mean  of  these  resnlti  gives  fm  the  atorikie  weight  of  rhodium,  very  nearly  the 
number  104. 
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msOBZUM,  OZIBflS  OF.  Bhodium  fomiB  four  oxidet^  hanng  the  fonmda 
RhO,  RhW,  RhO«,  and  RhO».    (Claus.) 

The  protoxide,  RhO,  ia  formed,  with  incandescence,  when  thehydntad  MmqmaaaU, 
RhK)*.3HK),  is  heated  in  a  platinum  crucible.  It  is  a  dark-grej  subatance^  pctladlj 
indifferent  to  acids. 

The  Sesqtiioxide  or  Rhodie  Oxide,  Rh'O',  obtained  by  heating;. the  nitzste^ita 
grev  porous  mass,  with  metallic  iridescence ;  insoluble  in  adds,  easily  reduced  by 
hydrogen.    It  forms  two  hydrates. 

The  trihydrate  or  normal  rhodie  hi/dratet  Rh*0*.3lP0  or  RhHK)",  ia  produced  by 
precipitating  a  solution  of  chlororhodiate  of  sodium  with  potash,  in  pr«eeiice  of  alcohol; 
or,  without  the  aid  of  alcohol,  by  heating  the  rhodium-solution  with  rery  strong 
potitsh-ley.  It  is  gelatinous,  shrinks  to  a  very  small  bulk  when  dried,  and  ie  almost 
indifferent  to  acids.  Hydrochloric  acid,  however,  dissolves  a  xeiy  small  qimntity  of 
it,  acquiring  the  fine  rose-colour  characteristic  of  rhodie  salts. 

The  pt^tahydrate,  Rh«0'.5H«0  or  RhH»0".H«0,  is  formed  by  treating  a  eolntioo  of 
chlororhodiate  of  sodium  with  aqueous  potash.  It  has  a  lemon-yellofw  ookrar,  and 
retains  3  or  4  per  cent,  potash  even  after  washing.  The  mother-liquor  hae  a  yelloiw 
colour,  and  still  retains  rhodium. 

Dioxide,  RhO*. — Obtained  by  fusing  pulverised  rhodium  or  the  seegmorido^  with 
nitre  and  potash,  and  digesting;  the  fused  mass  with  nitric  add,  to  dissohre  off  tho 
potash.    It  is  a  dark-brown  substance,  insoluble  in  adds. 

When  chlorine  is  passed  into  a  solution  of  rhodie  pentahydrate,  Rh'O'.dHK),  a 
black-brown  gelatinous  predpitate  of  the  trihydrate,  Rh^0*.3M'0,  is  formed  at  first; 
but  this  compound  gradually  loses  its  gelatinous  consistence,  becomes  lighter  in 
colour,  and  is  finally  converted  into  a  green  hydrate  of  the  dioxide,  RhO'.2HK).  Iho 
alkaline  solution  at  the  same  tinie  aconires  a  deep  violet-blue  colour. — ^The  gresB 
hydiate  treated  with  hydrochloric  add  dissolves,  with  evolution  of  chlorine,  fonning  a 
rose-coloured  solution  of  the  sesquichloride  : 

2RhO«  +  8Ha  -  Rh«a«  +  4H«0  +  Cl». 
JVioxide,  RhO*. — The  blue  alkaline  solution  above  mentioned  deposits,  after  a  wfaOe, 
a  blue  powder,  becoming  green  when  diy,  and  yielding,  when  treated  with  nitric  arid, 
a  blue  floeculent  substance,  consisting  of  the  trioxide,  easily  reduced  to  the  green  dionde. 
(Claus.) 

&BOBZU1K,  OXTOn-8AXiT8  OV.    These  salts,  analoffous  in  oomporition  to 

the  trichloride,  do  not  crystallise  very  readily.  Moreover,  the  onlv  rhodie  oxygen-ealts 
that  can  be  obtained  pure,  are  those  which  contain  adds  capable  of  expelling  nitric 
acid  from  its  combinations ;  because,  in  order  to  obtain  rhodie  oxide  free  from  potash, 
it  must  be  washed  with  water  containing  nitric  add,  which  then  unites  with  the 
rhodie  oxide.    The  weaker  acids  are  not  capable  of  removing  the  whole  of  the  potash. 

Ehodic  aceiaU,  RhH)«.3C«H«0«.6ffO   -   (^^!?)*|o«.|HK).--RecenUj  prepaied 

rhodie  oxide  dissolves  in  acetic  acid,  forming  an  orange-yellow  solution,  which  when 
evaporated  over  the  water-bath,  leaves  a  transparent  orange-yellow,  amorphoa%  non- 
deliquescent  mass,  soluble  in  water  and  in  alcohol ;  it  always,  however,  retains  8  or  4 
per  cent,  of  potash.    (C 1  au  s.) 

^i/ra<^,  Rh'0».3N«0».4H«0  or  (^^'}*|0».21P0.— The  yellow  hydrate  of   rhodie 

oxide  dissolves  very  easily  in  nitric  acid,  and  the  solution  evaporated  over  the  water- 
bath  leaves  a  gummy,  very  hygroscopic  mass,  insoluble  in  alcohol.  The  nitrate  when 
ignited  leaves  the  insoluble  sesquioxide. 

Phosphates. — Rhodie  oxide  dissolves  partially  in  aqueous  phosphoric  add,  forming 
the  salt  RhK)*.2PW.6HH),  very  soluble  in  water,  and  precipitable  by  aloohoL  The 
residue  constitutes  a  basic  phosphate. 

Sulphate,   Rh»0».3SO«.12H«0,  or  ||^2*|0^12H»0.— YeUowiA^  crystalline 

mass,  having  a  styptic  and  add  taste. — ^When  the  mother-liquor  of  potassio-rhodie 
cyanide  is  boiled  for  some  time  with  strong  sulphuric  add,  the  liquid  then  evaporated, 
and  the  residue  digested  with  water,  a  potassio-rhodic  sulphate  dissolves,  and  another 
double  sulphate  remains    as    a   reddish-yeUow  crystalline    powder,  consistinir   of 

Rh'*K'  1^  (Claus).  The  same  salt  is  formed  when  sulphuric  add  is  added  to  a 
solution  of  chlororhodiate  of  potassium.    (Berzelins.) 

Sulphite,  Rh«0".3SO«.6H»0,  or  [^^'^xi?  0«.— Resembles  the  sulphate,  but  is  wHte^ 
soluble  in  water,  insoluble  in  alcohol.    When  heated  it  gives  off  sulphurous  »"^ 
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tulphoric  acids,  and  leaves  an  oxide  of  rhodium.    A  compound  of  thit 
•ulphite  of   potassium,    3K«.SO*.Rh*(SO")».6H  0,   may   be  obtained  by 


this  salt  with 
treating    a 
solution  of  chlororbodiate  of  potassium  with  excess  of  acid  sulphite  of  potassium,  first 
at  ordinary  temperatures,  then  for  a  long  time  at  a  higher  temperature. 


[OBnJMf  BVliiPKZBBS  OF.  A  protostdphide,  RhS,  is  obtained  by  heating 
rhodium  (Berzelius),  or  chlororbodiate  of  ammonium  (Vauquelin),  with  sulphur; 
also  by  heating  the  sesquisulphide  in  an  atmosphere  of  carbonic  anhydbride  (Fell en- 
berg).  It  has  a  greyish- blue  colour  and  metallic  lustre (Vauquelin),  and  melts  only 
at  a  very  high  temperature  (Berzelius).  When  heat«d  in  a  current  of  dry  chlorine, 
it  is  Converted  into  the  dichloride.     (Fellenberg,  Fogg.  Ann.  i.  63.) 

Sesquisulphide  of  Rhodium ^  Hh'S',  is  obtained  as  a  olack-brown  precipitate  by  the 
action  of  siilpbydric  acid  on  a  solution  of  an  alkaline  chlororbodiate. 

&B03>ZUM-C0ICV0irW98,  AMMOITZAC AXn  These  compounds,  discovered 
by  Clans  (Beitrdge  eur  Geschichte  der  Piatinmeta/Je,  Dorpat,  1864;  Jahresb.  1854, 
p.  369;  1866,  p.  433),  are  analogous  to  the  ammoniacal  iridium-compounds  fiii.  324). 
A  dilute  solution  of  the  ammonium-salt,  SNH^CLRhCP.JHK),  mixed  wito  excess 
of  ammonia,  assumes  a  lemon-yellow  colour,  and  deposits  a  precipitate  of  rhodic 
hydrate ;  and  the  filtered  liquid  leaves  on  evaporation  a  light-yellow  saline  residue, 
from  which  water  extracts  sal-ammoniac,  leaving  a  yellow  crystalline  powder,  consisting 
of  the  ammonia4richloride  of  rhodium,  5N^.RnCl',  which  may  be  formulated  as 
chloride  of  diammo-rhodio-triammonium,  N'[(NH*)'Rh"'H'].Cl*.  It  may  be  purified 
by  dissolving  it  in  boiling  aqueous  ammonia,  and  evaporating  the  filtered  solution 
over  the  water-bath ;  and  is  deposited  at  a  certain  degree  of  concentration,  in  small 
transparent  prisms,  triclinic  according  to  Glaus,  rhombic  according  to  Keferstein 
(Jahi^b.  1856,  p.  421).  It  is  sparingly  soluble  in  water,  insoluble  in  alcohol,  soluble 
without  decomposition  in  potash  and  in  ammonia,  slowly  and  imperfectly  decomposed 
by  acids.  When  heated,  it  gives  ofiT  ammonia,  sal-amiuoniac,  and  free  nitrogen,  and 
leaves  metallic  rhodium.  

The  corresponding  oxide ^  lONH'.K'O',  is  obtained  by  digesting  the  ammonio 
chloride  with  water  and  silverK)xide,  and  evaporating  the  resulting  yellow  solution  in 
a  vacuum;  it  then  remains  in  the  solid  state.  It  dissolves  in  acids,  forming  the  cor- 
responding ammoniated  rhodium-salts,  and  expels  ammonia  from  sal-ammoniac. — The 
carbonate,  10NH'.RhK)'.3lI'CO',  is  a  white,  strongly  alkaline,  saline  mass,  easily 
soluble  in  water,  insoluble  in  alcohol. — The  nitrate,  10NH*.Rh  0*.3N*0*,  is  a  neutral 
yellowish- white  salt,  which  does  not  decompose  till  heated  above  160^. — The  sulphate, 
lONH*.RhH)*.3H*SO*,  forms  yellowish-white  prismatic  crystals,  which  do  not  decompose 
till  heated  above  180^. — The  oxalate  is  also  crystalline ;  the  phosphate  was  obtained 
only  as  a  yellowish  gummy  maf«. 

&B0BXUM[-O0&B.    See  Rhodittic,  Allots  of  (p.  102). 


A  mineral  supposed  to  be  a  lime-boracite,  occurring  in  minute, 
monometric,  tetrahedral  cirstals,  on  red  tourmalines  from  the  neighbourhood  of 
Hursinsk  in  Siberia.  Harmless  »  8.  Specific  gravity  =  3 '3  —  3*42.  Tinges  the 
blowpipe  flame  green  above  and  red  below,  and  finally  red  throughout :  hence  its 
name.    (G.  Rose,  Pogg.  Ann.  xxxiii.  253.) 


EOBIXOnc  ACZD.  This  name  is  applied  to  two  acids  produced,  under 
different  circumstances,  from  carboxide  of  potassium  (iv.  696).  Berzelius  and 
Wohler  noticed  that  a  red  substance  is  produced  by  the  action  of  water  on  the  black 
mass  formed  in  the  preparation  of  potassiam  by  Brunner*8  process  (iv.  693).  L.  G  m  e  1  i  n 
found  that  the  aqueous  solution  of  this  substance  yields  croconate  of  potassium  when 
evaporated  in  contact  with  the  air,  and  inferred  that  it  contains  an  acid  differentf  from 
croconic  add.  Heller,  in  1837  (Ann.  Ch.  Pharm.  xxiv.  1),  examined  this  acid  more 
particularlv,  and  gave  it  the  name  of  rhodizonic  acid.  It  was  farther  examined  by 
Werner  (J.  pr.  Chem.  xiii.  404),  but  the  experiments  of  these  chemicts  did  not  deter- 
mine the  composition  of  the  acid.  Brodie,  in  1859  (Chem.  Soc.  Qn.  J.  xii.  269),  by 
treating  pure  carboxide  of  potassium  with  anhydrous  alcohol,  obtained  a  red  salt, 
C"KH)*,  which  he  regarded  as  rhodizonate  of  potassium,  identical  with  that  previously 
obtained  by  Heller  and  Werner.  On  the  other  hand  Will,  in  1861  (Ann.  Ch. 
Pharm.  cxviii.  187)*  by  the  analysis  of  several  salts  of  the  acid  obtained  in  a  similar 
manner  from  the  impure  carboxide  of  potassium  formed  in  the  preparation  of  the 
metal,  concluded  that  its  composition  is  C*H*0*,  or  C'^H'O'^;  and  this  result  is  con- 
firmed by  the  experiments  of  Lerch  (Ann.  Ch.  Pharm.  cxxiv.  20),  who  has  obtained 
rhodizonic  acid  in  the  free  state  by  decomposing  the  salts  of  carboxylic  acid,  C'H^Q'* 
(iii.  190,  iv.  296),  with  acids.  It  appears  then  that  the  name  rhodizonic  acid  has  been 
applied  to  two   distinct    compounds.    It  will  be  convenient  to  designate  the  acid 
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originally  obtained  by  Heller,  and  analysed  by  Will  and  Lezch,  as  a-rhodizome,  waA 
that  obtained  by  Brodie  as  /3-rhodizomc  acid. 

m-Rkodizonic  acid,  C*H*0«    -   (^*^^)"  | O*.— This  acid  ij  formed  from  e». 

boxylic  add  by  the  assumption  of  water:  C"H*0'»  +  2H*0  -  2C*HH>«  (Lerch). 
When  dried  in  a  racuum  it  contains  C'H"0'  »  C*HH)*.H'0,  and  gives  ofT  1  at.  HK)  it 
100®.  The  vacuum-dned  acid  forms  colourless  rhombic  prisms,  easily  soluble  in  wate 
and  in  alcohol ;  the  colourless  acid  aqueous  solution  becomes  yellow  or  roseate  wha 
heated,  and  colourless  again  on  cooling.  The  crystah)  turn  yellow  and  brown-red  os 
exposure  to  the  air,  and  at  100®  black  with  loss  of  water;  at  a  higher  temperature  tht 
acid  decomposes,  leavine  a  carbonaceous  residue,  and  yielding  a  small  quantitj  of  aa 
acid  sublimate.     (Lerch.) 

The  a-rhodizonates  are  red,  and  are  produced  from  the  hydrocarboxylates  (iil 
189)  and  from  carboxide  of  potassium  by  assumption  of  water  and  oxygen  (Lereh). 
The  potassium-salt  is  obtained  by  treating  the  "black  mass**  of  the  potassium  prepara- 
tion repeatedly  with  strong  alcohol,  then  with  dilute  alcohol,  mixed  towards  the  end 
of  the  process  with  a  little  acetic  acid,  and  finally  washing  the  residue  with  dilute 
alcohol.  It  is  at  first  of  an  unctuous  consistence  and  light  yellowish-red  colour,  bnt 
acquires  a  crimson  colour  by  exposure  to  the  air,  and  remains  unaltered  after  drying. 
It  LB  insoluble  in  alcohol,  dissolves  slowly  in  about  150  pts.  of  cold  water,  much  more 
easily  in  hot  water,  forming  a  neutral  readish-yellow  solution.     (Will.) 

Rhodizonate  of  potassium  dried  at  ordinary  temperatures  has,  according  to  WilTs 
analysis,  the  composition  C*H*K*0*.H*0  ;  it  gives  off  its  water  at  120° — 130®,  leaving 
the  anhydrous  salt  C^H^E^O*.  The  hydrated  salt  is  isomeric  with  crooonate  of  potas- 
sium, C*K*0*.  2fl*0,  but  differs  from  the  latter  m  giving  off  only  half  as  much  water 
when  heated  ^ii.  111). — The  neutral  solution  scarcely  absorbs  any  oxygen  firom  the 
air,  but  if  mixed  with  free  potash  it  quickly  turns  yellow,  absorbs  a  considerable 
quantity  of  oxygen,  and  then  leaves  on  evaporation  a  mixture  of  crooonate  and  oxalate 
of  potassium.  The  croconic  acid  is  formed  from  the  rhodizonic  acid  by  addition  of  the 
elements  of  water :  its  formation  does  not,  however,  take  place  immediately,  but  only 
on  evaporation.  The  oxalic  acid,  the  proportion  of  which  is  not  constant,  appears  to 
be  formed,  not  from  rhodizonic  acid,  but  from  a  brown  substance  mixed  with  it,  pn>- 
bably  a  product  of  the  oxidation  of  rock-oil  not  completely  removed  ftom  the  "  buck 
mass"  by  washing  with  alcohol.     (Will.) 

Rhodizonate  of  barium,  C*H'Ba"0*.H*0  (vacuum-<lried\  is  obtained,  by  precipitating 
the  potassium-salt  with  chloride  of  barium,  as  a  dark-red  precipitate,  which  becomes 
dark-brown  when  dried,  acquires  a  greenish-yellow  lustre  when  pressed,  and  gives  off 
its  water  at  100°  (Will).  The  triplumbic  salt,  C'»H«Pb"0'».2H«0  (vacunm-&ed),  is 
obtained,  by  precipitating  the  potast^ium-salt  with  neutral  acetate  of  lead,  as  a  dark-red 
flocculent  precipitate  (the  supomutant  liquid  acquiring  an  acid  reaction),  which  becomes 
blue-black  when  dry,  and  gives  off  its  water  at  100*^ — 120°  (Will).  Lerch,  by  preci- 
pitating the  aqueous  acid  with  neutral  acetate  of  lead,  obtained  a  dark-red  basic  lead- 
salt,  C"H=Pb«0»«.2PbH«0«.— The  iriaraentic  salt,  C»HAg«0«,  is  a  purple-red  precipitate^ 
metallic-green  when  dry,  slightly  soluble  in  water.     (WilL) 

fi-Rhodizonic  acid,  C'*H*0*. — This  acid  is  not  known  in  the  free  state  (i.e.,  as  a 
hydrogen-salt).  Its  potassium-salt,  C'^K*0^  discovered  by  Brodie,  remains  undissolved 
when  pure  carboxide  of  potassium  is  treated  with  absolute  alcohol  (iv.  696).  It  ii 
distinguished  from  the  a-rhodizonate  by  the  great  facility  with  which  it  absorbs  oir^gen 
on  exposure  to  air  and  moisture,  and  is  converted  into  croconate  of  potassium : 

C»»K«0«  +   H«0   +   0»     =     2C*KW  +   2KH0  (Brodie). 

The  a-rhodizonat«  is  probably  formed  from  it  in  a  similar  manner  by  the  assumptioB 
of  a  Uiger  quantity  of  water,  thus  : 

CioK«0«  +   3H«0   +   0»     «     2C»H-K«0«  +   2KH0; 

but  this  latter  reaction  has  not  been  actually  observed  (Will).  The  conversion  of  the 
/9-rhodizonate  into  croconate  is  not  accompanied  by  the  formation  of  oxalio  acid. 
(Brodie.) 

Pure  /3-rhodizonate  of  potassium  dissolves  with  pale  red  colour  in  dilute  acetic  add, 
and  the  solution  yields,  with  acetate  of  barium,  a  shining  red  precipitate,  which  quickly 
ehanges  colour,  even  during  washing.     (Brodie.) 

SSOBOCBSOMSi    A  variety  of  Ksemmerorite  f^m  the  Ural  (iv.  770). 

SBOBOCBSOSZTB.  Native  carbonate  of  manganese.  (See  CASBOXuma 
i  789.) 


EOBOVZTB.     Silireous  Manganese,  Manganese  spar,  Bustamite^  Pajsberffit§, 
MUUicaU  rf  Manganese,  rather  Mangank'.sscl,  Kiesclmangan. — A  mineral  consisting 
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mainly  of  silicate  of  manganese,  bnt  containing  also  iron,  magnesium,  and  calcium.  It 
usually  occurs  massire^  but  sometimes  in  monoclinic  crystals,  like  angite,  having  the 
angle  odP  :  (xP»87°7',  and  exhibiting  the  faces  ooP,  ooPoo,  [ooPoo],  oP.  Cleayage 
perfect  parallel  to  ooP,  imperfect  panllel  to  oP.  Hardness  »  6*5  to  6*5.  Specifio 
grayity  =■  3*4  to  3'68.  It  has  a  vitreous  lustre,  light  brownish-red  or  flesh-red  colour, 
sometimes  greenish  or  yellowish  when  impure ;  streak  white.  Transparent  to  opaque. 
Fracture  oonchoi'dal  to  uneven.  Brittle.  Melts  to  a  black  bead  before  the  blowpipe, 
and  gives  conspicuously  with  fluxes  the  reactioDs  of  manganese. 

Andfftes:  a.  From  L&nghanshyttan  in  Sweden  (Berzelius,  Schw.  J.  xxL  254). — 
b.  St.  Marcel  in  Piedmont  (Fbelmin,  Ann.  Min.  [4],  viL  8). — c.  BwtamiUf  from  the 
Heal  Minas  de  Fetela,  Mexico:  a.  b^  Dumas  (Bull  des  sc  Nat.  1826,  Oct  163); 
fi,  by  Ebelmin  (/oo.  cit,). — d,  Algeria:  rose-red,  granular  (Ebelmin). — e,  Pq;«- 
bergite,  from  the  Pigsberg  iron-mine  near  Philipstadt  in  Wermeland,  Sweden:  rose- 
red;  specific  gravi^  «  8*63.   (I gels tr dm,  J.  pr.  Chem.  xxiii.  278.) 

a,  b,  r.  d,  €, 


• 

m. 

i8. 

Silica     .... 

4800 

46-37 

48-90 

60-67 

45*49 

46*46 

Manganous  oxide 

49*04 

47*38 

36-06 

3073 

39*46 

41-88 

8*12 

6*48 

14*67 

16-45 

4-66 

8*18 

FeiTOus  oxide     . 

•    • 

• 

0-81 

1*31 

6-42 

3*31 

Magnesia  .    .    . 

.  0*22 

•    • 

•    • 

0*73 

2-60 

0*91 

100-38        99-23       100*34        99*89        98-68      100*69 

These  analyses  show  that — 
a,  consists  of  12  MnSiO^.CalSO* 
h.      „        „    7  MnSiO«.CaSiO« 
c.      „        „    2  MnSiO>.CaSiO« 
d      „        „    6  MnSiO«.CaSiO«.FeSiO«.MgSiO« 
e.      „        „  24  MnSiO».6CaSiO».2FeSiO»5£gSiO« 

FiwlerUe,  from  Franklin,  New  Jersey,  where  it  occurs  with  Franklinite,  is  a  ciystal- 

lised  manganous  silicate  resembling  the  preceding,   but  likewise  containing  zinc 

Specific  gravity ac 3*63.  The  following  analyses — a.  by  Hermann  (J.  pr.  Chem.  xlvii. 

5);  h.  by  Rammelsberg  (MinertUckemie,  p.  469)— lead  to  the  formula  7MnSiO'. 

2FeSiO«.  2CaSiO".  MgSiO«.  ZnSiO"  :— 

LoMbj 
SIOS  MnO  FeO  ZnO        CaO        MgO       ignuion. 

«.     46*48        31*62         723         6-86       4*50       3*09         100     »       9967 

b.     46-70        31-20        836         610       6*30       2*81         0*28     »     100*74 

Manganous  silicate  is  often  mixed  with  manganous  carbonate,  manganous  oxide,  or 
quarts,  as  in  the  several  varieties  of  siliceous  manganese  firom  Elbingeroae  in  the  Harti^ 
known  as  Allagite^  PhotUite,  Corneous  Man^anuef  &c  BhodoDite  likewise  becomes 
altered  by  the  tendency  of  manganous  oxide  to  pass  to  a  higher  state  of  oxidation, 
accompanied  by  absorption  of  water,  the  red  colour  of  the  mineral  changing  to  brown 
or  black,  and  indefinite  compounds  or  mixtures  resulting,  which  may  consist  either 
partly  of  silicates,  or  wholly  of  an  oxide  of  manganese.  Marceline  or  Htterodine  from 
St.  Marcel  is  a  mineral  of  this  kind ;  also  StratopeUe,  a  black  amorphous  mineral  of 
specific  gravity  2*64,  from  the  Pijsbeig  mine  in  Philipstadt,  in  which  Igelstrom  foimd 
85*43  per  cent  silica,  32-41  manganic  oxide,  10*37  ferric  oxide,  8*04  magnesia,  and 
13*75  water. 

[For  analyses  of  these  indefinite  varieties  of  siliceous  manganese,  see  Rammels- 
berg'  s  Mineralehmni$,  pp.  460-^62.] 

^BOPBTUUETB.    S|yn.  with  Bhopochboxb. 

COBOTAmZO  ACOBt  or  RBOBOZAirTBZir.  Tannic  add  from  the 
leaves  of  the  Rhododendron  ferruffinewm.  (B.  Schwarz,  VHen.  Akad.  Ber.  ix.  298 ; 
Om.  XV.  580.) 

BB01CB-4VAX.  Syn.  with  Magnosite  or  native  carbonate  of  magnesium 
(L  787). 

BXVBAS8*  Skeum,  Many  species  of  rhubarb — Rheum  palmatum,  Rh,  unduia' 
turn,  Rh.  eompactum^  Rh.  australt,  Rh.  hybridum,  &c — ^grow  wild  on  the  high  lands  of 
Centml  Asia,  and  some  of  them  are  cultivated  in  various  parts  of  Europe.  The  roots 
•ze  much  used  for  their  purgative  properties ;  several  lands  occur  in  commerce,  the 
Most  esteemed  being  the  Turkey  rhubarb.  In  this  country  the  waved  garden  rhubarb, 
Rkmm  WidnWtwm,  and  the  laige  garden  rhubarb,  Rh,  hj/bridum,  are  much  cultivated 
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for  the  bake  of  their  ^uicj  stems,  which  hare  a  pleasant  acid  taste,  and  are  used  lor 
making  paatry.  The  juice  of  the  stems  contains  oxalic,  dtric,  and  malic  acid%  tlie  latter 
sometimes  in  considerahle  quantity.  De8saignes(J.  Pharm.  [3]  zxr.  23)  obtainfd 
from  a  litre  of  the  juice  of  Bh,  eompactum  (after  removing  the  ojcalic  add  bj  cblorids 
of  calcium),  15  grms.  of  add  calcic  malate;  Rh.  Rhap<mticum,  on  the  otlier  haid, 
yielded  only  7  grms. 

The  root  of  rhuharh  has  been  made  the  subject  of  numerous  investigations,  the  most 
important  of  which  are  those  of  Schlossberger  and  Dopping  (Ann.  Ch. 
Pharm.  L  196),  and  of  De  la  Bue  and  Miiller  (Chem.  Soc.  Qu.  J.  z.  298). 
Schlossberger  and  Dopping  found,  in  the  alcoholic  tincture  of  rhubarb,  m  number  of 
substances,  wliich  were  afterwards  found  also  by  De  la  Rue  and  Mnller  in  the  deposit 
which  separates  from  the  tincture  after  long  standing.  These  are: — 1.  Chrysopkanic 
acid,  which  separates  to  the  amount  of  about  4  per  cent,  from  the  alcoholic  decoctiou 
of  the  precipitate;  2.  Ert/throretin,  conrain(>d  in  the  motlier^liquor  of  the  chryio- 
phanic  acid,  and  obtained  from  it  by  repeated  precipitation  with  ether  and  solution  in 
alcohol ;  3.  Pheorctin^  the  portion  of  the  alcoholic  decoction  which  is  insoluble  in  ether; 
and  4.  Aporetin^  in  the  portion  of  the  original  deposit  insoluble  in  boiling  alcohoL  (See 
these  several  substances.)  By  exhausting  the  pulverised  root  with  benzene,  or  with 
light  coal-tar  oil,  to  extract  the  chrysophanic  acid  (which  is  the  best  mode  of  preparing 
that  substance,  i.  958),  then  distilling  off  the  greater  part  of  the  solvent^  pressing  out 
the  liquid  from  the  nearly  solid  residue,  and  repeated  solution  in  hot  bensene,  De  la 
Bue  and  Muller  likewise  obtained  a  reddish-yellow  crystalline  substanoe,  emodm, 
insoluble  in  benzene  (ii.  486). 

For  the  older  investigations  of  rhubarb-root,  which  were  made  chiefly  with  the  view 
of  extracting  an  active  medicinal  principle  from  it,  but  did  not  lead  to  any  definite 
result,  see  Handworterbuch  dtr  Chcmie^  vi.  819.  Schlossberger  and  Dopping  are  of 
opinion  that  the  physiological  action  of  the  root  cannot  be  attributed  to  any  one  of  its 
constituents  in  particular. 

The  ash  of  the  stems  and  leaves  of  rhubarb  [what  species  ?]  has  been  analysed  bv 
Th.  Richardson  (Jahresb.  1847-48;  Tafel  C  zu  8.  1074),  with  the  following 
results : — 

K«0       Nfi«0      CaO       MgO       S0»       SiO*      P^O*   FC'PCH  Nil  CI 
8tenu       .       .       S9-99         0*46        10-04        .    .         1X9       S*77        12*83       9*77        8*84     «      SO-K 
Le»W9     .       .       14-47       31-77        3*96        6-S9         962       2*33       30  04       3-38      tiace     =     lOO-OO 

The  stems  [fresh  or  dry  ?]  yielded  0*41  per  cent,  and  the  leaves  1'23  per  cent.  ash. 

R.  Brandes  (Jahresb.  1853,  p.  581)  has  examined  the  inorganic  constituents  of 
four  kinds  of  rhubarb-root.  A  Russian  species  gave  6'03  per  cent  water  and  18*2 
ash  ;  a  Chinese  species  822  water  and  8*82  ash ;  an  older  Austrian  species,  9'0  water 
and  5*8  ash ;  a  younger  Austrian  species  (both  cultivated  at  Bilitz),  11*2  water  and 
6'64  ash. 

The  ash  from  100  pts.  of  the  dried  roots  contained : — 


Soluble  In  water. 

Insoluble  In  water. 
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0-570 

0-015 

» 
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Tip  (Jahresb.  1854,  p.  657)  found  in  100  parts  of  rhubarb-root  dried  at  100^ 
(L  Russian,  II.  Chinese,  IIL  Root  of  Rheum  palmatvmt  IV.  a  the  tap-root,  and  JV^b 
the  branch-roots  of   Rh.  undulatum),  the  following  quantites  of  ash  and   oalde 

carbonate: — 

I.  II.  ni.  IV.  a.  IV.  b. 

Ash     .         .        .         17  0  230  3*6  11*6  100 

CaCO»  therein     .        16-5  228  1*7  115  8*4 


'  [     Syn.  with  Chbtsophanic  Acid. 


Sumach,  Many  species  of  this  genus  are  very  rich  in  tannic  acid,  which 
in  Rhut  CariariOf  Rh,  glabra,  and  Rh.  typhina,  exists  in  all  parts  of  the  plant  The 
tannic  acid  of  the  sumachs,  like  gallotannic  acid,  yields  gallic  acid  when  treated  with 
sulphuric  acid.    (Stenhouse.) 

The  leaves  of  Rh.  copal/ina  and  Rh.  alabra  contain  a  considerable  quantity  of  scid 
malate  of  calcium.  Rn.  Metopium  exuaes  a  yellow,  emetic,  purgative  resin  :  the  wood 
is  rich  in  tannin.  Rh.  gucccdanea  is  said  by  some  authoriti(^8  to  yield  Chinese  wax ; 
according  to  others,  this  substance  is  produced  by  au  insect  living  on  the  plant 
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The  juioe  of  the  leaves  of  Rhus  Toxicodendron  contains  gallic  add  (Asehoff). 
Rhittel  (Jabresb.  1858,  p.  530)  found  in  these  leaves,  besides  the  usual  plant- 
constitaents,  an  iron-greening  tannin  and  a  volatile  alkaloid,  which  is  the  poisonous 
principle.    Rh.  venenata  and  Rh.  jugland\folia  also  contain  poisonous  principles. 

Rk.  ifemie{fera  contains  a  juice  which  blackens  in  the  air,  and  is  used  for  the  pre- 
paration of  Japan- varnish ;  the  seeds  contain  a  sebaceous  oiL  The  milky  juices  of  Rk, 
Toxicodendron  and  RK  venenata  likewise  blacken  on  exposure  to  the  air.  (Boch* 
ledei^s  Pkytochemit,  pp.  30,  31.) 

The  air-dried  leaves  of  Rh.  Toxicodendron  yield,  according  to  Khittel,  7*30  per  cent., 
the  leaves  dried  at  100°,  7*91  per  cent,  ash,  containing,  in  100  pts. :  25*81  per  cent 
KK),  004  NaK),  2159  CaO,  645  MgO,  0*49  A1«0»,  235  FeW,  1  54  CI,  3-98  S0», 
11  57  P-0*,  6-86  SiO^  1843  C0«  («  9911). 

The  heart- wood  of  Rhus  pentaphyllum  jielda,  according  to  Com  ail  le  (J.  Pharm. 
[3]  xliiL  269  ;  Jahresb.  1863,  p.  616),  0*9  per  cent  ash,  containing  in  100  pts.:  0  26 
K'O  and  Na'O,  49*54  CaO,  0*27  MgO,  0*37  A1«0',  8  20  PeK)»,  014  CI,  1*81  S0% 
2*57  Si0»,  and  36  66  C0«. 


C'«H»*NO«.— A  product  obtained  by  the  action  of 
alcoholic  ammonia  on  ricinelaidin.  It  closely  resembles  ehudamide,  melts  at  91^ — 
93°,  and  solidifies  at  89°     (Rowney,  Chem.  Gaz.  1855,  p.  361.) 

SZCZVZXAzbzC  ACZB.  C'*H**0*.  Palmic  acid.  (Boudet,  Ann.  Ch. 
Phiirm.  iv.  16.— Play  fair,  iWrf.bL  322.— Bonis,  Ann.  Ch.  Phys.  [3],  xliv.  82.— Gm. 
xni.  135.) — An  acid  isomeric  with  ricinoleic  acid,  produced  by  the  action  of  nitrous 
acid  on  the  latter ;  also  by  saponifying  ricinelaidin  with  caustic  potash,  salting  out  the 
resulting  soap,  and  decomposing  it  with  hydrochloric  acid.  It  cr}'8tallises  in  tufts 
of  white  silky  needles,  melting  at  50°  (Boudet  Bonis),  and  solidifying  to  a  crystal- 
line ma8s  at  48*5°.  Reddens  litmus  strongly;  dissolves  easily  in  alcohol  and 
ether;  decomposes  alkaline  carbonates.  Decomposed  by  distillation,  and  by  heating 
with  soda,  in  the  same  manner  as  ricinoleic  acid.  The  ricinelai'dates  of  the  alkali- 
metals  are  soluble  in  water. — The  barium-salt,  C**H**Ba''0*,  obtained  by  precipitation, 
is  a  white  powder  unctuous  to  the  touch. — The  siluer-satt,  C"H*"AgO*,  is  a  light  whita 
powder,  soluble  in  ammonia,  but  insoluble  in  water,  alcohol,  and  ether. 

Ricinela'idaU  of  Ethyl,  C*H«H)«  =  C"H«XC'H*)0*,  formed  by  the  action  of  hydro- 
chloric  acid  gas  on  an  alcoholic  solution  of  the  acid,  is  a  crystalline  mass,  which  melts 
at  16°,  dissolves  slightly  in  cold,  very  freely  in  hot  alcohol.    (PI  ay  fair.) 

SZCZVB&AZBZV.  C**H^O'?— A  solid  £&tty  body  produced  by  the  action  of 
nitric  peroxide  on  castor-oil.  When  purified  hj  washing  with  water  and  crystallisation 
from  alcohol,  it  forms  small  white  nodules  melting  at  43°  (Playfair),  at  45°  (Bonis), 
at  62° — 66°  (Boudet).  It  solidifies  slowly,  after  remaining  pasty  for  a  long  time. 
It  is  very  soluble  in  alcohol  and  ether.  Caustic  potash  at  the  boiling  heat  converts  it 
into  glycerin  and  ricinelaidate  of  potassium.  When  submitted  to  dry  distillation, 
it  behaves  like  castor-oil,  yielding  a  dark  brown-red,  spongy  residue,  and  a  distillate 
of  onianthol  (Bertagnini,  Ann.  Ch.  Pharm.  Ixxxv.  282);  and  if  the  oBnanthol  be 
driven  off  by  steam,  there  remains  a  solid  add,  containing  73*8  per  cent  carbon  and 
11*21  hydrogen  (Bonis).  With  care  the  distillation  maybe  continued  to  the  end 
without  formation  of  the  spongy  residue,  in  which  case  a  large  quantihr  of  acrolein 
and  solid  hydrocarbons  pass  over,  whilst  a  little  carbon  remains  behind  (Bonis).  By 
distillation  with  excess  of  potash,  ricinelaidin  yields  octylic  alcohol,  sebate  of  potassium, 
and  two  other  acids.    (Bonis.) 

SZCZVZC  ACZB.  A  fatty  acid,  containing  78*6  per  cent  carbon,  9*9  hydrogen, 
and  16*5  oxygen,  said  by  BuHsy  and  Lecanu  to  be  obtained,  together  with  others,  by 
the  saponification,  and  by  the  distillation,  of  castor-oil.  ( Grnelin^s  Handbook,  zviu 
140.) 

SZCZVZra.  (Tuson,  Chem.  Soc  J.  xviL  195.) — An  alkaloid  contained  in  the 
seeds  of  the  castor-oil  plant  {Rictnus  communis).  The  seeds  of  Croton  Tiglium  contain 
a  similar  or  perhaps  the  same  base.  To  prepare  it,  bruised  castor-seeds  are  ex- 
hausted by  repeated  boiling  with  water ;  the  decoction  is  strained,  and,  after  separatins 
the  oil  as  completely  as  possible,  evaporated  to  an  extract,  which  is  boiled  with 
alcohol  and  filtered.  After  standing  24  hours,  the  tincture  is  separated  from  the 
deposited  resin,  and  the  alcohol  is  distilled  off.  The  residue,  on  standing,  deposits 
crystals  of  ricinine,  which  are  purified  by  reciystallisation  from  alcohol,  with  the  help 
of  charcoal. 

Ricinine  forms  colourless  rectangular  prisms  and  laminae,  having  a  slight  taste 
of  bitter  almonds,  insoluble  in  water,  soluble  in  alcohol,  nearly  insoluble  in  ether  and  in 
benzene.  When  heated,  it  melts  to  a  colourless  liquid,  which  solidifies  in  ciystalline 
needles.    Sublimes  unchanged  between  two  watch-glaHscs.    Contains  nitroge.i. 
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When  strongly  heated  on  platinnm-foi],  it  bnnia  with  a  Inminooa  maoky  flasie.  I)» 
■olvea  in  oil  of  vitriol  without  coloration ;  the  solution  ia  coloured  green  bj  obvoaali 
of  potassium. — ^Dissolves  in  nitric  acid  without  evolving  red  fumes,  and  on  evapc  ^* 
leaves  colourless  needles,  which  turn  white  in  water. 

Ricinine  is  insoluble  in  water, — ^It  forms  with  hydrochloric  acid  a  compound, 
is  decomposed  by  evaporating  the  solution. — Its  solution  mixed  with  merourie  eAlaridt, 
solidifies  after  some  minutes  to  a  crystalline  mass  of  fine  needles. — ^The  hjdroehlorie 
acid  solution,  when  evaporated  with  chloride  ofplatinum^  yields  oxBOgo-eokmzed  oel» 
hedrons  of  the  double  salt. 

XZCZiroXAABIIBB.    CWH»NO«  -  ^'"^"^|n.    (Boullay,  J.  Phjum.  [3], 

V.  329. — ^Bouis,  Ann.  Ch.  Phys.  [3]  zliv.  96.) — ^Produced  by  saturating  an  alcoholie 
solution  of  eastor-oil  with  ammoniargas,  and  leaving  it  to  stand  fbr  three  or  four 
months,  or  heating  it  for  a  few  days  in  a  salt-bath.  When  purified  by  orstallisatiai 
from  alcohol,  it  forms  white  crystalline  needles,  melting  at  66^,  and  solidifVing  to  aa 
opaque  brittle  mass.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  if 
resolved  by  acids  and  alkalis  into  ammonia  and  ricinoleic  acid. 

ACXB.     C»H«*0»  «  ^*'^"^'|o.    (Bussyand  Lecann,  J. 

Pharm.  xiii.  70. — Saalmiiller,  Ann.  Ch.  Pharm.  Ixiv.  108. — Svanberg  and 
Kolmodin,  J.  pr.  Chem.  zlv.  431. — ^Bouis,  Ann.  Ch.  Phys.  [3]  zliv.  103,  and  zlviii 
99. — Petersen,  Aun.  Ch.  Pharm.  czviii.  69. — Gm.  xvii.  131.)— -A  fiitty  acid  produced 
by  saponification  of  castor-oil  and  of  the  oil  of  Jatropha  Curcae, 

Preparation. — Castor-oil  is  saponified  with  potasn  or  soda-ley ;  the  soap  is  salted 
out  and  decomposed  by  hydrocnloric  add;  and  the  oily  mixture  of  ricinoleic  add 
with  a  small  quantity  of  solid  fatty  acids  is  cooled  to  —10°  or  —12^  with  }  its 
volume  of  alcohol:  the  solid  adds  then  crystallise  out,  and  are  remoTod«  After 
driving  off  the  alcohol,  the  ricinoleic  add  is  digested  with  excess  of  lead-oxide^  and  the 
lead-salt  formed  is  dissolved  in  ether,  and  deoompos^d  by  hydrochloric  add  and  water. 
The  ridnoleic  add,  which  is  left  on  evaporating  the  ethereal  layer,  is  purified  by  dis- 
solving it  in  aqueous  ammonia,  predpitating  with  chloride  of  barium,  and  crrstailising 
the  barium-salt  from  alcohoL  From  the  barium-salt  the  add  is  obtained  by  decoiD' 
position  with  aqueous  hvdrochloric  acid. 

Properties, — ^Kidnoleic  add  is  a  pale  wine-yellow  syrupy  oil,  colourless  in  thin 
layers.  Specific  gravity,  094  at  16®.  Solidifies  completely,  at  -  6^  to  —  10°,  to  a 
granular  mass.  Inodorous.  Has  a  very  disagreeable,  persistent,  harsh  taste.  It 
mixes  in  all  proportions  with  alcohol  and  ether.  The  alcoholic  solution  has  an  add 
reaction,  and  decomposes  carbonates  with  effervescence. 

Decompoeitions. — 1.  Ricinoleic  add,  subjected  to  distillation,  yields  at  first  a  limpid 
and  afterwards  a  thick  and  repulsive-smelling  distillate,  free  from  sebacic  acid 
(Saalmiiller). — 2.  It  does  not  absorb  oxygen  m>m  the  air,  or  even  on  long  ezpotm 
to  the  gas,  and  does  not  form  carbonic  acid  (Saalmiiller). — 3.  It  absorbs  a  littli 
sulphurous  acid  gas,  without  becoming  solid  or  otherwise  altered.  (Saalmnller.) 

4.  By  the  dry  distillation  of  ricinoleates  of  the  alkali-metals,  various  products  m 
obtained,  according  as  the  neutral  salt  is  distilled  alone,  or  with  an  excess  of 
alkali : 

a.  By  cautiously  distilling  the  neutral  eodium-aalt  until  the  residue  begins  to  fMi 
up,  a  distillate  of  csnanthol  (iv.  174)  is  obtained,  the  residue  containing  the  sodium- 
salt  of  the  same  add  that  is  formed  by  the  dry  distillation  of  eastor-<nL  The 
sodium-salt  and  the  glyceride  of  ricinoleic  add  are  therefore  decomposed  in  the  same 
manner  by  distillation  (Stadeler).  According  to  Bonis,  the  neutral  ridnoleates  of  the 
alkali-metals  yield,  by  dry  distillation,  octyiic  aldehyde  (xiii.  187),  and  a  peculiar 
add : 

C»H«0«     =     C«H'«0  +  C>«fi'»0«. 

b.  A  mixture  of  potassic  or  sodic  ricinoleate  with  excess  of  the  caustic  alkali  fntiam 
up  when  heated,  emitting  an  odour  like  that  of  mushrooms ;  then  thickens,  gives  off  at 
250®  a  large  quantity  of  hydrogen  gas  (no  carbonic  anhydride  or  gaseous  hydrocsrtxni) 
and  a  volatile  oil,  and  leaves  a  white  spongy  residue,  consisting  of  sebate  (k  potassinm, 
together  with  a  neutral  oil,  which  yields  a  white  soap  by  saponification,  and  deposits 
crystals  of  palmitic  acid  when  cooled  (B  o  u  i  s).  The  volatile  oil  is  a  mixture  of  methyl* 
flsnanthjl  with  heptylic  or  octyiic  alcohol,  or  both.  (See  Alcohols,  i.  98 ;  Hnrmjo 
Alcohol,  iil  145;  Octtlic  Alcohol,  iv.  170). — According  to  £.  T.  Chapman  (Chem. 
8oc  Qu.  J.  xviii.  290),  sometimes  the  one,  sometimes  the  other  alcohol  is  produced.— 
The  same  products  are  obtained  by  heating  castor-oil  with  excess  of  caustic  soda. 
(Bonis.) 

Jlicinoleates. — Bicinoleic  acid  is  monobasic*,  the  general  formula  of  its  salts  being 
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Tbeie  results  may  be  represented  by  the  formula  iltTSiO*.  ]i"APO*.  6HK),  tb 
numbers  of  atoms  of  ferrous  oxide  and  magnesia  being  in6.  a8l:3,  inif.  afl6:i^ 
in  ^.  /.  as  1  :  1,   in  ^.  as  5  :  7,   and  in  A.  as  6  :  6. 

Bipidolite  occurs  also  in  Scotland. 

Syn.  with  Rbaxoab. 

A  mineral  from  the  Joachimsthal,  oceurrin^  in  small  hladriih 
monoclinic  crystals,  which  behare  before  the  blowpipe  like  pyrargynte.  Aooonding  tt 
Breithaupt,  it  is  identical  with  zanthocone  (q.v.). 

MEvmSM.  A  mucilaginous  substance  obtained  from  a  freshwater  alga^  Rmit 
ittheroM,    (Braconnot,  Ann.  Gh.  Phys.  [2]  Izx.  206.) 

BOBXXnc  ACXB.  An  acid  existing,  according  to  Reinsch  (Rupert.  Phann. 
[2]  xxxix.  198),  in  the  root  of  the  fiilse  acacia  (Robinia  pseudaeacia).  The  iDfdsion  of 
the  root,  evaporated  to  a  syrup,  and  left  in  a  cool  place,  deposits  rhomboTdal  ciystalsof 
robinate  of  ammonium.  The  free  acid  is  a  syrupy  mass,  which  becomes  ciystalline  ii 
contact  with  absolute  alcohol. 


A  yellow  colouring  matter  existing,  according  toKummell  (N.  Bt 
Arch.  xciiL  295),  in  the  wood  of  Robinia  pseitdacacioj  from  which  it  is  obtiuned  by 
precipitating  the  aqueous  decoction  with  oasic  acetate  of  lead,  and  decomposing  the 
precipitate  with  sulphydric  acid. 

mOBZWZV.  C**H**0>*.  (Zwenger  and  Dronke,  Ann.  Ch.  Pharm.  Siippl.L 
257;  Jahresb.  1861,  p.  774;  1862,  p.  498.) — ^A  yellow  substance  contained  in  the 
blossoms  of  Robinia  paeudacaeia.  To  prepare  it,  the  recently  gathered  flowers  ars 
boiled  in  water,  and  the  decoction  is  again  boiled  six  or  eight  times  with  fresh  flowers; 
it  is  then  eyaporat<>d  to  a  syrup,  which  is  repeatedly  exhausted  with  boiling  alcohol; 
the  alcohol  is  distilled  off,  and  the  residue  is  set  asioe  to  crystallise ;  the  CTystals  art 
pressed  and  washed  with  cold  alcohol,  to  remoye  the  greater  part  of  the  mother-liquor, 
and  disoolyed  in  boiling  water ;  and  neutral  acetate  of  lead  is  added  to  the  solution, 
whereby  foreign  substances  are  precipitated,  while  the  robinin  remains  dissolyed. 
The  filtrate  is  freed  from  lead  by  sulphydric  acid  and  eyaporated,  and  the  robinin 
is  purified  by  recrystaUisation  from  water. 

Kobinin  thus  prepared  forms  yery  delicate  straw-yellow  crystals,  haying  a  somei^ist 
silky  lustre,  and  containing  2C*»H"0'MlH«0.  They  give  off  their  water  (14'46  per 
cent.^  at  100^,  leaving  anhydrous  robinin,  which  melts  to  a  yellow  liquid  at  195^,  and 
solidifies  to  an  amorphous  mass  on  cooling.  Anhydrous  robinin  gave  by  analysii 
60-98  per  cent  C,  and  5*51  H  (calc.  6119  C,  610  H,  43*71  O);  the  hydrate  gaw 
43-60  C  and  633  H  (calc.  4379  C,  698  H,  50-23  0). 

Kobinin  is  neutral,  tasteless  in  the  solid  form,  slightly  styptic  in  aqueous  solution. 
Water  and  alcohol  dissolve  it  slightly  in  the  cold,  more  freely  at  the  boiling  heat ;  it  is 
insoluble  in  ether.  It  dissolves  quickly  in  alkalis  and  alkaline  carbonatesi  forming 
golden-yellow  solutions;  the  ammoniacal  solution  turns  brown  on  standing.  The 
aqueous  solution  does  not  precipitate  metallic  salts ;  it  colours  ferric  chloride  dark- 
brown  or  greenish,  but  does  not  affect  ferrous  chloride.  The  alcoholic  solution  preci- 
pitates neutral  and  basic  acetate  of  lead.  It  reduces  cupric  oxide  in  a  boiling  alkaline 
solution  ;  is  not  altered  by  emulsin. 

By  dry  distillation,  robinin  yields  a  yellow  distillate,  containing  quorcetin  in  solution. 
When  heated  above  its  melting  pointy  it  bums  with  a  smoky  fiame  and  a  smell  of  burnt 
sugar,  and  leaves  charcoal.  It  is  decomposed  by  concentrated  nitric  add  (with  peca- 
liar  facility  by  the  fuming  acid),  with  formation  of  oxalic  acid  and  a  large  quanti^  of 
picric  acid.  When  heated  with  dilute  acids,  it  splits  up  very  readily  into  quercetin  and 
robinin-sugar : 

C?»H»0'«  +   2H«0     «     C'"H»»0«  +   2(>H"0».» 

100  parts  of  crystallised  robinin  yield  37*96  parts  of  quercetin,  dried  at  100^  (by  cal- 
culation 38*26  parts). 

Robi  n  in  -sugar  does  not  crystallise,  but  is  obtained  as  a  sweet  brown  map,  whidi 
smells  like  caramel  when  heated,  and  yields  with  nitric  acid  a  laige  quantity  of  picrie 
acid,  together  with  traces  of  oxalic  acid.  It  reduces  cupraie  of  potassium  in  the  eold; 
does  not  undergo  fermentation  with  beer-yeast 

SOCCax&AVZZiZBB,  or  Phenyl-roocdlamide,  C**H«<NK)<  »       (C^»^  ^K*.  — 

H«     ) 

When  roccellic  acid  is  heated  with  excess  of  aniline  to  180^ — 200^,  water  and  aniUiM 
distil  over,  and  a  black  pitchy  residue  is  left,  which  when  drenched  with  alcohol  yields 
crystals  after  a  few  days.    These  are  collected  and  purified  by  repeated  ciystallisttioa 

*  It  will  btt  obMr?ed  that  the  formuU  of  robinin  it  rclntetl  to  that  assigned  toquercetin  br 
#■4  Dronke  (p.  4). 
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from  boiling  alcohol,  with  help  of  animid  charooaL  Boccellanilide  thus  obtained,  formB 
beautiful  colourlera  laminae,  which  melt  to  a  colourless  liquid  at  53-3^,  and  solidify 
partially  at  52^.  Neutral.  At  a  somewhat  elevated  t«mperature,  it  yields  a  colourlenf 
distillate,  without  any  carbonaceous  residue.  It  is  insoluble  in  water,  aqueous  am- 
monia, and  hydrochloric  acid ;  not  coloured  by  hypochlorite  of  sodium.  The  alcoholic 
solution  does  not  precipitate  alcoholic  neutral  acetate  of  lead. 

SOGCXXAZC  ACZB.  C"H«0*-(^"^r^')"(o«.— A  kind  of  fiitty  acid  existing 

in  Roccella  tinctoria  and  other  species  of  the  same  genus;  also,  according  to  Heeren, 
in  Lecanara  tartarea.  It  was  discovered  in  1830  by  Heeren  (Schw.  J.  lix.  346),  aud 
has  been  examined  by  Lie  big  (Pogg.  Ann.  zxi.  31),  Schunck  (Ann.  Ch.  Pharm. 
xxxTiil  459),  and  Hesse  {ibid,  cxvii.  332). 

Preparation. — 1.  Roccella  tinctoria  is  exhausted  with  aqneous  ammonia;  the  filtrate 
is  precipitated  by  chloride  of  calcium ;  the  well-washed  precipitate  is  decomposed  by 
hydrochloric  acid;  and  the  add  thus  separated  is  purified  by  solution  in  ether 
(Heeren).  The  liquid  filtered  from  the  roccellate  of  calcium  retains  erythric  acid 
(ii.  602)  in  solution. — 2.  The  lichen  is  freed  from  erythric  acid  by  mUk  of  lime ;  the  residue 
is  boiled  with  dilute  hydrochloric  acid ;  the  add  solution  is  removed  ;  and  the  residue 
warmed  with  dilute  soda-ley.  From  the  greenish-brown  solution,  hydrochloric  acid 
throws  down  green  flocks,  which  must  be  suspended  in  water  and  treated  for  a  short 
time  with  chlorine  gas,  which  chiefly  removes  the  green  substances.  The  acid,  after 
being  treated  with  chlorine,  is  washed  with  water,  and  purified  by  recrystallisation 
frt)m  boiling  alcohol,  with  help  of  animal  charcoal  (Hesse).  The  acid  obtained  by 
method  1  may  also  be  purified  in  this  manner,  or  by  passing  chlorine  into  the  alkaline 
solution  (Hesse). — 3.  The  lichens  are  exhausted  with  ether  in  a  percolator;  the  ether 
is  distilleid  off*;  and  the  greenish-white  crystalline  residue  is  dissolved  in  the  smallest 
possible  quantity  of  borax-solution,  a  portion  then  separating  out  as  the  liquid  cools 
The  rest  is  precipitated  by  hydrochloric  add,  and  purified  by  re-eolution  in  boiling 
aqneous  borax ;  then,  togetiier  with  the  portion  of  acid  first  obtained,  by  renrysf  allisation 
from  ether,  with  help  of  animal  charcoal  (Hesse).  Schunck  treats  the  lichen  ex- 
hausted with  boiline  water,  and  thereby  freed  from  erythric  add  [and  picroerythrin 
(ii.  603)],  with  boibng  alcohol ;  separates  the  green  flocks,  which  fall  down  as  the 
tincture  cools;  and  evaporates  the  filtrate  to  dryness.  From  the  residue,  boiling  water 
extracts  a  small  quantity  of  picroerythrin ;  the  solution  then  prepared  with  cold 
alcohol  deposits,  on  addition  of  alcoholic  neutral  acetate  of  lead,  greenish-white  fiocks 
of  roccellate  of  lead,  which  are  decomposed  by  nitric  acid ;  and  the  add  thus  sepa- 
rated is  purified  by  recrystallisation  from  boiling  alcohol,  with  help  of  animal  charcoal. 

iVo^p^^te«.— Roccellic  add  forms  delicate,  white,  rectangular,  four-sided  plates, 
having  a  silvery  lustre ;  from  alcohol  it  separates  in  short  needlta.  Melta  at  132°  to 
a  colourless  liquid,  which  solidifies  in  the  crvstalline  form  at  about  108°.  At  a  tem- 
perature somewhat  below  200°,  a  portion  volatilises,  while  another  portion  is  converted 
into  an  anhydride  (Hesse).  It  is  tasteless  and  scentless ;  the  alcoholic  solution  has  an 
acid  reaction.  It  is  perfecUy  insoluble  in  water,  dissolves  in  1*81  pt  of  boiling  alcohol 
of  specific  gravity  0*819,  easily  in  ether  (Heeren);  slightly  in  warm  bemeiie, 
(Hesse.) 

DeaympoaUiona. — The  add  heated  to  between  220°  and  280°  gives  off  water,  turns 
brown,  and  leaves  roccellic  anhydride,  C"H**0*  (Hesse).  By  dry  distillation  it  yields 
sharp-tasting  products  similar  to  those  obtained  from  the  fats  (Heeren)  ;  according 
to  Schunck,  a  distillate  which  solidifies  in  the  crystalline  form,  and  after  repeated  dis- 
tillation, remains  oily,  leaving  little  or  no  r&sidue.  Roccellic  add  is  but  little  affected 
by  reagents.  It  is  not  decomposed  b^  bromine,  sulphuric  add,  or  hydrochloric  acid, 
and  is  but  slowly  oxidised  by  boiling  with  hydrochloric  acid  and  chlorate  of  potassium. 
When  boiled  for  a  long  time  with  fuming  nitric  add,  it  gives  off  volatile  acids  having 
the  odour  of  butyric  add,  but  does  not  yield  any  crystaUisable  non-volatile  adds.  It 
is  but  slightly  luterod  hj  fusion  with  hydrate  of  potassium ;  heated  with  aniline,  it 
forms  roccellanilide.    (He s s e. ) 

Bocce Hates. — Boocellic  acid  decomposes  carbonates.  The  roccellates  of  the 
alkali-metals  are  soluble  in  water ;  the  other  salts  have  for  the  most  part  the  composi- 
tion C"H'»M"0*.— The  haHum-MU,  C"H»»Ba''0«,  obtained  by  precipitating  the  am- 
munium-salt  with  chloride  of  barium,  is  a  bulky  white  precipitat^e,  somewhat  soluble  in 
boiling  water,  insoluble  in  pure  alcohol,  but  easilv  soluble  in  alcohol  containing  aceticr 
add.~The  caieium-talt,  C"H'K?a''0*.H'0,is  a  white  amorphous  precipitate,  which  give* 
off  48  per  cent,  water  at  160°,  and  decomposes  at  a  higher  temperature,  givingoff  acroleii 
aad  a  combostibia  gaa  (Hesse).-A  bamc  Uadsalt,  2C>'H*'Pb"OMn>'^*0*.2HH), 
is  obtained  \gj  predpitatisg  alcoholic  roccellic  acid  with  a  warm  alcoholic  solution  of 
neutral  kttii4eitati^  m  s  white  powder  which  gives  off  a  small  quantity  of  water  at 
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100**,  then  3*8  per  cent  at  126^,  and  melts  at  a  higher  temperatare  (Hesse).— Tb« 
BUver-Bokt  C*'H^Ag'0\  likewise  obtained  by  precipitation,  iaa  white  amofpliaiifl  mu^ 
which  tarns  grej  on  ei^weure  to  light.    (Hesse.) 

Ethylie  Roeoellaie,  C"H*»0<  »  C"H*(C*H»)«0«,  obtained  by  paMiog  hjdrp. 
chloric  add  gas  into  a  warm  alcoholic  solution  of  the  acid,  is  a  pale-yeliow  oily  having 
a  &int  aromatic  odour,  lighter  than  water,  insoluble  in  water  and  in  aqoeoas  •mmoeia, 
and  not  attacked  either  by  aqueous  or  by  alcoholic  ammonia  even  after  several  moothi^ 
oontact,  or  when  heated  to  1 18®.  It  is  easily  soluble  in  aleohol,  len  soluble  in  ether. 
(Hesse.) 

moccBUUC  AVHTBSXBa.  €>^**0*.— ObUined  by  heating  roocellie  add 
to  at  least  220®,  treating  the  fused  brown  mass  with  dilute  soda-ley,  then  agitating  it 
with  ether,  and  evaporating  the  decanted  ethereal  solution.  It  is  a  ooloiirless  or 
faintly  vellow  neutral  oil,  having  a  fatty  odour;  makes  grease-spots  on  paper ;  dissolves 
sparingly  in  cold,  easify  soluble  in  hot  alcohol  and  in  tther.  Boiling  »oaa4rjf  conv^sts  it 
into  roccellic  add.  The  solution  in  warm  ammunia'tDaUr  mixed  wiu  hydrochlorie  add, 
deposits  white  flocks,  easily  soluble  in  alcohol,  and  remaining,  when  the  aJccaol  is 
evaporated,  as  a  seraicrystailine  add  oil  having  a  burning  taste:  probably  a  nuxtnre  of 
roocellie  and  rocoellamic  acids.    (He s sew) 

WOCCWJXIO  STBBR.     {vid,  sup.) 

mOCCBK&nrZV.  C"H>*0'?  (Stenhouse,  Ann.  Gh.  Fharm.  Izriii.  09.)— A 
crystalline  substance  obtained,  together  with  i^rsellic  acid  (iv.  235),  from  BoeetiU 
tinctoria.  To  prepare  it^  the  gelatinous  mass  obtained  by  precipitating  the  lime- 
extract  of  the  lichen  with  hydrochloric  acid  is  boiled  with  alcohol,  whereby  the  Jl- 
orsellic  add  is  traosformed  into  orsellinate  of  ethyl  (iv.  236),  while  the  rocoellinia 
remains  unaltered.  The  product  is  treated  with  boiling  water,  which  disedlTee  out  all 
the  ethylie  orsellinate,  leaving  the  roccellinin  undissolved. 

Roccellinin  crystallitnes  from  boiling  alcohol  in  silky  needles,  nearly  inaolable  in  eoli 
alcohol  and  ether.  It  gives  by  analysis  62*44 — 62*67  per  cent,  carbon,  and  4*65^-4*90 
hjrdrogeu,  the  furmuk  G>*H'*0'  reouirinff  62*8  C,  47  H,  and  326  O.  It  is  eadly 
dissolved  by  ammonia  and  the  fixed  alkalis :  the  solutions  do  dot  become  oolonred  on 
exposure  to  the  air.  It  is  not  attacked  by  baryta  or  by  boiling  potash.  It  does  not 
precipitate  metallic  solutions.    Hot  nitric  acid  converts  it  into  oxalic  acid. 

■T.    Sodio-potassic  tartrate.    (See  Tabtabic  Acid.) 

Syn.  with  SBBPurmnL 

A  variety  of  asbestos  (L  415). 

AXte    Pnze  crystallised  silica.    (See  Quunx.) 

or  Agaric  Mineral,     A  loose  finable  variety  of  limeatiMie  (^ 

See  Sodium,  Chlobidb  of. 

A  variety  of  bole. 

A  hydrated  ferroso-ferric  sulphate,  occurring  on  the  Bammelsbeii^ 
near  Gkwiar,  in  monociinic  crystals,  accompanied  and  interpenetrated  by  fbmns 
and  ferric  sulphates.    {Sammelsber^a  Mineralckemie,  p.  292.) 

ACBBXiBXZTB.  A  hydrated  arsenate  of  magnedum,  occumns;  together  with 
pharmacolite  and  cobalt-bloom,  in  the  cupriferous  smde  of  Biber,  near  Hanao.  It  ftons 
thin  fibrous  or  laminar  plates,  or  dentiform  and  vermicular  masses,  apparently  deav- 
able  in  one  direction ;  hardness  (of  the  unaltered  mineral)  »  2  to  3.  Translucent  to 
transparent,  colourless  or  white,  with  vitreous  lustre.  On  exposure  to  the  air  it 
becomes  opaque,  dull,  and  less  hard,  apparently  from  loss  of  water.  Before  the  blow- 
pipe it  gives  up  its  water  and  melts  to  a  white  enamel.  Dissolves  easily  in  hydro- 
chloric add  (Blum,  Jahresb.  1861,  p.  1031).  Contains,  aocordinff  to  I>elflb,  40*16 
AsK>*,  14-22  MgO,  with  trace  of  cobalt,  and  45*62  water  (  «  100^  whence  the  ibmnla 
2Mg''O.AsH)».15H'0. 

XIBTTZSZTB.      A  mineral,  connsting  essentially  of   hydrated   nickel-sQioat^ 

occurring,  together  with  oonarite  (hydrated  nickd-phosphate),  in  the  Hans-Oeoig  mias 
near  Bottis,  in  the  Saxon  Voigtland.  It  forms  thick  lenticular  and  wedge-sbaped 
maflses,  sometimes  weighing  several  pounds ;  is  of  an  emerald-green  coloiir,  rmtdf 
pasnog  into  apple-green ;  usually  dull  and  opaque,  but  translucent  on  the  edges ; 
sometimes  brittle,  and  spUts  with  moderate  fiunlity.  Fracture  conchoidal  to  eaithy. 
Streak,  dark  apple-^reen.  Hardness  »  2  to  8.  Specific  gravity  b  2*356  to  2 '879. 
A.  Wincklf r  found  m  lumps  translucent  on  the  edges : 


BOMANZOVITE-ROSE-OIL.  1 1 5 

NiO     CoO    CuO  FeK)»AlW    SiO*    I»0»  A8»0»   SO*      HH) 
36-87    0*67    0-40    0-81     4*68    8916    2*70    0*80    trace     1117     -     96*66 

Hence  the  mineral  appean  to  consist  essentially  of  3(  8Ki"0.8iO').4HK).  (Breithanpt, 
Jahresb.  1869,  p.  791.) 


A  brownish  lime-gamct  £rom  Kimito  in  Finland. 

or  SOmUETB.  A  mineral  found  at  St  Marcel  in  Piedmont,  in 
groups  of  minute  onrstals  in  the  gangue  which  accompanies  manganese.  The  crystals 
are  dimetric  octahedrons,  having  the  basal  anffle  ««  110^  60' — 111^  20',  and  the  angle 
over  the  summit  68«  10*— 69o  10'  (Dufrlnoy).  It  scratches  glass.  Specific 
gravity  in  grains  =  4*714;  in  powder  =  4*676.  Colour,  hyacinth  or  honey-yellow. 
Contains  16*82  per  cent,  oxygen,  62*18  antimony,  1*31  iron,  1*21  manganous  oxide, 
16-29  lime,  0*96  soluble  silica,  and  1*90  insoluble  silica  -99*67  (or  40*79  Sb*0\  36*82 
Sb'O*,  1*70  FeO,  1*21  MnO);  and  may  be  represented  by  the  formula  3M'0.SbH)*.SbK)». 
(Dam our,  Ann.  Min.  [3]  xx.  247  ;  [6]  iii.  179.) 

SOBAXXLZVB.  Aniline-red,  See  PHBNTLAMnrBS  (iv  468).  Nitrous  add  con- 
rerts  it  into  rosolic  add.    (Wanklyn  and  Caro,  p.  117.) 

Hydroeyan-roeaniline,  C^'H'^N*  -  C»H>*N».HCy.  (Hugo  Muller,  Zeitschr. 
Ch.  rharm  1866.) — A  base  produced  by  addition  of  the  elements  of  hydrocyanic  add 
to  rosaniline,  analogous  therefore  in  composition  to  hydrocyanharmaline  (iii.  8).  It 
has  a  great  resemblance  to  leucaniline,  the  base  formed  from  rosaniline  by  addition  of 
hydroeen  (iii.  674).  It  is  prepared  by  treating  a  finely  pulverised  rosaniline-salt  with 
alcohol  and  cyanide  of  potassium  (the  latter  being  addtn  in  the  proportion  of  about  J,  if 
acetate  of  rosaniline  is  used) ;  the  resulting  yellowish  white  powder  is  washed  on  a 
filter  with  alcohol,  then  dissolved  in  dilute  hydrochloric  add ;  the  solution  is  wanned 
and  mixed  with  dilute  alcohol;  and  the  base  is  predpitated  by  ammonia,  mixed  with  a 
little  cyanide  of  potassium  or  hydrocyanic  add,  in  case  the  solution  should  still  exhibit 
a  red  colour  from  unaltered  rosaniline.  A  white  or  yellowish- white  bulky  predpitate 
is  thus  obtained,  which  becomes  crystalline  after  a  while,  and  then  quickly  settles  down. 
If  it  is  coloured,  it  may  be  purified  by  resolution  and  repredpitation;  or  the  hydro- 
chloric acid  solution  may  be  decolorised  by  treatment  with  animal  charcoal. 

Hydrocyan-rosaniline  predpitated  f^m  the  aqueous  hydrochl^^rate  by  ammonia, 
forms  a  dazzling  white  opaque  crystalline  powder.  From  a  warm  alcoholic  solution,  it 
separates  in  small  transparent  monodinic  crystals,  having  a  splendid  diamond  lustre. 
Alkalis  added  to  a  very  dilute  aqueous  solution  of  one  of  its  salts,  separate  the  base 
either  as  a  milky  turbidity  or  a  curdy  predpitate  resembling  chloride  of  silver.  It  is 
permanent  in  the  daik,  but  becomes  rose-red  on  the  surfeoe  when  exposed  to  sunlight, 
it  is  decomposed  by  fbsion  with  potash,  apparently  with  reproduction  of  rosaniline. 

Hydrocy  an -rosaniline  dissolves  very  easily  in  hydrochloric,  nitric,  and  sulphuric 
adds,  forming  colourless  crystallisable  salts.  The  kydrochloraU  separates  from  a  very 
concentrated  solution,  in  large  apparently  monodinic  crystals,  permanent  in  the  air, 
and  very  soluble  in  alcohoL  The  niiraU  and  eulphaie  axe  also  very  soluble,  but  mors 
difficult  to  crystallise,  the  solutions  having  a  great  tendency  to  dry  up  to  c;ummy  masses. 
The  solution  of  the  hydrochlorate  is  not  predpitated  by  chloride  of  platinum,  but  on 
evaporation,  the  ddoroplatinate  separates  as  a  heavy  resinous  body.  A  solution  of 
potassic  jnora^f  forms,  even  in  very  dilute  solutions  of  the  salts,  a  yellow fiocculent  pre- 
cipitate, which  at  a  gentle  heat  cakes  together  to  a  dark-yellow  resin. 

AOSB,  OZ&  or.  A  volatile  oil,  extracted  chiefly  in  Persia,  India,  and  the  State 
of  Tunis,  from  several  spedes  of  very  odoriferous  roses,  espedally  Boaa  centifdia,  R. 
damascenay  R.  moschata.  It  is  a  thick  yellow  liquid,  solidifying  at  low  temperatures  to 
a  buttery  mass  of  transparent^  colourless,  shining  laminae,  which  does  not  hquefy  com- 
pletely again  below  28^ — 30^.  The  scent  of  the  oil  is  yeary  fnignnt  when  much 
diluted ;  but  in  the  concentrated  state  it  causes  headache.  The  oil  is  a  mixture,  in 
variable  prc^rtions,  of  a  camphor  or  stearoptene,  and  an  oxvgenated  oil  which  has  not 
been  analysed.  Specific  gravity  of  the  crude  oil  »  0*87  (Coardin,  Ann.  Ch.  Pharm. 
vii.  164);  0*8912  at  16'6^  (Gladstone  and  Dale,  Chem.  Soc.  Qu.  J.  xvii.  1).  Index 
of  refraction  at  26°  «  1*4667  for  the  line  A,  1*4627  for  D,  1*4836  for  H.  Molecular 
rotatory  power -*  7°.    (Gladstone  and  Dale.) 

Rose-camphor  is  very  slightly  soluble  in  alcohol,  but  very  freely  in  ether  and 
essential  oils.  It  forms  lanmue,  melting  at  36^  and  boiling  between  280^  and  300^. 
It  is  a  hydrocarbon  having  the  oompodtion  of  ethylene  (Saussure,  Blanehet,  and 
8e  1 1).  It  is  soluble  in  eaustic  potash  and  acedc  aoid ;  vefy  sligbUy  atiadted  by  hydiD- 
chloric  and  nitric  add. 

Oil  of  roses  is  often  adnltsrated  wkh  oil  of  geraniiia.  Aooofdiag  lo  Gui bon rt  (J. 
Pharm.  xv.  346),  the  adulteration  may  be  detMtsd,  either bf  means  of  stiong  sulpkuirio 
Qcid,  which  does  not  impur  the  pnri^  aad  iveetaew  ef  xoee-eil,  but  dmlppee  ia 
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geranium-oil  a  itrong  disagreeable  odour,  even  with  rerj small  quantities;  or  by  ezponi^ 
the  oil  to  iodine-ffapour,  which  does  not  alter  the  colour  of  rose-oil,  but  oolmua  gen- 
nium-oil  a  very  deep  brown ;  or  by  exposing  it  to  nitrous  acid,  which  «>loiin  roM^ 
deep  yellow,  and  geranium-oil  apple-green. 


SOSBZVa.  Sm  with  Kobaitilinb  (iv.  468).— D.  S.  Price  (Rep.  Pat.  loTenL 
1860,  p.  159;  Jahresb.  1859,  p.  760)  applies  the  term  especially  to  the  red  dye 
obtained  by  treating  sulphate  of  aniline  witli  peroxide  of  lead. 


An  ars<>mite  of  cobalt^  occurring  in  small  quantity,  on  qmirtx,  at 
Schneebcrg  in  Saxony,  in  trimetric  crystals,  haying  the  angle  ooP  :  ooP  *  132®  48*; 
oP  :  foo  =  158°  2\  Cleavage  distinct  and  brilliant,  parall^  to  oo  f oo .  Hardness  « 
3.    Colour  deep  rose-red.    (Levy,  Dana's  Minerafogy^  ii.  417.) 

SOBS&IhAJr,  or  S08XTS.  A  variety  of  anorthite,  from  Aker  in  Sodermanland, 
Sweden,  having  a  rose-nHl  colour  and  granular  structure.  When  heated,  it  gives  off 
water  and  becomes  colourless;  melts  easily  before  the  blowpipe.  Contains,  scoordii^^ 
to  Svanbeig.  44'90  per  cent  silica,  34*50  alumina,  0*69  ferric  oxide,  0-19  manganie 
oxide,  3*59  lime,  2*45  magnesia,  6*63  potash,  and  6*53  water.  {Bamrndtber^M  Minus- 
ralchemief  p.  592.) 

SOSSMASTy  OSL  OF.    Obtained  by  distilling  the  fresh  leaves  and  flowers  of 

Bosmarinus  officinalis  with  water.  It  is  transparent,  colourless  or  yellow,  of  specifie 
gravity  0  88  to  0*91  (Zeller),  0*9080  at  15*5<' (Gladstone  and  Dale).  Boils  at 
165°— 168^  (Kane);  neutral;  has  a  camphorous  taste, and  the  odour  of  the  plant. 
Index  ofrefraction  at  16*5° -1*4632  for  A;  l*4688fbrD;  l*4867forH.  Optical  rotatoy 
power  a  — 17^  (Gladstone  and  Dale).  According  to  Lallemand^  on  the  contcaiy. 
It  is  dextrorotatory. 

Oil  of  rosemary  is  blackened  by  strong  sulphuric  acid ;  the  mixture  saturated  with 
Ume  yields  the  caldum-salt  of  a  ^uliar  acid  (Un  verdorben).  The  mixture  of  rose- 
maiy-oil  and  sulphuric  acid  yields  by  distillation  an  empyreumatic  oil  (Eane'i 
rosmarine)  having  the  alliaceous  odour  of  mesitylene,  a  specific  gravity  of  0*807> 
boiling  at  173^,  and  isomeric  with  turoentine-oiL  (See  Gmeltn*s  Handbook]  xiv.  396.) 

According  to  Lallemand  ^Ann.  Cb.  Phys.  [3]  Ivii.  404),  oil  of  rosemary  may  be 
separated  by  fractional  distillation  into  two  oils,  one  boiling  at  165^,  the  other  between 
200^  and  210°. — a.  The  former  is  a  mobile  hydrocarbon,  which  turns  the  plane  of 
polarisation  to  the  left ;  it  unites  with  hydrochloric  acid^  the  combination  being  attend4>d 
with  rise  of  temperature,  and  forms  a  compound,  which  remains  liquid  if  len  to  itself 
but  when  treated  with  nitric  acid,  yields  a  considerable  quantity  of  a  crystalline  hydro- 
chloTAte,  apparently  identical  with  hydrochlorate  of  turpentine-oil,  or  artificial  camphor, 
C'*Hi'.HCi.  The  same  oil  quickly  absorbs  moist  oxygen  in  sunshine,  forming  crystals, 
which  are  similar  to  those  produced  in  like  manner  from  oil  of  turpentine,  but  disappear 
if  subjected  to  the  further  action  of  oxygen,  yielding  a  brown  acia  soluble  in  water. 

b.  The  portion  boiling  between  200^  and  210^  deposits,  at  low  temperatares,  a  laige 
quantity  of  camphor,  resembling  common  camphor  in  all  respects,  excepting  that  it 
has  rather  less  dextrorotatory  power.  An  additional  quantity  of  it  may  be  obtained 
by  treating  the  mother-liquor  with  dilute  nitric  acid. 

ROBBarxra.    Syn.  with  Plaoionitb. 

BCSaO-OBOtOmO  SAXiTS.     See  Chbomiitm  (L  951). 

&08B0-00BAXiTZ0  BAJ$TB.  See  Cobalt-basbs,  Ammoniacal  (i.  1052).     For 

Braun's  view  of  the  constitution  of  these  and  other  ammoniacal  cobalt-oomponndB^ 
see  Ann.  Cb.  Pharm.  cxxxii.  33 ;  Jahresb.  1864,  p.  273. 

UOBM  QVASTK.    See  Quartz  (p.  l\ 

BOSaTTB-COPPaS.     See  Cofpbr  (ii.  33). 

M0BMW009t  OSL  OF.  Ofeum  ligni  rhodU, — ^A  volatile  oil  obtained  frx>m  rose- 
wood {Convolvulus  seoparius),  by  distillation  with  water.  It  is  pale-vellow,  somewhat 
viscid,  and  consists,  to  about  },  of  a  hydrocarbon,  C'*H",  whicn  boils  at  249°,  and 
smells  like  roses  and  sandalwood.  Specific  gravity  of  the  crude  oil  «  0*9064  at  16*5^. 
Index  of  refraction  at  17°  »  1*4843  for  A  ;  1*4903  for  D;  1*5113  for  H.  Optical 
rotatoiy  power  «*  — 16°  (Gladstone  and  Dale).  Rosewood-oil  is  sometimee  used 
for  adulterating  oil  of  roses,  which  thereby  loses  its  buttery  consistence. 

aOBira.    Syn.  with  KossLLAir. 

aosOIiXO  JLOia.  A  compound  produced  by  the  oxidation  of  phenol  in  prewnce 
of  alkalis.  It  was  discovered  by  Runge  (Pogg.  Ann.  xxxi.  70),  amongst  the  products 
obtained  by  treating  coal-tar  oil  with  milk  of  lime.  When  the  mixture  of  phenol, 
roeolicacid  and  brunolic  acid  (i. 684),  thus  obtained,  is  dIstillKl  with  water,  phenol  passes 
own,  and  a  pitchy  residue  is  left,  containing  rosolic  and  brunolic  acid^i.    This  residue. 
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diBSoWed  in  alcohol  and  mixed  with  milk  of  lime,  yields  a  roee-oolonred  solution  of 
calcic  roaolate,  and  a  brown  precipitate  of  ealdc  bninolate.  ^e  solution  evaporated 
to  a  symp,  and  mixed  with  a  third  of  its  Tolnme  of  alcohol,  deposits^  after  a  few  days, 
roso-^;oloared  c^stals  of  calcic  rosolate,  from  which  the  rosolic  acid  may  be  separated 
by  acetic  acid  (Knnge).  To  obtain  the  rosolic  acid  pure,  the  treatment  with  lime  and 
alcohol,  and  the  ddcomposition  of  the  calcium-salt  by  acetic  add,  must  be  repeated 
sereral  times ;  and  finally,  the  alcoholic  solution  of  the  add,  which  is  still  not  quite  free 
from  lime,  must  be  mixed  with  a  litUe  hydrochloric  add,  and  diluted  with  a  large 
quantity  of  water :  the  rosolic  add  then  separates  out  pure.  (HugoMuller,  Chem. 
Soc.Qu.  J.  xi.  1 :  see  also  Tschelnita.  J.pr.  Chem.lxxi  416 ;  Jahresb.  1857>p.447.) 

Rottolic  acid  is  more  easily  prepared  by  heating  phenol  with  certain  metallic  oxides 
in  presence  of  an  alkali.  R.  Angus  Smith  (Chem.  Oas.  p.  20),  obtained  it  by  heating 
phenol  with  soda  and  peroxide  of  manganese ;  but  it  is  difficult  to  free  the  product 
from  the  manganate  of  sodium  formea  at  the  same  time.  An  easier  process  is  that 
given  by  Jourdin  (R^p.  Chim.  a^.  iii.  217)9  who  uses  mercuric  oxide  instead  of 
manganic  peroxide.  The  action,  wluch  takes  place  below  150°,  is  complete  in  about  ten 
minutes,  and  the  solution  decanted  from  the  reduced  mercury  contains  pure  roeolate  of 
sodium.  Rosolic  acid  is  likewise  produced,  with  evolution  of  hydrochloric  add,  'by 
heating  phenol  with  mercuric  chloride  (Jourdin);  also,  accor(ung  to  Schutsen- 
berger  and  Sengenwald  (iv.  394),  by  heating  di-iodophenol  in  contact  with  ths 
air.* 

According  toWanklyn  and  C  ar  o,  rosolic  add  is  closely  related  to  rosaniline  ^iv.  468), 
and  may  Im  produced  by  adding  a  solution  of  a  nitrite  to  any  salt  of  rosaniline^  and 
boiling  the  solution.  During  the  boiling,  a  copious  evolution  of  nitrogen  occurs,  and 
the  rosolic  acid  gradually  separates  out  in  the  form  of  a  pitch,  with  a  cantharides-lika 
lustre.    The  reaction  probably  takes  place  by  two  stages,  as  follows : — 

C»H'»N«  +   8HN0«     «     C»(H'*l3r«)N«  +  6H«0. 
Rotanlline.  Atorosanlllne. 

C»H»«N«  +   4H«0        -     C»H>«0«  +    3N« 

AtoroMniltiM.  Rosolic  add. 

Rosolic  add  is  a  dark-coloured  amorphous  substance,  having  a  greenish  lustre^  and 
yielding  a  red  powder ;  in  thin  films  it  exhibits  a  red  colour  by  transmitted  light.  It 
bakes  together  at  about  60^,  and  melts  in  boiling  water  to  adark-p^een,  nearly  black  liquid. 
It  is  not  volatile,  and  not  easily  combustible.  It  dissolves  readily,  with  brownish-^ellow 
colour,  in  alcohol  and  ether;  also  in  phenol,  in  wood-creosote,  in  strong  acetic,  hy* 
drochloric,  and  sulphuric  adds,  and  is  not  ouite  insoluble  in  water ;  chloroform,  bensisne, 
and  sulphide  of  carbon  do  not  dissolve  it  (Hugo  Mull erV  Its  composition  has  not 
been  fixed  with  certainty.  According  to  the  mean  of  Mullers  analyses,  rosolic  add  dried 
over  oil  of  vitriol  contains  76'92  per  cent  carbon  and  6*83  hydrogen,  agreeing  nearly 
with  the  empirical  formuk  0»H«0«,  which  requires  7627  C,  606  H,  and  17«8  0. 
Angus  Smith  proposed  the  formula  C^H'K)'  (requiring  70*6  per  cent,  carbon),  and 
Dusart  (R^p.  Chim.  app.  i.  207),  from  his  own  analysis  (not  nyen),  deduces  the 
formula  (3*HK)*,  requiring  65'4  per  cent,  carbon.  According  to  Wanklyn  and  Caro, 
the  true  formula  is  probably  C^ffH)*  (vid.  sup.), 

Rosolic  acid  distilled  over  excess  of  soda^lime  yields  jE^enol,  a  portion,  however, 
suffering  further  decomposition  (Dusart).  Accormn^to  Wanklyn  and  Caro,  it  vielda 
phenol  by  distillation  fer  8e,  It  is  easily  attacked  m  alcoholic  solution  by  dilorins 
and  bromine,  also  by  nitric  add  when  heated,  forming  a  light-yellow  substance,  which 
dissolves  in  caustic  alkalis,  but  not  with  red  colour.  It  is  not  acted  upon  by  a  solution 
of  glucose  in  caustic  potash  fM filler),  and  is  not  decolorised  by  sulphurous  add 
(Dusart).  When  boded  witn  aniline  and  little  benzoic  add,  it  forms  a  splendid  and 
very  permanent  blue  dye,  the  reaction  not  being  attended  witii  evoluticn  of  ammonia, 
but  apparently  with  separation  of  water.    (Wanklyn  and  Caro.) 

Rosdates. — Rosolic  add  is  a  very  weak  add,  weaker  even  than  carbonic  add.  It 
unites  with  ammonia,  the  fixed  alkalis,  and  the  alkaline  earths,  forming  dark-red 
compounds,  soluble  in  water  and  alcohol,  and  veiy  easily  decomposed  by  exposure  to 
light  and  air,  being  partly  converted  into  carbonates,  and  losing  their  colour.— The 
carmine-red  solution  of  rosolic  acid  in  alkalis  is  decolorised  by  boiling  with  sine-powder, 
but  the  colour  is  restored  by  addition  of  ferricyanide  of  potassium.  (Wankly  n  and 
Caro.) 

The  calcium'Salt  separates  on  carefully  evaporating  its  solution  in  a  vacuum  over 
lime,  as  a  granular  or  crystalline  powder,  which  when  pressed  resembles  carthamin. — 
The  magnesium-Mlt  is  the  most  stable  of  the  rosolates.  The  soluble  rosolates  do  not 
form  predpitates  with  the  salts  of  the  heavy  metals,  not  even  with  basic  acetate  of 
lead  ;  ndther  does  rosolic  add  combine  with  adumina.    (H.  MuUer.) 

*  ComnunlcatiOD  from  ProC  Wanklyn. 
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XOTKOWXITB.    Ansmeof  garnet 

maTT&BmA.  The  frnit  of  RotUera  Unetaria,  a  tiee  giowiiiff  in  aU  psrta  of  Ib£s 
is  fOTernl  with  steUate  hain  and  glands,  irhich,  when  broshea  off,  Ibim  s  bfidB-ni 
sandy  powder,  used  in  India  as  a  dye,  and  lately  introduced  into  mwdidna,  wider  thi 
name  of  Kamala,  as  a  remedy  for  tapeworm.  It  has  an  aromatic  odoior,  i»  but  alowfy 
wetted  by  water,  and  yields  bat  little  to  boiling  water,  colouring  it  only  a  paHe-jtSUnr; 
but  alkaune  carbonates  and  caostic  alkalis,  especially  the  latter,  eztnct  the  eoIoBring 
matter,  forming  deep  red  solutions.  The  extract  prepared  with  soda  impaita  to  mXk  a 
fine  and  durable  fleiy-orange  colour,  without  further  addition  or  the  use  of  moidants; 
with  eotton,  on  the  other  hand,  it  does  not  produce  a  good  colour.  The  natmBl  dye- 
stuff  contains  8*49  per  cent,  water,  78*19  resinous  colouring-matters,  7'34  albamiiuMi 
substances,  7*14  oeUuloee,  and  8*84  ash,  besides  small  quantities  of  Tolatile  oil  and  a 
volatile  colouring  matter.  (The  liquid  distilled  from  the  alcoholic  extract  has  a  yellow 
oolour,  and  the  odour  of  the  origixial  substance).  The  conoentnited  ethereal  extract 
of  the  colouring  matter  deposits  a  yellow  crystalline  substance  called  BoUlerin  ^widAjd), 
The  extract  prepared  with  boilinij^  alcohol  deposits,  on  cooling,  non-cnrstaUine  flocks 
of  a  substance  having  the  composition  of  C^A**0*.  It  may  be  obtained,  nea^  eoloor- 
less,  br  repeated  solution  and  separation ;  is  sparingly  soluble  in  ether  and  in  cold 
^oohol,  insoluble  in  water ;  not  precipitated  by  le«i^-  or  silver-salts.  The  alcohols 
BolutioD  separated  from  these  flo(»s  leaves  a  dark-red  resin,  C*H'*0',  soluble  in  all 
proportions  in  alcohol  and  ether,  insoluble  in  water,  melting  at  100^,  and  forming  with 
acetate  of  lead,  a  deep  orange-coloured  precipitate  of  variable  composition.  (Anderson, 
Edinb.  New  PhiL  Joum.  new  series,  i.  300 ;  Jahresb.  1856,  p.  669.) 

G-.  Leube,  Jun.  (Vierteljahrschr.  pr.  Pharm.  iz.  321 ;  Jahresb.  1860,  p.  662)  has 
also  examined  the  red  colouring  matter  of  RotUera  tinctoria,  but  with  very  difbnot 
[and  doubtful!  results,  not  having  even  succeeded  in  preparing  the  cryBtallised 
substance  rottlerin.  He  found  in  the  deep  red  powder  47*6  per  cent,  resinons 
substances,  19*7  of  other  constituents  extractable  by  solvents  (extractire  matter, 
oxalic  acid,  albumin,  ulmic  acid,  and  inorganic  salts),  7*7  fibrin,  and  25*0  [inaoluble] 
mineral  substances.  The  resinons  substance  extracted  by  ether  was  resolved  by  treat- 
ment with  cold  alcohol  into  two  resins,  one  easily  soluble,  the  other  spanngLj  aolnble, 
in  that  liquid.  The  former,  malting  at  80^,  contains  C'^H^^O* ;  the  latter,  melting  at 
191^,  contains  C'H**0*.  Both  are  brittle,  reddish-yellow,  dissolve  with  fine  led  oolour  in 
cold  potash-ley,  alkaline  carbonates,  and  ammonia,  and  are  separated  therefrom  hv 
acids  without  alteration ;  they  are  not  altered  by  boiling  with  dilute  sn^hnxie  addL 
but  nitric  acid  decomposes  them,  with  formation  of  oxalic  auad.  The  ash,  amoonting  to 
28*86  per  cent,  of  the  red  substance,  was  found  to  contain  0*9  per  cent,  potash  and  sods, 
0*2  magnesia,  4'1  lime,  0*7  manganic  oxide,  8*6  ferric  oxide,  1*2  soluble  silica,  8S*8  in- 
soluble silica  [it  was  probably  mixed  witli  sand],  and  traces  of  chlorine  and  anli^nrie 
acid. 


C^H'H)*.  (Anderson,  loc.  cit.) — This  substance  separates 
from  the  ethereal  extract  of  the  colouring  matter  of  Roitlera  tinctoria^  in  yellow  silky 
crystals,  which  are  insoluble  in  water,  sparingly  soluble  in  cold,  more  easily  in  boiling 
alcohol,  melt  when  heated,  and  then  decompose.  It  dissolves  in  alkalis  with  deq» 
red  colour.  Its  alcoholic  solution  is  not  preci^tated  b^  acetate  of  lead.  With  bromine 
it  forms  a  colourless  substitution-product ;  with  nitnc  acid,  first  a  yellow  resin,  and 
then  oxalic  acid;  with  cold  concentrated  sulphuric  acid,  a  yellow  solution,  which 
when  heated  becomes  darker  and  gives  off  sulphurous  acid. 

SOVOOV.    Syn.  with  Amrorro  (I  307). 


[O  JLOXB.      The  name  given  by  Berzelius  to  the  oompoimd 
CFN«H*S"  or  Cy*.2H«a    (See  CrAKOOEif,  Sulphtdbatm  or,  ii.  286.) 


An  altered  biotite  (iii.  1013),  occurring  in  small  hexagonal 
of  a  red  colour,  in  a  kind  of  wacke.    (Dana,  iL  226.) 

Bed  tourmaline. 


A  yellow  substance  existing,  according  to  Boch- 
leder  (Ann.  Ch.  Pharm.  Ixxx.  321 ;  Ixxxii.  205),  in  madder-root.  To  prepare  it,  the 
aqueous  decoction  of  the  root  is  precipitated  bpr  neutral  acetate  of  lead ;  the  prec^- 
tate  (which  serves  for  the  preparation  of  alizarin  and  puipurin),  is  collected  on  a  filter ; 
and  the  filtrate  is  mixed  with  basic  acetate  of  lead,  not  in  excess,  which  throws  down  a 
dark,  fiesh-coloured,  nearly  brick-red  precipitate,  containing  rubemhric  and  rubichlorie 
adds,  with  small  quantitiee  of  citric  and  phosphoric  acids.  This  precipitate  is  sus- 
pended in  water,  and  decomposed  by  sulphydric  acid ;  the  solution,  chiefly  containing 
rubichloric  acid,  is  filtered  from  the  sulphide  of  lead ;  and  the  ruberythric  acid,  which 
remains  attached  to  this  lead-predjpitate,  is  extracted  from  it,  after  washing  for  a  short 
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time,  bj  booing  with  alooboL  The  alcoholic  eolation  evaporated  to  one-third,  then 
mixed  with  water  and  a  small  quantity  of  buyta-water,  deposits  a  scanty  white  prtici- 
pitate;  and  the  filtrate,  treated  with  a  larger  quantity  of  baryta-water,  yields  nibenrth- 
rate  of  barium  in  dark  cherry-red  flocks.  These  are  collected  and  dissolved  in 
dilate  acetic  acid ;  and  the  solution  is  nearly  neutralised  with  ammonia,  and  precipitated 
by  basic  acetate  of  lead,  whereby  a  cinnabar-coloored  lead-salt  is  obtamed,  whioh 
must  be  washed  with  dilute  alcohol,  and  decomposed  under  alcohol  by  sidphydric  acid. 
The  liquid  heated  to  the  boiling-point  with  the  sulphide  of  lead,  then  filtered  hot  and 
erapoiated,  deposits  light-yellow  crystals  of  rubeiythric  acid,  which  may  be  purified 
b^  pressure  and  recrrst^sation  from  a  small  quantity  of  boiling  watei*.->>25lbs.  madder 
yield  1  gramme  of  tne  acid ;  Levantine  more  than  European  nuidder. 

Bubexythric  acid  forms  yellow  prisms  having  a  silky  lustre.  It  has  a  &int  taste ; 
dissolves  sparingly  in  cold,  easily  in  hot  water ;  with  gold-yellow  colour  in  alcohol  and 
ether,  with  blood-red  colour  in  aqueous  alkalis ;  forms  red  precipitates  with  baryta- 
water,  with  alum-solution  after  addition  of  ammonia,  and  with  basic  acetate  of  lead, 
after  addition  of  a  little  aloohoL  Boiling  aqueous  ferric  chloride  dissolves  it,  forming 
a  dark  brown-red  solution,  which  is  precipitated  by  aloohoL 

Rubeiythric  acid  contains,  according  to  Bochledei^s  analysis,  54'48  per  cent  carbon 
and  5*16  hydrogen,  agreeing  nearly  with  the  formula  0*^8**0"*  (calc.  64*64  Q  6'06  H, 
and  40*41  0),  or  with  C^H^'O*'  (calc  64*64  C,  6*04  H,  and  40*82  0).  The  percentage 
composition  is  nearly  the  same  as  that  of  rubian  (p.  123);  in  fact,  Bochleder  r^ards 
rubian  as  merely  impure  ruber^rio  acid.  Schunok,  on  the  contrary,  did  not  find  rub- 
erythric  acid  in  madder,  and  is  of  opinion  that,  in  the  preparation  above  described, 
pit>dacts  of  the  decomposition  of  rubian  must  have  been  obtained. 

Buberythric  acid  heated  in  aqueous  solution  with  hydrochloric  acid  is  resolved  into 
alisarin  and  glucose.  The  reaction  may  be  represented,  according  to  Bochleder,  bj 
either  of  the  equations : 

C"^^«     -     8C»«H«0«  +     CW«0«  +  6HK). 

RiAerythrlc  Alitarln.  Oluooce. 

acid. 

«r:  8C»^«0«»     -  12C"H«0«  +  8C^««0«  +   9HK). 

The  aqueous  solution  boiled  with  alkalis  also  deposits  aliaarin  on  addition  of  an  add. 
(Bochleder.) 

See  Haddbb  (iiL  740). 

iLOXB.  An  acid  produced,  aoeording  to  Schu nek  (Ann.  Ch.Phann. 
IxvL  201 ;  Ixxzvii.  844),  by  boiling  rubiacin  or  rubiafin,  or  the  brown  flocks  thrown 
down  by  hydrochloric  acid  from  spent  madder-liquor,  with  ferric  nitrate  or  chloride. 
The  resulting  brown-red  solution,  mixed  with  hydrochloric  add,  deposits  brown  floeka 
of  impure  rubiadc  add,  which  may  be  purified  by  solution  in  boiling  aqueous  carbonate 
of  potassium,  and  repredpitation  with  an  add.  It  is  a  lemon-yellow  amorphous  pQwder, 
slightly  soluble  in  boiling  water,  and  converted  by  sulphuric  acid,  first  mto  rubiacin, 
then  into  rubiafin.  Contains,  according  to  Schunck,  67*6  per  cent.  C,  2*9  H,  and  89  6  0, 
which  he  represents  by  the  fwmula  C^IPG^^  or  C»^'«0",  requiring  67*0  C,  2-7H, 
and  40*3  0.  The  potassium-salt  forms  brick-red  needles  or  prisms,  containing  18*04 
per  cent  potash,  the  formula  CIPKO^''  requiring  12*68  per  cent 


Madder-crange,  Krapp^ange.  (Bunge,  J*  pr.  Chem.  v.  367; 
Bobiquet,  Ann.  Ch.Fhys.  Ixiii  311;Higgin,  Fhil.Maff.  [3J  xxxiii.  232;  Schunck, 
GmeUfCs  Handbook^  xvL  47.)^ A  yellow,  ciystdlisable  colounng-matter,  discovered  by 
Bunge.  It  exists  in  madder-root,  probably  as  a  calcium-compound,  from  which  it  sepa- 
rates as  the  extract  turns  sour.  It  is  also  produced  by  the  action  of  alkaline  hydro- 
sulphates  on  rubiadc  add  (Schunck),  and  by  heating  Higgins^  xanthin  (q.  v.) 
with  strong  sulphuric  acid,  and  by  the  spontaneous  decomposition  of  that  substance 
which  takes  place  when  an  aqueous  extract  of  madder  is  left  to  itself.  Bubiacin  is 
found  partly  in  the  predpitate  produced  by  acids  in  the  decoction  of  madder,  partly  in 
the  residue  left  after  exhausting  the  root  with  water,  and  may  be  obtained  in  the  pure 
state  by  converdon  into  rubiacic  add  and  subsequent  reduction  of  that  compound. 
(Schunck).  It  may  also  be  prepared  from  the  madder-liquor  of  the  dye-houses,  by 
mixing  the  liquid  with  hydrochloric  add,  treating  the  resulting  predpitate  with  boil- 
ing alcohol,  reoissolving  the  orange-yellow  powder  which  seperates  on  cooling,  in  boil- 
ing alcohol,  and  adding  stannous  oxide  to  the  solution.  The  hot  filtrate  depodta 
rubiadn,  or  cooling,  in  splendid  light-yellow  plates  and  needles,  having  a  strong  red- 
dish-green lustre  like  iodide  of  lead.  When  heated,  it  sublimes  oompl^ely  in  jdlov 
scales  (Schunck).  It  is  slightly  soluble  in  boiling  water,  more  soluble  in  boiling 
alcohol.  It  contains  67*1  per  cent  carbon  and  4*0  hydrogen,  whence  Schunck  deduces 
the  formula  C««H«0«»  (cak.  678  C,  3*9  H,  28  3  0). 
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Bubiaein  dissoIveB  in  stioiig  sulphuric  acid,  forming  a  yellow  liquid,  wliich  maj  bt 
heated  without  decomposition.  Strong  nitric  acid  attacks  it  at  the  boiling  heat.  It 
dissoWes  in  ferric  chloride  or  nitrate,  lorming  a  brown  solution,  which  on.  addiUon  of 
an  acid,  turns  yellow  and  deposits  flocks  of  rubiacic  acid.  It  diasolTes  in  alkaliih 
forming  purple  solutions,  from  which  acids  throw  down  yellow  flocks.  The  ^"»»«*«"'«^* 
solution  forms  dingy>red  precipitates  with  the  chlorides  of  barium  and  calcium. 

Hydrate  of  aluminium  introduced  into  an  alcoholic  solution  of  rubiaein  acquires  aa 
orange  tint,  and  decolorises  the  liquid.  The  alumina-precipitate  diasoWea  easily  ia 
caustic  potash,  forming  a  purple  solution.  A  piece  of  morcunted  calico  is  acavDelT 
coloured  by  rubiaein  suspended  in  boiling  water.    (Schunck.) 

SUBXABXV.  CKHi^O".  (Schunck,FhU.Mag.[4]T.410,495;xii.  200,27a)— A 
body  produced,  together  with  glucose,  by  the  action  of  alkalis  on  rubiaein  (rmpectiog 
its  mode  of  formation,  see  Maddeb,  iii.  746) ;  also  in  the  decomposition  of  mbitiydraa 
or  rubidehydran  by  dilute  hydrochloric  or  sulphuric  acid. 

Preparation :  1.  When  rubian  iii  boiled  for  some  time  with  caustic  aoda,  a  pieeiN- 
tate  is  formed,  consisting  chiefly  of  the  soda-compound  of  alizarin  (i.  114);  and  ue 
alkaline  mother-liquor,  mixed  with  dilute  sulphuric  acid  and  a  large  quantity  of  watff, 
deposits  yellow  flocks  containing  alizarin,  rubiretin,  rerantin,  and  mbiadin,  while 
glucose  remains  in  solution.  The  flocks  are  treated  with  boiling  alcohol,  which  dia> 
Bolres  them,  leaving  only  a  brown  substance  formed  from  the  sugar ;  and  the  llltered 
liquid  is  treated  with  acetate  of  aluminium,  whereby  the  alumina-compound  of  aliaarin 
is  precipitated,  together  with  a  small  quantity  of  yerantin. 

The  mother-liquor  is  then  mixed  with  acetate  of  lead,  which  throws  down  rubiretin 
and  rerantin  asabrownish-puiple  precipitate  (see  RuniBBTiir),  while  rnbiadin  remains 
in  solution,  stillmixed,  however,  with  a  small  quaotity  of  rubiretin.  By  precipitatinc 
the  solution  with  a  large  quantity  of  water,  dissolving  the  yellow  flocks  thereby  obtained 
in  the  exact  quantity  of  boiling  alcohol  required,  and  digesting  with  hydrate  of  lead 
(or  stannous  nydrate),  the  rubiretin  is  removed,  and  the  hot-filtered  solution  deposits 
rnbiadin  on  cooling ;  an  additional  quantity  of  that  substance,  but  in  an  impure  state, 
is  obtained  by  evaporating  the  mother-liquor.  This  latter  product  may  be  purified 
by  sublimation. 

2.  Anaqueous  solution  of  rubihydran  (p.  131)  is  boiled  with  hydrochloric  or  sulphuris 
acid  till  it  becomes  colourless,  and  no  longer  deposits  yellow  flocks  or  a  brown  resin. 
These  flocks  are  a  mixture  of  rubiretin,  verantin,  and  rnbiadin,  with  a  small  quantity  of 
alizarin ;  the  alizarin  maybe  separated  by  acetate  of  aluminium,  and  then  the  rubiadin, 
in  the  same  manner  as  from  the  mixture  of  these  bodies  obtained  by  the  first  method. 

Rubiadin  crystaHises  in  yellow  needles,  or  in  rectangular  plates,  which  are  sublimabl^ 
insoluble  in  water,  more  soluble  in  alcohol  than  rubianin.  Strong  sulphuric  acid  dis- 
^Ives  it,  with  yellow  colour ;  aqueous  ammonia  and  carbonate  of  sodium  dissolve  it  at 
the  boiling  heat,  with  blood-red  colour.  It  is  precipitated  by  chloride  of  barium,  chlf>- 
ride  of  calcium,  and  cupric  acetate,  not  by  acetate  of  of  lead ;  does  not  dissolve  in  ferric 
chloride. 

Rubiadin  gives  by  analysis  69*6  per  cent  carbon  and  6*1  hydrogen,  whence  Schunck 
deduces  the  formula  C^B}*C^  (calc.  693  C,  4*7  H,  and  260  0).  It  is  more  probably 
C^jp*0^*  or  C'«H'«0». 

Cblorombladln,  CH'^CIO*.  (Schunck,  Phil  Mag.  [4]  xii.  270.)— Produced  fay 
boiling  chlororubian  (p.  124),  with  dilute  sulphuric  or  hydrochloric  acid.  It  is  inaoluUa 
in  water,  but  soluble  m  alcohol,  whence  it  crystallises  in  broad  shining  needles  or 
lamine.  The  alcoholic  solution  reddens  litmus.  The  compound  dissolves  in  caustic 
soda  with  purple,  and  in  alkaline  carbonates  with  blooa-red  colour.  It  gives  by 
analysis  606  to  61  7  C,  42  to  4*3  H,  and  11*2  to  11.0  CI,  which  Schunck  represents 
by  the  formula  C^IP^CIC^,  requiring  6165  C,  3'86  H,  11-36  CI,  and  2314  O.  The 
formula  C'*H'*C10*  requires  59*5  C,  4-0  H.  and  11*1  CI.  An  ammoniscal  solution  of 
ehlororubiadin  mixed  wtth  chloride  of  barium,  flltered  from  the  flocks  which  separate 
at  first  and  left  to  itself  in  a  closed  vessel,  deposits  long  red  needles,  which  when  dried 
at  100^  contain  15*65  per  cent.  Ba''0,  and  may  be  represented  by  the  formula 
C»«H»*Ba'ClK)".2Ba''0. 


V.    C*fl**0»?  (Schunck,  J.  pr.  Chem.  lix.  474.)— A  compound 
formed,  together  with  many  others,  by  the  fermentation  of  madder. 

Erythrozym  is  added  to  aqueous  rubian,  and  the  liquid  is  allowed  to  stand  in  a 
moderately  warm  place,  until  it  has  become  tasteless  and  colourless,  owing  to  the  depo- 
sition of  a  brown  jelly.  If  this  deposit  should  not  take  place  in  24  hours,  more  eiyth* 
Tozym  must  be  added.  Or  madder  is  stirred  up  with  cold  or  warm  water,  and  leit  in 
a  warm  place  till  a  jelly  is  formed.  In  both  cases  the  mans  is  mixed  with  a  little  watw; 
and  the  jelly  is  collected  on  a  filter  and  washed  with  a  small  quantity  of  water.  It 
c<mtains  alizarin,  rubiretin,  verantin,  rubiafin,  rubiagin,  and  mbiadipin,  whidi 
separated  as  follows : — 
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The  mass  is  well  boiled  with  alcohol  as  long  as  the  liquid  acquires  a  yellow  oolonr, 
and  acetate  of  altiminium  is  added  to  the  filtrate,  whereby  alisarin,  Terantin,  and 
nibiafin  are  precipitated  in  combination  with  alumina,  but  onlj  partially.  The  whole 
is  then  filtered  (for  the  further  treatment  of  the  precipitate,  see  Ddow),  and  sulphurio 
acid  and  a  large  quantity  of  water  are  added  to  the  dark  brownish-red  filtrate,  whereby 
the  whole  of  the  diftsolved  substances  are  precipitated  as  a  yellow  powder,  which, 
hayinff  been  thoroughly  washed  with  water,  is  redissolved  in  boiling  alcohol,  and 
mixed  with  excess  of  acetate  of  lead.  The  dark  ^mrple-red  lead-predpitate,  Which  if 
to  be  filtered  boiling,  contains  alizarin,  rubireUn,  yerantin,  and  rubiafin ;  the  dark- 
yellow  filtrate,  rubiagin  and  rubiadipin. 

On  mixing  thit)  filtrate  with  a  large  quantity  of  water,  a  faintly  orange-coloured 
precipitate  is  formed,  consisting  of  the  lead-compounds  of  rubiaein  and  rubiadipin ; 
this  precipitate  is  to  be  collected  and  decomposed  by  boiling  dilute  sulphuric  acid. 
The  undissolved  portion  washed  with  water,  then  boiled  with  alcohol,  yields  to  the 
latter,  rubiagin  and  rubiadipin,  both  of  which  remain,  after  evaporation  of  the  alcohol, 
as  a  soft,  (iark-brown,  fatty  mass,  and  may  be  separated  by  cold  alcohol,  which  dis- 
soItcs  chiefiy  the  rubiadipin ;  the  undissolved  rubiagin  may  be  purified  by  recrystalli- 
Bation  from  hot  alcohol 

Kubiadipin  is  a  semifluid,  yellowish-brown,  &tty  substance,  which  does  not  harden 
even  when  heated  for  a  long  time.  In  boUing  water  it  melts  to  oilv  drops,  which  rise 
to  the  surface.  It  is  insoluble  in  water,  soluble  in  alcohol  and  in  alkalis,  forming 
with  the  latter  a  blood-red  soap^  liquid.  The  alcoholic  solution  forms,  with  neutral 
acetate  of  lead,  a  blood>red  precipitate  containing  31 '36  per  cent  lead-oxide,  whence 
Schunck  deduces  the  formula  C**H**0*.PbO, 


C"»H*0»?  (Schunck.  J.  pr.  Chem.  lix.  465.>— A  compound 
isomeric  with  rubiadin,  produced,  as  already  mentioned,  in  the  fermentation  of 
rubian.  The  lead-precipitate,  containing  alizarin,  rubiretin,  verantin,  and  rubiafin, 
obtained  as  described  in  the  preceding  article,  is  decomposed  by  boiling  hydrochloric 
acid ;  and  the  precipitated  yellow  fiakes  are  washed  and  covered  with  cold  alcohol, 
which  extracts  rubiretin,  leaving  alizarin,  rubiafin,  and  verantin.  On  the  other  hand, 
the  above-mentioned  precipitate  produced  by  acetate  of  aluminium,  is  decomposed  by 
boiling  hydrochloric  acid,  whereby  orange  fiakee  are  separated;  and  these  are  added  to 
the  residue  of  alizarin,  rubiafin,  and  verantin,  which  was  left  undissolved  by  cold 
alcohol,  and  the  whole  is  subjected  to  the  following  treatment: — ^The  mixture  is 
dissolved  in  boiling  alcohol  and  mixed  with  acetate  of  copper,  which  forms  a  purple 
precipitate  containing  rubiafite  and  verantite,  with  a  small  quantity  of  alizarite  of 
copper,  while  alizarin  alone  remains  in  solution.  The  purple  copper-precipitate,  decovi- 
posrd  by  hydrochloric  acid,  deposits  insoluble  red  fiakes,  which,  after  washing,  are 
dissolved  in  boiling  alcohol,  and  treated  with  hydrated  stannous  oxide ;  whereupon  only 
rubiqfin  remains  dissolved,  and  crystallises  from  the  filtrate  in  brilliant  needles  and 
lamine,  while  verantin,  together  with  a  small  quantity  of  alizarin,  is  precipitated  as  a 
stannous  oxide  lake  (Schunck).    See  ViBAimir. 

Rubiafin  forms  yellow  shining  plates  and  needles,  sometimes  star-  or  fiin-shaped 
masses,  which  behave  like  rubiacin  when  heated  with  water,  sulphurio  acid,  nitric  acid, 
neutral  acetate  of  lead,  and  cupric  acetate,  and  likewise  form  mbiadc  add  when 
treated  with  ferric  nitrate :  in  fact,  rubiafin  differs  from  rubiacin  only  in  compoeition. 
It  contains,  according  to  Schund^  69*3  per  cent  carbon  and  4*6  hyorogen  (calc.  69'3. 
C,  4-7  H,  and  260  0). 


(Schunck,  J.  pr.  Chem.  lix.  471.) — This  is  another  of  the  com- 
pounds produced  by  the  fermentation  of  rubian.  For  the  mode  of  preparing  it,  see 
KuBiADiPur  (p.  1 20 ).  It  forms  small  yellow  spherical  granules,  or  concentrically  pouped 
needles.  It  is  insoluble  in  boiling  water,  dissolves  in  boiling  alcohol  more  easily  than 
rubiadin  or  rubianin,  and  with  yellow  colour  in  acetic  add,  from  which  it  crystallisee  on 
cooling.  Alkalis,  baryta-water,  and  lime-water  dissolve  it  with  blood-red  colour.  It  dis- 
solves in  cold  oil  of  vitriol,  with  dark  brown-red  colour,  and  in  boiline  nitric  add,  forming 
a  ydio  w  liquid,  which  depositsshiningcrystals  as  it  cools.  When  boiled  with  ferric  chloride, 
it  assumes  a  darker  colour,  but  does  not  become  puiple-brown,  like  rubiafin  and  rubiacin. 
Tho  alcoholic  solution  mixed  with  neutral  acetate  of  lead  turns  yellow,  and  then 
throws  down  orange-coloured  grains,  which  dissolve  sparingly  in  boiling  alcohol, 
easily  in  an  alcoholic  solution  of  neutral  lead-acetate.  This  property  distinguishes 
rubiagin  from  rubiacin,  rubiadin,  and  rubiafin.  With  cupric  acetate,  the  alcoholic 
solution  of  rubiagin  forms  an  orange-coloured  precipitate. 

The  composition  of  rubiagin  is  very  uncertain,  as  it  has  not  been  obtainedpure. 
flehonck  found  it  to  contain  68*10  per  cent  C  and  514  H.     The  fomiula  G*'H'H)*, 
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which  icqnires  67*12  C,  4-89  H,  and  27'99  0,  would  ezplain  Hi  IbmfltioB  fren  n^ 
u  follows : — 

C"H»K)«»  +  2HK)     -    C»«H»«0»  +  2Cfli>H)«. 
Rutalttu  ftabiagtn.  Glneoit. 

MJnUAMm  0"il"H)". — ^A  g^acoside  exiBtiiig  in  madd«r-ioot,  and  Tieldiiig^  mim 
the  influence  of  udds,  alkalis,  or  eiTthzoEym  (madder-ferment)— on  the  one  haa^ 
glnoose,  and  on  the  other,  alizarin,  together  with  mbiretin,  Terantin,  and  otibflr  prodndi^ 
Taryins  according  to  the  nature  of  the  decomposing  compound.  It  was  diaooVered  hj 
SchunoL  in  1847.    (For  references  to  his  mnmoin,  see  GmeiuCs  Btmdbook,  xri.  82.) 

Preparation. — ^It  is  difBcult  to  obtain  this  substance  pure,  inaanmeh  as  it  akm 
very  quickly,  and  does  not  precipitate  any  metallic  solution  excepting  baate  acetate  if 
lead,  which  when  added  to  madder-extract^  throws  down  other  subotaiicea  at  tha  wtm» 
time.  The  best  results  are  obtained  by  taking  adrantage  of  the  great  aftmtyof 
mbian  for  porous  bodies,  especially  for  animal  charcoal 

One  pound  of  Arignon-madd^  is  exhausted  on  a  cloth  strainer, bjpovring  four  qr 
Ave  ouarts  of  boiling  water  upon  it ;  the  dark  yellowish-brown,  atm  hot  flltiate  is 
mixea  with  an  ounce  of  bone-charcoal,  stirred,  and  left  to  settle;  the  still  hrova 
liquid  is  decanted;  and  the  residue  is  collected  and  washed  with  cold  water,  till  the  liquid 
which  runs  off  becomes  green  when  boiled  with  hydrochloric  add  (from  the  pnamna 
of  chlorocenin).  The  washed  bone-charoal,  if  boiled  with  alcohol,  aa  long  as  it 
colours  the  liquid  yellow,  yields  to  it  the  rubiaa  which  it  has  carried  down ;  and  ca 
eyaporating  the  aloonolic  solution,  the  rubian  is  left  behind,  but  still  impure,  oontaiii- 
ing  chloTogenin.  To  remoye  the  latter,  the  impure  rubian,  obtained  in  tha  manas 
just  described,  is  again  precipitated  in  the  same  manner  on  the  preyiooalr  naed  diar* 
coal,  which  now  takes  up  only  the  rubian,  and  again  extracted  by  bouiag  alaohol, 
this  series  of  operations  being  repeated  a  third  time  with  the  same  bone-ehazooal,  ia 
case  the  alcoholie  solution  still  contains  chlorogenin.*  On  eyaporatinff  tha  aleoholis 
solutions,  the  rubian  remains  behind,  still  retaining  a  small  quantity  of  a  deeompoflituNi- 
prodnct  formed  by  the  action  of  heat.  This  is  separated,  either — a.  By  eyaporating  the 
ereater  part  of  the  alcohol,  mixing  the  solution  when  cold  with  dilute  anijAnrie  acid 
(which  throws  down  the  decomposition-product  in  brown  resinous  drops),  remoyingtht 
sulphuric  acid  by  carbonate  of  lead,  then  filtering,  and  eyaporating  oyer  the  water-'^th; 
or— A.  By  predpitating  the  solution  with  neutral  acetate  of  leaid,  filtering  from  the 
browD-red  fiocks  which  separate,  and  adding  basic  acetate  of  lead,  wher^jj*  a  coin- 
pound  of  rubian  with  lead-oxide  is  predpitated,  which  must  be  wariied  with  ^Ifiohol, 
and  decomposed  by  sulphydrio  or  dilute  sulphuric  acid.  In  the  latter  casc^  tha 
of  sulphunc  add  must  be  remoyed,  as  in  a.— -One  cwt.  of  madder  yields  1,000 
of  rubian. 

The  following^  process  seryes  at  the  same  time  for  the  preparation  of  altarin, 
rubiacin,  rubiretin,  and  yerantin : — Coarsely  pulverised  madder-root  is  well  boiled  with 
water  (lib.  of  the  root  to  16  quarts  of  water) ;  the  liquid,  after  seyeral  honm*  boiliii^ 
is  strained  through  calico  (the  residue,  exhausted  with  water,  still  contains  alixarin  and 
rubiadn) ;  and  the  liquid  is  predpitated  with  dilute  sulphuric  (or  hydzoehlorie)  add. 
A  dark-brown  predpitate  is  thus  obtained,  which,  when  separated  by  decantatum  and 
filtration,  and  freed  from  excess  of  add  by  washing  with  a  quantity  of  cold  water  just 
sufficient  for  the  purpose  (a  larger  quantity  dissolyes  rubiadn),  contains  seyen  substances, 
— riz.  rubian,  alizarin,  rubiadn,  rubiretin,  yerantin.  Poetic  add,  and  a  dark-bvown 
product  oi  the  decomposition  of  extractiye  matters.  (The  filtrate  retains  chlorogeaia 
and  a  small  quantity  of  sugar).  The  predpitate,  while  still  moist,  is  boiled  with 
alcohol,  as  long  as  the  alcohol  acquires  a  yellow  colour,  and  the  liquid  is  filtered  hot 
(In  the  remdue  there  remains  pectic  acid  and  oxidised  extractiye  matter).  The  dark- 
brown  decoction,  on  cooling,  frequently  deposits  verantin  as  a  daik-brown  resinons 
powder,  which  must  be  separated  by  filtration.  The  alcoholic  solution,  after  beina 
again  heated  to  the  boiling-point,  is  mixed  and  digested  with  recently  predpitated 
hydrate  of  aluminium,  till  the  solution  is  nearly  decolori*ted,  whereby  alizarin,  mbian, 
rubiacin,  and  part  of  the  rubiretin  and  yerantin  are  precipitjtted,  while  another  portion 
of  the  two  last- mentioned  substances  remains  dissolved  in  alcohol. 

a.  Separatum  of  Alizarin. —  The  alumina-predpitate,  after  bdng  washed  with 
alcohol,  is  added  to  a  concentrated  boiling  solution  of  potassic  carbonate ;  the  deep 
red  solution,  containing  all  the  other  substances,  is  filtered  from  the  undisaolyed 
compound  of  alizarin  and  alumina ;  this  subetance  is  repeatedly  boiled  with  aqueous 
potassic  carbonate,  till  the  liquid,  which  runs  off  on  filtration,  exhibits  only  a  fiynt 

*  Ai  frwh  bone^harcoul  precipitatei  both  rubian  and  chlorogenin,  wbereaa  charcoal,  whicii  bts 
enc«  been  nted  for  ihli  purpote  and  boHed  out  with  alcohol,  precipitatei  only  the  former,  or  at  least 

SiTet  up  only  the  former  to  boiling  alcohol,  it  it  best  not  to  extract,  for  the  purpose  of  pnriAcation,  the 
rat  portion  of  rabian  taken  up  by  fresh  bone-charcoal,  but  to  use  this  charcoal  for  the  preparation  ai 
pver  ruUan. 
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l^orple eokmr ;  Ui«  reiidtie  i»  deeompoeed  hj  boiling  hjdrocfaloric  add;  and  the  alizarin 
thus  aefiarated  ia  eryatalliBed  from  alcohol. 

/I.  0/ Bubktn^—The  deep  red  alkaline  liquid,  iiltend  from  the  oompoond  of  alizarin 
and  almnina,  stiU  retains  in  solution,  mbian,  rubiacin,  mbiretin,  ana  verantin,  which 
may  all  be  precipitated  bj  hydrochloric  add,  then  collected  and  washed  with  cold 
water,  till  the  liouid  which  runs  off  is  tret  from  add.  As  soon  as  this  point  is  attained, 
the  nibian,  which  is  insoluble  in  addulated  water,  besins  to  dissolve  in  the  pure  water, 
imparting  to  that  which  runs  off  a  yellow  colour  and  bitter  taste;  so  that  at  length  it 
is  completely  dissolved,  and  may  be  obtained  as  a  yellow  extract,  by  eTiu>orating  the 
filtrate.  It  still,  however,  retains  pectic  add,  which  remains  behind  on  dissolving  the 
extract  in  alcohol,  and  from  5  to  8  per  cent  ash,  from  which  it  cannot  be  separated. 

y.  Of  Rubiacin,  Rubiretin^  and  Ferantin, — Hie  residue  left  after  the  rubian  has 
been  washed  out,  is  mixed  with  that  which  remains  on  evaporating  the  alcohdie 
liquid  above  mentioned,  containinff  verantin  and  rabiretin,  and  the  mixture  is  treated 
with  a  boiling  solution  of  ferric  chloride  or  nitrate.  Rubiretin  imd  mbiadn  then  dis- 
solve (the  latter  partly  as  such,  partly  converted,  with  assumption  of  oxyg«»n,  into 
ferric  rabiacate,  p.  119),  while  verantin  remains  behind  in  combination  with  ferric 
oxide.  The  deep  red-brown  solution  is  filtered  after  boiling  for  some  time;  the 
residue  is  kept  for  the  preparation  of  verantin ;  the  rubiadn,  rubiadc  add,  and  rubiretin 
are  thrown  down  from  the  filtrate  as  a  yellow  predpitate,  turning  brown  dnrinff 
washing ;  and  this  predpitate,  while  still  moist,  is  dissolved  in  boiling  alcohol,  which 
takes  up  the  rubiadn  and  rubiretin,  and  deposits  the  former,  on  cooling,  in  small 
lemon-yellow  crystals.  (The  rubiadc  add  which  remains  in  solution  is  purified  in  the 
manner  already  described,  p.  119, — the  crystallised  rubiadn  by  converting  it  into 
rubiadc  add,  from  which  it  may  be  again  obtained  as  mbiadn).  By  further  evapora- 
tion of  the  alcohol,  a  mixture  of  rubiadn  and  rubiretin  is  obtained  as  a  duk-brown- 
red  residue,  which,  when  boiled  with  water,  deposits  dark- brown  drops  of  rabiretin; 
whilst  rubiadn  remains  suspended  as  a  light  powder,  and  may  be  removed  by  decanta- 
tion.  After  boiling  several  times  with  water,  as  long  as  any  yellow  powder  remains, 
and  then  decanting,  rubiretin  ultimately  remains  in  the  form  of  a  dark  red-brown 
mass. 

Properties. — ^Rubian  is  a  hard,  dry,  brittle,  perfectly  amorphous  mass,  resembh'ng 
dried  varnish  or  gum-arabic,  not  at  all  deliquescent,  transparent,  and  deep  yeUow  in 
thin  layers,  dark-brown  in  thicker  masses.  It  is  very  soluble  in  water,  somewhat  lefts 
soluble  in  alcohol^  and  insolnble  in  ether,  which  predpitates  it  from  the  alcoholic  solu- 
tion in  brown  drops.    The  solutions  are  very  bitter. 

Bubian  dried  at  100^  (after  deduction  of  6'30 — 7*69  per  cent,  ash,  consisting  chiefly 
of  calcic  carbonate),  contains,  aceordinff  to  Schunck,  64*85  per  cent  carbon,  5*67 
hydrogen,  and  39*58  oxygen,  whence  he  deduces  the  formula  C*H'H)'*,  requiring 
6508  C,  5*57  H,  and  39*36  O.  Thb  fo^ula  serves  to  account  for  the  several  trans- 
formations of  rubian  observed  by  Schunck,  supposing  that  the  formulte  assigned  to  the 
several  products,  alizarin,  rubiretin,  mbiadin,  &c,  are  correct  This,  however,  is  very 
doubtM,  espedally  with  regard  to  the  most  important  and  best-defined  of  these 
products,  viz.  alizarin,  to  which  Schunck  assigns  tiie  formula  C**H**0\  representing 
Its  formation  from  rubian  by  the  equation : 

C"H»*0»»    -     2C"H'»0«  +  7HK). 

Other  eheousts,  however,  represent  alizarin  by  the  fbnnula  C**H'0',  which  agrees 
nearly  as  well  with  the  results  of  analyds,  and  gives  a  dearer  view  of  the  other 
chemical  relations  of  alizarin,  especially  to  phthalic  acid  (i.  114).  Hence  Gerhardt 
{Traiti,  iii.  492)  suggested  for  rubian  (dried  at  lOO'')  the  formula  C>*H*«0«.iHH>, 
(requiring  56*87  C,  4*94  H,  and  89*26  0),  according  to  which  the  formation  of 
is  represoited  by  the  equation : 

C»«H»K)«  +  HK)     -    CP'HW  +  C^»H)« 

Bubian.  Alizarin.  Olucoar. 

It  is  not  very  easy  to  explain  the  fbrmation  of  the  other  derivatives  of  rubian  by 
Qerhardt's  formula,  espedally  that  of  mbianic  add ;  but,  as  already  observed,  the 
fbrmulse  assigned  by  Schunck  to  these  ooropoimds  are  very  doubtful,  many  of  them 
being  found^  on  analyses  evidently  made  upon  impure  preparations.  The  whole 
subject  therefore  requires  further  investigation. 

Deeompoeiiions. — 1.  Rubian  heated  in  a  test-tnbe  decomposes,  and  gives  off  water  at 
180^ ;  at  a  higher  temperature,  it  emits  orange-coloured  vapoars,  chiefiy  consisting  of 
alizarin,  and  leaves  much  charcoal. 

2.  Heated  on  platinum-foil,  it  melts,  swells  i^,  bums  with  flame,  and  leaves  a 
mixture  of  charcoal  and  ash. 

3.  Aqueous  rubian,  evaporated  by  heat  in  oontaet  with  the  air,  deposits  dazk-brown 
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resinouf  drops  ^^  quantity  of  which  increaseB  on  pouring  wmter  vpon  the  remdntt,  mi 
ngain  evaporating.  The  drops  of  resin  melt  in  boiung  wa^r,  become  bnttlA  on  eooiia^ 
yield,  when  heatei  in  a  test-tube,  a  copious,  yellow,  transDSrent  ■dbliniat'ii,  wnwUhf 
rubiacin,  and  behaving  in  a  similar  manner  to  ferric  cnloride;  they  are  piobaU|, 
therefore,  a  mixture  of  rubiretin  and  rubiacin. 

4.  Chlorine  passed  into  aqueous  rubian  throws  down  yellow  flodu  of  dilonrnhti^ 
while  glucose  remains  in  solution : 

C»H«*0»»  +   8H«0  +  Cl«     -     C«^='C10»:Ha  +   CH}H^. 

Rubian.  Hrdrochloratc  uf 

cblororobUn. 

The  continued  action  of  the  chlorine  ultimately  produces  perchlofarabimn.  (Xoriit 
of  lime  converts  rubian  into  phthalate  of  calcium. 

6.  Aqueous  rubian  is  not  altered  by  cold  nitric  acid,  but  at  the  boiling  h«at  nd 
fumes  are  evolved ;  and  the  rubian  is  completely  converted  into  phthalic  aad,  witbost 
formation  of  oxalic  acid  or  any  insoluble  residue. 

6.  Oil  of  vitriol  dissolves  rubian,  with  blood-red  colour,  and  blackens  it  on  boflin^ 
with  evolution  of  sulphurous  acid. 

7.  When  aqueous  rubian  is  boiled  with  dilute  sulphuric  or  htfdrocUoric  acid,  thr 
»olution  first  becomes  opalescent,  and  then  deposits  orange-coloured  flocks  containing 
alizarin,  rubiretin,  verantin,  and  rubianin,  while  sugar  remains  in  Bolntioii.  [For  the 
equations  representing  the  formation  of  these  products,  see  Maddbb,  iii.  746.] 

8.  In  contact  with  aqueotts  alkalis,  alkaline  earths,  or  the  acid  earbonatet  of  tik 
alkaline  earth-metals,  and  air,  rubian  takes  up  oxygen,  and  is  converted  into  lubiasie 
acid,  rubidehydran,  and  rubihydran, — small  qiumtities  of  acetic  add*  mbiadin,  and 
sugar  being  formed  at  the  same  time. 

a.  Formation  of  rubianic  acid : 

C«H'^0»»  +  0*     -     OH-0'*  +  2C0«  +  2H«0 

Rubian.  Rubianic 

add. 

or 

C"H"0'»  +  0      -     (?^»0»«  +  C«H*0«. 

Rubian.  Rubianic  Acetic 

acid.  acid. 

fi.  Of  rubidehydran : 

C"H»*0»»     -     C«H«0"  +  H«0. 
7.  Of  rubihydran : 

C"H"0"  +   3HK)     «     C»H<H)'*. 

0.  Kubian  boiled  with  excess  of  caustic  potash,  or  soda^  disiolviee  with  blood-red 
colour,  chan^g  to  purple-red ;  and  by  continued  boiling  is  completely  reeoivAd  into 
alizarin,  rubiretin,  verantin,  and  rubiadin,  which  are  precipitable  bv  acids,  and  sugar, 
which  remains  in  solution.  The  same  products  are  formed,  though  more  alowlj,  by 
boiling  with  caustic  baryta^    [Maddeb,  iiu  7^6.] 

Ammonia  colours  aqueous  rubian  blood-red,  but  does  not  decompose  it»  even  at  the 
boiling  heat. 

Magnesia  colours  aqueous  rubian  blood-red ;  the  carbonates  of  calcium  and  barium 
do  not  act  upon  it ;  aluminic,  ferric,  and  cupric  hydrates  extract  all  the  rabian  from 
it 

The  alkaline  solutions  of  rubian  reduce  gold-salts,  but  not  silver  or  copper-salts. 

10.  Krythrozym,  added  to  an  aqueous  solution  of  rubian,  diffuses  itself  through  tha 
liquid  without  dissolving,  rendering  it  turbid  and  gummy,  and  convertang  it,  after 
standing  for  some  time  in  a  moderately  warm  place,  into  a  brown  JAlly,  like  coegiilated 
blorjd,  containing  yellow  striae  and  flocks  formed  of  long  capillary  crystals,  till  finally 
(more  erythrozym  being  added  if  necessary)  the  liquid  becomes  tasteless  and  coloarleet, 
and  a  gelatinous  mass  separates,  consisting  of  alizarin,  verantin,  rubiretin,  rabiafin, 
mbiagin,  and  rubiadipin  (iii.  746 ;  v.  120).  The  solution  retains  sugar  and  pectie 
acid.  During  the  fermentation,  the  liquid  remains  neutsral,  neither  absorbing  nor 
giving  of!  gases :  access  of  air  is  likewise  unnecessary. 

Derivatives  of  Rubian. 

Chlororubian,C*m"C[0'\  (Schunck,  Phil.  Mag.  [4]xii.  200,  270.)— A  com- 
pound formed,  together  with  glucose,  by  the  action  of  chlonne  on  aqueous  rubian.  To 
prepare  it,  an  aqueous  extract  of  madder  is  precipitated  with  neutral  acetato  of  lead,  the 
filtrate  precipitated  with  anmionia,  the  resulting  red  precipitate  decomposed  by 
sulphuric  acid,  and  chlorine  gas  passed  into  the  filtrate.  The  dirty  yellow  flocks  of 
an  easily  fusible  resin,  which  are  precipitated  by  the  first  action  of  the  chlorine,  axe 
se}>arated  by  filtration;  and  the  pure  yellow  flocks  of  chlororubian,  precipitated  os 
continuing  the  passage  of  the  chlorine,  are  collected  and  crystallised  from  hot  aleuhoL 
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WhMi  erystaUifled  from  dihita  alcoholic  solution,  it  forms  light  orange-yellow 
fieedles,  haTing  a  hitter  taste ;  precipitated  from  concentrated  alcoholic  or  hot  aqueous 
•oluiion,  it  forma  granulnr  amorphous  spherules.  It  is  neutral ;  dissolves  with  yellow 
colour  in  boiling  water,  also  in  alcohol ;  does  not  dye  mordanted  tissues.  It  gives  by 
analysis  51*18  per  cent  C,  4' 93  H,  and  6*38  CI,  the  formula  requiring  50  92  C,  6 '82  H, 
5  20  CI,  and  37*51  0. 

• 

CA^9rtii49-ioaler  gradaally  converts  chlororubian  into  perchlororubian.  By  boiling 
dihito  m/pkuric  or  hydrochloric  acid,  it  is  resolved  into  chlororubiadin  (p.  120) 
and  glucose: 

C^H^CIO"     -     C'«H»^aO«  +  OWH>*  +  2H«0. 

With  caustic  ioda  it  forms  a  blood-red  solution,  which  after  being  heated  for  some  time 
deposits  dark  red-brown  flocks  of  ozyrubian,  while  sugar  and  its  products  of 
decomposition,  together  with  venintin,  rubiretin,  and  rubiadin,  remain  in  solution. 

Oxjfrubian,  after  boiling  with  hydrochloric  add,  washing  with  boiling  alcohol,  and 
drying,  is  a  yellowish-brown  powder,  which  if  free  from  chlorine,  yieldii,  when  heated 
in  a  test-tube,  a  yellow  crystalline  sublimate,  easily  soluble  in  alkalis.  It  is  not 
altered  by  sulphide  of  ammonium,  but  alkalis  turn  it  red-brown.  It  contains, 
according  to  Schunck,  70*7  C,  3*9  H,  and  25*4  0,  which  may  be  represented  by  the 
formula  C°WK>*;  its  formation  may  take  place  according  to  the  equation  : 

C«H«C10"  +  NaHO     -     C"H»*0«  +  NaCl  +   7HH). 

Perchlororubian,  C**H"C1'*0".  (Schunck,  loccU.) — This  compound,  recrystal- 
lised  from  boiling  alcohol,  forms  colourless  transparent  four-sided  plates,  having  a 
splendid  iridescence.  It  ia  neutral,  sublimes  in  micaceous  scales  when  cautiously 
heated,  is  insoluble  in  water,  soluble  in  alcohol  and  ether ;  gives  by  analysis  37*05  C, 
1*51  H,  44*40  CI,  the  formula  requiring  37*09  C,  1*26  H,  44*47  CI,  and  16*88  0. 

HVBZAVXO  AOZB.  C«H**0>«?  (Schunck,  Phil  Mag.  [4]  xii.  200,  270. >- 
An  acid,  produced,  together  with  rubihydran  and  rubidehydran,  by  the  oxidation  of 
rubian  in  contact  with  alkalia  (iii  746). 

Preparation:  1.  From  Rvbian. — Carbonic  add  sas  is  passed  into  a  solution  of 
Tubian  mixed  with  excess  of  baryta-water,  till  the  baryta  is  converted  into  add  car- 
bonate, and  the  filtrate  is  left  to  stand  in  contact  with  the  air.  The  liquid,  after  some 
time,  becomes  covered  with  thin  scarlet  films,  presenting  a  crystalline  appearance 
under  the  microscope  (compoimds  of  baiyta  with  rubianic  acid  and  rubidehydran),  munt 
of  which  are  obtained  after  longer  standing,  and  again  on  evaporating  the  liquid, 
finally  in  the  form  of  red  flocks,  whilst  rubihydran  remains  dissolved  in  the  brownish- 
yellow  liquid  (sometimes  also  sugar  resulting  from  a  secondary  decomposition).  The 
collected  films  and  flocks  are  decomposed  with  dilute  sulphuric  acid ;  the  excess  of 
that  acid  is  precipitated  by  carbonate  of  lead  ;  the  precipitate  is  repeatedly  boiled  with 
watiT,  till  it  exhibits  only  a  faint  reddish  tint  (in  which  state  it  contains  no  impurity 
except  a  small  quantity  of  rubiadin,  produced  by  secondary  decomposition),  and  the 
solution  is  filtered  and  evaporated;  a  yellow-brown  mass  then  remains,  mixed  with 
yellow  needles,  from  which  cold  water  extracts  rubidehydran,  leaving  rubianic  acid  in 
the  form  of  a  yellow  powder.  This  product  is  washed  witn  cold  water,  and  recrys- 
tallised  from  boiling  water,  if  necessary  with  aid  of  animal  charcoal 

2.  From  Madder,  tctthout  previous  preparation  of  Rubian. — Extract  of  madder  pre- 
pared with  hot  water  is  precipitated  with  neutral  acetate  of  lead,  then  the  filtrate  with 
basic  acetate ;  and  the  latter  predpitate,  containing  rubian  and  chlorogenin,  is  decom- 
posed by  cold  dilute  sulphuric  add,  digested  with  carbonate  of  lead,  and  filtered.  The 
filtrate,  treated  with  baryta-water,  then  with  carbonic  acid,  as  in  the  first  method, 
depoi:its,  after  standing  for  some  time  in  contact  with  the  air,  rubianate  of  banum  and 
the  barium-compound  of  rubidehydran,  to  be  treated  as  in  1,  while  rubidehydran  and 
chlorogenin  remain  in  solution. 

Properties,  —Rubianic  add  forms  lemon-yellow  silky  needles ;  in  the  impure  state, 
granules  and  a  crystalline  mass.     Tastes  somewhat  bitter.     Keddens  litmus. 

It  gives  by  analysis  55*5  to  56*6  per  cent.  C,  and  5*4  to  5*6  U,  whence  Schunck 
deduces  the  formuk  C*»H*H)"  (calc.  560  C,  5*2 H,  38*8  0).  The  formuhi  C«*H*0'« 
requires  65*1  C,  5*3  H,  and  39*6  0. 

Kubianic  add  dissolves  more  easily  in  boiling  than  in  cold  water ;  also  in  alcohol,  but 
not  in  ether ;  does  not  dye  mordanted  fabrics.  It  dissolves  without  decomposition 
in  hot  aqueous  phoephoric,  acetic,  oxaliCt  and  tartaric  acids.  Its  salts  are  red ;  those 
of  the  allkali-fnetals  are  easily  soluble ;  th^  rest  are  formed  by  predpitation. 

Rubianic  add  when  stronglv  heated  yields  a  sublimate  of  alizarin,  and  a  residue  of 
charcoal;  by  boiling  with  dilute  sulphuric  add  it  is  resolved  into  alizann  and 
glucose: 

C"H»0>*  +  2H«0     -     C'«H>»0<  +   2C*H»*0«* 
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A  body  obtained,  together  with  aliiariii,  raUnCiBv 
by  boiling  aqueous  rubian  (or  the  eztimet  of  madder  prepared  with  boiliiiff  vsta*^  vith 
dilute  suphurie  acid.  The  onoffe-TeUow  floeka  thcffebjdepoaitedt  whiea  eralnm  tti 
four  subotanoes^  are  diaaolved  in  boiling  alcohol,  the  reddish-yelloiv  aoltttion  it  flUmA 
boiling,  and  the  retidue  is  boiled  with  firesh  alcohol  aa  long  aa  tlia  Lttter'aoqvmt 
dark-yellow  colour.  The  yellow  or  brownish-yellow  cirstalline  maas  laft  in  tlie  rwifa 
is  chiefly  rubianin,  whidi,  howerer,  may  also  be  diaaofred  by  fSreqnant  tuiafiwit  vitk 
boiling  alcohol,  whence  it  ciystalliaea  on  cooling,  aa  well  aa  fbom  th*  first  wrtrarti 
The  Mlutiona  are  left  to  cool,  and  the  crystals  of  rubianin  cootaining  Ttamftim.  m 
aeparated  firom  the  mother-liquid  (which,  lunreTer,  still  contains  a  little  nibuuiin),  aai 
dissolved  in  boiling  alcohol ;  the  yerantin  is  precipitated  by  acetate  of  l«adi»  and  Ai 
filtrate  is  left  to  cool,  whereupon  it  deposits  crystals  of  rubianin.  (See  Author  GwMtt 
Handbook,  xiv.  13S,  134.) 

Rubianin  crystallises  in  lemon-yellow  needles  having  a  silky  lustre,  mnd  ligjfater  ia 
colour  than  rubiacin.    It  contains  (at  100^)  57'6  per  cent.  C  and  6*42  H, 


Schunck  deduces  the  formula  CMfi"0>*  (requiring  58*0  C,  6*7  H.  and  S6-S  a 
Gerhardt(7Vai^^,  iii.  493)  suggested  the  formula  C>«H**0*  -  C*H«0*  (aUnria) 
+  2HK)  (calc.  571  C,  4-8  H). 

Rubianin  is  more  soluble  in  boiling  water  than  rubiacin,  less  soluble  in  alnohol  that 
rubiretin  or  yerantin.  Chlorine  converts  it  into  perchlororubian  (?).  It  diasolTca  with 
yellow  colour  in  cold  oil  of  vitriol,  and  without  decomposition  in  hot,  Strang,  nitiie 
acid.  It  is  insoluble  in  the  cold  in  ammonia,  carbonate  of  pot&saiam,  and  eaibonato 
of  sodium,  but  dissolvee  at  the  boiling  heat,  forming  a  blood-red  solution,  whenee  it 
cryatalliKS  after  standing  for  some  time. — ^The  ammoniaeal  solution  fimns  red  prso* 
pitates  with  chloride  of  Mrium  and  chloride  of  calcium.  The  alcoholic  solution  dosi 
not  precipitate  neutral  acetate  of  lead.  Rubianin  dissolves  with  dark-brown  oolour  ii 
a  strong  solution  of  ferric  chloride,  without  forming  rubiacic  acid. 

MJSVLCmiMUXO  JkJOEn.  (Rochleder,  Ann.  Ch.  Pharm.  Ixxz.  S27;  B. 
Schwarz,  ibid.  Ixxz.  333  ;  Willigk,  ibid.  Ixxzii.  339.)--Thi8  add,  perhaps  identical 
with  Sehunek's  chloro^nin  (i.  921),  is  contained,  according  to  Rochleder,  in  the  root, 
according  to  Willigk,  m  the  leaves,  of  Rtibia  tincUmtm ;  also,  according  to  Sdhwai^ 
in  the  herb  of  Atperula  odorata,  Galium  verum^  and  (r.  aparine.  It  ia  found  in  traces 
in  the  precipitate  formed  by  neutral  acetate  of  lead  in  the  aqueous  extracts  o€  the 
plants  just  mentioned ;  in  somewhat  kiger  quantity  in  the  precipitate  produced  in  the 
filtrate  by  basic  acetate  of  lead ;  and  chiefly  in  the  precipitate  thrown  down  by  ammonia 
in  the  liquid  filtered  from  the  preceding  precipitates^  and  still  containing  lead.  It  is 
separated  therefrom  by  sulphydric  acid.  (For  the  details  of  the  preparation,  sea 
CHnelin's  Handbook^  xvL  67.) 

Rubichloric  acid  is  a  colourless  or  slighUy  yellow  mass,  having  no  odour,  Imt  a  fiunt 
nauseous  taste;  easily  soluble  in  water  and  alcohol,  insoluble  in  ether,  oolonrsd 
yellow  by  alkalis,  not  precipitated  by  baryta-water.  Its  Uad-^t,  obtained  l^  preci- 
pitating the  ammoniaeal  solution  wid^  neutral  acetate  of  lead,  is  a  yellow  transparent 
mass.  The  results  obtained  by  its  analysis  are  so  discordant  that  it  is  useleas  to  qnoCs 
them.    The  acid  itself  has  not  been  analysed. 

Rubichloric  acid  heated  with  hydrochloric  acid  turns  blue,  then  green,  and  deposits 
dark-green  flocks  of  chlororubin,  with  simultaneous  production  of  fiarmio  add; 
perhaps  thus : — 

C'<H»«0»     «    C'«H»0«  +  2CH«0«  +  2HK). 

Rubtchlorlc  Chlororubin.       Fonnlc  acUL 

acid. 

Obtororebln.— This  body  is  likewise  produced  by  boiling  chlorogenin  with  adds 
/Schunck).  According  to  Jesse n  (Wien.  Akad.  Ber.  xiv.  294),  it  is  contained  in 
Chinese  y^ow  pods,  the  fruit  of  Gardenia  grandiftora^  and  may  be  prepared  therefiram 
by  distilling  the  alcoholic  decoction  in  a  stream  of  carbonic  anhydride,  to  remore  the 
^cohol,  passing  the  liquid  through  a  wet  filter  to  free  it  from  oil,  and  treating  the 
filtrate  with  neutral  acetate  uf  lead,  which  throws  down  colouring  matters  and  tannic 
acid.  On  gently  warmiup;  the  filtrate  with  hydrochloric  acid  and  heating  it  to  ths 
boiling-point,  after  removing  the  brown  fiocks  which  separate  at  first,  chloromlnn  is 
deposited  in  dark-green  flocks,  which  may  be  washed  with  water  and  dried  in  a 
vacuum.  It  then  forms  a  blue-green,  grass-ffreen,  or  black-green  powder,  oontainii^ 
variable  quantities  of  water.  It  is  insoluble  in  water  and  in  alcohol,  but  dissolTCS 
in  alkalis,  forming  a  blood-red  solution,  which  is  turned  green  by  adds.  It  giyes  faj 
analysis:  (a)  63*8  per  cent.  C,  5*0  H  (Debus);  {h)  68*6  C,  4*4  H  (Rochleder); 
(c)  61-17  C,  5-1  H    (Schwars), 

According  to  Rochleder,  anhydrous  chlororubin  contains  CHK)*,  and  it  is  aaso- 
dated  in  a  with  {  at.,  in  6  with  \  at.,  and  in  c  with  2at.'water.  According  to  ▼.  Ortb 
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(Wien.  Akad.  Ber.  ziii.  510),  it  oonhuDt, after  deduction  ef  59  per  ci»nt  ash,  74'8  C 
«Dd  6*46  H,  whence  he  deduces  the  formula  C^H^O*. 


DXAV.  C?»H«0".  (Schunck,  Phil.  Mag.  [4]  xii.  ZOO-^Ob- 
tained  in  aqueous  solution  in  tie  preparation  of  rubianie  acid,  and  partly  purified  by 
evaporation,  solution  in  cold  water,  and  precipitation  with  alcohol.  It  forms  a  reddish* 
jellow,  transparent,  non-deliquescent,  bitter  gum,  yielding  with  water  a  yellowish  solo-* 
tion,  from  which  it  is  not  precipitated  by  any  metallic  salt.,  except  basic  acetate  of  lead. 
It  gave  by  analysis  56*50  C  and  5*65  H ;  the  above  formula,  which  is  that  of  mbian 
minus  I  at.  water,  requires  56*75  C,  5*40  H,  and  38*87  0. 


C'»ff'N.  (G.  Thenius,  IWp.  Chim.  app.  iv.  181 ;  Jahreeb.  1861, 
p.  600.) — ^An  organic  base  belonging  to  the  pyridine  series,  OH^-*N,  and  contained, 
together  with  several  other  members  of  that  series,  in  coal-tar.  The  method  adopted 
by  Thenius  for  obtaining  these  bases  from  eoal-tar  oil,  and  separating  them  one  m>m 
the  other,  is  similar  to  that  given  by  Greville  Williams  nnder  PiooLDra  (iv.  636); 
consisting  in  combining  the  bases  with  sulphuric  acid,  liberating  them  by  caustic  soda, 
dehydrating  them  with  caustic  potash,  ana  separating  them  by  fractional  HiiftiJlHtion,  or 
lij  fractional  precipitation  as  platinum-salts. 

Knbidine,  so  called  from  the  tendency  of  most  of  its  salts  to  assume  a  reddish  tint 
€o  exposure  to  the  air,  is  a  colourless  liquid,  having  a  faint  odour  and  oily  consistence. 
It  is  heavier  than  water  (specific  gravity  ■>  r017X  slightly  soluble  therein,  soluble  in 
ftll  proportions  in  alcohol,  ether,  and  volstile  oila.  At  17^  it  thickens,  but  does  not 
solidify.  Boils  at  230°. — With  chloride  of  lime  it  produces  a  red  colour,  which  does 
not  entirely  disappear  on  addition  of  a^ls.  Fir-wood  moistened  with  hydrochloric 
add  is  also  coloured  red  by  it.  The  base  precipitates  alumina,  chromic  oxide, 
and  ferric  oxide  from  solutions  of  their  salts,  but  not  lime,  baryta,  or  magnesia. 

The  solutions  of  rabidine  in  acida  leave,  when  evaporated  over  the  water-bath, 
gummy  masses,  which  solidify  in  the  crystalline  form  on  standing  over  chloride  of 
calcium.  The  kydrocklorate  forms,  with  mercuric  chloride^  a  double-salt  which  melts 
at  32*^,  and  crystallises  from  hot  water  in  needles,  turning  somewhat  reddish  in 
contact  with  the  air.  The  j^aHnumrsali,  2C"H'"NClPt'^Cl*,  is  a  reddish  crystalline 
powder,  insoluble  in  water;  alcohol,  and  ether.  With  chloride  of  gold,  the  solution  of 
the  base  in  hydrochloric  acid  forms  a  yellowish-red,  sparingly  soluble  double 
salt 


Symbol,  Rb. ;  Atomic  Weight,  85*4. — A  metal,  belonging  to  the  group 
of  elements  which  likewise  includes  lithium,  sodium,  potassium,  and  caesium.  It  was 
discovered  by  KircfahofT  and  Bun  sen  in  1860,  by  the  method  of  spectral  analysis. 
Its  spectrum  IS  chiefiy  distinguished  by  two  brisht  red  lines,  situated  beyond  the  line  A : 
hence  the  name  of  the  metal  (f  vjBtSes,  dark-red). 

Rubidium  was  first  detected,  together  with  cseeium,  in  the  mineral  water  of  Diirck- 
beim,  in  which  it  exists  to  the  amount  of  2  pts.  in  ten  million.  It  has  since  been 
found  in  laiger  quantity,  together  with  oesium  and  lithium,  in  several  other  saline 
waters  (see  Cssium,  i.  1113),  and  most  abundantly  in  that  of  Bourbonne-les-Baios,  a 
litre  of  which  contains  0*034  ffrm.  chloride  of  potassium,  0*032  grm.  chloride  of  c«rsium, 
and  0019  grm.chlorideof  rubidium  (Grand eau,  Ann.  Ch.Phys.  [3]  Ixvii.  155);  and 
in  that  of  Nauheim,  the  mother- liauor  of  which  yields  a  residue  containing  in  a  pound, 
2  drachms  9  grains  of  the  ehloriaes  of  rubidium  and  csesium.  (Bottger,  Ann.  Ch. 
Pharm.  cxxvii.  368 ;  cxxviii.  240.) 

Rubidium  is  also  found  in  several  lepidolites ;  that  of  Rozena,  in  Moravia,  contains 
0*24  per  cent,  rubidium,  with  only  a  trace  of  cssium ;  that  of  Hebron,  in  the  State  of 
Maine,  0*24  per  cent,  rubidium  and  0*3  per  cent  ctesium,  The  two  metals  likewise 
occur,  though  in  smaller  quantity,  in  the  lepidolite  of  Prague,  the  petalite  of  Uto  in 
Pinhmd,  the  lithia-mica  of  Zinnwald  in  Bohemia,  tripoyUine,  and  other  lithia 
minerals.  The  melaphyre  of  Norheim,  in  which  the  mineral  waters  of  Diirckheim  and 
Kreuznach  take  their  rise,  contains,  according  to  Laspeyre^  (Bull.  Soc.  Chim.  1866, 
L  356)  0*00038  per  cent  oxide  of  caesium,  and  0*000298  per  cent  oxide  of  rubidium. 

Lastly,  rubidium  has  been  fSmind  in  the  ashes  of  many  plants,  and  in  the  salin  or 
crude  potash  obtained  ftom  the  residue  of  the  beetroot  sugar  manufacture  (iv.  713). 
Aooor<ungto  Grandeau,  the  ndin  of  tiie  North  of  France  contains  1*8  grm.  rubidium- 
chloride  in  a  kilogramme.  The  quMitity  of  this  salt  annually  abstracted  ftcm.  the 
■oil  amounts  to  about  260  grms.  per  hectare,  although  the  proportion  of  rubidium 
existing  in  tiie  soil  is  too  small  to  be  detected,  even  by  spectral  analysis.  Rubidium 
has  also  been  found  in  tobacco-leaves,  in  coffee,  tea,  cocoa,  and  onde  tartar.  In 
minerala  and  mineral-waters,  rubidium  and  caesium  are  always  associated  with  lithium, 
and  generally  also  with  potassium  and  sodium ;  but  plants  have  the  power  of  as8in«i« 
lating  two  or  three  <^  these  metals,  to  the  exclusion  of  the  rest :  thus  tea,  coflTee,  and 
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the  salin  of  beetroot  oontun  potassium,  aodium,  and  rabidiom,  bat  not  s  tnee  af 
lithiuxiL 

PrtparaHon, — The  best  souioe  of  rabidium,  aeooiding  to  Bonsen,  is  the  ssfine 
residue  obtained  in  the  preparation  of  lithia  from  Saxon  lepidoUtes,  and  oonsistiiig  tf 
the  chlorides  of  sodium,  potassium,  and  rubidium,  with  snuul  quantitiee  of  chloride  <f 
cesium,  and  traces  of  duoride  of  strontium.  The  rubidium  is  precipitated,  togetW 
with  potassium  and  cnsium,  by  platinic  chloride,  and  senaiated  from  potaasinm  hj  the 
inferior  solubility  of  its  chloropatinate  (i.  1114).  One  kuosramme  of  the  saline  miztait 
is  dissolved  in  2*5  kilogrms.  of  water,  and  the  cold  liquid  is  precipitated  by  a  solutioa 
of  about  30  grms.  platinum  in  nitiomuriatic  add.  After  the  predpitata  has  eom- 
pletely  settled  down,  the  supernatant  liquid  is  decanted,  and  the  precipitate  is  boiled 
25  times  in  succession  with  small  quantities  of  water  (about  1*5  kilogrm.  in  all),  eack 
portion  being  then  poured  into  the  original  liquid  decanted  from  the  precipitate.  A 
nesh  predpitation  of  platinum-salt  is  thereby  produced,  and  the  liquid  decanted  then 
from  is  to  be  evaporated  down  to  nearly  its  original  bulk  (2*5  kilogrammes).  If  dob 
the  predpitated  duoroplatinate  be  decomposed  by  hydrogen,  and  the  reduced  platiniui 
washed,  redissolved  in  nitromuriatic  acid,  and  added  to  the  liquid,  a  new  precipitate 
will  be  formed,  related  to  the  solution  in  the  same  manner  as  at  the  beginning  of  the 
process.    The  predpitate  and  liquid  may  therefore  be  again  treated  as  before. 

By  repeating  this  operation  seven  or  eight  times,  the  mater  part  of  the  mbidiom- 
chloride  contained  in  a  kilogramme  of  the  same  material  will  be  extracted.  Etich.  of  the 
predpitates  thus  obtained  is  dried  over  the  water-bath,  the  whole  reduced  by  hydro* 
gen,  and  the  alkaline  chlorides  dissolved  out  b^  water.  The  product  thus  obtained 
consists  of  125  grms.  chloride  of  rubidium,  mixed  with  3  or  4  per  cenL  chloride  of 
potassium,  and  a  veiy  small  quantity  of  chloride  of  caesium.  To  remove  these  im- 
purities, the  boiling  solutions  of  36  grms.  of  the  mixed  chlorides,  and  of  the  platinie 
chloride  produced  by  dissolving  30  ^pcms,  platinum  in  nitromuriatic  acid,  are  mixfd 
together,  and  the  yellow  sandy  predpitate,  which  separates  on  cooling  to  40^,  ia  washed 
by  decantation  with  water  at  40° — 50^.  The  washed  predpitate  is  reduced  bj  hydro- 
gen at  as  low  and  regular  a  temperature  as  possible,  and  tho  same  treatment  is  repeated 
till  the  precipitate,  when  examined  by  the  spectroscope,  no  longer  exhibits  the  red  tmt 
peculiar  to  potassium  (Bun sen,  Ann.  Cb.  Pharm.  cxxii.  351).  The  chloride  of  rubi- 
dium thus  purified  no  longer  contains  any  fordgn  metal  except  caesium,  from  whkfa  it 
may  be  separated  by  the  processes  already  described  (i.  1113,  1114). 

The  same  process  may  of  course  be  applied  to  other  mother-liquors  and  reaidnes 
containing  caesium  and  rubidium.  Bottger  (loe.  cii.)  recommends  the  saline  reaidne 
obtained  by  evaporating  the  mother-liquor  of  the  Nauheim  water  as  the  dieapest  and 
most  productive  source  of  these  metals. 

A  modification  of  the  preceding  process  is  given  by  Hei  n ta.  (J.  pr.  Chem.  Ixxxvu. 
310;  Jahresb.  1862,  p.  121 ;  further,  Ann.  Ch.  Pharm.  cxxxiv.  129 ;  Bull.  Soc.  Chim. 
1865,  ii.  354.) 

The  following  process,  applicable  on  the  large  scale,  for  extracting  the  alkali-metals 
from  lepidolite  IS  given  by  Schrotter  (Wi^n.  Akad.Ber.i.  [2]  268;  Bull.  Soc  Chim. 
1865,  ii.  106 ;  Jalu'esb.  1864,  p.  186): — The  mineral  is  first  heated  to  redness,  without 
the  addition  of  anv  flux.  It  then  melts  with  considerable  tumefaction,  and  when  snb- 
K«)quently  thrown  mto  cold  water,  solidifies  to  a  vitreous  transparent  mass,  which  must 
lie  palverised  and  washed.  (The  wash-waters  contain  small  quantities  of  the  alkali- 
metals,  and  may  be  used  for  the  treatment  of  another  portion  of  the  mineral).  The 
waphed  mass  is  boiled  with  hydrochloric  acid  (2  pts.  of  add  of  specific  gravity  1*10  to 
1  pt  of  lepidolite)  for  several  hours,  whereby  the  greater  part  of  tne  silica  is  separated; 
and  the  solution,  after  addition  of  ferric  nitrate,  is  mixed  with  carbonnteof  sodium,  which 
precipitates  iron,  aluminium,  calcium,  magnesium,  and  manganese,  the  liquid  being 
fufficiently  diluted  to  prevent  the  simultaneous  precipitation  of  car1>onate  of  lithluiB. 
The  filtered  liquid  depodts  on  evaporation  a  small  additional  quantity  uf  magnemum- 
carbonate,  and  then  retains  nothing  but  the  alkaline  chlorides  and  a  small  quantity 
<>f  silica.  It  is  saturated  with  hydrochloric  acid,  and  mixed  with  an  aqueous  solutioa 
of  potasdc  chloroplatinate  in  suffident  quantity  (determined  by  previoua  trial)  to 
precipitate  the  whole  of  the  rubidium,  cAMium,  and  thallium.  The  filtered  liquid, 
containing  the  excess  of  platinum  and  lithium,  is  precipitated  by  sulphydrie  acid  to 
separate  the  platinum :  then  concentrated,  and  treated  with  carbonate  of  sodium,  which 
throws  down  the  lithium  as  carbonate. 

The  platinum-precipitate  containing  rubidium,  csesium,  and  thallium,  is  rodnoed  by 
hydrogen  at  as  low  a  temperatiire  as  possible ;  the  ignited  mass  is  washed  with  water, 
to  remove  the  chlorides  of  csesium  ana  rubidium ;  then  treated  with  sulphuric  acid,  swi 
again  washed  with  water,  to  dissolve  out  the  thallium-salt.  Lastly,  the  caesium 
and  rubidium  are  separated  by  the  processes  already  mentioned. 
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This  proeets,  according  to  Schrotter,  may  be  apptiod  to  all  minerala  containing 
lithium :  1000  pta.  of  lepidolite  thm  treated  yield  78  pts.  carbonate  of  lithium,  6*5  pu. 
chloridea  of  caBsium  and  rubidium,  and  0*6  pt  thallium — ^supposing  the  prepamtiou 
to  be  continuously  carried  on.  (For  remarks  on  Schrdtter*s  process,  see  t.  Hauer, 
BuU.  Soc  Chim.  1866,  ii.  352.) 

According  to  Bedtenbacher  (Bull  Soc. Chim.  1865,  ii.  201),  potassium,  caBsium. 
and  rubidium  may  be  separated  by  the  different  solubilities  of  their  alums  at  17®,  100 
pta.  of  water  at  that  temperature  dissolying  13*5  pts.  of  potassium-alum,  but  only  2*27 
pts.  of  rubidium-alum,  and  0*619  pt.  of  caesium-alum. 

Metallic  Rubidium  was  first  obtained  by  electrolysis  of  the  fused  chloride,  the 
poeitive  pole  being  formed  of  graphite,  the  negative  pole  of  an  iron  wire ;  but  the 
metal,  as  fast  as  it  was  isolated,  rose  to  the  sur&ce  of  the  fused  mass,  and  burnt  with 
a  reddish  flame.  By  using,  instead  of  pure  rubidium-chloride,  a  mixture  of  the  chlo- 
rides of  rubidium  and  calcium  in  equiyalent  qantities,  and  heating  it  to  a  temperature 
a  little  below  redness,  a  fused  mass  is  obtained  at  the  negative  pole,  which,  when 
thrown  into  water,  causes  a  brisk  evolution  of  hydrogen — the  gas  carrying  with  it  small 
globules  of  metal,  which  bum  on  the  surfiice  of  Uie  water.  This  meuiod,  however, 
does  not  yield  the  metal  in  sufficient  quantity  to  allow  of  an  examination  of  its  pro- 
perties. On  the  other  hand,  an  amalgam  of  rubidium  is  easily  formed  by  electrolysing 
a  strong  neutral  aqueous  solution  of  rubidium-chloride,  using  mercury  as  the  negative 
and  a  j^atinum-wire  as  the  positive  pole  of  the  battenr.  ^e  mercury  then  takes  up 
the  rubidium,  becoming  heated  at  the  same  time,  and  the  resulting  amalgam  forms  on 
cooling  a  brittle,  czystidline^  silver-white  mass.  It  decomposes  water  at  common  tem- 
peratures, and  oxjdisea  in  the  air,  becoming  covered  with  a  crust  of  rubidic 
nydrate. 

Rubidium  is  obtained  in  larger  quantity  by  heating  a  mixture  of  89*55  pts.  acid 
tartrate  of  rubidium,  8*46  neutral  tartrate  of  cfudum,  and  1*99  soot  fh)m  oil  of  turpen- 
tine, in  a  furnace  similar  to  that  used  for  the  reduction  of  potassium  (iv.  693),  and 
collecting  the  volatilised  metal  in  a  receiver  containing  mineiul  naphtha :  75  grms.  of 
the  acid  tartrate  thus  treated  yield  5  grms.  of  rubidium. 

Prtmertiea. — ^Rubidium  is  a  white  metal,  with  a  tinge  of  yellow,  and  a  silvery  lustre. 
Specific  gravity  »  1*62.  It  is  as  soft  as  wax,  even  at  — 10^,  melts  at  38*5^,  and  is 
converte<^  even  below  a  red  heal,  into  a  greenish-blue  vapour.  When  exposed  to  the 
air,  it  instantly  becomes  covered  with  a  blue-grey  film  of  suboxide,  and  takes  fire  in  a 
few  minutes  even  more  easily  than  potassium.  It  is  decidedlpr  more  electropositive 
than  potassium,  when  formed  into  a  (circuit  with  the  latter  in  acidulated  water.  When 
thrown  on  water  it  takes  fire,  with  violent  evolution  of  hydrogen,  and  bums  with 
a  flame  exactly  like  that  of  potassium.  It  bums  with  vivid  incandescence  in  the 
▼mpour  of  chlorine,  bromine,  iodine,  sulphur,  and  arsenic,  and  acts  as  a  reducing  agent 
in  the  same  manner  as  potassium.  (Bun sen,  Ann.  Ch.  Pharm.  cxxv.  367;  ^hresb. 
1863,  p.  186.) 

SVBZDZUBI.  B&OMXBB  OF.  RbBr. — ^Prepared  by  dissolving  the  carix>nate 
in  hydrobromic  acid  ;  crystallises  in  permanent  shining  cubes  with  subordinate  octa- 
hedral fiicee  and  cubic  cleavage;  toluble  in  104*8  pts.  water  at  16^,  and  in  5*98  pts. 
at  100°.    (Reissig,  Ann.  Ch.  Pharm.  cxxvii.  33  ;  Jahresb.  1863,  p.  186.) 

HUBJmiUM,  OX&OBIBS  OF.  RbCl.— The  hot  solution  of  the  hydrate  or 
carbonate  in  hydrochloric  acid  yields,  by  cooling  or  rapid  evaporation,  confused  cryFtals ; 
by  slow  evaporation,  cubic  crystals  having  a  vitreous  lustre  and  easily  cleavable.  They 
are  anhydrous,  permanent  in  the  air,  decrepitate  when  heated.  The  chloride  melts  at 
an  incipient  red  heat,  and  volatilises  perfectly  in  the  blowpipe  flame  on  platinum-wire. 
100  pts.  of  water  dissolve  76*38  pts.  mbidium-chloride  at  1°,  and  82*89  pts.  at  7^. 
(Bunsen,  Jahresb.  1861,  p.  176.) 

Chloroplatinaie  of  Rubidium,  2RbCLPt»'Cl*,  is  obtained  by  precipitation  as  a  light- 
yellow,  sandy,  anhydrous  powder,  consisting  of  microscopic  reeulsr  octahedrons,  in- 
soluble in  alcohol,  and  much  less  soluble  in  water  than  cnloroplatinate  of  potassium. 
(See  Table  of  Solubilities  given  under  Cjbsium,  i.  1114.) 


iM  OF.  Small  cubic  crystals,  which  deeompose  v^ry 
easily  (Reissig).— The  firroetfanide,  Rb«Fe'Cy*.2fl*0,  is  obtained  by  boiling  ferro- 
eyanideof  iron  free  from  potash  (prepared  by  precipitating  ferrous  acetate  with  pruasie 
acid,  and  exposing  the  washed  precipitate  to  t£e  air),  with  hydrate  of  raoiditDn, 
filtering,  neutralising  with  acetic  add,  and  preeipitating  with  alcohol.  The  light* 
yellow  crystals,  deposited  firom  a  hot  solution  on  cooling,  appear  to  be  tridinic  (Piccard, 
K^p.  Chim.  pure,  ▼.  264:  Jahresb.  1862,  p.  125.) 
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•f  rubidium  so  closely  resemble  the  oorresponding  compounds  of  potawiuin 
that  they  cannot  be  distinguished  therefrom  by  ordinanr  analytical  methods ;  but  bj 
spectral  analysis,  rery  minute  quantities  may  be  detectea.  The  spftctmm  of  rabidiiua 
is  continuous  in  the  middle  part,  like  that  of  potassium,  bat  somewhat  leM  bright ;  it 
is  especially  characterised  by  two  strong  red  lines,  Rba  and  "Rhfi,  sitoAtad  beyood 
Fraunhofer  s  line  A,  and  the  two  others,  7  and  8,  lees  distinct,  and  like>wiae  ntnated 
beyond  A.  These  lines  are  most  distinctly  seen  with  the  nitrate,  chlorate  peiehloiatr, 
and  chloride  of  rubidium,  on  account  of  the  fi&cility  with  which  theee  salts  are  decom- 
posed by  heat.  A  drop  of  water  weighing  4  milligrammes,  and  holding  in  Bolntion 
only  0'002  milligrm.  of  the  chloride,  shows  the  lines  a  and  fi  veir  distincUy.  The 
sulphate  also  gives  a  fine  spnectrum,  and  even  with  the  silicate  and  phosphate^  all  pails 
of  the  spectrum  may  be  distinctly  seen.    (Bunsen  and  Kirchhoif.) 

Estimation  and  Sej^ation. — In  a  solution  not  containing  potassiam  or  CMiuiu, 
rubidium  may  be  estimated  in  the  same  manner  aa  potassium.  The  separation  of 
rubidium  from  potassium  is  effected,  as  already  described,  by  the  inferior  solubility  cl 
its  chloroplatinate  (p.  128).  Heintz(J.  pr.  Chem.  Uxzvii.  820 ;  Jahresb.  1862,  pi  121) 
has  observed,  that  when  a  mixture  of  the  chlorides  of  sodium,  potassiunit  andmbidiam 
is  treated  with  a  quantity  of  platinic  chloride  more  than  sufficient  to  convert-  all  the 
rubidium  into  chloroplatinates,  and  then  boiled  down  to  a  small  bulk,  tbo  enpematant 
liquid  retains  only  a  trace  of  rubidium.  If,  on  the  contrary,  the  platinic  duoride  bs 
added  in  quantity  less  than  sufficient  to  precipitate  the  whole  of  the  rabidinm.  and 
the  liquid  be  kept  for  some  time  at  a  suitable  temperature^  the  precipitate  will  eonaisi 
wholly  of  chloroplatinate  of  rubidium. 

For  quantitative  estimation,  however,  it  is  best  to  resort  to  indirect  methods. 
Bunsen  (Ann.  Ch.  Pharm.  czxii.  347)  gives  the  following: — 

a.  The  two  metals  are  precipitated  together  by  platinic  chloride,  and  the  amount  of 
platinum  in  the  precipitate  is  determined  by  the  loss  of  weieht  consequent  on  rednctioo 
by  hydrogen,  and  subsequent  irashing.  Let  A  be  the  weight  of  the  precipitate,  B  the 
loss  of  weight  caused  by  reduction,  &c.,  x  the  weight  of  the  potaasic  ch£)roplatiiiBti 
(KPtCl')*  in  the  precipitate,  y  that  of  the  corresponding  rubicuum-salt ;  then 

«  +  y     -    A, 


Pt  4-  K  +  3C1  Pt  +  Rb+Sa 

whence  x  and  y  may  be  calculated. 

As,  however,  commercial  platinum  often  contains  impurities,  which  maj  render  its 
atomic  weight  incorrect  by  several  hundredths,  it  is  more  exact:  fi.  To  weigh  the 
mixture  of  the  chlorides  of  potassium  and  rubidium  obtained  by  washing  tbe  redneed 
precipitate,  and  determine  tne  quantity  of  chlorine  contained  therein  by  preeipitatiQB 
with  nitrate  of  silver. 

Let  X  be  the  weight  of  potassium-chloride,  y  that  of  rubidium-chloride,  A  tlie  weight 
of  the  mixture  found  by  experiment,  B  that  of  the  precipitated  chloride  of  silTer : 
then 

«  +  y     =     A; 
Ag  +   CI  Ag_4_Cl  B 

whence    if    ^_±_5i  =  a  •      ^   +   ^  v     ^      h 
Whence,  ^__^  -  a,      ^^^-^^^V    -      ^. 

we  find: 

fcA  -  B  4 

c)  —  at 

Atomie  Weight  of  Rubidium, — Determined  in  the  same  manner  as  that  of  pofaaminn. 
According  to  the  mean  of  Bunsen's  experiments,  it  is  86*36 ;  according  to  Pieoard, 
86*41 :  hence  86*4  may  be  regarded  as  correct. 

WamTniUVK  rSRSOCTAJrZBB  of.     (See  page  129.) 

HVBZDXVM,  Kn&aTB  OF.  RbHO,  or  RbK).H'0.  Obtained  by  gndnslly 
adding  baryta-water  to  a  solution  of  the  sulphate  in  100  pts.  water  deprived  of  air  by 
boiling,  a  the  liquid  be  kopt  near  the  boiling  point  at  the  time  of  adding  the  baryta- 
water,  and  agitated,  the  precipitated  barium-sulphate  settles  down  in  a  few  minntes, 
and  the  filtrate  evaporated  in  a  silver  retort,  3rielas  hydrate  of  rubidium  in  the  form  of 
a  white  porous  mass,  with  slightly  greyish  refiex.  It  melts  at  a  heat  below  redness, 
without  losfl  of  water,  and  forms  on  cooling  a  brittle,  slightly  friable,  amorphous  mass, 
having  a  lamellar  fracture.  It  volatilises  completely  in  the  blowpipe  flame,  dissolves 
in  water  with  great  rise  of  temperature,  deliquesces  rapidly  on  exposure  to  the  air, 

•  Pt  =  9»-7. 
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forming  a  synipy  liquid,  which  ia  greasy  to  the  toneh,  corrodes  the  skin,  and,  on  con- 
tinued exposure  to  the  air,  is  gradually  transformed  into  acid  carbonate  of  rubidium. 
In  short,  hydrate  of  rubidium  possesses  alkaline  and  caustic  properties  as  powerful  as 
those  of  hydrate  of  potassium.  It  dissolves  in  alcohol,  like  caustic  potash.  It  cannot 
be  fused  in  platinum-Tessels  because  it  attacks  them. 

AVBZBZUBK,  ZOBZBB  or.    Bbl.— Obtained    like    the    bromide,    which    it 
resembles  in  form.    (Reissig.) 


OZTOBN-BA&TS  OV.  The  acetate,  C*H*BhO\  crystallises  in 
nacreous  laminae  (Gran dean).  The  borate,  Rb'0.2B^O'.6H'0,  separates  fiN>m 
a  hot  solution  of  2  at  boric  acid  and  1  at  rubidium-carbonate,  at  6^,  in  small  tabular 
rhombic  crystals,  exhibiting  the  combination  oP  .  ooP  .  ooPoo ,  and  having  the  angle 
ooP:  ooP  =  820  23';  ooP  :  oo^oo  «  131°  4'.  It  is  permanent  in  the  air,  more 
soluble  in  hot  than  in  cold  water,  and  has  an  alkaline  taste.  (Beissig,  Ann.  Ch. 
Pharm.  cxxvii.  33.) 

Carbonates. — ^The  neutral  salt,  BbH?0',  is  pr^Mured  by  precipitating  the  sulphate  with 
baryta-water,  adding  carbonate  of  ammonium  to  the  filtrate,  evaporating  to  dirness, 
and  exhausting  the  residue  with  water.  The  solution  yields,  on  evaporation,  indistinct 
crystals  of  the  nydrated  salt,  RbKIO'.HK),  soluble  in  alcohol,  and  having  a  strong  alkaJine 
reaction.  The  crystals,  when  heated,  give  off  their  water,  and  leave  the  anhydrous 
carbonate  as  a  sandy  powder,  which  melts  at  a  higher  temperature.  On  exposure  to 
the  air,  it  deliquesces,  and  is  converted  into  the  acM  carbonate,  RbHCO',  which  forms 
glassy  prismatic  crystals,  peimanent  in  the  air,  having  a  veiy  faint  alkaline  reaction, 
a  cooling,  not  caustic  taste,  and  easily  converted  by  heat  into  the  neutral  carbonate. 
(Bun sen  and  Kirchhoff.) 

Chlorate,  RbClO'. — Prepared  by  mixing  sulphate  of  rubidium  and  chlorate  of  barium 
m  equivalent  proportions.  It  forms  very  small  white  prisms,  having  the  taste  of 
chlorate  of  potassium,  soluble  in  water  to  the  amount  of  2*8  per  cent  at  4*7^,  and 
1  per  cent  at  195^.    (Beissig). 

PercM^yratf,  BbClO*. — Obtained  by  decomposing  the  carbonate  with  perchloric  acid, 
and  purified  by  repeated  ciystaUisation  from  boiling  water.  It  forms  a  sandy  powder, 
compofised  of  hard  shining  microscopic  crystals.  The  crystals  obtained  by  evaporation 
over  oil  of  vitriol  appear  to  be  trimetric  and  isomorphous  with  perchlorate  of  potassium. 
They  are  anhydrous,  permanent  in  the  air,  less  soluble  than  perchlorate  of  potassium, 
and  have  a  disagreeable,  slightly  saline  taste.  They  melt  easily,  and  decompose  at  a 
red  heat  into  oxygen  and  chloride  of  rubidium.  (Louguinine,  Traiti  de  Cminie  par 
JPilouze  et  Frhny,  3»*  ed.  iii.  1419.) 

C/lroma^«.— The  nwiral  salt,  Bb'CrO^  or  Bb'O.CrO*,  is  obtained  b^  adding  carbo- 
nate of  rubidium  to  a  solution  of  the  dichromate.  It  is  isomorphous  with  chromate  of 
potassium,  has  an  alkaline  reaction,  and  forms  a  solution  of  a  fine  yellow  colour. 

The  acid  chromate  or  dichromate,  Bb'0.2CrO',  forms  hard,  rather  bulky  crystals, 
exactly  like  the  corresponding  potassium-salt  It  is  easily  prepared,  either  by  super- 
saturating a  hot  solution  of  the  carbonate  with  chromic  acid,  or  by  fusing  the  nitrate  or 
carbonate  with  oxide  of  chromium,  lixiviating,  and  evaporating.  The  mother-liquor 
ultimately  deposits  crystals  of  the  neutral  salt  (Gran dean,  Ann.  Ch.  Phys.  [3]  brvii. 
US ;  Jahresb.  1863,  p.  184.) 

The  nitrate  and  oxalates  of  rubidium  have  been  already  described.  The  sulphates 
and  tartrates  will  be  described  under  the  respective  acids. 

AUBXUIBBAV.  (Schunck,  PhiL  Mae.  [4]  xii  200,  270.)— A  substance 
having  the  composition  of  hydrated  rubian,  produced,  together  with  rubianic  acid  and 
rubidehydran,by  treating  rubian  with  acid  carbonate  of  banum.  The  brown-yellow  filtrate, 
obtained  as  described  at  p.  125,  is  again  mixed  with  baryta-water  to  separate  any  still 
undecomposed  rubian  ;  carbonic  acid  is  once  more  passed  into  it^  and  the  red  flocks 
which  separate  on  evaporation  are  removed.  The  filtrate  mixed  with  basic  acetate  of 
lead,  yields  a  red  precipitate,  which  is  to  be  washed,  decomposed  by  cold  dilute  sulphuric 
acid,  and  treated  with  carbonate  of  lead  to  remove  the  excess  of  that  acid.  The  preci- 
pitates are  then  removed ;  sulphydric  acid  is  passed  into  the  liquid ;  the  sulphide  of 
lead  is  separated  by  filtration ;  and  the  filtrate  is  evaporated. 

Bubihydran  is  a  brown-yellow,  transparent  gum,  having  a  bitter  taste,  and  becoming 
soft  and  moist  on  exposure  to  the  air.  It  gives  up  its  water  only  after  prolonged 
heatini^  over  the  water-bath,  and  then  gives  by  analysis,  51*1  per  cent,  0  and  6*0  H, 
agreeing  approximately  with  the  formula  C^H'K)"  «  2C*H»«6«».5H«0.  In  other  ex- 
periments,  Schunck  obtained  numbers  agreeing  with  the  formulae  C**H''0'*.3HK)  and 
C»4H«o»».6H»0. 

Bubihydran  dissolves  easily  in  water,  but  is  not  very  soluble  in  alcohol.  It  is  not 
altered  by  boiling  phosphoric,  oxah'c,  acetic,  or  tartaric  acid ;  neither  is  it  precipitated 
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Williama  (Phil.  Trana.  1858,  [1] 
ide  oil  contains  two  tneh  compooDds, 
iTely  iDiall  qaaaiihr;  and  this  reault 
arm.  euiii.  293  ;  Jnhrrab.  1862,  p.  2 
repealed  fniclional  distillation,  obtai 
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ilistlllates  having  boiling-points  botireen  160^  and  238^.  The  portion  boiling  between 
160^  and  188^,  give,  with  alkaline  bisulphitee,  ecaroely  traces  of  a  crystalline  compound ; 
but  the  fractions  of  higher  boiling-point  yield  crystalline  compounds  when  thus 
treated  (best  with  the  ammonium-salt) ;  and  the  portions  boiling  above  210^  solidify, 
after  a  few  hours'  contact  with  the  acid  sulphite,  to  a  cijstalline  mass,  firom  which,  after 
washiAg  with  the  solution  of  the  sulphite,  pressure,  &c,  the  aldehyde  or  ketone  may  be 
separated  by  distillation  with  potash. 

The  procmct  thus  obtained  from  the  portion  of  the  oil  boiling  between  210°  and  232° 
is  a  cokmriess  liquid,  hayinga  fruity  odour  quite  different  from  that  of  rue.  Specifio 
gravity  -  08497  at  16°.  When  cooled  to  4-  7°  and  shaken,  it  solidifies  to  a  white 
mass  resembling  camphor.  Boils  at  213°  (oxidising  at  the  same  time  unless  kept  in 
an  atmosphere  of  hydroffen).  Gives  by  analysis,  77*71  per  cent.  C  and  13*07  H, 
agreeing  with  the  formma  C^H^H),  which  requires  77*65  C,  12*94  H,  and  9*41  0. 
Vapour  density,  obs.  ■-  5*870;  calc.  ■-  5*874.  Williams  regards  this  compound  a« 
euodie  aldehyde  or  hydride  of  euodyl,  C"H*'O.H,  the  name  being  suggested 
by  its  fhigrant  odour.    See  also  Hallwachs  (Jahresb.  1859,  p  506). 

The  higher  fractions  of  crude  oil  of  rue,  yielded  also  by  similar  treatment  a  small 
quantity  of  a  liquid  boiling  at  232°,  and  having  nearly  the  composition  of  lauric  alde- 
hyde, C'*H"0;  anaL  78*1  per  cent.  C,  12*9  H;  calc  78*3  C,  130  H,  and  8*7  0. 
Vapour-density,  obs.  —  6*182;  calc.  =  6*366. 

According  to  Harbordt  (loe.  eit),  the  compound  C"H"0,  which  forms  the  chief  con- 
stituent of  rue-oil,  is  not  euodie  aldehyde,  but  a  ketone,  viz.,  methyl-caprinol  » 
C'*H'*O.CH'.  The  portion  of  the  crude  oil  boiling  at  228°,  yielded  by  analysis 
numbers  agreeing  with  the  formula  of  lauric  aldehyde,  C"H**0 ;  but  the  compound 
obtained  therefrom  with  acid  ammonium-sulphite,  gave  by  distillation  with  carbonate 
of  sodium,  a  body  agreeing  nearly  in  composition  and  vapour-density  (obs.  6*03)  with 
the  formula  C^H^'O.  This  11-carbon  compound  yielded  by  oxidation  (together  with 
oxalic  acid),  ca^ric  acid,  caprylic  add,  and  lower  members  of  the  acetic  acid  series,  but 
no  acid  containing  11  at.  carbon. 

The  portion  of  rue-oil  which  does  not  combine  with  alkaline  bisulphites,  is  separably 
into  a  more  volatile  portion,  haying  the  composition  of  turpentine  oil,  and  a  lees  vola- 
tile portion,  which  appears  to  be  isomeric  with  bomeol,  but  boils  at  a  lower  tempera- 
ture.   (Gr.  Williams.) 


C»H*0*.H«0.  Para-dlaffie  acid.  TRobiquet,  Ann.Ch. 
Pharm.  xix.  204.) — This  acid,  which,  in  the  dry  state,  contains  the  dements  of  g^liq 
add  minus  1  at.  water,  is  produced  by  gently  heating  gallic  acid  to  140°  with  5  pts. 
of  strong  sulphuric  add,  and  pouring  the  sticky  mass  when  cold  into  cold  water,  drop 
by  drop.  An  abundant  red-brown  precipitate  is  then  formed,  partly  flocculent,  partly 
crystalline,  and  the  crystalline  portion,  which  amounts  to  60  or  even  70  per  cent,  of  the 
gidlic  acid  employed,  may  be  separated  by  levigation. 

Rufigallic  acid  thus  obtained  forms  kermes-brown  crystalline  grains,  which  at  120° 
give  off  10*6  per  cent.  (1  at.)  water,  and  lose  their  lustre.  When  strongly  heated  in 
the  air,  it  carbonises  in  great  part,  becoming  covered  with  small  dnnabar-coloured 
prisms.  It  dissolves  in  3,500  pts.  of  water,  easily  in  potash,  the  solution,  when 
exposed  to  the  air,  depositing  coloured  crystals  after  a  long  time.  On  boiling  the 
acid  with  stuflb  mordanted  with  alum  or  an  iron-salt,  dyes  are  obtained  similar  to 
those  produced  by  madder,  but  less  bright. 

SVTZMOSZO  AOZB.  (Warner,  J.  pr.  Chem.  li.  82.) — An  add  obtained,  in 
the  form  of  a  dark  brick-red  predpitate,  when  a  solution  of  morintannic  add  in  cold 
fitronfr  sulphuric  add,  or  that  produced  by  boiling  morintannic  add  with  dilute  hydro- 
chloric add,  is  left  to  itself  for  some  time.  When  purified  by  washing  with  cold  water; 
solution  in  alcohol,  repredpitation  with  water,  and  drying,  it  forms  a  dark-red 
amorphous  powder,  very  soluble  in  alcohol,  less  soluble  in  water,  very  slightly  soluble 
in  ethf'r.  A  very  small  quantity  of  ammonia  sufiices  to  render  it  soluble  in  water,  in 
all  proportions.  Its  solutions  have  an  acid  reaction.  Its  composition,  as  determined 
by  analysis  (54*4  per  cent  C,  4*4  H),  is  very  near  to  that  of  morintannic  add ;  and  as 
the  latter  can  be  reproduced  by  the  action  of  alkalis  on  rufimoric  add,  it  is  probable 
that  the  two  adds  are  dther  isomeric,  or  differ  only  by  the  elements  of  water. 

Bufimoric  add  may  be  heated  without  decomposition  to  130° ;  but  above  that  tem- 
perature, it  gives  off  vapours  which  condense  to  a  crystalline  mass,  exhibiting  all  the 
characters  of  pyrocatechin.  It  dissolves  with  red  colour  in  strong  sulphuric  acid 
without  alteration,  also  in  hydrochloric  acid.  Nitric  acid  converts  it  into  oxalic  add 
and  a  nitrogenised  acid.  With  caustic  alkalis  and  their  carbonates,  it  forms  crimson 
solutions,  which  lose  their  colour  but  slowly.  An  alcoholic  solution  of  the  add  forms 
with  alcoholic  potash  s  du>k-red  viscous  predpitate.  Rufimoric  acid,  boiled  with 
potash  or  baiyta,  is  reoonyerted  into  morintannic  add. 
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The  aqueonB  solution  of  rofimoric  acid  (containing  a  trace  of  ammonift),  duoi  ik^ 

?recipitate  alum;  but  on  adding  more  ammonia,  a  dark-red  lake  is  tbrown  down, 
^he  same  reaction  is  produced  with  stannous  chloride  and  chloride  of  bariam.    Nevtnl 
acetate  of  lead,  cnpric  acetate,  and  mercnrons  nitrate  form  red  or  brcywn  precipitaUi^ 
Nitrate  of  silver  and  sulphate  of  zinc  are  not  precipitated. 
Chlorine  decomposes  the  solution  of  rumiforic  acid,  throwing  down  red 


C^H'H)'.  ^Mulder,  Rev.  sdentif.  iii.  60.) — ^A  compoviid  pioduoedbf 
the  action  of  heat  on  phlorizin,  and  differing  therefrom  bj  the  elements  of  2  mt.  water: 
QtiHMO^*  »  C"H»0"  +  2HK).  It  is  a  resinous  substance  of  a  x«d  colour,  yoj 
finable,  dissolving  in  alcohol  with  deep  orange  colour,  nearly  insoluble  in  ether.  Water 
dissolves  it  at  the  boiling  heat,  and  decolorises  it  instantly ;  the  solution  beoomct 
milky  on  cooling.  Rufin  dissolves  in  strong  sulphuric  add,  producing  a  flne  red  soh* 
tion,  which  is  decolorised  by  water.  It  is  insoluble  in  hydrochloric  acid ;  deoomposcd 
bv  hot  nitric  acid.  It  dissolves  with  red  colour  in  potash  and  ammonia,  and  is  preci- 
pitated therefrom  by  acids. 

AVM.  A  spirituous  liquor  distilled  in  the  West  Indies  from  molasses.  (See  Ur^§ 
Dictionary  of  Arts,  fc,  iii.  606.) 

AUMZCZV.  Syn.  with  Chbtbophakic  acid  (i.  958).  This  substanee  exists  is 
the  roots  of  yarious  species  of  Bumex,  viz.,  Rumex  patienHa,  R,  palustris,  S.  acutut, 
R.  aqttaticus,  and  R,  Bydrolapathum,  as  well  as  in  rhubarb  and  wall-lichen. 

MUBXOCRXMMm  A  red  substance  produced  by  the  action  of  chlorine-wiiter  and 
ammonia  on  quinine  (p.  18). 

Syn.  with  Cafraxiob. 

[O  ACZD.    See  Buthkxiux,  Oxides  of  (p.  187). 

Ui.    See  Ctanides  of  Ruthsmiuk  (iL  271). 

Atomic  weight,  1 04.  Symbol,  Ru.— This  metal,  discovered  by 
Claus  in  1846,  occurs  in  platinum-ore,  and  cluefly  in  osmiridium,  which  sometames 
contains  it  to  the  amount  of  3  to  6  per  cent.  Its  properties  and  combinations  have 
been  examined  chiefly  by  Claus  (Fogg.  Ann.  Ixiv.  192,  624;  Ixv.  200;  Ann.  Ch. 
Pharm.  Ivi  257;  lix.  234;  Ixiii.  259),  Fr^my  {TraUi  de  Ckimie  par  PeUnue  d 
Frhny,  3—  ed,  iii.  1334),  and  Deville  and  Debray  (Ann.  Ch.  Phys.  [8]  ItL  886; 
Jahresb.  1859,  p.  233). 

Extraction  :  1.  Pulverised  osmiridium,  mixed  with  about  half  its  weight  of  common 
salt,  is  heated  to  low  redness  in  a  current  of  moist  chlorine;  the  disintegrated  mass  is 
digested  in  cold  water ;  and  the  concentrated  solution,  which  is  brown-rod  and  almost 
opaque,  is  mixed  with  a  few  drops  of  ammonia  and  gently  heated,  whereupon  it  deposits 
a  copious  black-brown  precipitate,  consisting  of  sesquioxide  of  ruthenium  .and  dioxide 
of  osmium.  This  precipitate,  after  being  washed  with  nitric  acid,  is  heated  in  a 
retort,  till  the  osmium  is  expelled  in  the  form  of  osmic  tetroxide.  The  residue  is  then 
ignited  for  an  hour  in  a  silver  crucible  with  caustic  potash  free  from  silica,  and  the 
ignited  mass  is  softened  and  dissolved  by  cold  distilled  water.  The  solution  is  left 
in  a  corked  bottle  for  two  hours  to  clarify ;  after  which  the  perfectly  transpszent 
orange-coloured  liquid  is  separated  by  a  siphon,  and  neutralised  with  nitric  acid.  It 
then  deposits  velvet-black  sesquioxide  of  ruthenium,  which,  when  washed,  dried,  and 
ignited  in  an  atmosphere  of  hydrogen,  yields  the  pure  metal.  (Claus;  see  also  Pla- 
TiiruH-OBE,  iv.  681). 

2.  Pulverised  osmiridium  is  heated  with  3  pts.  peroxide  and  1  pt  nitrate  of  barium; 
the  mass  is  treated  in  the  manner  described  under  Iridium  (iii.  315,  No.  5) ;  and  the 
orange-yellow  solution  of  rutheniate  of  potassium,  ultimately  obtained  by  fusing  the 
mixturo  of  iridium  and  ruthenium  with  nitro  and  caustic  potash,  and  lixiviating  with 
water,  is  treated  with  carbonic  or  nitric  acid  till  it  becomes  colourless ;  it  then  deposits 
oxido  of  ruthenium,  slightly  contaminated  with  silica.  This  oxide,  strongly  calcined 
in  a  graphite  crucible,  yields  metallic  ruthenium,  which  is  then  fused  in  the  ozyhy- 
drogen  ftirnace  (iv.  313).  The  ruthenium  thus  obtained  still  requires  to  be  purified 
by  one  or  more  fusions  with  nitro  and  potash,  till  its  density  is  brought  up  to  11*3L 
(Deville  and  Debray.) 

3.  Scaly  osmiridium,  confiisting  almost  entirely  of  osmium,  iridium,  and  ruthenium, 
is  heated  to  bright  redness  in  a  porcelain  tube,  through  which  a  current  of  air  (iroed 
firom  carbonic  acid  by  passing  through  potash,  and  from  organic  matter  by  passing 
through  oil  of  vitriol)  is  drawn  by  means  of  an  aspirator.  The  osmium  and  ruthe- 
nium arotheroby  oxidised,  the  former  beingcarried  forward  as  tetroxide  and  condensed 
in  caustic  potash  solution,  while  the  oxide  of  ruthenium  remains  behind,  together  with 
iridium ;   and  by  fusing  this  residue  with  hydrate  of  jiot^issium,  and  tresting  ths 
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nasB  with  water,  a  solution  of  potassie  rutheniate  is  obtained  as  above  (Fr^m  j). 
Aorording  to  Peville  and  liebraj,  the  rothenium  thua  obtained  is  still  contaminated 
with  smaU  qnantides  of  osmium,  rhodiom,  and  iridium. 

Properties. — Buthenium  obtained  by  calcining  one  of  its  ammoniacal  chlorides,  is  a 
white  spongy  mass;  when  separated  from  its  oxides  by  reduction  with  hydrogen,  it 
forms  porous  fragments,  very  much  resembling  iridium,  and  moderately  easy  to  pul- 
Teriae.  It  is  the  most  refractory  of  all  metals  except  osmium.  Derille  and  Debny 
have,  however,  fused  it  by  placing  it  in  the  hottest  part  of  the  oxyhydrogen  flame  at 
about  2  millimetres  from  the  orifice  of  the  jet.  After  fusion,  it  has  a  density  of  11  to 
11*4 ;  that  of  the  porous  metal  is  only  8*6. 

Buthenium  is  scarcely  attacked  by  nitromuriatic  acid.  It  is,  howerer,  more  easily 
oxidised  than  platinum,  or  even  than  silver  (Fr^my).  When  pure  it  is  easily 
oxidised  by  fusion  with  hydrate  of  potassium,  still  more  easily  on  addition  of  a  smaU 
quantity  of  nitrate  or  chlorate,  producing  rutheniate  of  potassium,  which  dissolves  in 
water,  with  orange-yellow  colour. 

AUTHMMIUMf  AZ&OTB  OF.  Zinc  forms  with  ruthenium  an  aUoy,  which  crvs- 
tallisea  in  regular  hexagonal  prisms,  takes  fire  when  heated  in  the  air,  and  bums  with 
faint  deflagration. 

An  alloy  of  tin  and  ruthenium,  BuSn^  is  easily  obtained  by  heating  ruthenium  to 
redness  in  a  graphite  crucible,  with  10  to  15  times  its  weight  of  tin,  and  dissolving  out 
the  excess  of  tin  from  the  cooled  mass  with  hydrochloric  add.  The  alloy  then  remaina 
in  magnificent  cubic  crystals,  like  those  of  melted  bismuth.    (Devi  He  and  Debray.) 

AUTBJUilUMg  CB&OSZDBS  OF.  Buthenium  forms  three  chloridea,  via., 
BuCi^  BuCl',  and  BuCl*;  the  last,  however,  is  known  only  in  combination. 

The  dichloridCt  BuGl^  is  produced,  together  with  the  trichloride,  by  ignitlnff  pul- 
verised ruthenium  in  a  stream  of  chlorine,  the  trichloride  then  volatilising;  while  the 
dichloride  remains  in  the  form  of  a  black  crystalline  powder,  insoluble  in  water  and  in 
all  acids,  even  nitromuriatic  acid,  and  only  partially  decomposed  by  alkalis.  A  soluble 
dichloride  is  formed  bv  passing  sulphydric  add  gaa  into  a  solution  of  the  trichloride. 
A  brown  sulphide  is  uen  precipitated,  and  the  solution  acquires  a  fine  blue  colour.  If 
the  excess  of  sulphydric  add  be  expelled  by  a  current  of  air,  a  pure  solution  of  the 
dichloride  will  be  obtained,  which  becomes  ereen  by  strong  concentration,  and  yields 
with  ammonia  a  green  predpitate  of  the  soluble  dichlori<&  (?  hydrated).  Both  the 
blue  and  the  green  dichloride  are  converted  into  trichloride  when  heated  with  nitrie 
add. 

Trichloride  or  Ruthenious  Chloride,  BuCl'.  Prepared  by  predpitatinff  a  solu- 
tion of  potassic  rutheniate  with  an  acid,  dia^olving  the  precipitated  black  oxide  in  hy- 
drochloric add,  and  evaporating.  It  is  a  yellow-brown,  crystalline,  very  deliquescent 
mass,  becoming  dark>green  and  blue  at  certain  points  when  strongly  heated.  It  dis- 
Bolves  easily  in  water  and  in  alcohol,  leaving  a  small  quantity  of  a  yellow  insoluble  salt. 

The  concentrated  solution  of  ruthenious  chloride,  mixed  with  concentrated  solutions 
of  the  chlorides  of  potassium  and  ammonium,  yields  the  double  salts  K'Bu'^Cl*  » 
2KCl.RuCl»  and  (NH*)*Ru'"Cl»,  in  the  form  of  crystalline  pedpitates,  with  violet 
iridescence,  very  slightly  soluble  in  water,  insoluble  in  alcohol  The  solution  of  the 
potassium -salt,  left  for  some  time  in  contact  with  water,  becomes  turbid  and  black,  and 
deposits  a  black  oxychloride  of  ruthenium ;  the  same  decomposition  takes  place  imme- 
diately on  heating  the  solution.- 

Tetrachloride  of  Ruthenium  or  Ruthenie  C  hi  or  id  e,'RnC\*/iB  known  ovilj 
in  its  double  salts.  The  potassium^altf  K*Bu*'Cl*  «=^  2KCl.BuCl*,  is  prepared  by  mix- 
ing a  solution  of  ruthenie  hydrate  in  hydrochloric  add  with  chloride  of  potassium,  and 
evaporating  to  the  aystallising  point.  It  is  brown,  with  rose-coloured  iridescence,  veir 
Foluble  in  water,  but  insoluble  in  alcohol.  It  appears  to  be  dimorphous,  inasmuca 
a«.  when  deposited  from  a  solution  containing  several  other  salts,  it  crystaUises  in  mi- 
croscopic six-sided  prisms,  but,  under  other  circumstances,  in  regular  transparent  octa- 
hedrons, bdng  then  isomorphous  with  the  corresponding  salts  of  platinum,  palladium, 
osmium,  and  iridium. 

The  ammonium'Salt,  2NH*CLBuCl^  is  obtained  like  the  potassium-salt,  which  it 
resembles  dosely. 

CTAVZBBS  OF.    (See  Ctantdbs,  ii  271.) 

BBTBCTIOV  AVB  B8TXMATZOV  OF.  Buthenium  is 
most  frequently  met  with  in  solution  in  the  form  of  trichloride.  This  solution,  which 
is  of  an  oranee-vellow  colour,  is  distinguished  by  its  character  of  decomposing,  when 
heated,  into  hydrochloric  add  and  blackish-brown  sesqni oxide  of  ruthenium.  The 
same  solntion  exhibits  with  reagents  the  following  charaetr n : — 
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Bulphydric  acid  f^artly  precipitates  the  ruthenium  in  the  form  of  a  blade  ■olpbldi, 
but  at  the  same  time  reduces  the  trichloride  to  dichloride,  the  rednctioD  oJtag 
attended  with  a  change  of  colour  from  orange-yellow  to  a  fine  akure-blifte :  thin  reactios 
is  extremely  delicate,  and  yery  characteristic  of  ruthenium.  Zbw  eflbcta  the  sans 
reduction.  Sufphydrate  of  amwtonium  throws  down  the  greater  pait  of  the  rathemma, 
in  the  form  of  a  black-brown  sulphide,  not  perceptibly  soluble  in  exeeas. — ^The  eamiHc 
alkalis,  alkaline  carbonates,  tuid  phosphate  of  sodimn  precipitate  the  blade  aeeqmozidc^ 
insoluble  in  excess  of  the  reagent — Borax  forms  no  precipitate  at  first*  bntt  *^  besting 
the  solution,  the  hvdrated  sesquioxide  is  thrown  down. — Suh>kurous  add,  axalie  acid, 
BXid  formate  of  sodium  do  not  precipitate  the  metal,  but  mere^  decoloriae  the  eolntioB. 
— FerrocyanuU  of  potassium  decolorises  the  solution  at  first,  but  afterwaxds  Uaas  it 
bluish-green. — Sulphocyanate  of  potassium  produces,  after  awhile,  a  red  ooloratioe 
passing  to  deep  red-purple,  and  chan^ng  to  a  fine  violet  on  heating  the  liquid.  This 
IB  one  of  the  most  characteristic  reactions  of  ruthenium,  inasmuch  as  soluUe  anlpbe- 
cyanates  do  not  exhibit  any  very  decided  chamcter  with  the  other  metals  of  the  plati* 
num  group ;  for  its  distinct  production,  however,  it  is  necessanr  that  the  aoLutitm  be 
free  from  other  platinum-metals. — Acetate  of  lead  forms  a  purple-red  precipitate,  in* 
dining  to  black. — Cyanide  of  mercury  co\o\xt%  the  solution  blue,  and  throws  down  a 
blue  precipitate. — Nitrate  of  silver  forms  a  black  precipitate,  which  is  a  mixtnra  of 
chloride  of  silver  and  seeqnioxide  of  ruthenium ;  the  oxide  dissolves,  after  a  whiles  ia 
the  nitric  add,  leaving  a  white  residue  of  chloride  of  silver;  and  if  ammonia  be  then 
added  in  excess,  the  chloride  of  silver  dissolves,  and  the  sesquioxide  of  mtheniiim  is 
repredpitated :  this  is  also  a  very  dalicate  reaction. — The  chlorides  of  jpotassium  and  asi- 
monium  throw  down,  from  concentrated  solutions,  crystaUine  precipitates  of  doable 
chlorides,  exhibiting  a  play  of  colours  indining  to  violet — The  nitrites  of  the  alkaU' 
metals  form  with  ruthenious  solutions,  double  salts  [3MN0'.Btt'*(N0*)^,  whididisMlTe 
readily  in  excess  of  the  alkaline  nitrite,  forming  solutions,  which,  when  treated  with 
a  small  quantity  of  yellow  sulphide  of  ammonium,  assume  a  splendid  dark-red  ooloir, 
changing  to  brown  without  predpitation  of  sulphide.  This  reaction  is  recommended 
by  Oibbs  and  by  Claus  (/ahresb.  1863,  p.  697)  for  the  detection  of  nitrites. 

The  solution  of  chlororutheniate  of  potassium,  2KCl.RuCl*,  exhibits  the 
following  reactions : — ^With  sulphydrie  acid,  no  reaction  at  first ;  but  after  a  while,  or  on 
heating,  a  brown  predpitate  of  disulphide,  BuS*,  a  considerable  quanti^  of  rot heoims, 
however,  remaining  in  solution. — ^Yellow  sulphydrate  of  ammonium  immediately 
throws  down  part  of  the  ruthenium,  in  the  form  of  a  brown-yellow  sulphide;  the 
reaction  is  complete  on  the  addition  of  an  acid. — Potash  and  alkaline  carbonates  Ibm 
no  predpitate  in  the  cold;  a  deposition  of  oxide  takes  place  on  heating  the  li(]uid,  but 
a  considerable  portion  stil^  remains  dissolved. — Nitrate  of  silver  forms  a  rose-oolouied, 
merourous  nitrate,  a  light-yellow,  and  stannous  chloride  a  yellow  predpitate. 

The  compounds  of  ruthenium  may  readily  be  distinguished  from  those  orif  the  other 
platinum-metals,  by  fusing  a  few  millignunmes  of  the  substance  in  a  platinum-spoon, 
with  a  large  excess  of  nitre,  leaving  it  to  cool  when  it  ceases  to  froth,  and  dissolving  the 
cooled  mass  in  a  little  distilled  water.  An  orange-yellow  solution  of  potasnc  ratheniats 
is  thufl  formed,  which,  on  addition  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky 
black  i»vdpitate ;  and  on  adding  hydrochloric  acid  to  the  Uquid,  with  the  predxntate 
still  in  it,  and  heating  it  in  a  porcelain  crucible,  the  oxide  dissolves,  forming  a  sowtion 
which  has  a  fine  orange-yellow  when  concentrated,  and  when  treated  with  sulphydrie 
add  till  it  lK>comes  nearly  black,  yields  a  filtrate  of  a  splendid  sky-blue  odour. 
Characteristic  reactions  are  also  obtained  with  sulphocyanate  of  potassium  and  aoetite 
of  lead. 

Metallic  ruthenium  may  be  distinguished  from  the  other  platinum-metals  by  miziBg 
it  with  common  salt,  and  igniting  the  mixture  in  a  current  of  chlorine.  The  resulting 
black  mass  dissolves  in  water,  with  a  fine  orange-yellow  colour,  which  of  itself  is  suffl* 
dent  to  distinguish  ruthenium  from  rhodium  and  iridium  (the  former  of  which  yields 
under  similar  drcumstances  a  rose-ouloured,  and  the  latter  a  black- brown  solution).  It 
may  be  further  distinguitihed  by  the  black  precipitate  which  it  yidds  with  ammonia, 
and  by  the  reactions  with  sulphydrie  acid,  &c,  above  mentioned. 

Estimation  and  Separation. — Ruthenium  is  precipitated  from  its  solutions  in  the 
form  of  oxide,  and  generally  as  sesquioxide,  viz.,  from  a  solution  of  the  sesx|uicfaloride, 
either  by  alkalis  or  by  nmply  heating  the  solution,  and  from  a  solution  of  rutheniate 
of  potassium  by  nitric  add.  The  precipitated  oxide  is  reduced  to  the  metallic  state  by 
ignition  in  an  atmosphere  of  hydrogen.  As,  however,  the  precipitate  generally  contains 
alkali,  which  cannot  be  removed  by  washing,  the  reduced  mass  must  be  tr^ted  with 
water ;  the  liquid  filtert>d  from  the  ruthenium ;  and  the  metal,  before  weighing,  must 
be  again  ignited,  and  left  to  cool  in  an  atmosphere  of  hydrogen,  as  it  oxidises  when 
heat^  in  the  air. 
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Unthetiium  has  hitherto  been  found  only  aasodated  with  the  metals  of  the  platinum- 
residues,  and  from  these  it  ia  separated  by  the  methods  already  described  (p.  134 ;  see 
also  Platikvm-oiui,  It.  681). 

The  following  methods  of  separating  ratheniom  from  platinum,  rhodinm,  and 
iridium,  are  given  by  Gibbs  (SiU.  Am.  J.  [2]  zzxiy.  841;  Jahresb.  1863,  p. 
292):— 

1.  From  /Vo/mtim.— The  mixture  of  the  doable  chlorides,  K'PtCl*  and  E^ud*, 
b  treated  with  a  cold  solution  of  chloride  of  potassium ;  the  resulting  solution,  which 
contains  chiefly  the  ruthenium-salts,  is  heated  with  nitrite  of  potassium,  and  evapo- 
rated to  dryneas ;  and  the  residue  is  treated  with  hot  absolute  alcohol,  which  leaves 
chloroplatinate  of  potassium  undissolved.  The  alcoholic  solution  containinff  the 
chlororutheniate  of  potassium  ^together  with  traces  of  platinum)  is  evaporated;  the 
rt'sidue  ia  hevLtvd  with  hydrocnloric  acid;  the  deep  rose-coloured  solution  of  the 
potassic  chlororutheniate  is  repeatedlv  evaporated  to  dryness  with  sal-ammoniac ;  and 
tho  hot  aqueous  solution  of  the  resulting  chlororutheniate  of  ammonium  is  convf>rted, 
by  evaporation  with  ammonia,  into  the  yellow  amnionio-chloride,  4NH'JtuCl'.dH''^0. 
The  latter,  when  dissolved  in  hot  water,  yields  with  mercuric  chloride  a  yellow  crys- 
talline precipitate  of  the  salt,  4NH'.BuCl^Hg^Gl^  which  may  be  freed  from  platinum 
by  recrystaltisation,  and  yields  by  ignition  silver-white  ruthenium. 

2.  A  similar  method  serves  for  the  separation  of  ruthenium  from  rhodium,  the 
latter  metal  remaining  undissolved  as  chlororhodiate  of  potassium,  when  the  solution  of 
the  two  double  chlorides  is  treated  with  nitrite  of  potassium,  and  the  evaporated 
residue  with  alcohoL  The  chlororhodiate  of  potassium  is  then  either  converted  into 
metallic  rhodium  by  ignition  with  sal-ammoniac,  or  dissolved  in  hot  hydrochloric  acid, 
supersaturated  with  ammonia,  and  precipitated  as  sulphide  by  sulphydrio  acid. 
(Gibbs.) 

3.  From  Iridium, — The  beet  mode  of  proceeding  is  to  heat  the  solution  of  the  two 
metals  with  an  excess  of  nitrite  and  carbonate  of  sodium  till  a  light  orange-yellow  is 
produced ;  then  add  sulphide  of  sodium  by  small  portions,  till  part  of  the  pnscipitated 
sulphide  of  ruthenium  is  rediasolved ;  boil  for  a  few  minutes  ;  and  mix  the  uquio,  after 
cooling,  with  a  slight  excess  of  hydrochloric  acid.  The  precipitated  sulphide  of  ruthe- 
nium is  washed  with  hot  water,  dissolved  in  nitromuriatic  acid,  and  converted,  first 
into  chlororutheniate  of  ammonium,  then  into  the  above-mentioned  mercury* compound. 
The  solution  filtered  from  the  sulphide  of  ruthenium,  and  evaporated  with  hydro- 
chloric acid  and  sal-ammoniac,  yields  puro  chloriridiate  of  ammonium. — ^The  tetra- 
chlorides of  iridium  and  ruthenium  may  also  be  seoarated  by  heating  with  nitrite  and 
carbonate  of  potassium,  evaporating  to  dryness,  ana  treating  the  residue  with  absolute 
alcohol.  The  ruthenium-salt  then  dissolves,  whilst  the  iridium-salt  remains,  and  may 
be  easily  converted  into  chloriridiate  of  ammonium. 

According  to  Gibbs,  the  separation  of  iridium  and  ruthenium  by  ignition  with  nitre 
and  potash  does  not  yield  gcod  results,  inasmuch  as  part  of  the  ruthenium  alwavs 
remains  unattached,  and  a  small  quantity  of  the  iridium  dissolves,  together  with  the 
rutheniate  of  potassium. 

On  the  separation  of  ruthenium  and  the  other  platinum-metals,  see  further  Gibbs 
(SilL  Am.  J.  [21  xxxvii  57 ;  Jahresb.  1864,  p.  288;  BulL  Soc.  Ghim.  1864,  u.  38), 
Carey-Lea  (SiU.  Am.  J.  [2]  xxxviii.  81;  Jahresb.  1864,  p.  290). 

Atomic  Weight  of  Buthenium. — Glaus  (J.  pr.  Chem.  xxxiv.  178,  420;  Ann.  Ch. 
Pharm.  Ivi.  267)»  by  the  analysis  of  chlororuthenite  of  potassium,  2KCLBuCl',  found 
that  the  atomic  weight  of  the  metal  was  104*22,  which  is  nearlv  the  same  as  that  of 
rhodium.  Other  experiments  gave  higher  numbers,  but  the  above  determination  is 
generally  regarded  as  nearest  to  the  truth« 

All T U AVZUBIv  OMXD9M  OF.  Buthenium  forms  five  oxides,  vis  BuO,  Bu'O', 
BuO',  BuO',  and  BuO*,  the  fourth,  however,  being  known  only  in  combination. 

The  protoxide,  BuO,  obtained  b^  calcining  the  dichloride  with  carbonate  of 
sodium  in  a  current  of  carbonic  anhydride,  and  washing  the  residue  with  water,  has  a 
dark-gr«y  colour  and  metalUc  lustre,  is  not  acted  upon  by  adds^  but  is  reduced  by 
hydrogen  at  ordinary  temperatures. 

Sesquioxide,  or  Suthenioua  Oxide,  BuK)*. — ^Pulverised  ruthenium,  heated  in 
contact  with  the  air,  rapidly  absorbs  48  per  cent,  oxygen,  and  is  afterwards  slowly 
converted  into  the  anhy^us  sesquioxide,  which  has  a  deep  blue  colour,  is  insoluble  in 
acids,  and  is  reduced  when  heated  into  hydrogen  gas. 

The  hydrated  sesquioxide,  BuW.SHK)  -  KuHH)*,  is  obtained  as  a  blackish-brown 
precipitate,  when  a  solution  of  ruthenious  chloride  is  treated  with  an  alkaline  carbonate. 
This  hydrate,  after  prolonpd  washing,  still  retains  3  or  4  per  cent  of  alkali ;  it  dis- 
solves with  yellow  <»loiir  in  acids,  but  is  not  dissolved  by  water  or  by  alkalis.    When 
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MtroDglj  heated  in  an  atmosphere  of  carbonic  anhydride,  it  gives  off  itm  water.  nJ 
becomes  insoluble  in  acids. 

The  dioxide  or  ruthenic  oxt<f«,RaO^  is  formed  by  roasting  tlie  diralpliideierW 
strongly  igniting  ruthenic  sulphate,  BuS^O*  or  RuO*.2SO'.  The  former  metlK4 
yields  a  black-blue  powder  with  a  tinge  of  green ;  the  Utter,  grey  portides  vkh 
metallic  lustre,  and  bluish  or  greoniflh  iridescence. 

The  Jiydrate,  RuH^O^  —  KuO*.2lI*0,  is  obtained  as  a  gelatinous  pi«ei|Mtate,  Ij 
decomposing  dilororutheniate  of  potassium  with  carbonate  of  aodiam,  or  xutheok 
sulphate  with  caustic  potash  or  soda ;  in  the  latter  case,  however,  the  solution  mwt  be 
evaporated,  as  it  retains  a  considerable  quantity  of  the  hydrate^  Rnthcnic  hydme, 
when  dried  and  heated  in  a  platinum  spoon,  deflagrates  with  vivid  incandescenoe,  isd 
is  scattered  about.  It  dissolves  in  acids,  forming  yellow  solutions.  The  solvtiao  ii 
hydrochloric  acid  turns  red  when  evaporsted,  and  ultimately  leaves  red  •brown  mtknie 
chloride.    The  hydrate  dissolves  also  with  light-yellow  colour  in  alkalis 

The  irioxide,  RuO*,  commonly  called  ruthenic  aeidf  is  known  only  in  the  fonsefa 
potassium-salt,  which  is  obtained  by  igniting  ruthenium  with  a  mixture  of  potash  sad 
nitrate  or  chlorate  of  potassium.  It  dissolves  in  water,  forming  an  omnge-yeDov 
solution,  which  has  an  astringent  taste,  colours  oi^nic  substances  black  by  eoata; 
them  with  oxide,  and  is  decomposed  by  adds,  yielding  a  precipitate  of  the  §m^ 
oxide. 

Tetr  oxide  of  Ruthenium,  "RuO*.  Ruthenic  tetroxide.  Pmruihenic  arid,  Sutieih 
hyperaaure. — ^This  volatile  oxide,  analogous  to  osmic  tetroxide,  is  obtained  by  heating 
to  dull  redness,  in  a  silver  crucible,  a  mixture  of  3  grammes  of  ruthenium  -with  24  gmfc 
caustic  potash  and  8  grms.  nitre,  dissolving  the  fused  mass  in  48  grtnB,  of  wa'cr, 
introducing  the  solution  into  a  tubulated  retort  connected  by  a  long  condensing  tabs 
with  a  flask  containing  caustic  potash,  and  passing  chlorine  into  the  liquid.  The 
liquid  becomes  hot,  and  the  tetroxide  pas^ses  ovor,  condensing  in  the  neck  of  the  retort 
and  the  tube,  as  a  golden-yellow  crystiillino  crust,  which  melts  between  50^  and  60^. 
Part  of  it,  however,  remains  in  the  liquid,  and  may  be  separated  by  distillation.  To 
purify  it  from  adhering  water  and  chlorine,  it  is  meltea  in  a  tube  under  a  layer  of 
water ;  it  then  crystallises  on  cooling,  and  may  be  pressed  between  paper. 

Ruthenic  tetroxide  is  a  golden-yellow,  aystslline  mass,  in  which  rfaombotdal 
priums  may  be  distin^^uished.  It  is  heavier  than  sulphuric  acid*  very  volatileb 
vaporising  even  at  ordinary  temperatures,  and  emitting  an  odour  like  that  of  nitron 
acid ;  meUs  at  58°,  formins  a  yellow  liquid,  which  boils  at  about  100^.  It  dissolTM 
sparingly  in  water,  the  solution  remaining  unaltered  in  the  dark,  but  decomposing 
rapidly  even  in  diffused  daylight.  It  dissolves  in  hydrochloric  acid,  without  losing  iti 
characteristic  odour,  and  on  adding  alcohol  to  the  solution,  trichloride  of  mtheniam 
is  formed.  Sulphurous  acid  colours  the  solution  of  ruthenic  tetroxide  red-purple, 
changing  to  violet-blue  when  heated.  Sulphydric  acid  throws  down  a  black  preopi- 
tate  of  oxysulphide.  The  dry  oxide  moistened  with  strong  potash,  becomes  hot, 
melts,  and  volatilises  in  great  part,  the  rest  gradually  dissolving  as  rutheniate  of 
potassium.   (C  la  us,  J.  pr.  Chem.  Ixxix.  28;  Jahresb.  1859,  p.  260.) 

SIITBXJiXUMff  ■UZJPBZ9XS  OF.  Sulphydric  acid,  passed  into  a  solution  cf 
either  of  the  chlorides  of  ruthenium,  usually  forms  a  precipitate  consisting  of  sulphids 
and  oxysulphide  of  ruthenium  mixed  with  free  sulphur.  The  blue  solution  of  the 
protochloride  yields  a  dark-brown  sesquisulphide,  Ru'S'.  When  sulphydric  acid  ns  ii 
passed  for  a  long  time  into  a  solution  of  the  trichloride,  disulphide  of  ruthenium,  KuSF, 
IS  formed,  as  a  brown-yellow  precipitate,  becoming  dark-brown  by  calcination. 

&UTBB]rzn]IK«COMPOUWB8v  AMMOJfXiLCAZto    a.  Di-ammoniaeal. — ^The 

oxidet  Ra0.2NH',  is  obtained  by  evaporating  a  solution  of  the  tetrammoniacal  oxide, 
Ru0.4NH*,  in  a  dry  vacuum,  as  a  yellowish-brown  spongy  mass,  formed  of  small 
yery  deliquescent,  crystalline  laminae,  containing  5  at.  water.  When  placed  on  th« 
tongue,  it  exerts  a  caustic  action,  stronger  even  than  that  of  potash.  Its  salts 
resemble  those  of  the  following  series,  excepting  that  they  are  of  a  darker  colour : — 


solution  tor  an  nour  vntn  9U  pts.  of  caustic  ammonia  and  1  pt.  of  ammonium- 
carbonate,  evaporating  to  dryness  over  the  water-bath,  digesting  the  pulyerised 
crystalline  mass  with  1  pt  of  water,  and  washing  it  on  a  filter  with  weak  alcohol,  till 
the  free  sal-ammoniac  is  completely  dissolved.  The  salt  when  dry  is  dissolved  in 
4  pts.  of  hot  water  containing  a  little  carbonate  of  ammonium ;  and  the  solution,  filtersd 
while  still  hot,  deposits  the  salt  on  cooling  in  beautiful  golden-yellow,  oblique  rhom- 
bic crystals,  which  are  not  very  solulile  in  cold  water,  and  quite  insoluble  in  aloohoL 
The  crystals  retain  their  water  till  th^y  are  hcattni  to  a  temperature  at  which  thej 
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undergo  complete  deoomposition,  leaying  metallic  rathenium.  The  solution  has  a 
■troDff  tendency  to  form  slightly  soluble  compounds  vith  other  metallic  salts.  Caustic 
potash  does  not  eliminate  ammonia  from  it  at  ordinary  temperatures,  but  liyer  of 
•alphur  immediately  sets  ammonia  free ;  with  chloride  of  platinum,  it  inunediately  forms 
a  precipitate  of  the  compound  BuCP.4NH'.PtCl*. 

The  chloride,  treated  with  oxide  of  silver,  yields  the  oxide  Ru0.4NH',  which,  how- 
ever, has  not  been  obtained  in  the  solid  state,  as  its  solution  when  evaporated  gives 
off  half  its  ammonia,  leaving  the  oxide  Bu0.2NH',  already  described.  The  solution 
of  the  tetrammoniacal  oxide  resembles  that  of  potash ;  it  absorbs  carbonic  acid  from  the 
air,  expels  ammonia  from  its  salts,  precipitates  metallic  oxides,  and  dia«olves  alumina : 
it  does  not,  however,  exert  any  action  on  the  salts  of  copper  or  silver. 

The  oxygen-salts  of  this  base,  obtained  by  decomposing  the  chloride  with  the  corre- 
sponding silver-salts,  are  very  soluble  in  water,  but^  for  the  most  part,  insoluble  in 
aWhoL  The  carbonate,  RuCO'.2NH'.5H'0,  is  soluble,  strongly  alkaline,  and  crystal- 
lises in  light-yellow  rhombic  prisms.  The  nitraU,  Ru(NO')^2NH'.2H'0,  forms  small 
rfaomboidkl  prisms,  having  a  sulphur-yellow  colour  and  strong  lustre,  melts  when  heated, 
and  decomposes  with  slight  detonation.  The  sulphate,  RuSO\2NH'.4H'0,  crystallises 
in  fine  transparent  rhombic  plates  of  a  golden -yellow  colour.  When  exposed  to  the  air, 
they  give  off  part  of  their  water,  and  beoome  opaque,  acquiring  a  metallic  aspect  (Clans, 
J.  pr.  ChenL  Ixxix.  28 ;  Ixxxv.  129  ;  Jahresb.  1869,  p.  263;  1861,  p.  320.) 


A  mineral  from  the  gold-mines  of  Rutherford  County, 
Korth  Carolina,  where  it  occurs  in  small,  brown,  monoclinic  crystabi,  which  exhibit  in- 
candescence when  heated.  According  to  She  par  d  (Sill.  Am.  J.  xiL  209),  it  contains 
titanic  oxide  and  eerie  oxide ;  according  to  T.  S.  Hunt  {ibid,  [2]  xiv.  344),  68  per  cent, 
titanic  oxide,  12  lime,  &e. 

nvno  AOn>.    Syn.  with  Cafbic  Acm  (i.  742). 

A  variety  of  native  titanic  oxide.    (See  TrrAinxTM.) 


The  name  applied  by  Braconnot  to  a  red  resinous  substance  (called 
oiivin  by  Mulder),  producea  by  salicin  with  strong  sulphuric  acid:  probably  impure 
aaliretin. 


C»H»0«*.  RuHnie  Acid.  Phytomdin.  Melin,  Ve^etabU  YeUow, 
(W  e  i  s  s,  Pharm.  Contr.  1 842,  p.  903.— B  o  r  n  t  r  a  g  e  r,  Ann.  Ch.  Pharm.  liii.  386.— B  o  c  h - 
leder  andHlasiwet2,t^M2. Ixxxii.  197. — ^W.  Stein,  J.  pr.  Chem.  Iviii.  399 ; Ixxxviii. 
280.— H las i wet z,  Ann.  Ch.  Pharm.  xcvi.  123 ;  further,  Chem.  Centr.  1862,  p.  449. — 
Zwenger  and  Dronke,  Ann.  Ch.  Pharm.  cxxiii.  146. — Om.  xvi.  600.) — A  glucoside, 
which  appears  to  be  very  widely  diflhsed  in  the  vegetable  kingdom.  It  was  first  ob- 
tained from  garden  rue,  by  Weiss  and  by  Bomtrager;  afterwards  from  capers,  the 
flower-buds  of  (kq^paris  tpinosa,  hv  Bochleder  and  Hlasiwetz,  also  by  Zwenger  and 
Dronke ;  and  from  the  so-called  Waif  a,  the  undeveloped  flower-buds  of  Sophorajaponica, 
by  Stein  and  by  W.  Martins  (N.  Jahrb.  Pharm.  i  241).  According  to  Stein,  saf- 
flower  yellow  is  uncrystallisable  rutin ;  the  colouring  matters  of  straw  and  of  ^thalium^ 
Hippophai,   and  Polygonum  Fagopyrum  likewise  agree    in    character  with   rutin. 

Preparation  :  1.  From  Garden  Rue. — ^The  dried  and  comminuted  plant  is  bofled  for 
half-an-hour  with  common  vinegar,  and  the  expressed  liquid  is  set  aside  for  several 
weeks,  or  so  long  as  it  continues  to  deposit  impure  rutin.  The  deposit  is  washed  with 
cold  water,  heated  to  boiling  with  4  pts.  of  acetic  acid  and  16  pts.  of  water,  filtered, 
and  left  for  some  days  to  czystallise.  The  crystals  obtained  thus,  and  by  partial  eva- 
poration of  the  mother-liquor,  are  dissolved  in  6  pts.  of  boiling  water ;  the  solution  is 
treated  with  animal  chai^oal ;  and,  after  addition  of  |  of  water,  the  alcohol  is  dis- 
tilled off.  The  rutin  ciytallises  from  the  residue  after  some  days,  the  more  readily  the 
less  strongly  the  solution  has  been  heated  (Borntriiger,  Weiss).  A  green  resin 
with  whi<m  the  rutin  is  contaminated  is  difficult  to  remove  by  crystallisation ;  it  is  more 
easily  got  rid  of  by  acidifying  the  alcoholic  solution  with  acetic  acid,  and  precipitating 
with  neutral  acetate  of  lead.  On  removing  the  lead  from  the  filtrate  by  sulphydric 
acid,  and  evaporating,  the  rutin  crystallises,  and  may  be  recrystallised  from  boiling 
water.  It  stiU  contains  a  substance  resembling  coumarin,  from  which  it  may  be  freed, 
though  with  great  difficulty,  by  repeated  boiling  with  ether.  (Zwenger  and 
Dronke.) 

2.  From  Preserved  Capers. — The  capers  are  macerated  in  water  for  a  few  hours, 
after  which  the  water  is  poured  o£^  ana  the  capers  sre  pressed;  this  process  is  repent  (>d 
twice,  to  remove  salt  and  vinegar.  The  decoction,  obtained  by  twice  boiling  the  washed 
capers  in  not  too  large  a  quantity  of  water,  throws  down,  on  standing  for  24  hours,  a 
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large  quantity  of  Tellowibh-white  flocks,  which  are  eolteeted,  dried,  abd  diwolwd  a 
boiling  alcohol,  whereby  a  gelatinona  lubstance  is  left  undiflsolTed.  The  aloohofie 
solution  ia  mixed  with  water,  and  the  alcohol  is  distilled  off;  theremdne  then  solidifci 
on  cooling,  from  crystallisation  of  rutin.  The  crystals  are  purified  by  raesdng  aak 
recrystallisation  from  boiling  water  (Rochleder  and  Hlasiwets).  Zwengcr  sii 
Dronke  add  to  the  solution  in  hot  water  a  few  drops  of  solution  of  neatzAl  aeetsts  rf 
lead  (too  much  would  precipitate  a  compound  of  rutin  and  lead-ozide),  and  free  tki 
filtrate  from  lead  by  means  of  sulphydric  acid. 

3.  From  Waifa, — The  coarsely-bruised  waifa  is  re]peatedly  boiled  with  eleohol  of 
80  per  cent,  and  the  ^^reater  part  of  the  alcohol  is  distilled  ofl^  whereupon  the  midit 
thickens  to  a  pulp  of  impure  rutin,  amounting  to  11  per  cent,  of  the  waifia  employei 
It  is  crystallised  repeatedly  from  boiling  water,  and  afterwards  washed  with  ooki  witcr 
(Stein).  To  purify  the  rutin,  hydrate  of  lead  is  added  to  the  boiling  alcoholie  loh- 
tion,  BO  long  as  it  is  coloured  brown ;  the  solution  is  filtered ;  and  the  ratin  is  thnva 
down  from  the  filtrate  by  an  additional  quantity  of  lead-hydrate.  The  latter  pm 
yellow  precipitate  is  decomposed  by  alcoholic  sulphydric  acio,  and  the  flltarate  is  frn 
from  sulphide  of  lead,  and  eraporated  to  crystallisation.    (Stein.) 

Propertka. — ^Butin  cxTstalllses  from  its  aqueous  solution  in  pale  yellow-delicate  needlai^ 
probably  haying  the  composition  2C"H^'*.dHK).  It  has  a  slightly  styptic,  afterwirds 
saline  taste.  The  crystals,  heated  to  100^,  giye  off  frt>m  1*61  to  2*12  water,  and 
leaye  a  hydrate  containing C^H'K)'*.2H^  (mean  of  analyses,  49*61  C,  6*47  H,  45-02  0; 
calc.  49*66  C,  6*29  H,  46*05  0),  which,  at  160o  to  160O,  giyes  off  ita  2  at.  water  (6*61 
— 6*92  per  cent),  and  leaves  anhydrous  rutin,  C^H^K)",  containing  52*66  C,  5-QS  ]lC 
42*32  O  (calc  62*81  C,  4*93  H,  42*27  0).    fZweu^er  and  Dronke.) 

Butin  IS  nearly  insoluble  in  cold  but  dissolyes  easily  in  boiling  water,  forming  a  pale- 
yeUow  solution,  which  is  decolorised  by  acids,  and  quickly  deposits  the  rutin  on  eoQiiB^ 
It  dissolves  slightly  in  cold  absolute  alcohol,  freely  in  boiling  alcohol  of  76  per  esnt, 
and  crystallises  therefrom  only  on  concentration  and  addition  of  water.  It  ia  insolubls 
in  boiling  ether.  It  dissolves  freely  in  hot  acetic  acid,  and  is  partially  depoaited  oa 
oooh'ng.  By  digestion  with  moderately  dilute  mineral  acids,  it  acquires  a  lemon- jeUov 
colour,  and  is  rendered  paler  again  by  water ;  when  heated  with  acids^  it  diaaolvea  and 
suffers  decomposition  (infra).     It  absorbs  hydrochloric  acid  gas.    (St«*in.) 

Butin  dissolves  easily  in  alkalis  and  alkaline  carbonates — also  in  barytO",  sfremH^tvA 
lime-water,  forming  yellow  solutions,  which  deposit  the  rutin  unaltered  on  addLLtion  of 
acids,  and  turn  brown  in  the  air  from  absorption  of  oxygen.  According  to  Stein^  it  de- 
composes carftono/^  of  sodium  B,nd  ferrocyanide  of  potassium.  It  is  coloured  dark-greea 
hy  ferric  cMoride,  brown-red  to  greenish  by /errou*  chloride.  Acetate  ofUad,  added  to 
an  alcoholic  solution  of  rutin,  or  in  excess  to  aqueous  rutin,  forms  a  yellow  preeipitals 
containing  C^H^'^2Pb"0.    (Borntrager;  Bochleder  and  Hlasiwets.) 

Decompositions. — 1.  Butin,  after  dehydration  at  160^,  cakes  together  at  190°,  and 
then  melts  to  a  yellow  viscid  liquid,  which,  on  cooling,  solidifies  to  an  aaaoipboaM 
mass,  and  takes  up  water  when  immersed  in  it    When  more  strongly  heated  it  is 
carbonised,  emitting  an  odour  of  caramel,  and  yielding  a  distillate  containinff  qncfoedB 
(Zwenger  and  Dronke).    Butin,  melted  at  180^,  forms  a  yellow  viscid  fiqnid  oa 
cooling,  and  partly  crystallises ;  at  220°  a  yellow  sublimate  is  produced  (Bor  ntr&ser). 
Over  a  bath  of  oil  of  vitriol,  rutin  becomes  coloured  at  100°,  melta  at  120°,  ffiving 
off  gas-bubbles,  boils  at  200°,  and  is  decomposed  at  290°,  gelding  produeta  of  distil- 
lation.   The  water  evolved  at  200°  over  the  oil-bath  contains  formic  add ;  a  aolution. 
of  the  melted  mass  in  a  little  boiling  water  throws  down  amorphous  qneroetin  oa 
stnding  (Stein). — 2.  Nitric  arid  boiled  with  rutin   produces  chiefly  oxalic   add 
(Zwenger  and  Dronke).    According  to  Stein,  it  forms  picric  acid  with  a  trace  of 
oxalic  acid.     Cold  nitric  acid  colours  rutin  yellow,  then  quickly  olive,  and  at  last  red- 
brown  (Stein). — 3.  Butin  forms  with  oU  of  vitriol  a  brown-yellow  (olive-green, 
according  to  Bochleder  and  Hlasiwetz),  afterwards  brown-red  solution,  without  hbera- 
tion  of  sulphurous  add ;  water  throws  down  from  the  solution,  after  an  hour,  olivs- 
green  fiocks,  after  twelve  hours  a  violet  precipitate ;  and  the  supernatant  liquid,  whea 
eraporated  and  freed  from  sulphuric  add,  yields  easily  soluble  crystals  (Stein). — 
4.  When  boiled  with  dilute  mineral  acids,  rutin  splits  up  into  su^ar  (Stein^ud 
quercetin  (Hlasiwetz).    The  decomposition  takes  place  with  peculiar  rapidity  m  an 
uooholic  solution ;  it  is  also  effected  by  formic  ado,  espedally  at  a  temperature  of^ 
110°.    When  rutin  is  dissolved  in  boiling  acetic  add  of  60  per  cent.,  and  again  crystal- 
lised, the  amount  of  carbon  in  the  crystals  (dried  at  120°)  is  increased  to  51*8  or  68 
per  cent. ;  it  now  reduces  copper  solutions,  and  has,  therefore,  been  partly  converted 
into  quercetin  (Stein).   The  aecomposition  is  not  effected  by  emulsin  (Zwenger  and 
Dronke).    From  100  parts  of  rutin,  dried  at  100°,  39*24  to  43*25  parts  (mean  41'9) 
of  quercetin  were  obtained,  corresponding  with  the  equation, 

C*fl»0>»  +   3H'0     «     C'»H'»0«   -►   2C«H«*0«. 
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Calculation,  43*37  per  cent. quoroetin  (Z w e d ge r  and  Dronke).  HIasiwetz  (Wien« 
Akad.  Ber.  17,  400)  obtained  68*03  per  cent  quercetin  and  44*6  percent,  sugar. 

6,  Bntin,  treated  in  aqneous  or  alcoholic  eolation  with  tadium-^nnalffam,  is  conyerted 
into  paracarthamin.     (Stein,  iv.  341.) 

6.  It  reduces  nitrate  of  silver  and  trichloride  of  gold,  not  cnprate  of  potassium. 
With  water  and  eilver-oxide,  it  forms  a  dark-red  liquid,  which  leaves,  on  eyaporation, 
a  brown  amorphous  residue.     (Stein.) 

Sjn.  with  BuTDf. 

This  sugar,  isomeric  with  glucose,  is  produced,  together  with 
quercetin,  br  boiling  rutin  with  dilute  sulphuric  acid,  and,  after  removing  the  quercetin 
and  sulphnnc  acid,  may  be  obtained,  by  evaporation,  solution  in  alcohol,  and  precipi- 
tation with  ether,  as  a  colourless,  unciystallisable  syrup.  It  does  not  act  on  polarised 
light ;  reduces  cuprate  of  potassium  in  the  cold ;  yields  with  boiling  nitric  acid,  oxalic 
but  no  picric  acid ;  and  is  not  fermentable. 

KUTTXta  Syn.  with  Capryl,  C**H'*0,  the  radicle  of  rutic  or  capric  add.  It  is 
mlso  applied,  but  incorrectly,  to  the  alcohol-radicle  CH**,  properly  called  Decyl,    (See 

AFPB!n>13L.) 

AVmUOra.  C>*H>'.  (A.  Bauer,  Ann.  Ch.  Phann.  cxzxv.  344;  BuU.  Soc. 
Chim.  1866,  ii.  266.) — A  hydrocarbon  polymeric  with  acetylene,  and  perhaps  identical 
with  menthene,  produced  by  the  action  of  alcoholic  potash  on  tribromide  of  diamylene, 
C'H^Br*.  It  IS  related  to  diamylene  and  rutyl  (C'*H**0),  in  the  same  manner  as 
Talerylene,  OH*,  is  related  to  amylene  and  valeiyl,  and  to  camjpholic  acid,  C"'H"0*,  in 
the  same  manner  as  crotonylene,  C^H*,  to  crotonic  acid,  C^H*0^ 

Rutylene  is  a  colourless  liquid,  lighter  than  water,  and  having  an  aerReable  odour, 
aomewhat  like  that  of  turpentioe-oiL  Boils  at  about  160®.  Vapour-density,  obs.  » 
4'843 ;  calc.  4*778.  It  is  insoluble  in  water,  soluble  in  alcohol  and  in  ether.  Bromine 
attacks  it  strongly,  with  formation  of  hydrobromic  acid  and  separation  of  charcoal.  If, 
however,  rise  of  temperature  be  prevented,  dibromide  of  rutylene,  C"H"Br*,  is 
formed.  This  is  a  very  unstable  compound,  which  decomposes  even  at  ordinary  tem- 
peratures, and  acts  strongly  on  acetate  of  silver  and  on  alcoholic  potash,  probably 
forming,  in  both  cases,  the  hydrocarbon  C'*H'*. 

ATAOOliXTBt  or  Bhyacolite  (firom  p^,  a  Uva-stream).  A  mineral  from 
Vesuvius,  having  the  crystallisation  of  felspar,  and  resembling  the  glassy  variety. 
(Dana,  iL  246.) 

ftTS.  See  Cereals  (l  828). — Erffot  of  Bve  (Clavieeps purpurea.  T.)  contains, 
according  to  Keidhardt  (N.  Jahrb.  Pharm.  zviii.  193 ;  Jahresb.  1862,  p.  616),  31  06 

Sr  cent,  fat  oil,  2*69  resin,  1*3  red  colouring  matter,  0*8  mannite  [mycose,  according  to 
itscherlich  and  Berthelot,  iii.  1068],  and  3*9  osmasome,  together  with  phos- 
phates, a  volatile  base  (trimethylamine),  gum,  and  fungin  (cellulose  with  red  colouring 
matter).    The  ergotine  of  Wiggers  (ii.  499)  is  regarded  by  Neidhardt  as  resin. 

Ei^t  may  be  detected  in  rye*£our  by  first  bouing  the  flour  twice  with  alcohol,  to 
remove  fatty  and  resinous  matters,  then  treating  the  expressed  residue  with  alcohol, 
and  adding  from  10  to  20  drops  of  dilute  sulphuric  acid.  If  the  rye-flour  is  free  from 
ergot,  the  liquid  remains  colourless,  or  exhibits  only  a  faint  yellowish  tinge;  in  the 
contrary  case,  it  acquires  a  red  colour,  more  or  less  deep,  according  to  the  quantity  of 
ergot  present.  (Jacoby,  Anal.  Zeitschr.  iii.  609;  Bull.  Soc.  Chim.  1866,  i.  267.  See 
bIm  mmdworterb,  de  Chem.  viL  730.) 


s. 

I.  The  seeds  of  Veratrum  SabadiUa  (Bets),  or  Verairum 
cffieinale  (Schl.),  a  odchiaceous  plant  indigenous  in  Meodco,  contain,  according  to 
Gouerbe  (Ann.  Ch.  Phys.  [21  liL  362),  two  organic  bases,  veratrine  and  sabadilBne, 
and  two  acids,  sabadillie  or  oevadic  add  (i.  843),  and  veratric  add,  together  with  helonin 
or  veratrum-resin. 

Saba dil line,  CH^'N'O*,  according  to  Couerbe,  is  extracted  by  exhausting  the 
pulverised  seeds  with  alcohol  of  spedflc  gravity  0*846,  treating  the  residue  left  on  disr 
tilling  off  the  alcohol  with  dilute  sulphuric  acid,  decolorising  the  liquid  with  animal 
charcoal,  and  addinff  caustic  potash,  which  precipitatf^  sabadilline,  bydrosabadilline, 
and  veratrine,  together  with  two  non-basic  rabstances.    This  predpitate  is  dissolved  in 


■-^r  (Heintz,  Pogg.  Ano.  ctLOS; 
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dilate  sulphuric  acid,  and  the  solution  is  mixed  with  nitrie  acid  na  long  mm  a  Uad 
pitchy  precipitate  is  produced.  The  liquid  filtered  therbfrom  is  macipitat^  bj  cansie 
potash ;  the  precipitate  is  vashed,  dried,  and  dissolved  in  absolute  alcohol ;  and  the 
mass  remaining  after  evaponition  of  the  alcohol  is  boiled  with.  watar»  whieh  taktt  ^ 
sabadilline  and  hjdrosabadilline.  The  former  separates  on  cooling  in  atollato  gnayi 
of  apparently  cubic  crystals,  which  have  a  faint  rose  colour*  bnt  may  be  ifndexfid 
colourless  by  recrystallisation. 

Sabadilline  has  an  extremely  acrid  taste :  it  begins  to  melt  at  200^,  and  decomposa 
at  higher  temperatures,  emitting  fumes,  and  leaving  a  bulky  cinder.  It  is  moden^j 
soluble  in  hot  water,  the  solution  having  a  distinct  alkaline  reaction,  trebly  aolnble  ii 
alcohol,  insoluble  in  ether.  It  is  decomposed  by  strong  mineral  acida,  bat  torn 
crystallisable  salts  with  dilute  sulphuric  and  nitric  acids. 

According  to  Simon  (Pogg.  Ann.  xliii.  4931  sabadilline  is  not  s  definite  antittaaeis, 
but  a  mixture  of  resin,  sikali,  and  veratrine,  tne  latter  being  precipitated  hj  »mmMi* 
from  the  solution  of  the  so-called  sabadilline  in  sulphuric  acid.  Aoeording  t9 
Hubschmann,  on  the  other  hand  {MUthalungen,  dt$  Sckueiser  Jpothekenmmt^ 
Band  iiL  Heft  1),  sabadilline  is  a  definite  compound,  and  ia  distmgaialiKL  fron 
veratrine  by  not  exciting  sneezins,  by  its  insolubility  in  ether,  and  by  not  being  pn- 
cipitated  by  ammonia  from  its  solution  in  sulphuric  acid. 

HifdraaabadiUine  or  SabadUla  gum-resin^  C^H^NK)*,  differing  from  sabadilline  hj 
the  elements  of  1  at-,  water,  is  contained,  according  to  Couerbe,  in  the  aqueoos  mothn* 
liquor  of  the  latter,  and  separates  on  evaporation  in  oily  drops,  which  solidify  to  s 
reddish  resinous  mass.  It  melts  at  165°,  is  very  soluble  in  alcohol,  nearly  insoluble  is 
ether,  has  an  alkaline  reaction,  and  unites  with  adds,  but  does  not  furm  cxyatallisabU 
salts. 

H* 

8AOOBASABKZ9B.    C*H<K)*  «  (C«H«0*)*« 

H* 

Jahresb.  1859,  p.  290.) — This  compound  separates  as  a  white  precipitate  when  div 
ammonia-gas  is  passed  into  an  ethereal  solution  of  ethylic  saccharate  (p.  148).   Itsuj 
be  crystallised  from  warm  water,  but  is  converted  by  boiling  with  water  into  smrhi 
rate  of  ammonium,  and  is  quickly  decomposed  by  acids  into  ammonia  and  saoehazie  adi 

SAOCBABZO   ACrZB.     C<H>«0*  -  (CH^O^** 

mucic  add,  produced  by  the  action  of  nitric  add  on  cane-su^,  glucose,  milk-sngar,  sad 
mannite.  It  was  first  observed  byScheele  (Opu^euln^  li.  203),  who  mistook  it  fer 
malic  add,  and  it  has  been  studied  by  Guerin-Varry  (Ann.  Ch.  Phys.  [2],  xliz.  180; 
lii.  318;  Ixv.  332),  Erdraann  (Ann.  Ch.  Pharm.  xxi.  1),  Hess  {Und.  zzfi.  1; 
XXX.  402),  Thaulow  (i6iV£.  xxvii.  113),  Liebig  (ibid,  xxx.  313;  cxiii.  1;  Jahmh 
1859,  p.  261),  and  Heintz  (Pogg.  Ann.  Ixi.  315;  cv.  211;  cvi.  93;  cxi.  260,  891; 
Jahresb.  1858,  p.  251 ;  1859,  p.  290;  1860,  p.  259).  See  also  Om.  xi.  513  ;  Geth.  iL 
145 :  Kekul^'s  Lehrhuch,  ii  238. 

Preparation. — 1.  One  part  of  cane-sugar  is  warmed  with  3  pts.  nitric  add,  of  qieefie 
gravity  1*25  to  1*30,  till  a  reaction  is  set  up ;  the  vessel  is  then  removed  tnm  the 
fire ;  and  after  the  first  brisk  action  is  over,  and  the  liquid  has  cooled  to  60^,  it  is 
kept  at  that  temperature  over  a  moderate  fire  as  long  as  red  fumes  continue  toeseape. 
It  is  then  dilutea  with  half  its  bulk  of  water,  and  divided  into  two  parta,  one  of  w4udi 
is  saturated  with  carbonate  of  potassium,  and  then  mixed  with  the  other ;  or  the  entiia 
liquid  may  be  neutralised  with  the  alkaline  carbonate,  and  then  treated  with  excess  of 
acetic  acid.  The  liquid,  after  several  days*  repose,  deposits  crystals  of  add  potassie 
saccharate,  which  may  be  purified  by  repeated  crystallisation  fsom  boiling  water,  with 
addition  of  animal  charcoal,  if  necessaiy  (Heintz).  Or  the  acid  ammoninm>«alt 
may  be  prepared  instead  of  the  potassium-salt.     (Li  e  b  i  g.) 

2.  When  1  pt  of  milk-sugar  is  oxidised  with  2  J  pts.  nitric  acid  of  specific  gravity 
1*32,  diluted  with  2^  pts.  water,  mucic  acid  (about  33  per  cent.)  is  first  formed  and 
separates  out ;  and  the  liquid  filtered  therefrom,  consisting  chiefiy  of  a  solntion  of 
saccharic  acid,  may  be  concentrated  at  a  gentle  heat  to  about  one-third,  and 
noutralised  with  carbonate  of  potassium. 

Free  saccharic  acid  is  best  prepared  from  the  cadmium-salt  The  add  sacdliants 
of  potassium  or  ammonium  is  dissolved  inboiling  water ;  the  solution,  neutralised  with 
potash  or  ammonia,  is  mixed  at  the  boiling  heat  with  the  solution  of  a  cadmic  8alt»  and 
boiled  for  some  time,  and  the  cadmic  saccharate  thereby  precipitated  is  deoomposed  faj 
sulphydric  acid.    (Heintz.) 

I*roper(ies. — Saccharic  acid  is  not  crystallisable,  but  if  rise  of  temperature  has  been 
avoided  during  its  preparation,  it  may  be  obtained  in  the  form  of  a  colourless  brittle 


-0*. —  An  add,    isomeric  witk 
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It  b  deliqaeaoent,  easily  soluble  in  water  and  alcohol,  insoluble  in  ether.    The 
■olution  of  saccharic  acid  prepared  from  cane-sugar  is  deztrorotatoiy. 

Deeomposiiiona. — Saccharic  acid  turns  brown  even  at  the  heat  of  the  water-bath. 
It  reduces  the  metal  from  solution  of  auric  chloride^  and  when  heated,  also  from  ammo- 
niacal  sUmr'tolution.  When  oxidised  by  nitric  acid,  it  yields,  first,  dextrotartaric, 
then  oxalic  acid.  When  heated  with  hydrate  of  potassium  to  260^,  it  yields  acetate 
and  oxalate  of  potassium : 

CTI«K*0»  +   2KH0     -     2C«H»K0«  +  C«K«0<  +   2H«0. 

Saccharata  Ac«Ute.  Oxalate. 

Saccharates. — Saccharic  acid  is  mostly  dibasic,  forming,  with  the  alkali-metals, 
both  neutral  and  acid  salts.  With  lead,  however,  it  forms  a  salt  containing  3  at.  of 
metal,  which  replace  6  at.  of  hydrogen. 

The  acid  potassium-salt,  C*H*KO*,  prepared  as  above,  forms  trimptric  crystals,  ex- 
hibiting the  combination  ooPoo  .  ooP.  .Poo .  Angle  ooP :  ooP  »  103O26® ;  too  :  too 
-  181®  46.  Axes  a:b:c  =-  17631  :  22338  :  1.  Cleavage  easy,  parallel  to  oP.  It 
is  somewhat  difficult  of  solution  in  water,  1  pt  of  it  requiring  from  80  to  90  pts.  of 
water.  The  neutral  potassium-saU,  C*H'K^O*,  forms  a  crystalline  crust.  The  acid 
ammonium-salt,  C''II'(NH*)0*,  forms  quadrilateral  prisms,  about  as  soluble  as  the 
corresponding  potassium-salt.  The  neutral  ammonium-salt  and  the  sodium-salts  have 
sot  been  obtained  in  the  crystalline  form. 

Saccharaie  of  barium,  C*H*Ba"0*,  and  the  corresponding  strontium-  and  calcium- 
salts,  are  precipitates  insoluble  in  wat^r,  and  when  obtained  from  hot  solutions,  consist 
of  microscopic  crystals.  Free  saccharic  acid  does  not  precipitate  the  salts  of  barium, 
strontium,  and  calcium,  but  forms  precipitates  with  baryta-,  stontia-,  and  lime-water. 
Soluble  saccharates,  even  the  acid  salts,  form  precipitates  with  barium-,  strontium-,  and 
calcium-salts. 

The  magnesium-salt,  C^'Mg'O'.SH^O,  the  einc-salU  C«H»Zn"0».H«0,  and  the 
eadmium-sali,  CH'Cd'O',  are  crystalline,  nearly  insoluble  in  cold  water,  somewhat 
aoluble  in  boiling  water.  When  neutral  saccharate  of  potassium  or  ammonium  is 
precipitated  by  a  cold  solution  of  cadmium-salt,  a  flocculent  precipitate  is  formed, 
which  cakes  together  into  a  resinous  mass ;  if  the  two  solutions  are  mixed  at  the  boiling 
heat,  a  white  heavy  powder  is  formed,  consisting  of  microscopic  needles. 

The  bismuth-salt  ia  obtained,'as  a  flocculent  precipitate,  on  adding  neutral  saccharate 
of  potassium  to  a  solution  of  bismuth-nitrate  in  a  large  quantity  of  water.  The 
copper-salt  is  obtained  by  dissolving  cupric  hydrate  in  aqueous  saccharic  acid.  The 
green  solution,  if  free  from  excess  of  acid,  deposits  a  green  precipitate,  which  does  not 
blacken  when  boiled.  The  ferrous  salt  is  obtained,  as  a  gummy  mass,  by  dissolving 
metallic  iron  in  saccharic  acid  and  evaporating.  Ferric  hydrate  dissolves  with  yellow 
colour  in  saccharic  acid  and  saccharate  of  potassium. 

Saccharates  of  Lead. — These  salts  vary  greatly  in  composition,  according  to  the 
manner  in  which  they  are  prepared.  When  sacdbarate  of  potassium  is  boiled  with 
excess  of  neutral  lead-acetate,  a  resinous  salt  separates,  agreeing  approximately  in 
composition  with  the  formula  C'*H"PT)*0** ;  and  by  boiling  the  solution  decanted  there- 
from, an  amorphous  salt  is  obtained,  corresponding  with  the  formula  CH'FVO* 
(H  ei  ntz).  Thaulow,  by  the  same  process,  obtained  a  heavy  granular  precipitate,  having 
nearly  the  composition  C"H'*P^*0'*.  If  the  boiling  be  prolonged,  the  precipitate 
becomes  continually  richer  in  lead,  and  after  9  or  10  hours'  boiling,  has  the  com- 
position (>H*Pn)"(>.     (H  e  i  n  t  z.) 

Saccharate  of  silver,  C'H'AgK)',  is  obtained  by  mixing  the  neutral  potassitmi-saU 
with  nitrate  of  silver,  as  a  white  precipitate,  which,  in  presence  of  an  excess  of  the 
potassium-salt,  remains  white  on  boiling  and  becomes  crystalline.  It  is  very  soluble 
in  ammonia,  the  solution  depositing  metallic  silver  when  boiled. 

■ACCBASZO  Wrmmum,  Neutral  Ethylic  saccharate,  C*H^C^*)*0',  is  obtained 
by  passing  hydrochloric  acid  gas  into  a  solution  of  saccharic  acid  in  absolute  alcohol ; 
or,  better,  into  absolute  alcohol  containing  saccharate  of  calcium  in  suspension.  In 
the  latter  case,  a  crystalline  compound  of  ethylic  saccharate  and  chloride  of  calcium, 
2C^"(C*H»)*0*.Ca''Cl',  separates,  which  is  easily  soluble  in  water,  slightly  soluble 
in  alcohol,  insoluble  in  ether.  On  dissolving  this  compound  in  a  small  quantity 
of  water,  adding  a  little  alcohol,  and  a  strong  solution  of  sodic  sulphate,  evaporating 
quickly  to  dryness  in  a  vacuum,  exhausting  the  residue  vrith  alcohol,  and  adding  a 
large  quantity  of  ether,  a  solution  is  obtained,  which,  when  left  to  evaporate,  leaves 
the  neutral  ethylic  saodiarate  in  the  form  of  a  syrup,  which  gradually  solidifies  to 
a  crystalline  mass.  It  is  easily  soluble  in  water  and  in  alcohol,  slightly  soluble 
in  ether.  The  ethereal  solution,  treated  with  dry  ammonia-gas,  yields  saccharamida 
(p.  142).     (Heintz,  Pogg.  Ann.  cv.  211 ;  Jahresb.  1868,  p.  251.) 


144  SACCHABID— SACCHASOMETEB. 

Ethfl-Moocharie  add,  C^*(C^*)0*,  bui  not  yet  been  obtained ;  but  bj  pMu; 
hjdro^loric  add  gas  into  abaolnte  alcohol  in  idiich  acid  saccfaaimte  of  poteaanm  vm 
•uapended,  Heintz  obtained  a  ciTtallisable  compoond,  C^YCH*)0*,  fWfitaining  1  A. 
water  leea  than  ethyl-saocharic  acid — ^probably  the  ethylic  ether  of  the  fiivt  aaliydzidi 
of  saccharic  add :  thi 


Anhjdride.  Ktber. 

C>H'*0*. — ^A  oomponnd  prodnoed,  acooding  to  Oilis  (ConpL 
rend.  xlviiL  1062;  Jahresb.  1869,  p.  547),  hj  heating  cane-so^  for  •ohm  tine  to 
160^.  The  sogar  is  then  oonTerted  into  a  miztore  of  saoehand  and  daatrog^iieow: 
C"H«0"  -  C>H>«0*  -f  C^**0*;  it  acquires  the  appearanoe  of  frait-ragw;  onhk^ 
of  it  is  fermentable ;  and  it  reduces  only  half  as  mudi  eupric  oodde  in  ■lir«*liw  toutioK 
as  an  equal  quantity  of  elucose  or  inverted  sugar.  By  the  action  of  dilute  aeid%  bov- 
erer,  it  is  rendered  whofiy  fermentable,  and  then  behaTes  towards  redociDg  agents  like 
ordinary  glucose. 


Berthelot  applies  this  term  to  compounds  ibnned  by  heatiag 
dextroglucose,  and  other  kinds  of  su^,  with  oiganic  adds.  The  formatioo  of  tline 
compounds  is  attended  with  elimination  of  water,  and  they  are  capable  of  breakiBg  sp 
again,  by  assimilation  of  water,  into  the  original  add  and  carbohydrate :  e^.— 


2C*HK)«  + 

C^H'W  - 

8HH> 

«    C"H«0'. 

Butyric  add. 

GlUOOM. 

Dltmtyro- 

ffluCOM. 

6C«HK)«   + 

C^>H)«  — 

7HK) 

-    C'«H«0'". 

Acetic  add. 

GlacoM. 

HexacHo- 
glucofe. 

4C*H«0«   + 

C«H«0«  - 

6HK) 

«     C^H-0" 

Tartaric  acid. 

GIUCOM. 

Glucoao-tatra* 
Urtaricadd. 

The  saccharides  are  subdivided  into  gluco sides,  or  those  produced  ham.  dcstio> 
glucose;  levulosides,  from  Isvo-gluoose ;  galactosides,  from  lactoae  or  aodlk- 
sugar;  and  inosides,  from  inosite.  The  naturally  occurring  bitter  pzindplea,  whiA 
are  resolvable  by  boiling  with  dilute  adds  into  an  organic  add  and  glliieoaeh  bit 
have  not  been  prepared  artificially,  are  analogous  in  composition  to  Bertbdot't 
saccharides.  Berthelot  likewise  indudes  under  saccharides  the  compounds  formed  hj 
the  action  of  adds  on  starch,  dextrin,  cellulose,  and  other  carbohydrates :  e^^  i^ki- 
din  from  starch  and  nitric  add,  pyroxylin  from  cellulose  and  nitric  add. 

The  formation  of  the  saccharides  occurs  for  the  most  part  by  long  contact  at  100^  or 
120^;  with  some  kinds  of  sugar,  as  with  trehalose,  the  temperature  may  be  saised  si 
high  as  180^.  Onlv  a  part  of  the  sugar  thus  enters  into  combination. — They  ais 
dc^mposible  into  their  constituents  under  the  same  conditions  as  the  fata,  bat  with 
greater  difficulty.  Water  MAreely  acts  upon  them  at  100<^;  at  higher  temperatuwi 
the  sugar  itself  would  be  destroyed.  Continuous  boiling  with  dilute  acids  deoompoMi 
them  completely  into  the  original  add  and  fermentable  sugar;  part  of  the  latter,  ooir 
ever,  easily  undergoes  a  further  decomposition  into  glucic  add  and  humus-like  bodien 
Some  saccharides  suffer  decomposition  by  contact  with  ferments. 

The  saccharides,  like  the  natural  fats,  are  soluble  in  water  when  they  contain  a 
Tolatile  add ;  insoluble  when  they  contain  a  fixed  add.  The  soluble  saocharidaa  hafs 
an  intensely  bitter  taste;  they  deflect  the  polarisation  in  the  same  direction  aa  the 
sugar  from  which  they  are  derived ;  none  of  them  are  volatile,  but  some  of  tb«m  emit 
a  peculiar  smell  when  warmed. 

Respecting  the  cLissification  of  the  saccharides,  see  Berthelot,  Chimie  Oryarnqm 
fondie  sur  la  Synthese,  ii.  271 ;  also  Gfnelin*8  Handbook^  xv.  SI 7. 

BJLOCMAMIMWrMRM  and  SAOCKAXOMSTSRS.  Instrumenta  for  deter- 
mining the  amount  of  sugar  contained  in  solutions.  The  latter  term  ia,  however, 
applied  more  especially  to  hydrometers  gpraduat^d  for  the  purpose.   (See  Suqar.) 


A  granular  variety  of  andesin,  having  traces  of  deaTage  in  one 
direction,  occurring  in  veins  in  serpentine  at  the  chrysoprase  mines  near  Frankensteia 
in  Silesia.  Specific  gravity  a  2*668.  Contains,  according  to  Schmidt  (Pogg.  Ann. 
Ixi.  385^  58*93  per  cent  silica,  23*60  alumina,  1-27  ferric  oxide,  5*67  lime,  0*M 
magnesia,  0*06  potash,  7*42  soda,  0'39  oxide  of  nickel,  and  2-21  water. 

BA€}OWUkMOTD.  A  name  given  by  Kane  to  a  sweetish  substance^  probably 
i<l(ntioal  with  orcin,  produced  by  the  decomposition  of  Heeren*s  pseudo-eiythria 
^ethylic  orsellinate). 

BJLOOMJkMiOMMTMMm    See  SACCHABmnEB. 
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Syn.  with  Suoab. 

SACCBUUCZVf  SAOCBVUao  AOlB«    Bzown  fnibstanoes  obtained  in  th« 
decomposition  of  sugar  by  dilute  acids.   (See  Ulmin.) 

(See  Combustion,  i.  1101.) 

An  arrangement  adapted  to  a  gas-generating  vessel,  to  prevent 
the  liquid  into  which  the  delivery-tube  dips,  from  passing  back  into  the  vessel,  in  con- 
sequence of  diminished  internal  pressure.  The  simplest  form  consists  of  a  straight 
tube  passing  through  the  cork  of  the  generating  vessel  and  dipping  below  the  surface  of 
the  liquid,  or  of  a  tube  bent  twice  at  right  angles,  passing  just  through  the  cork,  so 
that  a  portion  of  liquid  may  remain  in  the  lower  bend,  and  form  a  liquid  joint,  cutting 
off  the  communication  between  the  inside  of  the  vessel  and  the  external  air.  In  either 
ease,  when  the  pressure  within  the  vessel  becomes  less  than  that  of  the  atmosphere,  air 
will  pass  in  through  the  safety-tube  and  restore  the  equilibrium.  The  safety-tube 
likewise  diminishes  the  danger  of  bursting  from  sudden  increase  of  tension  within  the 
vessel.  (For  figures  of  various  forms  of  safety-tube,  see  Handworierbuck  der  Chemie, 
VU.853.) 

8A1VIOSXTB.    Native  arsenide  of  cobalt,  containing  a  considerable  quantify  of 
iron.    (See  Cobalt,  i.  1042.) 

Carihamiu  Hnctoriua  (i  808). 

A  yellow  substance,  consisting  of  the  dried  stigmaji)  with  part  of  the 
Bfyles,  of  the  saffron  crocus  (Crociu  sativua),  a  plant  indigenous  in  Greece  and  Asia 
2unor,  and  extensively  cultivated  in  Austria,  France,  and  Spain,  formerly  also  in 
England.  The  stigmas  are  from  an  inch  to  1|  inch  long,  narrow  and  roundish  where 
they  are  attached  to  the  style,  but  spreading  and  club-shaped  near  the  extremity,  which 
is  truncated.  They  have  an  orange  or  brownish-red  colour,  yellow  in  the  narrower  part, 
a  strongly  aromatic,  almost  intoxicating  odour,  an  aromatic  bitter  taste,  and  impart  a 
strong  y^low  colour  to  the  saliva,  as  also  to  water,  alcohol,  and  oils.  Strong  sulphuric 
acid  colours  them  first  indigo-blue,  then  red,  and  finally  brown. 

Saffron  is  used  as  a  dye ;  also  in  medicine,  chiefly  for  the  colouring  of  tinctures,  &o. 
On  account  of  its  high  price,  it  is  often  adulterated  with  other  substances  of  similar 
colour,  such  as  the  florets  of  the  safflower  or  the  marigold,  slices  of  the  flowers  of  the 
pomegranate,  &e. ;  but  these  substances  are  easily  detected,  on  dose  examination,  by 
their  different  shape  and  colour.  Saffron  was  formerly  met  with  in  two  forms,  callea 
Aav-Mofron  and  cake-saffron;  but  the  former  is  now  alone  in  demand,  the  latter 
being  entirely  an  artificial  compound  of  the  florets  of  the  safflower,  gum,  and  other 
matraials. 

According  to  an  analysis  by  Bouillon-Lagrange  and  Yoffel,  saffron  contains  7*5  per 
cent,  of  volatile  <»i  (including  steaioptene),  66*0  sai&on-yel&wor  safranin,  0*6  wax,  6*6 
gum,  0*6  albumin,  10*0  vegetable  fibre,  and  10*0  water. 

Quadrat,  by  evaporating  an  ethereal  extract  of  saffion,  obtained  a  yellowish  fatty 
body,  which  was  partially  soluble  in  boiling  alcohol,  and  when  treated  with  hot  water 
left  a  snow-white  residue,  meltins  at  about  48^.  As  the  alcohol  cooled,  crystals  sepa- 
rated out,  while  a  fatty  body  (f  oleic  acid)  remained  in  solution.  Similar  crvstals  were 
likewise  obtained  by  directly  boilinff  the  saffiron  with  absolute  alcohol,  and  leaving  the 
liquid  to  cooL  Quadrat  also  found  in  saffron,  glucose  and  a  perhaps  peculiar  acid. 
Saffron  when  burnt  left  8*9  per  cent,  ash,  containing  potash,  soda,  lime,  maenesia, 
chlorine,  sulphuric,  phosphoric,  silicic,  and  carbonic  adda.  {Handw,  d,  Ckem.,  vii.  61 ; 
Penny  Cyclopadia,  xx.  309.) 

SAFRJUnVf or SAVFSOV-TVtXiOlV.  (Bouillon -Lagrange and Vogel, 
Ann.  Chim.  Iviii.  198. — ^N.  £.  Henry,  J.  Fharm.  viiu  399. — Quadrat,  J«pr*  Chenulvi. 
68.) — A  colouring  matter  obtained,  though  not  in  the  pure  state,  from  saffron.  Quadrat 
prepares  safranin  by  first  exhausting  saffr-on  with  ether,  then  boiling  it  with  water, 
and  precipitating  the  decoction  with  acetate  of  lead,  decomposing  the  precipitate  with 
Bulphydric  add,  then  washing  it,  and  boiling  it  with  alcohol  of  40  per  cent  The 
alcoholic  solution  when  concentrated  first  deposits  crystals  of  sulphur,  and  on 
evaporating  the  remaining  liquid  to  dryness,  dissolving  in  water,  filtenng,  and  again 
evaporating,  safhinin  is  obtained  as  a  roseate  inodorous  powder,  easilv  soluble  with 
yellow  colour  in  water  and  alcohol,  very  slightly  soluble  in  ether,  and  slowly  altering 
by  exposure  to  li^ht  and  air.  It  is  coloured  blue  by  strong  sulphuric  add,  green  hi 
nitric  acid,  blackish  by  hydrochloric  add.  B  o  c  h  1  e  d  e  r  ( J.  pr.  Qiem.  Ixxiv.  1)  regarcu 
saffron-yellow  as  identic^  with  the  colouring  matter  of  the  pods  of  Gardenia  grandi- 
fiora,  and  designates  both  as  orcein  (ii.  108). 

■AOAVWUBC    A  gom-resin  imported  from  Egypt  and  Perna,  and  probably 
derived  from  Ferula  persiea.   It  occurs  in  commerce,  in  y^ow  or  reddish  agglomerated 
Vol.  V,  L 
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Bal  de  duohut.  Nential  sulphate  of  po- 
tassium. 

Sal  diaestivum  SylvH, )  Chloride  of  potas- 

Balfebrifugum  Qylvn,  \     sium. 

Sal  duplioatum.  Neutral  sulphate  of 
potassium. 

S(u  mortis,  Cijstallised  ferrous  sulphate. 

Sal  mtcrocosmicum,  Ammonio-sodic 
phosphate. 

SalmirabiUperlatum.  Diaodic  orthophos- 
phate. 

S(u  nOrcoticum  vitrioli.    Boric  acid. 


Sal  polyckrettum  GUum,  8,  Lamgriamim, 
8,  Pariaierue*  Neutral  sulphate  of  po- 
tassium. 

Sal  polyckrestwn  Sei^ettL  Tartrate  of 
potassium  and  sodium. 

S<u  Satumi,    Acetate  of  lead. 

Sal  aecretum  Glauberi.  Sulphate  of  am- 
monium. 

S<U  stdatitmm  HombergiL    Boric  acid. 

Sal  tuccini.    Amber. 

Sal  tartaric    Carbonate  of  potassium. 

Sal  uriauB  fixum,  S.  fuaible,  S,  nativum, 
Ammonio-sodic  phosphate. 

The  common  salamander,  Lacerta  salamandra  (L.),  secretes,  in 
the  warts  of  its  skin,  a  white  milkj  liouid,  which  has  a  strong  offensive  odour  and 
distinct  acid  reaction,  is  somewhat  viscid  when  fresh,  and  quickly  coagulates ;  alcohol 
causes  it  to  coagulate  immediately.  This  liquid,  when  introduced  under  the  skin  of 
other  animals,  exerts  a  strong  poisonous  action :  in  birds  it  produces  violent  convulsions, 
ending  in  death ;  in  mammds  the  convulsions  are  much  less  violent,  and  the  morbid 
symptoms  ultimately  disappear  without  fatal  result.  The  poisonous  principle  \b  said 
to  be  of  basic  nature,  and  soluble  in  alcohol  (Gratiolet  and  Cloez,  Compt.  rend, 
zzxii.  692;  zxziv.  729.) 


Hirundo  esctdenta. — This  bird  is  said  to  construct  the  edible 
Bests  obtained  by  the  Chinese  from  the  coasts  of  Cochin-China,  Java,  and  other  islands 
of  the  Indian  Archipelago.  According  to  M  ulder  (J.  pr.  Chem.  xvii.  69^,  the  nests 
usually  have  the  form  of  a  spoon  without  the  handle ;  they  are  white  or  slightly  coloured, 
have  a  vitreous  firacture,  and  contain  about  90  per  cent  of  a  peculiar  nitrogenous  sub' 
stance,  which  he  calls  rtossin ;  also  about  6  per  cent,  phosphates,  and  a  small  quantitv 
of  fat  According  to  Fay  en  (Pricis  de  Chimie  Industrielle^  4me,  Ml  ii.  727),  the  nutri- 
tive matter  of  these  nests,  to  which  he  gives  the  name  of  cubilotef  exhibits  the  cha- 
ZBcters  of  the  neutral  albuminoids. 


SaUb,  Salab. — ^The  tuberose  roots  of  certain  species  of  orchis,  as  Orchis 
Mario f  0.  maacula^  0.  cariophorus,  0.  militaris,  0.  UU\folia,  0.  mactUata,  &c.  The  roots 
are  gathered  in  summer,  wnen  the  tuber  of  the  previous  year  has  died  away,  and  Uie 
new  one  is  fully  developed.  They  are  soaked  for  a  few  minutes  in  boiling  water,  and 
then  dried.  Salep  thus  prepared  forms  round  or  hand-shaped,  somew^t  flattened, 
homy,  translucent,  greyish-yellow  lumps,  having  a  sickly  taste  and  faint  peculiar  odour, 
and  easily  reduced  to  a  dirty  yellow  powder.  In  cdd  water  this  powder  swells  up 
slowly,  in  hot  water  quickly,  to  a  bulky  semi-transparent  jelly.  One  pt  of  salep  is 
capable  of  converting  48  pts.  of  boiling  water  into  a  thick  gum,  which  becomes  compact 
and  solid  on  the  addition  of  magnesia  or  of  borax. 

According  to  some  authorities,  salep  consists  chiefly  of  a  gum  resembling  bassorin  (ii. 
956),  with  small  quantities  of  starch  and  gum ;  according  to  Mulder  (Ann.  Ch.  Phann. 
xxvii.  283),  of  pectic  acid.  According  to  Schmidt  (ibtd,  Ii.  29),  salep,  when  examined 
with  the  microscope,  exhibits  distinct  grains  of  starch,  or  at  all  events  of  a  substance 
which  is  turned  blue  by  iodine.  Salep-mudlage  liquefies  when  digested  with  dilate 
sulphuric  acid,  the  amylaceous  substance  being  converted  into  g^um  and  sugar, while  the 
cellular  membrane  forms  a  precipitate.  Salep-bassorin  appears  to  consist  merely  of 
this  membrane  swollen  by  water.  Pulverised  salep,  dried  at  100^,  left  1*59  per 
CAnt.  ash,  consisting  of  calcic  carbonate  with  calcic  and  magnesic  phosphates. 


L    Syn.  with  Htdbosalictlamidb  (iii.  218). 

C«»H>«0\— (Leroux,  Ann.  Ch.  Phys.  [2]  xliiL  440.— Braconnot, 
tbid.  xliv.  296. — ^Pelouze  and  Gay-Lassac,  ibid.  xliv.  220;  xlviii.  111. — Piria, 
ibid.  Ixix.  281 ;  [3]  xiv.  267. — Bouchardat,  Compt  rend,  xviii.  299;  xix.  602  ;  xz. 
610.  1635.— Gerhardt,  Ann.  Ch.  Phys.  [3]  vii.  216;  Traiii,  iii.  311.— Gm.  xv.430.) 
— This  substance,  discovered  by  Leroux,  an  apothecary  of  Vitry-le-Fran^ais,  exists 
ready-formed  in  the  barks  of  several  species  of  willow  and  poplar,  especially,  accord- 
ing to  Braconnot,  in  that  of  Salix  hdix^  S.  amygdalima^  Populus  tremtdaf  and  P.  graca. 
It  appears  also  to  be  contained  in  the  fiower-buds  of  meadow-sweet  {Spiraa  Ulmaria), 
and  in  the  green  parts  of  this  and  other  herbaceous  spiraeas,  inasmuch  as  these  plants 
^ield  salicylol  by  distillation  with  water  (Buchner,  N.  Repert  Pharm.  iL  1);  also 
in  castoreum  (L  814),  being  denved  from  the  willow-barks  which  constitute  the  principal 
food  of  the  beaver.    (Wo hie r.) 

Salicin  is  produced  artiflcdally : — 1.  By  the  action  of  nascent  hydrogen  on  helicin, 
e»H''0'  (iii  139).    When  an  aqueous  aolatian  si  (ImiI  udMknpe  is  digested  with 
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Bodimn-aTnalgam,  And  eraponted  to  dryneiu  after  Bupemtnzatioii  witii  oubooie  aci^ 
Balicin  remaiiia  in  the  Msiane,  and  may  be  extiacted  therefrom  by  aloohol  njiaenko^ 
Zeitachr.  Ch.  Pharm.  1864,  p.  677). -2.  Together  with  benioie  add,  hj  bcming  popi* 
lin  (iy.  690)  with  lime  or  baryta-water : 

C*H«0»    -I-    BH)      -      CffO*    +     C"H"0'. 
PopollD.  Bmsoic  SaUeiB. 

add. 

Or,  together  with  ethylie  benxoate  and  benzamide^  by  heating  popnlm  to  100^  ia  i 
sealed  tube  with  alcoholic  ammonia.    (Piria). 

Preparation, — 1.  Six  ponnds  of  dzy  chopped  willow  or  poplar  bazk  are  bcnled  witk 
water ;  the  liquid  is  strained,  concentrated  down  to  18  pounds,  mixed  while  still  hot 
with  2  pounds  of  levigated  oxide  of  lead,  digested  for  24  hours,  and  again  strained; 
the  resiaue  is  thoroughly  washed ;  and  the  filtrate  is  evaporated  to  a  syrap,  and  left  to 
crystallise.  An  additional  quantity  of  salicin  is  obtained  from  the  mothe^liqnan 
after  they  have  again  been  treated  with  oxide  of  lead,  and  the  entire  product  is  pmi- 
fied  by  repeated  crystallisation  (Duf  los,  Schw.  J.  Ixvii.  25). — 2.  The  wqneaaa  deow- 
tion  of  the  bark  is  precipitated  with  basic  acetate  of  lead ;  the  filtrate  is  boiled  witk 
chalk,  till  the  excess  of  the  basic  acetate  is  decomposed,  and  the  liquid  becomes  dcv 
and  colourless ;  then  evaporated  to  an  extract ;  and  this  extract  is  exhausted  witk 
alcohol  of  34^,  and  left  to  crystallise  (Peschier,  Ann.  Ch.  Fhys.  [2]  xlir.  4I8).-« 
8.  Sixteen  pts.  of  bark  are  macerated  with  2  pts.  lime  and  with  water  for  84  houi; 
tho  mixture  is  boiled  for  half  an  hour,  and  strained;  the  residue  is  treated  in  liki 
manner  with  the  same  quantity  of  lime  as  before ;  and  the  whole  of  the  liquids  m 
decanted  from  the  sediment^  concentrated,  then  mixed  with  6  to  8  pts.  oi  bone-blad; 
and  evaporated  to  complete  dryness.  The  residue,  after  being  pulverised,  is  frshanstrf 
at  a  gentle  heat  with  sdoohol  of  82  per  cent,  and  the  alcohol  is  distilled  off  from  the 
tinctures;  the  salicin  then  cirstallises  from  the  residue  in  pale-vellow  granulei, 
which  are  purified  by  rectystallisation  with  help  of  animal  charooaL  (flrdmann, 
BerL  Jahrb.  xxxiii.  1,  136.) 

Properties. — Salicin  crystallises  in  broad,  tabular,  or  mostly  scaly  oystals,  beloneiiig 
to  the  trimetric  system,  and  exhibitingthe  combination  ooP .  oo^oo  .  Poo  •  Axee,  a :  6 :  cv 
=  0-9274  :  2-4938 :  1.  Angle,  ooP  :  ooP  -  139<>  12',  Poo  :  Poo  »  Ija**  IS* 
(Schabus).  It  is  white,  soluble  in  water  and  in  alcohol,  insoluble  in  ether  and  ia 
oil  of  turpentine.  Water  at  ordinary  temperatures  dissolves  about  6  pts.  of  salidm; 
alcohol  much  less.  It  melts  at  120^,  does  not  eive  off  water  till  heated  to  800^,  and 
decomposes  at  a  higher  temperature.  Its  solutions  have  a  bitter  taste,  and  do  not  alter 
vegetable  colours.  According  to  some  authorities,  it  possesses  febiiAigal  properties. 
The  solutions  turn  the  ^lane  of  polarisation  of  light  to  toe  left ;  [air  »  —66*8^. 

Salicin  is  not  precipitated  by  neutral  or  basic  acetate  of  lead)  by  gelatiii,  or  by  in- 
fusion of  ^alls. 

According  toPhipson  (Chem.  News,  vi.  278),  an  alcoholic  solution  of  1  aL  safida 
and  1  at  benzoic  acid  yields  crystals  of  populin.  Salicin  also  forma  cryBtallisable 
compounds  with  tartaric  and  citric  acids.  According  to  0.  Schmidt  (BulL  Soc.  Chim. 
1866,  i.  287)  salicin  does  not  yield  populin  when  heated  as  just  mentioned :  heated  in 
a  sealed  tube  with  benzoic  acid  and  water,  it  vields  a  yellow  resinous  body  (sali- 
retin  ?)  and  a  solution  which  colours  ferric  chloride  blue  (saligenin  ?). 

Decompositions, — 1.  Salicin  heated  to  260^  gives  off  water  and  salicylons  add,  to- 
gether with  acid  vapours  having  an  odour  of  caramel,  and  leaves  a  yellow  residue  ia- 
soluble  in  water,  which  turns  brown,  and  ultimately  carbonises.  By  dry  distillstioB  it 
vields  salicylol,  together  with  aromatic  products.  When  distilled  with  todt^iau, 
it  yields  a  mixture  of  phenol  and  salicylol  (Gerhardt). — 2.  By  the  cnrxent  of  a 
Bunsen's  battery  of  400  pairs,  salicin  is  resolved  into  glucose  and  saligenin,  wfaidi 
latter  is  then  converted  into  salicylol,  and  ultimately  into  salicylic  acid  (Tichano- 
witsch,  Petersb.  Acad.  Bull.  iv.  80). — 3.  It  is  not  altered  by  osons,  (Gornp- 
Besanez,  Ann.  Ch.  Pharm.  ex.  106.) 

4.  When  boiled  with  water  and  peroxide  ofleadj  it  yields  a  solution  of  lead-formats, 
and  a  lead-compound  of  salicin.  Distilled  with  peroxide  of  manganese  and  dilate  sul- 
phuric acid,  it  yields  larse  quantities  of  formic  acid  and  carbonic  anhydride ;  bat  a 
mixture  of  sulphuric  acid  and  dxchromate  of  potassium  converts  it  into  carbonic  anhy- 
dride, formic  acid,  and  salicylol. 

5.  Salicin  is  coloured  red  by  strong  sulphuric  acid^  and  the  product  is  decolorised  by 
water;  the  solution  then  contains  a  conjugated  acid  (Mulder's  sulpkart^  acid), 
tof^ther  with  unaltered  salidn.  If  the  mixture  be  heated,  there  is  also  formed  a  resinous 
substance,  called  olivin  by  Mulder,  rn til  in  by  Braconnot,  and  probably  identiesl 
with  Piria's  s  a  1  i  r  e  t  i  n  ( jr.  «.).  The  red-colour  imparted  to  salidn  by  stxong  solphnis 
add  may  serve  for  the  detection  of  salidn  in  willow-bazk. 
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6.  fislictn  lieAted  with  dShiU  mJfkuHe  or  l^roekkrid  aeid  iB  xetolTed  into  gfaiooM 
and  Baligemn: 

The  same  tnmfformation  \m  effected  bv  oontact  with  inter  and  emuhm,  at  a  tempe- 
rature not  above  40<>  (Piria) ;  or  bj  digestion  with  ioUva  at  38<'  or  40^.  (St&deler, 
J.  pr.  Chem.  IxxiL  860.^ 

7.  Salicin  treated  with  Teij  weak  nUrio  add,  at  ordinazy  tamperatnrea^  ia  oonveited 
into  helicin : 

C»»H»«0»  +  0     -     C>«H»W  +  H«0. 

Somethnee  helicoidin  is  formed  instead  of  helicin,  especially  if  the  add  has  a  densi^ 
of  about  12^  Bm.  (Firia).  When  salicin  is  boiled  once  or  twice  with  nitric  add 
diluted  with  ten  times  its  bulk  of  water,  it  turns  yellow  and  gives  off  red  vapours,  to- 
gether with  the  odour  of  salicylol ;  and  the  solution,  if  then  mixed  with  a  ferric  salt, 
acquires  the  colour  of  ink.  The  same  sotution,  when  left  at  rest»  deposits  salicylous 
add,  the  quantity  of  which  graduall  v  increases  on  evaporation  at  a  gentle  heat,  without 
boiling,  ^ut  if  tiie  liquid  be  again  boiled,  it  becomes  dear,  and  then  on  cooling 
deposits,  after  a  while,  needles  of  nitrosalicyUc  add,  which  are  reddened  by  ferric  salta 
(Gerhardt).  By  the  prolonged  action  of  nitric  add,  the  salidn  is  ultimately  con- 
Terted  into  picric  add,  together  with  oxalic  add.    (Br  aeon  not.) 

8.  Salicin  added  bv  smaU  portions  to  boiline  aqueous  caustic sa<2a,  dissolves  with  effer- 
Teseence,  and  the  solution  when  saturated  wiUi  an  add  depodts  salu^tin.  On  distilling 
the  neutralised  solution,  salicylol  passes  over,  and  a  reddue  is  left  containing  salicylic 
acid  and  a  brick-red  powder  (Bouchardat,  Compt.  rend.  xix.  1179). — 9.  Fused 
with  excess  of  potash^  it  gives  off  a  large  q^uantky  of  hydrogen,  and  is  ultimately  con- 
Terted  into  salicylate  and  oxalate  of  potassium. 

10.  Chlorine  converts  salidn  into  chlorosalidn,  dichlorosalidn,  and  perchlorosalicin. 
—11.  A  mixture  of  hydrochloric  acid  and  chlorate  of  potassium  transforms  it  into  per- 
chloroquiaone  (p.  29).  Salidn  distilled  with  hypochlorite  of  calcium  yields  chloropicrin, 
but  no  perchloroquinone  (Stenhouse,  Ann.  Ch.  Fharm.  Iv.  4;  Ixvi.  247). — 12.  An 
aqueous  solution  of  salidn  mixed  with  chloride  of  iodine  solidifies,  after  a  while,  to  a 
white  magma  of  crystals  containing  iodine,  which  have  not  been  further  examined. 
(Stenhouse,  Chenu  Soc.  J.  xvii.  327.) 

13.  After  the  ingestion  of  salicin  into  the  animal  body,  salicylol  and  salicylic  add 
are  found  in  the  urine  (La vera n  and  Millon,  Ann.  Ch.  Fhys.  [3]  xiii  145).  If  the 
dose  is  large,  the  urine  contains  idso  unaltered  salidn,  together  with  saligenin,  and 
perbapa  also  phenoL    (Banke,  J.  pr.  Chem.  Ivi  1.) 

Substitution-derivatives  of  Salicin* 

BensoMOiolB.  C*^»0*  «  C"H"(C'HK))0'.— Thia  ia  the  composntaon  of  l\)pM- 
ItHf  a  crystallisable  substance  obtained  from  the  bark,  leaves,  and  root  of  the  aspen 
(iv.  689). 

OUoroaallolB.  C"H"C10^  (Firia,  [3]  xiv.  275.)--Gry8talli8ed salidn  exposed 
to  the  action  of  chlorine  gas,  is  converted  into  a  red  rednous  substance,  with  copious 
evolution  of  hydrochloric  add ;  but  when  chlorine  is  passed  into  a  pulp  composed  of 
1  pt  of  finely  pulverised  salidn  and  about  4  pts.  of  water,  the  whole  ^dually 
dissolves,  and  chlorosalidn  separates  as  a  nacreous  cmtalline  predpitate,  which  must 
be  pressed  in  a  cloth,  dried  between  bibulous  naper,  shaken  up  two  or  three  times  with 
ether  to  remove  adhering  resinous  matter,  and  crystallised  from  boiling  water. 

Chlorosalidn  crystallises  in  long,  very  light,nlky  needles  containing  C"H*^C10'.2H'0. 
It  is  soluble  in  water  and  alcohol,  insoluble  in  ether.  When  heated,  it  first  gives  off 
its  water,  then  melts  to  a  transparent  colourless  liquid,  and  finally  decomposes,  giving 
off  vapours  of  hydrochloric  ad^  and  leaving  a  large  quantity  of  charcoal  In  contact 
with  emuldn  it  is  quickly  resolved  into  glucose  and  chlorosaligenin,  C'^H'CIO'. 
Strong  sulphuric  add  dissolves  it  with  redoush  colour.  When  heated  with  dilute 
Kcidsy  it  is  quickly  resolved  into  glucose,  and  a  redn  resulting  from  the  metamorphosis 
of  chlorosaligenin.    (Firia.) 

Dichlorosalidn,  C"H**C1'0^  is  obtained  by  the  action  of  chlorine  on  the  pre- 
ceding compound,  or  by  its  |m>longed  action  on  salidn.  It  forms  long,  silky,  snow- 
white  needles,  containing  2  at  water,  which  they  give  off  at  100^.  It  is  inodorous, 
slightly  bitter,  nearly  insoluble  in  cold  water,  sparingly  soluble  in  boilinf  water, 
moderately  soluble  in  alcohol,  and  nearly  insoluble  in  ether.  By  dir  distillation  it 
yields  chlorosalicylol,  together  with  other  products.  Its  aqueous  s<Mution  does  not 
precipitate  metallic  salts.  Dilute  acids  convert  it  into  glucose  and  a  reddish  reein. 
£mulsin  acts  upon  it  in  the  same  manner  aa  on  monoehlorosalidn.    (Firia.) 

Perchlorosalicin,  (?*E^*CiH/,ufamtd  wlm  ddofme  k  pttsed  into  •  heated 
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mixture  of  water  and  diehloronlicin,  containing  Inmpa  of  iniixble  to*  neidxiliie  fti 
hydrochloric  add  as  &8t  as  it  is  fonn^  It  is  then  precipitated  as  a  yeUour  cfjauUiM 
powder,  which  must  be  fthaken  two  or  three  times  with  ether,  and  crytalliewd  torn. 
weak  alcohoL  It  forms  small  yellowish  needles,  containing  2  at  water,  which  is  girea 
off  at  100^.  It  is  inodorous,  but  has  a  bitter  taste,  decomposes  when  heated  abon 
100^,  and  is  resolved  by  emulsin  into  glucose  and  a  resinous  prodoet.     (Firia.) 

VtnmboaaliolB,  G"H>*f^bH)'  [?],  is  obtained  by  pouring  a  few  drops  of  ammoitt 

into  a  hot  strong  solution  of  salicin,  and  gradually  adding  basic  acetate  of  lead  till 
about  half  the  salicin  is  precipitated.  The  lead-compound  then  separates  as  a  bolkj 
white  precipitate,  resembling  starch  when  dried,  haying  a  bitter  and  sweetish  tasti^ 
soluble  in  acetic  acid  and  in  potash.  It  does  notgiTe  offany  water  at  100^.  It  is  deeoai- 
posed  by  the  weakest  adds,  salicin  being  set  £ree.  Strong  sulphutie  acid  oolonzi  it 
red. 

Lead-compounds  of  salicin  of  different  composition  are  obtained  under  other  dreaB- 
stances,  not  very  well  defined.    (Firia.) 

8A&ZCOBT&.  CHK)'.  A  monatomic  zadide  which  may  be  supposed  to  exist  in 
salieylol,  or  salicylous  hydride,  C'H*0'.H,  and  its  deriTatires  (p.  161).  It  was  for- 
merly caJled  salioyl,  but  this  name  bdongs  properly  to  the  diatomic  ramde  of  salii^be 
add. 


CH^O.    The  diatomic  radide  of  salicylic  add  and  its 
Not  known  in  the  separate  state. 

(C^H^O)") 
SAXACTA-^OBTIO  ACIB.    C*H>0«  -     C^>0    >0^.^Aeeto9alie^  setf 

[Formerly  regarded  as  Acetotalicylic  anhydride,  C^'0*.C*H'0,  in  aooordanee  witk 
the  monatomic  formula  of  salicylic  acid,  C'HK)'.H.O].  Discovered  by  Gcrhardt^  wiio 
obtained  it  by  the  action  of  chloride  of  acetyl  on  salicylate  of  sodiam  (LSI),  b  ii 
also  produced  by  heating  salicylic  add  with  chloride  of  acetyL  As  thus  obt^ed,  it 
crystallises  in  tufts  of  slender  prisms,  dissolves  completely  in  water  only  at  the  bdling 
heat,  easily  in  alcohol  and  ether,  and  reacts  with  ferric  salts  like  sabcylie  add.  It 
mdts  easily,  and  when  heated  a  little  above  its  melting-point,  emits  the  odour  of  aeetie 
add.  It  dissolves  in  warm  nitric  acid  of  spedfic  gravity  1*2,  the  solution  jiddiog 
ezystals  of  a  nitro-acid.    (H.  v.  Gilm,  Ann.  Ch.  Fhum.  cxiL  180.) 

H"     )w 
SA&ZCnXABUC  AGIO.    C'H'NO'  «  (CH^OfV^.     (Gahours,   Ann.  CL 

Phys.  [3]  X.  349. — ^Muspratt  and  Hofmann,  Ann.  Ch.  Fharm.  liii.  226. — Lim- 
pricht,  ibid,  xcviii.  256 ;  xdx.  249.) — This  compound,  metameric  with  oi^benaunic 
acid,  phenyl-earbamic  acid,  and  nitrotoluene,  and  formerly  regarded  as  salieglamidtt 
N.H'.C'H*0'  (that  is,  as  the  amide  of  monobasic  salicylic  acid,  C'HK)*.H.OX  >*  ¥^ 
duced  by  the  action  of  ammonia  on  methylsalicylic  or  ethyUalicylic  acid : 

C^CH»)0»  +  NH«     -     C'H^O*  +  CH*0. 

Methylsalicylic  SallcyUmic       Methyl- 

acid.  acid.  alcohol. 

To  prepare  it,  1  vol.  of  wintergreen-oil  (methylsalicylic  add)  is  mixed  and  repeatedly 
agitated  with  about  6  vols,  of  strong  alcoholic  ammonia.  The  yeUowish-brown  solu- 
tion thus  obtained,  deposits,  on  evaporation,  needles  of  salicylamic  add,  which  may 
be  purified  by  crystallisation  &om  hot  water  or  alcohol. 

According  to  Cahours,  it  is  produced  by  heating  acid  salicylate  of  ammonium,  but 
Limpricht  was  not  able  to  prepare  it  in  this  way. 

Salicylamic  add  crystallises  in  laminse  having  a  strong  lustre,  and  ayellowiah-whits 
eolour  not  removable  by  treatment  with  animal  charcoal.  It  has  an  add  reaction,  if 
nearly  insoluble  in  cold  water,  easily  soluble  in  hot  water,  also  in  alcohol  and  in  ether. 
It  melts  at  132°,  and  boils  at  270°,  giving  off  an  aromatic  vapour  which  condenses  to 
shining  laminae  of  the  acid.  If  it  be  kept  at  this  temperature  till  about  a  fourth  pait 
has  volatilised,  the  reeidue  contains  salicylimide,  which  may  be  extracted  by  alcohol: 

CTtt'NO*    -     H«0     «     C'H*NO. 

This  reaction  affords  a  decided  proof  of  the  diatomidty  of  salicylic  add,  unoe  monato- 
mic acids  do  not  form  amic  adds  and  imides  (i.  47,  171).  Salicylamic  add  passed 
over  red-hot  lime,  is  resolved  into  ammonia,  aniline,  and  phenol.  With  fuming  nitric 
add,  it  forms  a  nitro-substitute.  Strong  adds  and  alkalis  convert  it,  by  aasumption  d 
water,  into  add  salicylate  of  ammonium,  (C'H<0)''(NH<).H.O*. 
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SslieTlBmatei.t^Salicylainie  acid  is  so  weak  an  add,  tbakit  is  not  capable  of 
uniting  £reetlj  with  ammonia,  or  decomposing  alkaline  carbonates,  bat  crystallises 
nnaltered  from  the  solution,  on  eyaooration.— The  haHum-tait,  C"H'*Ba'TTO*  (at  100°), 
is  soluble  in  water,  and  is  obtained  by  treating  the  add  with  baryta-water  in  a  vessel 
protected  from  the  air. — ^The  strontium-,  calcium',  and  magfnenum'Salts  are  similar  in 
properties  and  composition,  and  are  obtained  in  like  manner;  the  last,  by  adding  the 
ada  to  magnesia  suspended  in  water.  All  these  salts  are  decomposed  by  carbonic 
acid. — The  potassium'  and  sodium^salts  are  obtained,  as  radio-crystalline  masses,  by 
decomposing  the  barium-salt  with  the  corresj^nding  sulphates,  and  evaporating  the 
filtrate.— (7i^>rk?  salicylamate,  C"H"CuTJ*0*,  is  precipitated  in  bright-green  microsco- 
pic needles,  on  adding  eupric  acetate  to  a  solution  of  dther  of  the  preceding  salts. — 
The  siivsr-salt,  CH'AgNO*  ^dried  oyer  oil  of  Titrid)  is  a  gre^^-white,  not  percepti 
bly  crystalline predpitate,  which  bUckens  on  boiling  the  liquid.    (Limpricht.) 

SubsHtuHon-derivaiives  of  SaUeylamio  Add. 

VltroMUoytamlo  Mid.  (TH^NH)*  -  [G'H>(NO*)0]'|.^.      Nitrosalieylamide, 

AnilaTnide,  (C  ahours,  loe.  ett.)— Produced  by  treating  methyl-nitrosalicylic  acid  with 
ammonia  in  Uie  manner  above  described :  its  preparataon  takes,  however,  a  mudi  longer 
time  (two  or  three  weeks)  than  that  of  salicylamic  add,  because  methyl-nitrosalicylic 
add  dissolves  but  slowly  in  alcoholic  ammonia^ 

Nitrosalicvlamic  add  is  soluble  in  hot  water,  alcohol,  and  ether,  and  when  recrystal- 
lised  from  alcohol,  forms  yellow  needles,  whidi  sublime  when  cautiously  heated.  It 
dissolves  easily  in  alkalis,  and  is  predpitated  unaltered  by  adds.  The  aqueous  solu- 
tion colours  ferric  salts  red.  When  heated  with  strong  adds  or  alkalis,  it  is  resolved 
into  ammonia  and  nitrosalicylic  add.    Its  salts  are  not  known. 

C«H*.H  )t^ 
BttijlMll^Ttanto    Mid,  G^^NO*  -    ((7H'0)''Vq.    (Limpricht,  Ann. Ch. 

Fharm.  xcviii  262.) — Froduoed  by  the  action  of  aqaeoas  ammonia  on  ethyUs  methyl- 
Aslicylate: 

C*H*(CH«XC?H*)0»  +   HH»     -    C'H«(C«H»)NO«  +  CHH). 

If  the  materials  are  left  to  act  in  the  cold,  colourless  needles  of  ethylsalicrlamic  add 
are  obtained  in  a  few  days ;  if  they  are  heated  to  100^  in  a  sealed  tube,  the  action  is 
complete  in  a  few  hours. 

Ethylsalicykmie  add  is  soluble  in  hot  water,  in  alcohol,  and  in  ether,  and  separates 
fi^m  the  ethereal  solution  in  crystals  of  considerable  size.  It  melts  at  110^  in  the 
dry  state,  at  100^  when  heated  with  water,  and  solidifies  to  a  crystalline  mass, 
whidi  sublimes  at  a  stronger  heat  From  solution  in  warm  potash-ley,  hydrodiloric 
acid,  or  nitric  add,  it  separates  unaltered  on  cooling ;  from  solution  in  sulphuric  add 
on  dilution  with  water.  The  aqueous  solution  has  a  slight  add  reaction.  It  is 
coloured  red  by  ferric  chloride,  green  by  cnpirie  sulphate,  and  is  predpitated  by  ammo- 
niacal  acetate  of  lead. 

BaasajlMUoFlMide  Mtdt  C>'H"NO*  »  (C^K))"  Vq.      BetuoylsalioyUmude. 

Salicylbenzamide,  (Gerhardt  and  Ghiozza,  Compt  rend. zzxvii.  86. — ^Limpricht^ 
Ann.  Ch.  Pharra.  xciz.  249.) — ^Produced  by  the  aetion  of  salicylamio  add  on  chloride 
of  benzoyl.  A  miztnre  of  the  two  substances  in  equivalent  quantities  is  heated  to  1 20^ 
— 146^  as  long  aa  hydrochloric  add  continues  to  escape;  and  the  reddue,  which 
remains  liquid  and  visdd  for  a  long  time  after  cooling,  but  becomes  crystalline  on  the 
addition  of  a  few  drops  of  alcohol  or  ether,  is  washed  with  a  small  quantity  of  ether 
and  dissolved  in  boiling  alcohol,  whence  it  crystallises  on  cooling  in  very  slender 
needles  united  in  flocks. 

The  add  when  heated  gives  off  1  at.  water,  and  is  converted  into  benzovlsalicylamide, 
C'^H*NO*  (Limpricht).  It  dissolves  very  easily  in  ammonia,  but  is  deposited  in  its 
original  state  iHien  the  ammonia  eraporates,  or  when  the  solution  is  mixed  with  an 
acid ;  also  in  the  fixed  alkalis,  forming  deep  yeUow  solutions,  but  is  generally  resolved 
at  the  same  time  into  benzoic  and  sidicylamic  adds  (Limpricht).  It  dissolves  in 
warm  carbonate  of  sodium  without  evolution  <^  carbonic  anhydride,  and  the  solution, 
when  treated  with  adds,  depodts  very  soluble  crystals,  probably  consisting  of  benade 
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pnd  nlieykmie  tdldi  (Limprieht).     Its  solntioii  in  ttnntU^imtv    fixafc 
oystalB  of  bensoate,  and  afterwaida  of  salicylammte  of  BtzontimiL 

The  ammoniacal  Bolutdon  fbnnB  a  light  lemon-jellow  precipitate  with  nentnl  aoetitfi 
of  lead,  and  light-blae  with  sulphate  of  copper.    ^G  ernardt  and  Chiossa.) 

SUver'Salt.^The  ammoniacal  solution  of  the  acid  forms  with  nitrate  of  silviBr  aU^ 
lemon-yellow  precipitate,  which  becomes  strongly  heated  with  ehlorida  of  beiiMryl, 
forming  chloride  ra  silver.    (Gerhardt  and  Chiozza.) 

OimijlaalioylAiiilo  Mid,  C^'Hi'NO*  »    (CHH}y  Vg.    — Frapued,  like  thi 

preceding,  with  salicylamie  add  and  chloride  of  comjL    CiysfiTlisfa  ftom  alcohol  ii 
capillaiy  needles.    (Gerhardt  and  Chiossa.) 

BA&ZCnnbABBlBB,  (C'H'NK)  -  C^'^^rj  ^^  appeam  to  be  prodneed  hj  tin 

TOolonged  action  of  ammonia  on  ethjlie  methjlsalicylate.    (Limpriebl^  Ann.  Ol 
f  harm.  xcTiii.  262.) 

SAZiZcrnuKuraoio  aozb.     c>«H>*0«  -    (THK)  VO*.    870. .  vith 

H    3 

fos^ucTUO  Acid  (L  565). 

(?H«0« 


Ko  acid,  (Pina,  Ann.  Ch.  Pharm.  xzz.  165 ;  zaii.  262. — ^Lowig  and  WeidmaaB, 
J.  pr.  Ghem.  xix.  236:  Pogg.  Ann.  xItL  83. — ^M a  rch a n  d,  J.  pr.  Chem.  xztL  S96. — ^P roe* 
ter,  J.  Pharm.  [3]  iii.  275. — ^Delalande,  Ann.  Gh.  Phys.  [3]  yi.  346.— Gerhardt, 
ibid.  Til  217.— Gahonrs,  f6ii.  z.  327;  ziii.  90,  113.— Ettling,  Ann.  Ch.  Phann. 
liii  77. — Schlieper,  ibid,  liz.  26. — ^Eolbe  and  Lantemann,  Ann.  Ch.  FlurDi 
cziJL  125 ;  czv.  157;  czz.  299;  Jahresb.  1859,  p.  309 ;  1860,  p.  287;  1861,  p.  893.-- 
Keknl^  Ann. Ch.  Pharm. cztIL  145;  Jahresb.  1860, p.  293.— Gm.  xii.  246. — Gerl^ 
iu.  820;  iv.  1017.) 

This  acid,  metameric  with  ozybenioic  acid,  exists  ready-formed  in  the  flowen  d 
Spiraa  UlmariOf  and  as  methylsab'cylic  acid  in  oil  of  winteigreen. 

Farmation. — 1.  From  sali  cy  lol  by  oxidation  wiith  aqneoos  chzomie  add  (JSttling)^ 
or  by  heating  with  oxide  of  copper  (Ettling,  Piria). — 2.  By  melting  salifigrlolsi 
salicin  with  hydrate  of  potassium  (Piria): 

C^«0«  +  KHO     -     C^»KO«  +  H». 

ScUqrlol.  Potattic 

SailcyUte. 

— 3.  By  heating  indigo  with  hydrate  of  potassium  to  300^.  The  experiment  doea  not 
always  succeed  :  if  the  heat  be  not  continued  long  enough,  only  phenyl-carbamie  add 
is  produced ;  if  too  lonp;,  a  brown  substance  is  formed.     (Ettl  ing.) 

5.  Bypassing  carbonic  anhydride  into  phenol  containing  small  pieces  of  sodiom.  Tbs 
metal  then  dissolves  with  evolution  of  nydroffen,  and  salicylate  of  sodium  is  tomed, 
together  with  other  products.  Salicylic  acid  has,  in  fact,  the  same  oompoaition  m 
phenyl-carbonic  acid :  C^H)  +  C0»  -  CH'O"  (Kolbe  and  Lautemann).— 6.  1^ 
the  action  of  nitrous  acid  on  phenyl- carbamic  acid  (Gerland): 

C'H'NO*  +  HNO«     -     C^H»0«  +  H«0   +  N«. 


salicylic  acid,  nitric  acid,  and  free  nitrogen : 

C'*H«NW  +   2HK)     -     2C^«0«  +  NHO»  +  N«. 

7.  Coumaric  acid  (ii.  93),  heated  with  hydrate  of  potassium,  yields  salicylate 
acetate  of  potassium  (D  elal  ande,  Ann.  Ch.  Phys.  [3]  vi.  343) : 

C»H»0«  +   2KH0     -     C'H»KO»  +  C»H«KO»  +   H». 

8.  Meth^lsalicylic  acid  (oQ  of  wintei^green)  is  resolved  by  gaseous  hydriodie 
acid  into  saheylic  acid  and  methylic  iodide  (Lautemann,  Ann.  Ch.  Pharm.  cxxt.  13) : 

C^H»(CH»)0«  +  HI     -     CH«0»  +  CH«I. 

9.  lodosalicylic  acid  is  decomposed  by  hydriodie  acid,  even  at  temperaturea  below 
100^, and  more  quickly  at  100^,  into  salicylic  acid  and  free  iodine  (Kekul^,  CheuL  Soe. 
J.  xvii.  203) : 

CH»IO«  +  HI     -     C^«0«  +   P. 

Preparatiim. — a.  From  the  flowers  of  Spiraa  Ulmarta.  The  flowers  are  exhavsted 
with  ether,  or  the  water  distilled  from  them,  with  frequent  cohobation,  is  shaken  vp 


SALICYLIC  ACID.  153 

irith  ether ;  the  ethereal  eolation  is  dietilled ;  the  reeidue  ie  treated  with  water,  which 
diBsolYes  salicylic  add  and  tannin ;  and  the  aqneocifl  eolation  ie  neatnJiBed  with  carbo- 
nate of  potaesiom,  evaporated,  and  distilled  with  hydrochloric  add.  The  wateiy  dis- 
tillate slowly  evaporated  yields  colourless  needles.    (L o w i g  and  Weidmann.) 

b.  From  Oil  qf  Gaultheria  ( Wintergreen), — ^The  oil  is  heated  with  strong  potash- 
ley  till  DO  more  methylic  alcohol  is  given  off  from  it,  and  the  residue  is  predpitated  with 
hydrochloric  add.  The  predpitate  is  washed  with  cold  water,  and  crystallised  £rom 
hot  alcohol.    (Cahonrs.) 

c.  From  Salicyloly  or  from  Salicin. — 1.  Hydrate  of  potassium  is  heated  in  a  silver 
basin,  and  as  soon  as  it  is  melted,  salicin  is  added  by  small  portions,  with  con- 
tinual stirring ;  whereupon  the  mass  turns  brown,  swells  up,  and  gives  off  a  large 
quantity  of  hydrogen.  It  is  then  heated  as  long  as  hydrogen  is  given  off  in  presence 
of  excess  of  potash.  If  the  potash  is  not  in  excees,  only  a  small  quantity  of  salicylic 
add  is  obtained,  but  instead  of  it,  salicylol  and  a  brown  resinous  substance  which 
it  is  difficult  to  convert  into  salicylic  add,  even  by  repeated  fhsion  with  hydrate  of 
potassium.  If  the  process  be  righUy  conducted,  the  mass  becomes  nearly  tolourlcss, 
flzhibiting  only  a  slight  veUowish  tint.  The  mass  is  dissolved  in  water ;  the  solution  is 
supersaturated  with  hydrochloric  acid,  the  vessel  being  surrounded  witii  cold  water ; 
and  the  resulting  crystalline  mass  is  separated  from  the  mother-liquor  (which  contains 
oxalic  add),  and  recnrstallised  from  hot  water  (Pi ria,  Gerhardt,  Marchand).^- 
2.  Cupric  salicylate  is  heated  in  a  retort  till  nothing  more  escapes  at  220^,  and  the 
residue  has  assumed  a  uniform  kermes-brown  tint.  This  reddue,  consisting  of  cuprous 
salicylite,  is  then  introduced  into  a  glass  tube,  and  sulphuretted  hydrogen  passed  over 
It,  whereupon  the  mass  becomes  heated  and  blackened,  and  salicylic  add  sublimes ; 
and  in  order  that  the  sublimate  may  not  cover  up  the  undecompoeed  mass,  and  bo  pro- 
tect it  from  further  decompodtion,  it  must  be  (uriven  forward  oy  the  application  of  a 
gentle  heat  Or  the  cuprous  salicylate  is  dissolved  in  warm  acetic  add,  or  in  hydro- 
chloric add  diluted  with  an  equal  quantitv  of  water ;  the  colourless  liquid  is  predpitated 
by  sulphuretted  hydrops,  and  the  liquid  filtered  from  the  sulphide  of  copper  is  eva- 
porated to  the  crystallising  point.  Or  the  solution  of  the  copper-salt  in  acetic  add  is 
supersaturated  with  ammonia^  and  predpitated  with  neutral  acetate  of  lead,  the  pred- 
pitate suspended  in  hot  water,  sulj^uretted  hydrogen  passed  throujgh  the  liquid,  and 
the  sulphiae  of  lead  removed  by  filtration :  the  filtrate  on  cooling  yields  pure  salicylic 
add.    (Ettling.) 

d.  From  Indigo  (p.  162). — ^The  heat  must  be  carefully  reeulated,  because,  if  the  required 
temperature  is  exceeded,  the  salicylic  add  decomposes,  and  a  brown  substance  is  formed ; 
snd  if  the  heating  is  not  continued  long  enough,  nothing  but  phenyl-cari)amic  add  is 
produced. 

«.  From  Pkendl, — ^Diy  carbonic  anhydride  is  passed  into  warm  phenol,  with  addition 
of  small  pieces  of  sodium.  The  metal  then  dissolves  with  evolution  of  hydrogen,  and 
a  stiff  paste  is  formed,  containing  the  isomeric  salts,  salicylate  and  phenyl-carbonate  of 
sodium,  together  with  unaltered  phenoL  On  addulating  with  hydrochloric  add,  the 
phenyl-carbonic  add  is  deoomposea  with  evolution  of  carbonic  anhydride,  and  the  salicylic 
add  which  is  set  fr«e  maybe  separated  from  the  phenol  by  solution  in  strong  aqueous  car- 
bonate of  ammoniuDL  The  smution  boiled  down  till  it  a<»i}uires  a  slieht  add  reaction, 
filtered  from  separated  ream,  and  mixed  with  hydrochloric  add,  yields  salicylic  add, 
to  be  purified  by  recrystallisation  with  aid  of  animal  charcoaL  ^ilicylic  add  is  also 
formed,  though  in  much  snuUler  quantity,  b^  passing  carbonic  anhydride  into  a  ready- 
prepared  solution  of  phenylate  of  sodium  in  phenoL  (Kolbe  and  Lautemann, 
Ann.  Ch.  Pharm.  cxv.  177.) 

Properties. — Salicylic  add  crystallises  by  spontaneous  evaporation  of  its  alcoholic 
solution  in  large  monodinic  four-dded  prisms.  From  a  hot  a(]^ueous  solution  it  sepa- 
rates on  cooling,  in  slender  needles  oftoi  an  inch  long.  Particularly  large  and  fine 
crystals  are  obtained  by  slow  evaporation  of  the  ethereiu  solution  (Caho  urs).  It  melts 
at  168<>  (Cahours),  at  121<^  (Procter),  at  125°  (Ettling).  Sublimes  at  about  200°, 
without  boiling,  in  slender  needles  having  a  strong  lustre,  and,  when  pure,  may  be 
completely  distilled  by  careful  heating  (Cahours,  Ettling).  It  has  a  sweetish-eour 
taste,  and  produces  irritation  in  the  throat.  Reddens  litmus  rather  strongly.  It  does 
not  act  on  polarised  lig^t^ 

It  is  slightlv  soluble  in  cold,  much  more  soluble  in  hot  water ;  still  more  in  alcohol^ 
moderately  soluble  in  wooc^pm^,  especially  when  warm.  Ether  dissolves  it  in  some- 
what considerable  quantity  at  ordinary  temperatures,  and  still  more  when  heated. 
Boili^ig  oil  of  turpentine  dissolves  about  J  of  its  weight  of  the  add. 

The  aqueous  sdution  imparts  a  deep  violet  colour  U>  ferric  salts, 

Jkconmositions. — 1.  Salicylic  add,  when  quickly  heated,  espedallv  if  it  be  imnar% 
l^ives  off  phenol  (Marchand,  Cahours).  Heated  with  pounded  ^ass  or  quicklime^ 
It  is  resolved  into  phenol  and  carbonic  anhydride.    (Gerhardt»  V9,  389.) 
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2.  Heated  with  dilute  solpbiirie  acid  and  manganiD  peroMe,  itjielcb  fimnie  add. 

3.  Sulphuric  anhydride  eonverts  it  into  sulphosalicyJic  add,  C'H<K>'.80'. 

4.  Fuming  nitric  acid  in  the  cold  converte  salicylic  acid  into  nitrosalicylie  acid :  \j 
prolonged  action,  howerer,  picric  acid  ia  produced.  The  same  prodnets  are  obtdued 
by  treating  salicylic  acid  with  a  mixture  of  fuming  nitric  and  atroog  sulphiuic  add. 

5.  With  chlorine  and  bromine^  salicylic  acid  yieida  chlorinated  or  bfominatad  arid^ 
the  degree  of  substitution  varying  according  to  the  proportiona  vaed,  uad  the  dxcnh 
■tances  of  the  reaction  (p.  156). 

6.  A  mixture  of  hydrochloric  acid  and  chlorate  ofpotaeeium  eonrertB  it  into  pereUon' 
quinone  (p.  29). 

7.  Bit  salicylic  acid  (1  at)  ^atiHed.  with  pentachhride  of  pkosph^rtm  (3  at  or  3 
pts.)  yields  an  oily  body,  which,  after  rectifying  and  collecting  the  portion  wliid 
distils  between  240^  and  270^,  consists  of  salicylic  chloride,  (C*HK)y'Cl*   aalicTiie 

chlorohydrate,  C'HH)*.C1  -  (CH^O/' |^q.  and    chloroaalicylie   chloride,  CHH3*. 

or  (C'H«Cl')*a*.  The  first  and  third  of  these  bodies  are  imoItwI  hj  boiling  wA 
water  into  hydrochloric  add  and  chloroaalicylie  add,  CKKjIO*,  womerie  wHfc 
chlorobenzoic  add ;  the  second  yields,  in  like  manner,  hydrochloric  and  aalicylie  addn 

Such  are  the  resulta  obtained  by  E  o  1  b  e  and  Lautemann  ( Jahreab.  1860,  p.  288),  wbQ 
however,  regard  the  compound  CTH^OCl'  as  chloride  of  chloroealviie  aeid^  U'HKTIO.CI 
(isomeric  with  chloride  of  chlorobenzoyl),  and  the  third  as  trichloride  <ff  ehloroeelfL 
C'H*aCl». 

Chioaza  (Ann.  Ch.  Phya.  [3]  xxxvi.  102;  Jahresb.  1852,  p.  493%  bj  distiUiif 
salicylic  add  with  pentachloride  ot  phosphorus,  had  previously  obtained  an  oUy  <1m*«ii«»« 
which  yielded  chlorobenzoic  add  (or  an  isomer)  when  treat ei  with  water.  Gerhardt 
(Ann.  Ch.  Pharm.  Ixxxix.  360;  Jahresb.  1864,  p.  421),  by  acting  in  like  manner  on 
methylsalicylic  acid  (oil  of  wintergreon),  obtained  salicylic  chlorohydrate,  CHHra; 
and  Dt\  on  (Jahresb.  1854,  p.  423),  by  the  same  process,  likewise  obtaioeid  the  latta 
compound,  together  with  salicylic  chloride,  C'H^Cl*.  Kekul^  {ibid,  1860,  p.  293\ 
by  heating  the  distillate  obtained  with  wintergreen  oil  and  phosphoric  chloride  to  18<^ 
^200^,  to  expel  oxychloride  of  phosphorus  and  the  excess  of  pentachloride  (1  iL 
methylsalicylic  acid  decomposes  only  1  at.  PCI*),  obtained  a  product  which,  iriien 
treated  with  water,  yielded  only  salicylic  acid,  no  chlorobenzoic  or  chlorosalylic  add: 
therefore  C'H^OCl;  but  when  the  chlorinated  distillate  was  further  heated  toaomevlut 
below  280^,  the  compound  C'H^OCl'  was  obtained,  which  yielded  with  water  the  chlo- 
rinated add  C'Il*C10'.  Eekul^  finds,  however,  that  the  composition  of  the  chlorinated 
distiUate  is  by  no  means  constant,  but  that  the  proportion  of  chlorine  increases  at  eack 
rectification. 

Very  different  results  have  been  obtained  by  Coup er  (Ann.  Ch.  Pharm.  cix.  369; 


cooling.  This  liqnid 
composition  C'H'Cl'PO'  {aalicyl-trichlorophosphate\  and  is  resolved  by  water  into  hydro- 
chloric, phosphoric,  and  salicylic  adds.  Its  formation  may  be  represented  by  the 
equation : — 

C^H«0«     +    PC1»      -       2HC1     +     C'H'C1»P0». 

8.  Dry  salicylate  of  sodium  distilled  with  excess  of  phosphoric  oxychloride  g;ive8  off 
hydrochloric  acid,  a  visdd  liquid  which  passes  over  at  a  high  temperature,  and  on  ea- 
posurc  to  the  air  deposits  tabular  crystals  consisting  of  tlie  phenylic  ether  of  lasylie 

acid,  C'«HW  -    c«H»^[^-    (Kolbe  and  Lautemann.) 

9.  With  r^/ori(f«o/ffr<^y  salicylic  acid  formsacetyl  -salicylic  acid,  CH*(O"±lH))0', 
metami-ric  with  terephthalic  add.     (H.  v.  Gilm,  Ann.  Ch.  Pharm.  cxiL  180.) 

10.  Salicylic  acid  heated  with  iodine  yields  a  mixture  of  mon  o-,  di  -,  and  t  ri  -iodo- 
salicylic  acids  (Kolbe  and  Lautemann).  together  with  tri-iodophenol  (Lau- 
temann, Jahresb.  1861,  p.  393).  The  same  iodated  salicylic  acids  are  prodored  bj 
dropping  tincture  of  iodine  into  a  cold  aqueous  nolution  of  salicylate  of  barium  (Kolbe 
and  Lautemann).  On  adding  a  solution  of  iodine  in  chlorine- water  to  a  warm  aqneoos 
solution  of  salicylic  acid,  a  crystalline  precipitate  is  imminliately  formed,  which  after 
washing  with  cold  water,  is  found  to  contain  a  considerable  quantity  of  an  iodin^^ 
probably  an  iodosalicylic  acid.     (H.  Watts.) 

SALicTLATEa — Salicylic  add  is  dibasic,  forming  add  and  neutral  saltan 
sentcd  by  the  following  formula : — 

Acid,         C»H*MO»     =     (^'^^'lo^andC^H-M'-O*     «     ^^H^lo*. 
Neutral,    C^H«MK)«     -     ^^'J!?)"}©' and  CH^M-O*      *=     ^^m*^^{0". 
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The  add  salieylatM  of  diatomic  netalB  may  aho  be  regarded  as  coitipoTiilda  Of  the 
neutral  salta  with  thefreeacid :  C"H'»M''0«  «  C^H*M''0".C'H«0».  The  neutral  salicy- 
lates  of  the  monatomic  metals,  potassium,  ammonium,  and  silrer,  haTe  not  been  obtained. 

Salicylic  add  was  formerly  regarded  as  monobasic,  the  salts  here  considered  as  acid 
being  then  regarded  as  neutral ;  indeed,  the  existence  of  salicylates  containing  2  at.  of 
A  monatomic  or  1  at  of  a  diatomic  metal  was  not  known  till  1855,  when  several  of 
them  were  prepared  by  Piria.  The  diatomidty  of  salicylic  acid  is  corroborated  by  the 
existence  of  acid  salicylic  ethers,  oil  of  uintergreen  for  example,  and  by  the  composi- 
tion of  salicylamic  acid  and  salicylimide  (p.  ISO). 

The  salicrlates  of  ammonium,  potassium,  sodium,  barium,  strontium,  magnesium, 
calcium,  and  zinc,  are  soluble  and  crystallisable.  The  aqueous  solutions  of  the  alkaline 
salicylates  turn  brown  on  exposure  to  the  air.  Host  salicj'lates  are  resolved  by  d*-  " 
distillation  into  phenol  and  a  carbonate. 

Salicylate  of  Ammonium,  C*H*(NH*)0*. — ^Deposited  in  crystalline  scales  from 
a  solution  of  the  add  saturated  with  ammonia,  then  boiled  and  evaporated,  or  in  silky 
needles  by  spontaneous  evaporation  of  the  dilute  solution.  The  crystals  are  monocliuic 
(M  a  r  i  g  n  a  c ).  It  melts  at  1 26^  (Procter),  and  is  completely  decomposed  by  dist  i  I- 
lation  into  water  and  salicylamic  acid,  according  to  Cahours;  according  to  Limpricht, 
however,  salicylamic  add  is  not  produced  in  this  way. 

Salicylates  of  Barium.— The  acid  ealt,  C'*H'«Ba"0«.H«0,  or  C'H*Ba"0".C'HW. 
HK),  is  formed  by  boiling  salicylic  add  with  carbonate  of  barium,  and  separates  on 
evaporation  in  short,  concentrically  grouped,  shining  needles,  which  give  off  their  water 
at  218^  (C  ahours).  A  boilinff  concentrated  solution  of  this  salt  mixed  with  concen- 
trated baryta-water  deposits  the  neutral  salt,  C'H*Ba"0*.2H'0,  in  small  colourless 
laminse,  which  give  off  their  water  at  140^.  The  salt  has  an  alkaline  reaction,  and  is 
resolved  by  carbonic  add  into  the  add  salt  and  carbonate  of  barium.  It  dissolves  but 
slightly  in  water  even  at  the  boiling  heat.    (Piria.) 

Salicylates  of  Calcium.—The  acid  salt,  C**H>*Ca"0*.2H*0,  prepared  like  the 
add  barium -salt,  is  soluble  in  cold  water,  and  separates  therefrom  by  spontiineous 
evaporation  in  well-developed  octahedrons.  On  mixing  a  concentrated  solution  of  this 
salt  with  a  solution  of  lime  in  sugar-water  containing  a  large  excess  of  sn^jrar,  and 
warming  the  liquid  in  the  water-bath,  the  neutral  cakium^salt,  C*H^Ca''0'.H^O,  sepa- 
rates as  a  sandy  insoluble  powder,  which  retains  its  water  at  100°,  but  gives  it  off  at 
180°.  It  is  decomposed  by  carbonic  add  in  the  same  manner  as  the  neutral  barium- 
salt. 

SalicylatesofCopper.-'Theacidsalt,C^*W*CuO*AWO,Tem^nBdlBSolYedw\en 
a  solution  of  the  add  barium-salt  is  decomposed  by  sulphate  of  copper,  and  crystal- 
lises in  long  greenish-blue  needles,  which  do  not  give  off  their  water  till  heated  con- 
siderably abNDve  100°.  When  heated  with  a  quantity  of  water  not  suffident  to  dissolve  it 
completely,  it  melts  below  100°,  and  is  resolved  into  salicylic  add  and  the  neutral 
copper-salt,  CH*Cu"0*.H*0,  which  forms  a  yellowish-green,  light,  nearly  insoluble 
powder.    The  same  decomposition  of  the  add  salt  is  effected  by  ether.    (Piria.) 

Potassio-cupric  salicylate,  G'*H'Cu"E?0*.4HK),  is  obtained  on  adding  salicylic  acid 
to  a  solution  of  cupric  tartrate  in  excess  of  strong  potash-ley,  as  a  light-green  crys- 
talline predpitate,  which  separates  from  solution  in  a  small  quantity  of  warm  water, 
in  emerald-green  rhombic  plates.  It  is  very  soluble  in  water,  msoluble  in  alcohol  and 
ether,  and  is  resolved  by  boiling  its  aqueous  solution  into  cupric  oxide  and  acid  sali- 
cylate of  potassium.  It  gives  off  its  water  below  100°. — Baryto-cupric  salicylate, 
C'*H'Cu'^a''0'.4H^0,  separates  on  mixing  the  solution  of  the  preceding  salt  with 
chloride  of  barium,  as  a  siskin-green  crystalline  predpitate  insoluble  in  water.  The 
water  of  crystallisation  begins  to  escape  at  36°.    (Piria.) 

Salicylates  of  Lead.--The  acid  salt,  C^^H^WO*. H»0,  is  obtained  by  boUing 
salicylic  add  with  water  and  carbonate  of  lead,  in  needles  having  a  very  brilliant 
satiny  lustre,  or  by  pouring  a  strong  solution  of  salicylate  of  ammonium  or  potassium 
into  a  strong  solution  of  acetate  of  lead,  as  a  white  crystalline  precipitate,  soluble  in 
boiling  water  (Cahours). — The  neutral  salt,  C'H*Pb"0*,  is  obtained  as  a  heavy 
crystaiUine  powder  by  addmg  basic  acetate  of  lead  to  a  boiling  saturated  solution  of 
the  acid  salt. — ^A  bake  salt,  2C^*Pb"0'.8Pb'0,  separates  as  a  white  powder  composed 
of  nacreous  scales,  on  boiling  the  add  salt  with  a  slight  excess  of  ammonia.    (Piria.) 

Salicylate  of  Magnesium  (add),  obtained  by  boiling  the  aqueous  acid  with 
magnesia  or  its  carbonate,  forms  radiating  needles  often  aggregated  in  a  compact 
mass.    It  dissolves  easily  in  cold  and  still  more  in  boiling  water.    (Cahours.) 

Salicylate  of  Potassium,  2C'fl*K0*.EP0,  is  obtained  in  colourless,  shining, 
silky  needles,  by  saturating  the  aqueous  add  with  carbonate  of  potassium,  evaporating 
to  dryness,  luid  treating  &  residne  with  itzong  boilii^  alcohol.    It  is  converted  by 
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ehlorine  into  dicMorosalicylate,  and  by  bromine  into  dibvomoMli^lKle  of  potwiM. 
Treated  with  bromine  in  presence  of  excess  of  potash,  it  yieldf  a  xed  sobftnn 
resembling  snlphide  of  antimony,  insolnble  in  alcohol,  ammonia,  and  potaahiiBi 
having  the  composition  of  tribromophenol.    (Cahonrs.) 

Salicylate  of  Silver,  (TH^AgO*,  is  a  white  precipitate,  which  diiMlTn  ii  % 
small  quantity  of  boiling  water,  and  separates  on  ooolmg  in  small  Tsry  fariliiant  needlei 
(Cahonrs.) 

Bromoealicylio  Acid** 

MoBoliromoMlieTlio  aeld,  C*H*BrO*.  (Gerhardt,  Ann.  Ch.  Phya.  [3]  m 
217;  Cahonrs,  ibid.  xiii.  99.) — This  acid  is  produced  by  tritorating  aaiierlieadd 
with  a  quantity  of  bromine  not  sufficient  to  convert  the  whole  of  iL  On.  waahing  the 
resulting  gummj  mass  with  small  quantities  of  cold  alcohol,  to  entract  the  onaltend 
ealicylic  acid,  dissolving  the  residue  in  boiling  alcohol,  and  leaving  the  adntioD  to 
evaporate,  bromoealicylic  acid  is  obtained  in  colourless  prisms  havinff  a  stzong  luatn; 
and  somewhat  like  salicylic  add.  It  melts  when  slightly  heated;  diaBolTve  bat 
sparinglv  in  water,  even  at  the  boiling  heat ;  jofilj  readuv  in  alcokol  and  atilcr,  mf^ 
daily  when  warm.  It  is  decomposed  bv  dry  distillation.  When  distilled  with  fine  sud 
and  a  small  quanti^  of  baxyta,  it  yielos  thick  vapours  condensing  into  a  reddish  liqnid, 
which  by  repeated  mstillation  with  sand  and  baiyta  yields  biomopheiiol:  C'H'BzO'  ■ 
C^»BrO  +  C0». 

Bromoealicylic  add  forms  with  ammonia,  potash,  and  soda,  eryetalliaaUe  salt^ 
which  are  less  soluble  in  water  than  the  salicylates. — ^It  colours  fenio  aalta  red,  hkt 
salicylic  acid. 

BilnromoaaliojUo  aeld,  CnS^Br'O'.  (Cahonrs,  Ann.  Cb.  Phya.  [8]  Tii.  102.) 
— ^To  prepare  this  add,  pulverised  salicylic  add  is  gradually  triturated  with  excess  of 
bromine  as  long  as  any  action  takes  place,  and  the  mixture  is  left  to  stand  ibr  some 
hours ;  the  excess  of  bromine  is  then  washed  out  with  cold  water,  and  the  residne  dis- 
solved in  boiling  ammonia.  As  the  solution  cools,  the  ammoninm-«dt  ia  deposited  ia 
■lender  shining  needles.  These  crystals  are  dissolved  in  water ;  the  add  predpitatcd 
by  hydrochloric  acid ;  the  white  precipitate  washed  and  dissolved  in  boihnff  aloohol, 
and  the  solution  left  to  evaporate.  Or  bromine  is  dissolved  in  a  concentratcid  eolmioi 
of  salicylate  of  potassium,  whereupon  the  liouid  becomes  heated,  and  aoon  deposits 
crystals  of  dibromosalicylate  of  potassium ;  this  salt  is  decomposed  by  hydzocoknie 
add,  and  the  separated  acid  washed  and  cnrstallised  from  alcohoL 

It  forms  short  colourless  or  slightly  reddish  needles,  which  melt  at  about  150^.  It 
is  sparingly  soluble  in  water^  moderately  soluble  in  alcohol,  more  easily  in  etJker,  It 
dissolves  in  strong  sulphuric  acid  at  a  gentle  heat,  and  is  predpitated  iiom  the  solntion 
by  water.  Boiling  nitric  acid  dissolves  it  readily,  with  evolution  of  bromine  and  nitroot 
vapours  and  formation  of  picric  add,  which  crystallises  on  cooling.  When  ^i^tjIM 
with  sand  and  a  small  quantity  of  baiyta,  it  yields  dibromopbenol. 

The  dibromoealicylates  of  ammonium,  potassium,  and  soaium,  are  even  less  soloUe 
than  the  monobromoealicylates.  The  potassium-salt  crystallises  from  aloohcd  in 
shining  colourless  prisms. 

THbromoaalicyUo  add,  C'H'BrK)".  (Cahonrs,  Ajin.  Ch.  Phys.  [31  Tii.  104.) 

—When  a  mixture  of  finely  pulverised  dibromosalicylic  add  with  excess  of  bromine  is 
exposed  to  sunshine  for  25  or  30  days,  and  the  resulting  crystals  are  washed  with 
water,  and  recrystallised  from  strong  alcohol,  tribromosalicylic  add  is  obtained  in 
small  yellowish  prisms,  very  hard  and  friable,  insoluble  in  water,  moderately  solaUs 
in  alcohol^  very  readily  in  ether. 

When  distilled  with  sand  and  a  small  (quantity  of  baryta,  it  yields  tribromophcnQl 
contaminated  with  a  small  quantity  of  oily  matter.  When  boiled  with  nitric  add, 
it  yields  bromine-vapours  and  yellow  crystals. 

Its  compounds  with  ammonia,  potash,  and  soda  are  crystallisable,  but  very  sparing 
soluble  in  water.  The  ammonium-salt  forms  with  silver-salts  a  predpitate  of  a  desp 
orange-yellow  colour. 

Chloroealicylic  Acids, 

Only  two  of  these  compounds  are  known,  both  being  produced  by^  the  direct 
action  of  chlorine  on  salicylic  acid.    (C  ah  ours,  Ann.  Ch.  Phys.  [3]  xiii.  106.) 

agonoeliloroaalicylie  aoid«  C^HH^IC,  is  produced : — 1.  By  the  action  of  chlorias 
on  excess  of  salicylic  add,  a  portion  of  the  acid  therefore  remaining  undecomposed;  it  is 
difficult,  however,  to  purify  from  dichloroealicylic  acid. — 2.  When  chlorine  gas  is  vov 
slowly  passed  into  a  concentrated  solution  of  salicylate  of  potassium,  till  the  hqmOt 
which  becomes  brown,  begins  to  deposit  a  dark-green  substance ;  tbe  solution  ihm 
deeomposed  by  an  acid,  and  the  resulting  white  precipitate  washed  with 
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xrystanised  tttm  aloohdl,  dender  needles  an  obtained  oonaiadng  of  diloraaalieylie 
acid  not  quite  pnxe. 

IHtitaloroMOlojIlo  aeldt  CTH^ClW.—ThiB  compound  is  produced  by  tbe  action 
of  excess  of  chlorine  on  salicylic  add.  To  prepare  it,  chlorine  sas  is  passed  through  a 
concentrated  solution  of  salicylate  of  potassium  as  long  as  the  liquid  continues  to 
deposit  a  dai^-green  body;  this  substance  is  washed  on  a  filter  with  water  till  the 
water  runs  away  colourless,  then  dissolyed  in  boiling  water,  which  is  mixed  with  |  of 
its  Tolume  of  alcohol  of  36^  Bm. ;  and  the  needles  of  the  potassium-salt  which  sepa- 
rate on  cooling  are  repeatedly  crystallised  firom  very  weak  spirit  till  they  become 
oolourlese.  These  crystals  are  then  dissolved  in  water,  the  solution  mixed  with  hydro- 
chloric add,  and  the  resulting  white  predpitate  dissolved  in  boiling  alcohol  of  82  per 
cent. ;  the  solution  on  cooling  yields  the  acid  in  needles  or  in  scales,  or  by  spontaneous 
evapcuration  in  hard,  well-formed  octahedrons.  The  add  dissolves  sparingly  in  boiling 
waUr,  and  crystallises  in  slender  needles  on  cooling.  It  dissolves  in  gently  heated 
4fii  offfiiruU,  and  separates  partially  as  the  liquid  cools. 

The  add,  distilled  two  or  three  times  with  sand  and  a  small  quantity  of  baryta  or  • 
lime,  is  completely  resolved  into  carbonic  anhydride  and  dichlorophenoL     It  dissolvea 
gradually  in  boiling  nitric  aeid,  and  deposits  beautiful  yellow  laminae  on  cooling. 

Dichlorotalictflate  of  ammonium  is  sparingly  soluble  in  water.  The  acid  potassium' 
saU  forms  greyiah-white  needles  veiy  much  resembling  metJiyl-dichlorosalicylic  add. 

lodosalicylio  Acids, 

Formation. — 1.  When  tincture  of  iodine  is  dropped  into  a  cold  aqueous  solution  of 
baiytic  salicylate,  C*H*Ba*0*,  till  the  yellow  colour  of  the  tincture  remains  permanent, 
sevenl  iodosalicylic  adds  are  formed,  which  on  addition  of  hydrochloric  add  are  pre- 
dpiuted  together  with  unaltered  salicylic  add.  They  cannot,  however,  be  separated 
from  one  another  by  water,  although  their  solubility  diminishes  as  the  proportion  of 
iodine  increases.— 2.  When  1  at  sslicylic  add  is  fused  with  2  at.  iodine,  and  the  pro- 
duct is  treated  with  aqueous  pol^,  several  iodosalicylic  adds  are  dissolved  ont>  and 
there  remains  a  red  body  resembling  amorphous  phosphorus,  which  is  insoluble  in  water, 
alcohol,  ether,  alkalis,  and  adds,  is  not  altered  by  fuming  sulphuric  add,  but  dissolves 
with  red  colour  in  sulphide  of  carbon;  this  body  appears  to  be  tetriodo-disalicylio 
acid,  C'^HI^O*.  (Kolbe  and  Lautemann,  Ann.  Ch.  Pharm.  cxv.  167;  Jahresb. 
1860,  p.  291.) 

As  iodosalicylic  add  is  reduced  by  hydriodic  add  to  salicylic  add  even  below  100^ 
(p.  152),  Eekul^  is  of  opinion  that  the  iodosalicylic  adds  obtained  by  fusing 
•alicylic  add  with  iodine  are  not  directly-formed  substitution-products,  but  are  rather 
fbrmed  in  the  alkaline  solution,  during  the  process  of  separation ;  pedaps  thus : — 

C'H'O*  +     P  +    KHO    -    CTH^IO*    +     KI  +  HHK 

SaltcjUe  Mono-iodo- 

afCkU  lalieylie  acid. 

C»H*0«  +  2P  ♦  2KH0    -     CR*VO*  +  2KI  +  2H«0. 

SaticfUc  Di.iodoMll- 

acid.  <7llc  Mid. 

C'H«0*  +  3P  +  8KB0     -     CmiH)    +  00«    +  8KI  +  8H«0. 

Salicylic  Tri-lodp- 

add.  phenol. 

Preparation. — 1.  Finely  pulverised  iodine  (2  at.)  is  intimately  mixed  with  salicylic 
add  (1  at.),  and  the  mixture  is  heated  over  a  lamp  in  a  wide-bottomed  glass  vessel,  the 
heat  being  removed  as  soon  as  the  fused  mass  be^s  to  boiL  The  resulting  brown 
crystalline  mass,  containing  a  mixture  of  mono-,  di-,  and  tri-iodosalicylic  ados,  with 
somewhat  considerable  quantities  of  tri-iodophenol  (iv.  409)  and  unaltered  salicylie 
add,  is  treated  with  dilute  potash,  which  dissolves  everything  excepting  the  red  body 
above  mentioned;  the  filters  alkaline  liquid  is  mixed  with  hydrochloric  acid;  and  the 


alkali,  separates  out ;  and  the  filtered  liquid  yields  on  evaporation,  first,  crystals  of  sodic 
tri-iodosalicylate,  then,  on  further  concentration,  satiny  needles  of  sodic  di-iodosaliey- 
late,  and,  lastly,  sodic  mono-iodosalicylate  in  small  lancet-shaped  laminn.  The  complete 
separation  and  purification  of  the  last  two  acids  is  effected  by  decomposing  the  sodium- 
salts  with  hydiochlorie  add,  and  boiling  the  separated  adds  with  carbonate  of  barium, 
the  di-iodosalicylata  of  barium  being  very  sligotly  soluble  in  water,  while  the  mono- 
iodoealieylate  raobres  with  moderate  facility.— 2.  A  laiger  product  is  obtamed  by 
dissolving  eqwl  iH^**  of  Mlkjlie  add  and  iodine  in  alcohol  of  80  per  cent,  and 
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boiling  the  Solution  for  tliree  honn  in  a  flask  pztmdad  with  an  mri^jfit  eaaigau^ 
tube.  The  brown  solution  is  mixed  with  water,  neated  to  driTe  off  the  alcohol,  tha 
supersaturated  with  carbonate  of  sodium,  and  the  resulting  •odimnHMJts  are  fvtki 
treated  as  above.  (Lautemann,  Ann.  Ch.  Fharm.  cxz.  299;  Jahzcsbu  1861,  a 
893.) 

BKoBO-todOMOlejIto  aoid,  C*H*IO*.— This  add,  separated  from  the  jmMi 
barium-salt  by  hydrochloric  acid,  forms  a  white  ciystalline  mass,  elightlw  aoluUe  ii 
100^,  easily  soluble  in  alcohol  and  ether.  It  crystallises  from  water  aeiaiiliited  witk 
sulphuric  or  acetic  acid  in  long  silky  needles ;  from  alcohol,  by  slow  eyapoiKtioD,in  hni 
warty  groups  of  needles.  It  melte  at  196°,  and,  when  suddenly  heated,  is  reeolred  iili 
free  iodine,  iodophenol,  and  carbonic  anhydride.  By  boiling  with  eanetic  paiask  it  ii 
oonverted  into  oxysalicylic  acid,  C'H*0*  (iv.  320). 

The  aqueous  and  alcoholic  solutions  of  the  acid,  and  likewise  the  Bcdntaoat  of  ib 
salts,  GolouT  ferric  chloride  violet. 

lodoaalieyUUe  of  Ammonium  is  sparingly  soluble  in  water,  andciTstallisea  in  aeedlia 
— ^The  barium-saltf  C^*B*Ba,"l'0\  is  very  soluble  in  water,  and  czystalliaes  in  rosettn 
of  delicate  laminse,  which  assume  a  reddish  colour  when  heated  in  the  moist  stated— 
The  sUver-aalt  is  sparingly  soluble,  and  crystallises  in  hard  grains.     (Lautemana.) 

Dl-iodosaltoylio  aoid,  C'H^IK)*,  separated  from  the  barium-salt,  forms  a  wfaiti 
amorphous  mass,  nearly  insoluble  in  tDater,  moderately  soluble  in  aleoMoi  and  eiktr. 
From  water  acidulated  with  sulphuric  acid,  and  from  acetic  acid,  it  crystallises  like  the 
mono-iodated  acid ;  from  alcohol  in  needle-shaped  crystals.  It  does  not  melt  at  213°, 
but  turns  brown  from  incipient  decomposition ;  when  quickly  heated,  it  deoomposfv, 
with  separation  of  iodine.  Boiling  nitric  acid  likewise  eliminates  iodine  from  it,  aad 
probably  converts  it  into  dinitrosalicylic  acid.  By  boiling  with  strong  potaMk4ey  it  it 
converted  into  dioxysalicvlic  or  gallic  acid,  C^H*0*,  part  of  which  is,  howem', 
resolved  into  carbonic  anhydride  and  dioxyphenic  (pyrop;alhe)  acid. — The  solntioins  of 
di-iodosalicvlic  acid  and  its  salts  colour/em'c  chloride  violet. 

The  di-iodosalicylates  are  for  the  most  part  very  sparinglv  soluble  ;  the  most 
soluble  among  them  is  the  eodium^salt. — The  hariumsaltt  C**firPBa"0',  crystalliMi 
from  a  moderately  concentrated  solution,  in  needles  having  a  satiny  lustre.  (Laute- 
mann.) 

Tri-lodosalloylle  add.  CH*I*0*.— This  acid  is  very  difficult  to  prenue,  bans 
very  unstable,  and  apt  to  split  up,  during  the  process  of  formation  by  fusing  saLcylic  ada 
with  ioiline,  into  carbonic  anhydride  and  tri-iodophenoL  It  is  insolnble  in  water, 
soluble  in  alcohol  and  ether^  and  crystallises  from  tne  former  in  tufts  of  needles.  It 
melts  at  about  157^,  with  partial  decomposition.  Alkalis  decompose  it^  abetractiBg 
carbonic  anhydride  and  hydriodic  acid,  and  converting  it  into  a  red  body,  C*£n*0. 

Tri-iodoaalicyUUe  qf  Sodium  is  a  grey-green  mass  very  slightly  soluble  in  waUfp 
(Lautemann.) 

Nitroealieylie  Acids. 

Two  nitro-derivatives  of  salicylic  add  are  known, — ^viz.,  the  mono-  and  di-nitnted 
acids. 

Mono-nitro-saliojlle  acid,  or  simply  Vltrosallojlio  aeid«    C*H*NO*   « 

C'H*(NO-)0*.  Indigoticacid.  Anilicacid.  mtro-anilicacid,  Aniloticacid,  Nitraaptroj/ik 
acid.  (Chevreul,  Ann.  Chim.  Ixxii.  131. — ^Buff,  Ann.  Ch.  Phys.  r2]xxzvii.  160.— 
Damas,  ifnd.  buii.  205;  [3]  ii.  227. -Gerhardt,  ibid.  vii.  325. — Marchand,  J.  pc 
Chem.  xxvi.  385. — Piria,  Ann.  Ch.  Pharm.  Ivi.  35. — S  ten  house,  ibid.  Izz.  253.— 
H.  Major,  Dae  chem.  Laboraiorium  der  Univ.  Chrietiania,  1854,  p.  84. — Gm.  zii. 
807. — Gorh.  iii.  335.) — This  acid  was  first  observed  by  Chevreul  amon^  the  products 
of  the  decomposition  of  indigo  by  nitric  acid.  Gerhardt  obtained  it  by  treating 
salicylic  acid  with  fuming  nitric  acid.  Piria  and  Major  have  shown  that  it  ib  fonu^ 
together  with  helicin,  by  the  action  of  cold  dilute  nitric  acid  upon  salicin. 

Preparation. — 1.  From  salicylic  acid. — Fuming  nitric  acid  acts  violently  on 
salioyfic  acid,  converting  it  into  a  reddish  resinous  mass ;  and  on  removing  the  ezosss 
of  nitric  acid  by  washing  with  cold  water,  and  dissolving  the  residue  in  boiling  water, 
nitrosalieylic  acid  is  deposited  in  delicate  yellowish  needles.  It  may  also  be 
prepared  by  gently  heating  salicylic  acid  with  very  dilute  nitric  acid.     (Gerhardt) 

2.  From  indigo. — When  indigo  is  gradually  added  to  boiling  dilute  nitric  aeid 
diluted  with  10  to  15  times  its  weight  of  water,  a  solution  is  formed  which  on  cooling 
deposits  nitrosalieylic  acid  ;  but  the  product  requires  to  be  purified  by  several  ciystal- 
lissifionR,  or  bv  transforming  it  into  a  lead-salt,  and  decomposing  the  latter  with 
sulphydric  add.     (Chevreul,  Buff,  Marchand.) 
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'  t.  ¥rom  metliTl-iiitroiBlieTlie  acid,  by  baQing  with  potash,  satnniti&g  tlie 
resulting  brown-red  liquid  with  hydrochloiio  add,  and  crystallising  the  flaky  acid  which 
separates.    (Cahonrs.) 

Properties. — IHtrosalicylic  add  crystallises  in  oolonrless  needles  containing  1  at 
water,  C^XN0*)O*JBPO,  which  they  readily  give  off  on  exposure  to  diy  air.  It  melts* 
at  a  moderate  heat,  and  solidifies  on  cooling  to  a  oystalline  mass  composed  of  siz*sided 
plates.  It  reddens  litmus,  and  sublimes  at  a  gentle  heat.  It  is  very  sparingly  soluble 
m  cold  wateTf  but  dissolves  easily  in  boiling  water  and  in  alcohol.  Its  solutions  are 
eoloured  blood-red  by  ferric  salts. 

Boiling  nitric  acid  converts  nitrosalicylic  acid  into  picric  add.  A  boiling  solution  of 
chloride  qf  lime  converts  it  into  chloropicrin  (Stenhouse).  By  boiling  with  hydro^ 
chloric  acid  and  chlorate  of  potassium  it  is  quickly  converted  into  perdiloroquinone. 
The  same  transformation  takes  place  in  a  few  days  when  chlorine  gas  is  passed  into 
the  hot  aqueous  solution.  Nitrosalicyhc  add  in  contact  with  nascent  hydrogen  dissolves 
in  water,  forming  a  blood-red  solution,  which  gradually  deposits  purple-red  flocks. 
(Buffi) 

Nitrosalicylates,  (rH«M(NO«)0«  and  C«*H»M''(NO«)«0«.— These  salts  an 
aaostly  vaUow,  take  flre  when  heated,  and  bum  like  g^powder  without  actual  detona« 
tion.    They  redden  feirio  saks  strongly. 

The  ammoniwm'SaU,  C'H\NH*XNO*)0",  obtained  by  saturating  the  add  with  am- 
monia, crystallises  by  cooling  or  spontaneous  evaporation  in  flne  needles  of  a  gold  or 
orange-yellow  colour. — The  potasstum-^t,  CH*K(NO')0',  forms  yellow  silky  czystals 
■lightly  soluble  in  cold  water,  moderately  soluble  in  aloohoL — The  sodium-salt  is 
yellow,  and  very  soluble  in  water. 

The  barium^-sedt,  C>«H*Ba''(N0*)H)«.4HH)  (?),  obtained  by  saturating  the  add  with 
carbonate  of  barium,  crystallises  in  shining  yellow  needles,  which  are  sparingly  soluble 
in  cold  water,  insoluble  in  alcohol,  and  give  off  12*7  per  cent,  water  of  ciystallisation  at 
200^.— A  basic  saU,  C>*H«Ba''(N0«)«0«3a'T[»0*  4HK),  is  obtained  as  a  yellow  powder 
of  the  colour  of  lead-chromate,  by  predpitating  a  solution  of  the  preceding  salt  with 
ammonia. 

The  strontium- f  calcium- ^  and  magnesium-salis  are  yellow,  and  very  soluble  in  water. 

The  ferric  salt  forms  long,  dark-red,  nearly  black  ncedks,  which  dissolve  slowly  in 
water,  forming  a  blood-red  solution. 

The  neutral  lead-salt,  C>*H"Pb"(NO')K)*.H'0,  obtained  by  saturating  the  add  with 
carbonate  of  lead,  or  by  pouring  nitroealicylate  of  potasdum  into  a  hot  solution  of  a 
lead-salt,  forms  a  vexy  balky  crystalline  predpitate,  which  increases  condderably  as 
the  liquid  cools.— A  basic  lead-salt,  C'*H»Pb''(NO«)«0«.Pb''0,  is  Ibrmed  idien  the  neu- 
tral  salt  is  treated  with  hot  aqueous  ammonia ;  it  is  a  dark-yellow  powder,  quite  inso- 
luble in  water,  and  contains  56  percent,  lead-oxide  (Dumas).  When  a  neutral  soluti(m 
of  lead-nitrate  is  poured  into  a  ooiling  solution  of  potasdc  nitrosalicylate,  the  mixture 
deposits,  after  a  snort  time,  very  slender  dark-yellow  needles,  insoluble  in  water,  and 
containing  50  per  cent  lead-oxide.    (Buff.) 

The  mercurous  salt  is  obtained  by  mixing  the  solution  of  potassic  nitrosalicylate 
and  barytie  nitrate,  as  a  light-yellow  predpitate,  insoluble  in  cold,  slightly  soluble  in 
boiling  water.        

The  siher-salt,  CrH*Ag(NO*)0',  is  obtained  bv  predpitating  the  ammonium-salt 
with  silver-nitrate,  and  crystallises  eadly  from  boilmg  water  in  straw-coloured  needles. 
When  heated,  it  does  not  detonate,  but  throws  out  veiy  bulky  vegetations  of  carbide  of 
silver. 


C»H<N«0»  -  C»H«(NO«)K)«.  Nitropopulic  aeid.^ 
(Ca  hours,  Ann.  Ch.  Phys.  [8]  xxv.  11. — Stenhouse,  Ann.  CLPharm.  Ixxviii  1.) — 
Produced: — 1.  As  an  acid  methyl-ether,  by  the  action  of  a  mixture  of  fuming 
nitric  and  sidphnric  add  on  methylsalicylic  add.  On  bdling  the  resoltin^  methyl- 
din  itrosalicy  lie  acid  for  a  few  minutes  with  strong  caustic  potash,  a  dipotasac  dinitro- 
salicylate  is  obtained  as  a  sparingly  soluble  salt  of  a  splendid  red  colour ;  and  on 
treating  this  Bslt  with  strong  sulphuric  acid,  keeping  tne  temperature  from  rinne 
above  50°,  sulphate  of  potassiTun  is  formed,  together  with  dinitrosalicylic  add,  whi(£ 
may  be  dissolved  out  by  cold  water.    (Cab ours.) 

2.  By  digesting  the  aqueous  extract  of  the  branches  of  certain  poplars  {Populus 
balsamtfera,  P.  nifra)  with  dilute  nitric  add  (Stenhous  e).  For  details  of  the  prepa- 
ntion,  see  Om elm's  Handbook,  xii.  814. 

Dinitrosalicylic  add  crystallises  from  boiling  water  in  nearly  colourless  dlky  needles, 
or  by  slow  evaporation  in  small  hard  prisms.  It  is  very  soluble  in  pure  tcater,  but 
only  slightly  soluble  in  water  containing  sulphuric  or  hydrochloric  acicL  It  dissolves 
easily  in  alcohol  and  ether.    Its  taste  is  very  sour  at  flrst»  then  astringent,  and  finally 
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very  bitter.    Its  solatioDs  impart  a  persistent  yellow  oolonr  to  the  ■Sin.     It  adti  t 
A  moderate  temperature,  when  cautiously  heated,  and  sublimes  witlumt  altentiaL 

Dinitrosalicylic  acid  produces  a  deep  chen^-red  colour  withy«rfi0  mUt*  Stnig  i 
nitric  acid  at  the  boiling  heat  quickly  converts  it  into  picrie  acid  (hanee^  in  pupua^ 
it  from  poplar  extract,  Sie  heat  must  be  kept  low).  Oil  of  mtrioi  dieadlTM  it  st  bv 
temperatures,  and  water  separates  it  from  the  solution  uialtered ;  Imt  the  naSm 
carbonises  when  heated.  When  heated  with  hydrocklarie  add  and  ekiaraU  cf  fttah 
sium,  it  is  converted  into  perchloroquinone. — Chloride  qf  Ume  does  not  attad^  u  the 
cold  ;  but  on  heating  the  mixture,  a  violent  action  takes  place,  resulting  in  the  lioo» 
tion  of  chloropicrin. 

DinitroBalicylatea. — Dinitrosalicylic  add  forms  neutral  salt*,  C'll*Jtf*(5(F)0* 
and  Cn'M^CNO'/O*,  and  acid  salts,  C'H'M(NO»)K)»  and  C>«H«M''(NO«)H)«.  Thtym 
mostly  yellow,  sparingly  soluble,  and  detonate  violently  when  heated. 

The  ammonium'Salt,  C'HXNH«)(NO')>0*  is  easily  obtained  by  dlMoIring  the  add 
in  ammonia,  and  separates  on  evaporation  in  small  needles  of  a  fine  yellow  oohnr. 

Potassium-salts. — ^The  neutral  or  dipotassic  salt^  C'H'E'(NO')K>',  is  prodnesd  vte 
methyl-nitrosalicylic  acid  is  decomposed  by  boiling  with  excess  of  Strang  rntMli  kj. 
It  forms  beautiful  needles,  having  a  splendid  yellowish-red  colour  and  satiny  hutr^ 
and  united  in  stellate  groups.  It  appears  to  be  completely  decomposed  bj  eontinsri 
boiling  with  potash ;  detonates  violently  on  glowing  coals  or  on  a  hot  plate  (Cahouril 
The  monopotassic  or  acid  salt,  C'H*E(NO']FO*,  produced  by  neutralising  the  iqiuoii 
acid  with  carbonate  of  potassium  (Stenhouse),  or  by  heating  the  neutral  swvilk 
dilute  nitric  acid  (CahoursX  crystallises  in  snuul  lemon-yellow  prisms;  vbj 
sparingly  soluble  in  cold  water ;  insoluble  in  alcohol  or  ether.  It  aissolTes  Tvej  rvedilf 
in  alkaline  liquids,  and  is  precipitated  therefrom  by  acids  (Stenhouse).  It  dentmUM  tin 
free  acid  when  boiled  witJi  strong  hydrochloric  add.  It  dissolves  in  aliffhtJy  hettid 
oil  of  vitriol,  and  the  solution,  on  being  mixed  with  water,  depodts  the  acid  in  crfrtit 
line  lamine.    It  detonates  on  glowing  coals,  but  not  so  strongly  as  the  neutral  siilt 

The  monosodic  salt,  C'H.'Na(NO')'0',  obtained  by  neutralisiiig  the  aqueous  add 
with  carbonate  of  sodium,  forms  small  spicular  crystals  or  yellow  shining  iicedh% 
more  soluble  in  water  than  the  potassium-salt. 

Barium-salts.— The  neutral  salt,  C'H'Ba''(NO')*0',  is  obtained  by  adding  a  bdH^ 
solution  of  caustic  baryta  to  a  boiling  solution  of  the  add,  as  long  as  the  re8a]tiiigpi»> 
dpitate  redissolves  on  agitation.  The  filtrate  then  on  cooling  deponts  smaU  gnnihr 
oystals.— The  acid-salt,  C*«H'Ba''(NO')H)*,  is  obtained  as  a  yellow  predjntata  m 
adding  baryta-water  in  excess  to  dinitrosalicylic  add.  It  is  crystalune^  and  iwj 
slightly  soluble  in  boiling  water. 

The  lead-salt  is  venr  sparingly  soluble  in  water. 

The  silver-salt,  C*H*Ag(NO')H)*,  is  obtained,  in  small  granular  very  slightly  sdMbh 
crystals,  by  saturating  a  hot  dilute  solution  of  the  add  with  carbonate  of  silTar. 

Oxysali  cylie  Acids, 

Oxysalicylic  acid,  C*H*0*,  and  dioxysalicylic  add,  0^*0*,  are  formed  by  tht 
action  of  boiling  potash-ley  on  mono-  and  di-iodosalicylic  add  respectiyely  (it.  SSO: 
T.  168). 

SAXiXCmUC  AWBTBSZBB8.    (Gerhardt,Ann.  Ch.Fhvs.  [8]  zzxriL  S21) 

— When  dry  salicylate  of  sodium  is  treated  with  phosphoric  oxycnlonde,  hydxoehlociB 
add  is  evolved,  and  two  products  are  formed,  both  containing  the  elameata  of  Mh- 
cylic  add  minus  water,  viz. : — 

(C'H^O)") 
DisalicyUc  add,  C"H»«0*    =    (C'H*0)"lo«     -     2C'H»0»  -  H«a. 

H»      ) 
SaUcylide  CH^O*      =     (C'HH))"©        -     (THW     -    H«0. 

The  formation  of  these  compounds  may  be  represented  by  the  equation  :— 

4(rH»NaO»  +  PCPO     =     C»«H>«0»  +  2C'H*0*  +  NaQ  +  2HC1  +   FNaH)'. 

The  product  of  the  reaction  is  a  hard  mass,  which,  when  heated  with  water,  is  eoa- 
verted  into  a  viscous  substance  soluble  in  boiling  alcohol.  The  alcoholic  sdntisB 
on  cooling  deposits  disalic^lic  acid  in  the  form  of  a  thick  oil,  which  very  slovif 
solidifies,  and,  when  treated  with  boiling  water  or  with  alkalis,  is  converted  into  salieybe 
acid.  Boiling  ether  dissolves  it,  and  leaves  it  on  evaporation  in  the  form  of  a  pisstie 
mass. 

If  salicylic  add  be  regarded  as  monobasic,  and  represented  by  the  fbraak 
C'H^O-'.H.O,  disalicylic  acid  wiU  be  its  anhydride,  (C'H»0«)«0,  which  is  the  view  of 
its  composition  taken  by  Gerhardt.    In  like  manner,  the  compounds  now  denomiiiited 
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Mdieyl-icelic  tnd  mlicyl-bensoie  adds  were  formerly  regarded  u  anhydridea 
(!>.  150). 

SHlicylide,  C'H^O',  the  true  anhydride  of  salicylic  acid,  ia  the  portion  of  theabove- 
deacribed  product  which  is  inaolnble  in  boiling  alcohoL  It  is  white,  amorphous,  not 
attacked  by  boiling  water,  insoluble  in  boiling  ether.  When  heated,  it  melts  to  a 
trannparent  liquid,  which  solidiflea  to  a  translucent  maffs  on  cooling.  It  is  not  attacked 
by  a  boiling  solution  of  sodic  carbonate,  and  but  slowly  by  boiling  aqueous  ammonia, 
but  potash  Quickly  converts  it  into  salicylate  of  potassium. 

When  saUcylic  anhprdride  [?  diaalicyuc  acid  or  salicylide]  is  subjected  to  dry  distil- 
lation, the  portion  which  passea  over  below  300^  contains  phenol  and  a  body  haying 
the  composition  C'H^O  [  »  salicylide,  C'H^O'  —  CO] ;  and  on  expelling  the  phenol  by 
heat,  and  cryBtallisine  the  residue  from  alcohol,  with  addition  of  animal  charcoal,  this 
body  is  obtained  in  silky  needles,  which  melt  at  103^,  dissolve  in  125  pts.  alcohol  of 
specific  gravity  0*801,  and  sparingly  in  water  and  in  ether.  The  ciystals  heated  with 
broimne  to  100^  yield  a  bromine  compound,  CH'BrO,  w^h  melts  at  195®,  and  crys- 
tallises from  hot  alcohol  in  needles. — A  nitro-compound,  C*H'(NO*)0,  crystallisine  in  a 
similar  form,  and  melting  at  150®,  ia  produced  by  treating  the  compound  C*H^O  for 
several  days  with  fuming  nitric  acid.  Thia  nitroHSompound  ia  converted  by  sulphide 
of  ammonium  into  a  baM,  C*H*ON,  which  crystallises  in  yellow  needles,  and  forms  a 
ci^stalline  platinum-salt  somewhat  soluble  in  water.  The  compound  C*H^O  jielda 
with  atrong  sulphuric  acid  a  sulpho-acid,  which  forms  a  barium-salt  crystallising  in 
nodules  (a.  Marker,  Ann.  Gh.  Pharm.  czziv.  249).  The  formation  of  the  compound 
C*H^O  waa  first  noticed  by  Limpricht   (Lekrb.  d,  org,  Chtm.  p.  914.) 

SAUOTUO  OKXiOmOBTSmATa.  CH*0«a-(CH«0)''|^Q.— Thia  body, 

metamerie  with  chlorosalicylol  (p.  171),  and  commonly  called  chloride  of  talieyl,  ia 
produced,  together  with  chlorobenzo^lic  chloride,  CH^CIO.GI,  by  the  action  of  penta- 
chloride  ofphosphorus  on  methylsabcnrlic  acid  (Gerhard  t,  TraUS^  iii.  343 ;  Drion, 
Ann.  Ch.  Pharm.  xeii.  423),  and  on  saucvlic  add  (Kolbe  and  Lautemann,  Jahresb. 
1860,  p.  288;  Kekul^  iUi.  293;  see  also  p.  154  of  this  volume).  When  separated 
from  phosphoric  ozychloride  by  heating  the  product  to  160®,  it  forms  a  sughUy- 
colouxvd  fumiuff  liquid.  In  contact  with  water,  it  becomes  heated,  and  is  transformed 
into  hydrochloric  and  aalicylic  adds.  With  methylic  and  ethylic  alcohols,  it  yields  in 
like  manner  methyl-  and  ethyl -salicylic  adds.  It  cannot  be  distilled  without  decom- 
position, hydrochloric  acid  being  then  evolved,  and  a  fuming  liquid  paBsing  over 
which  exhibita  all  the  characters  of  chlorobenzoylic  chloride;  a  laige  quantity  of 
earbonaceous  matter  is  also  left  behind.    (Gerhard t.) 

ftA&ZOTUO  BTWWi  By  distilling  salicylic  add  with  an  alcohol  and  strong 
■ulphuric  add,  add  ethers  are  obtained  having  the  composition  of  salicylic  add  in 
which  1  at.  of  the  typic  hydrogen  is  replaced  by  an  alcohol-radicle,  the  remaining  atom 
of  hydrogen  being  replaceable  1^  metals,  or  likewise  by  alcohol-radides,  yielding  neutral 
aalicylic  ether. 

(C'H^O)") 

KetbylMOteyUo  aeld,  C*H*0*     »-       CH*     >0*.  Gaidtkeric  acid,  (CAhourBt 

H  ) 
Ann.  Ch.  Phya.  [3]  x.  327 ;  xxviL  5.— Procter,  J.  Pharm.  [3J  iii.  27.— Gerhard t. 
Compt.  rend,  xxxviii.  32.)---Thi8  ether,  isomeric  with  anisic  add,  exists  ready-formed 
in  the  vohitile  oil  of  wintergreen  (Gaultheria  procvmbenay  of  which  it  constitutes  about 
A,  the  remainder  consisting  of  a  hydrocarbon  isomeric  with  oil  of  turpentine  (ii.  825). 
On  rectifying  the  commercial  oil,  the  hydrocarbon  passes  over  first  at  about  200®,  and 
the  boiling-pdnt  then  quickly  rises  to  222®,  at  which  temperature  pure  methylsalicylic 
acid  passes  over. 

Methylaalicylic  acid  is  likewise  obtained,  unmixed  with  any  hydrocarbon,  by  distil- 
ling with  water  the  bark  of  the  sweet  birch  {Betvla  lento) ;  and  it  mav  be  produced 
artifidally  by  distilling  a  mixture  of  2  pts.  salicylic  add,  2  pts.  anhydrous  methylic 
alcohol,  and  1  pt.  of  ralphuric  add  specific  gravity  1*66;  or  by  treating  anhydrous 
methylic  aloohcd  with  sali<^lic  chlorohydrate. 

Pure  methylsalicylic  add  is  a  colourless  oil,  having  a  very  penetrating  but  agreeable 
odour,  and  a  sweet,  cooling;,  aromatic  taste.  Specific  gravity  «  1-18  at  10®.  Boiling 
point  222®.  Vaponr-dennty,  obs.  »  5'42;  calc.  =  5*719.  It  ia  slightly  soluble  in 
water,  and  mixes  in  all  proportiona  with  alcohol  and  ether.  Its  aqueous  solution  is 
coloured  violet  by  fierric  salts.  It  dissolves  iodine  without  decomposing^  and  forma  a 
brown  solution. 

Decompoaition».-^l,  WhMi  methjrlsalicylic  acid  is  mixed  with  strong  nitric  aeid^ 
violent  spilling  takes  place,  if  the  mixture  la  not  cooled ;  but  when  it  is  kept  cool,  methyl* 
nitroMilicyiic  add  ia  pvodnced  (Cahours).      By  fbming  nitric  acid,  it  is  converted 
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into  methyl -nitrosalicylic  ncid ;  by  a  mixture  of  Aiming  nitric  acid  and  rnlcSiftti 
into  methyl-dinitrosalicylic  acid,  or  by  longer  action  into  methyl-trinitrooaii^lie  lal 
(C  a  hours). — 2.  Bromine  added  by  drope  to  methylaalicrlic  add  eanatm  euindcnUi 
rise  of  temperature  and  erolution  of  hydrobromie  Acid ;  the  mass,  wliieh  aolidiilM  ea 
cooling,  contains  methyl-bromosalicylic  and  methyl-dibxomosalicylic  aeida,  the  pzopoitiaa 
varying  according  to  the  quantity  of  bromine  used.  Chlariiu  fiyrma  aimilar  pfodiet^ 
the  quantity  of  hydrogen  replaced  neyer  exceeding  2  at.,  eyen  in  amuhine  (Froetez, 
Cahours). — 3.  Pentaehf4>ride  of  phosphorus  nctB  Yioiently  on  the  acid,  fi>raii]ig  ali- 
cylic  chlorohydrate^  methylic  chloride,  and  phosphoric  oxychloride : 

CrH*(CH»)0»  +  PCI?    -     C'H*0«C1  +  CH«C1  +   TOCLK 

For  the  renilts  obtained  by  Conper  and  by  Eekul^  see  p.  154. 

4.  With  the  chlorides  of  heneoyl^  cumyl,  and  sucdnyit  meth  jlaalicylie  acid  iam 
benzoic,  cumylic,  or  succinic  methylsalicylate,  together  with  hydroehlorie  acid,  cy. : 

(rH«(CH")o»    +   cipoci    =     crH«(C5iPX(rH»o)o»    +    hcl 

Hethylsallcjrilc  Bensoic  Bansolc  methyl- 

add,  ehlodde.  nUcyUtCk 

5.  By  potash-ley  methylsalicylic  acid  is  resolyed,  after  a  few  honn  at  ardinaiy  twap^ 
nturee,  immediately  when  heated,  into  salicylic  acid  and  methylic  alcohol  (Procter, 
Cahours). — 6.  Heated  with  anhydrous  baryta^  it  yields  carbonate  of  bsrimaaid 
anisoL — 7.  With  ammonia^  either  gaseous  or  alcoholic^  it  ibtms  aalicjlamie  acid  nd 
methylic  alcohol : 

CEP     [0»  +  NH»     «     (C»HH))''Vg    +     H    C^- 

8.  When  pieces  of  potassium  are  dropped  into  methylsalicylic  acid  heated  tobotWMi 
80^  and  60°,  the  temperature  rises,  gas  is  eyolved,  and  after  the  addition  of  a  coiiaid» 
able  quantity  of  potassium,  the  mass  solidifies,  eyen  if  kept  at  106^.  Soon  afterwirii 
it  takes  Are  and  leayes  a  black  residue.  In  one  experiment  salieylol  waa  pcodasii 
(Cahours.) 

(C'HO)'  > 

Methylsalicylates,  C*H'MO'     =     CH*     10',  the  formulas  beinff  donbkd  fa 

M  ; 

diatomic  metals. 

Thepotassium-saltf  CH'KO',  is  obtained,  by  agitating  strong  potasb-lenr  with  ezeesi  if 
methylsalicylic  acid,  in  pearly  scales,  which  may  be  purified  by  washing  with  the  nrnilliit 
possible  quaintity  of  cold  water,  pressure  between  bibulous  paper,  somtion  in  abaobli 
alcohol,  and  evaporation  in  vacuo.  It  then  forms  extremely  delicate  white  neadOtit 
haying  a  strong  lustre  and  resembling  asbestos  (Cahours) ;  six-sided  platee  (Procter^ 
It  is  yery  soluble  in  water,  alcohol,  and  other,  colours  ferric  salts  purple^  and,  whca 
heated  in  the  moist  state,  giyes  off  methyl-alcohol,  and  leayes  sali^late  of  potaanoB. 
The  sodium-salt  resembles  the  potasMum-salt,  but  is  less  soluble  in  water,  alouhol,  aad 
ether. — The  barium-salt^  C**H>*Ba''0*.HH).  separates  in  crystalline  scalea  on  gradoaBj 
adding  methylsalicylic  acid  to  hot  baryta-water,  and  leaving  the  liquid  to  eooL  nf 
dry  distillation  it  is  resolved  into  anisol,  carbonate  of  barium,  and  carbonic  anhydride: 

C'«H"Ba*0«  +  H^'O     -     2C"H«0  +  Ba"CO«  +   CO*. 

The  potastiium-salt  forms   precipitates  with  the  salts  of  lead,  copper,  ailyer,  aad 
mercury. 

Setitral  methyl saltcylic  ethers^ — i.e.,  compounds  in  whicli  the  basic  hydrogen  of  metlq^l- 
salicylic  acid  is  replaced  by  methyl,  ethyl,  amyl,  &r., — are  obtained  by  heating  mflthyt* 
salicylate  of  potassium  with  iodide  of  methyl,  ethyl,  or  amyl,  in  sealed  tubes,  'm 
meihi/f-compound,  C'II\CH»)«0',  boils  at  248°,  the  ethyl -cf^mpound,  CTT«f  CH«XC»H»)0». 
at  262°,  and  the  aroyl-componnd  aboye  300°  (Cahours,  Compt  rend,  xzxix.  3A61 
According  to  Cahours,  these  ethers  are  resolyed  by  boiling  with  potash  into  salicylic 
acid  and  alcohols;  but  according  to  Griibe  (Ann.  Ch.  Pharm.  cxxxyi.  124),  them«4hyl* 
compound  thus  treated  is  conyerted  into  mcthoxysalylic  acid,  C^\CH')0',  and 
the  ethyl-compuund  into  etiioxysalylic  acid.    (See  Saltlic  acid.) 

(C'H^O)"! 
Benzoic  nuthulsalicyhitf,  C'*H'=0*      =       CH»     >0-,  is  obtained  by  heatins  eoual 

C'HH)   j 


parts  of  methylsalicylic  acid  and  chloride  of  benzoyl,  as  long  as  hydrochloiic  acid 
tinues  to  escape,  washing  the  tenacious  gradually  crystallising  product  with  potaah-lijf 
and  crystallising  from  alcohol  or  ether. — It  crystallises  in  oblique  rhombic  prisBN 
having  a  splendid  lustre.  They  remain  unaltered  in  warm  water.  When  helped  witk 
caustic  potash,  they  are  stron^y  attacked,  and  give  off  an  aromatic  odour ;  and  oo 
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treating  the  aqoKMis  lolation  of  the  residue  with  hTdrochlorie  acid,  a  precipitate  of 
Milicylic  acid  is  obtained.  The  compound  is  insoluble  in  water,  but  dissolTea  readilj 
in  alcohol  and  ether.    (Gerhardt) 

(C'HH))") 
Cum^lie  metkjfUolicylate,  C>*H«*0«      -      CH"     >0\  is  obtained  in  like  manner 

C'»H"0) 
^th  chloride  of  cumjl,  but  requires  for  its  production  a  lather  higher  temperature. 
TIm  product  is  a  thick  oil,  whioi  remains  liquid  for  a  long  time,  but,  if  mixea  with  a 
little  etiier,  solidifies  on  eraporation  to  a  radiated  mass.  It  is  insoluble  in  water, 
slightlj  soluble  in  cold,  more  soluble  in  boiling  alcohol,  whence  it  crystallises  in  highly 
lustrouR  rhombic  scales ;  very  soluble  in  ether,  and  separates  therefrom  by  spontaneous 
eTaporation  in  oblique  ihomboidal  prisms,  sometimes  of  considerable  size. 

((rfi«0)«  ) 
Svednie  methulsoNeuUUe,  C»H»H)«  »      (CH")«  J-0*.— Prepared  by  gently  heating 

(C*H*0»r) 
succinic  chloride  with  about  2  pts.  of  methylsalicylic  add  as  long  as  hydrochloric 
acid  continues  to  escape,  digesting  the  resulting  brown  mass  with  potash-ley,  and  cirs- 
talHsing  it  from  boiling  aloohoL  The  solution  on  cooling  deposits  large  rectanffular 
lamins  composed  of  easily  separated  fibres.  The  compound  is  sparingly  soluble 
in  ether.    (Qerhardt.) 

(C"H«BrO)") 
Hbthyl-bbomosalictlio  aciDi  CH'BrO'  »        CH'       >0'.  (Cahours, 

H  3 
Ann.  Ch.  Fhys.  [3]  x.  839.) — ^When  bromine  is  slowly  dropped  into  methylsalicylie 
acid  kept  as  cold  as  possible,  and  the  mass  which  solidifies  on  cooling  is  freed  from 
hydrobromic  add  by  washing  with  weak  alcohol  and  dissolved  in  boiling  alcohol  of 
36^,  the  liquid,  as  it  cools,  deposits  shining  crystalline  lamina  of  methyl-dibromo- 
aalicylic  acid,  an  additional  quantity  of  which  may  be  obtained  from  the  mother-liquor 
on  cooling  after  eraporation  to  one-half.  The  remaining  mother-liauor,  however,  yields 
by  further  evaporation  czystals  of  methyl-bromosalicylic  acid,  which  may  be  purified 
by  three  crystallisations  from  alcohol  or  by  sublimation. 

Methyl-bromosalicylic  acid  forms  silky  needles,  having  a  jpeculiar  odour,  melting 
at  55^,  and  sublimins  without  decomposition.  It  is  nearlv  insoluble  in  water,  but 
dissolves  readily  in  tucohol  And  ether.  It  dissolves  in  cold  concentrated  potash-ley, 
apparently  forming  the  salt  C'H*lLbr(CH")0" ;  on  heating  the  liquid,  methylic  alcohol 
is  given  u£^  and  bromosalicylate  of  potassium  remuns.  A.  strong  solution  of  ammonia 
giMually  converts  it  into  bromosalicylamic  add ;  distilled  with  cyanide  of  mercury  it 
forms  methyl-cyanosalicylic  acid. 

((TH'Br^O)") 

Mbthtl-dibbomosalictlic  acid,   C^'BrH)'  —         CH'        vO*.    (Ca- 

.  H         J 

hours,  loe.cit,) — This  add  is  prepared,  as  above  described,  by  the  action  of  bromine  on 
methylsalicylie  add,  or  by  treating  the  monobrominated  acid  with  excess  of  bromine. 
It  crystallises  from  alcohol  in  rather  large  prisms,  melting  at  145°,  and  volatilising  at 
a  higher  temperature.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether, 
eepedally  when  warm.  With  cyanide  of  mercwry  it  behaves  like  the  monobrominated 
eompouxuL  It  dissolves  in  potash  and  in  eoda,  forming  crystallisable  salts,  from  which 
it  is  separated  by  adds  in  its  original  state. 

Methyl-dibromosalicylio  add  is  not  attacked  by  excess  of  bromine,  even  in  direct 
sunshine. 

Mbthtl-chlobosalictlic  acid,  CH^CIO",  is  formed  when  methylsalicylie 
add  is  exposed  to  the  action  of  a  small  quantity  of  chlorine ;  but  it  is  difficult  to  punfy. 
(Cahours.) 

Mbthyl-dichlobosalictlic  acid,  CHKn'O*.  (Procter,  J.  Pharm.  [3] 
iii.  275. — Cahours,  Ann.  Ch.  Phys.  [3]  x.  343.) — When  chlorine  gas  is  passed  into 
methylsalicylie  acid  till  the  action  ceases,  a  yellowish  crystalline  mass  is  formed,  con- 
sisting of  methyl-dichloroealic^lic  add  mixed  with  a  small  quantity  of  liquid  methyl- 
chloroiialicylic  acid.  By  crystallisation  from  boiling  alcohol,  the  dichlorinated  acid 
is  obtained  in  colourless  rhombic  tables  (Procter) ;  in  needles  (Cahours).  It  melts 
at  104°  (Procter),  at  about  100°  (Cahours),  and  crystallises  on  cooling;  volatilises 
without  decomposition  at  a  stronger  heat  (Cahours),  and  sublimes  a  little  above  its 
melting  point  in  rhombic  ciystals.  It  is  insoluble  in  water,  soluble  in  alcohol  and 
ether ;  dissolves  in  cold  strong  caustic  potash,  and  is  sMMrated  therefrom  by  acids  in  its 
original  state.  It  dissolves  slowly  in  ammonia,  forming  a  chlorinated  amide.  Whan 
distilifKl  with  cyanide  of  mercury,  it  yields  a  compound  in  which  the  chlorine  is 
replacHl  by  cyanogen.    It  is  not  attackeid  by  chlorine  in  sunshine. 

m2 
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MlTHTL-NITBOSALICTLIC  ACID,  C»^^0*  -  CH»  >0*.     JMSflT* 

H  I 

of  Methylene.  (Cahours,  Ann.  Ch.  Phjs.  [31  z.  345.)--IVodiioed  by  adding  fincf 
nitric  acid  to  methylsalic^lic  add,  cooled  so  tnat  no  spirting  sutj  take  place.  Tki 
liquid  Uien  quickly  solidifies  in  a  crystalline  mass,  from  which  the  free  nitzie  add  uj 
Xie  extracted  by  boiling  water;  and  the  product,  purified  by  two  or  three  CTTatalliiiti'w 
from  alcohol,  forms  Tery  delicate  yellowish  needles,  which  melt  between  88^and90^,iDd 
may  for  the  most  part  be  volatilised  without  decomposition.  It  ia  Terr  aliriitly  sdabii 
in  ioa/«r,  easily  soluble  in  boiling  alcohol.  Potash  and  9oda  likewiae  diaaolTe  it  eaaij. 
*  forming  methyl-nitrosalic}'lates ;  ammonia  ultimately  converts  it  into  nitro—liCTliaat 
acid.    Boiling  potash  decomposes  it  into  methylic  alcohol  and  nitiofalicTUe  adl 

When  fuming  nitric  acid  m  slight  excess  is  gradually  added  to  methyi-nititMaliejU 
acid,  a  brisk  action  takes  place,  and  a  dark-red  solution  is  formed.  If  the  miztart  It 
not  cooled,  but  eently  heated  at  the  last,  the  liquid  becomes  turbid,  and  depodta  dvtfi 
of  oil,  which,  if  the  heat  be  discontinued  as  soon  as  they  ceaae  to  incmae,  fiora  i 
yellow  resinous  mass ;  and  this  substance,  when  dissolved  in  hot  alcohol,  aepazata 
almost  completely  on  cooling,  in  pale-yellow  needles,  which  melt  at  95°,  and  form  <■ 
cooling  a  yellow  radiated  mass,  which,  if  carefully  raised  to  a  higher  tempentvc, 
sublimes  in  pale-yeUow  slender  needles.  It  dissolves  sparingly  and  with  alignt  eoVv 
in  cold  water,  and  more  abundantly  in  hot  water,  whence  it  separatee  in  long,  sleadct, 
nearly  colourless  crystals ;  it  dissolves  also  in  alcohol  and  ether,  eapeciallj  when  kl 
Neither  the  aqueous  solution  nor  the  add  obtained  after  decompoeition  with  potek 
reddens  ferric  salts.  The  crystals  contain  43*40  per  cent.  C,  9*67  N,  and  8-28  H,  sad 
are,  therefore,  a  mixture  of  methyl-nitrosalicylic  and  methyl-dinitioealicylie  aadi 
(Cahours).  Procter  obtained  a  similar  substance  by  .boiling  winteigreen-Kxl  vitk 
nitric  acid  of  npecific  gravity  1*14. 

[C^NC^K)]") 

Methyl-dinitbosalictlic  acid,  OH'NH)*  =s  ch*  vO«    Aak 

H  ) 

aauJthvriqve  binitrigue.  Salhylate  de  methylrne  fnnitrique,  (Cahonra,  Ann.  ChFIi^ 
[31  zzv.  6.) — When  methylsalicylic  acid  is  dropped  into  a  mixture  of  fnmiag  nitrie 
acid  and  fuming  oil  of  vitriol  kept  cool  by  cold  water,  a  clear  dark-orange-coloiRd 
liquid  is  produced.  As  soon  as  the  drops  of  methylsalicylic  add  ceaae  to  diasolTct 
small  quantity  more  of  nitrosulphuric  acid  is  added,  the  mixture  shaken  till  the  aoh^ 
is  complete,  and  the  liquid,  after  some  minutes,  diluted  with  eight  timea  the  qnantiivcC 
water,  whereupon  the  meth3'l-dinitrosalicylic  acid  separates  out,  and  may  he  crpU.^ 
lised  from  solution  in  boiling  alcohol.  The  aqueous  mother-liquor  containa  methjl* 
triuitroKRlicylic  acid. 

Mfthyl-dinitrof^alicylic  acid  forms  yellowinh -white  crystalline  scalea,  whidi  becoM 
nearly  colourleps  aftf-r  two  cryBtallisations.  It  is  h(>avier  than  water ;  melts  brtwe^ 
124°  and  12/)^,  forming  a  pale-yellowiKh  liquid,  which  solidifies  in  a  fibrona  man  ca 
cooling,  volatilises  completely  when  carefully  heated  in  a  retort,  and  sublimea  in  rerr 
delicate  shining  lamiu».  When  suddenly  heated,  it  detonates,  and  decompoeea,  gifio^ 
off  a  thick  black  nmoke,  and  leaving  a  carbonaceous  residue. 

The  ucid  is  insoluble  in  watvr,  even  at  the  boiling  heat,  nearly  inaolnble  in  culd 
uhohof^  but.  easily  soluble  in  boiling  alcohol. 

It  disHoives  in  gently-heated  oU  o/vUriolt  and  is  precipitated  therefrom  bj  wateria 
iit-arly  coluurleiis  scales,  having  a  strong  lustre.  The  solution  in  oil  of  Titriol  givttcf 
cRri>onic  anhydride  between  76^  and  80°  :  if  it  be  gradually  heated,  and  too  grats 
riHe  of  temp^'rature  prevented  by  frequent  immersion  in  cold  water,  a  colonrieaa  liquid 
iM  fornie<l,  which  is  rendered  turbid  by  addition  of  a  large  quantity  of  water,  andui 
eooling  yields  small  shining  needles,  which  dissolve  rendily  in  boOing  water  or  aloc- 
hul,  and  cryBtAllise  un  cooling. — If  the  solution  in  oil  of  vitriol  be  hetited  somevfaat 
more  quickly,  or  above  100*^  the  liquid  turns  red  and  ultimately  bluck,  giving  vf 
carbonic  una  sulphurous  anhydrides,  and  deposits  brown  fiakes  when  maed  viik 
water. 

Methyl-diuitrosalicylic  :icid  disKolves  without  decomposition  in  fuming  nitric  add  A 
temperatures  betwe<>n  30^  and  40°,  and  is  reprecipitated  by  water  in  ita  original  itita 
The  solution  in  gently-h<  ;ited  nitromuriatic  acid  deposits  on  cooling  needlea  of  tbi 
uiialtereil  sultstunce. 

By  continued  boiling,  either  with  fuming  or  with  commercial  nitric  acid,  it  ia  com- 
pletely dt  compof^,  with  formation  of  picric  add.  By  the  continued  action  of  a 
mixture  of  nitric  and  sulphuric  adds,  it  is  converted  into  methyl-trinitroiudicylie  arid 
Hy  lK>iling  with  strong  potaah^ley,  it  is  resolved  into  methylic  alcohol  and  diniti^ 
iiilicvlic  :idd. 

31'rthyl-dinitroi<alicylic    acid    forms  salts    containing   C'IPM(NO')»(CH")0*.     !t 
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Ethtl-dichlobosalictlic  acid,  C'H*C1^G^*)0*,  is  prodiaoed  by  wnf 
chlorine  into  ethy]«alicylie  aeid  heated  over  a  water-bath.  The  aolidiflea  ■» 
obtained  at  the  end  of  the  reaction  is  pnrified  by  preftnire  betwMn  bibnUm  F>pVi  bA 
one  or  two  crystallisationB  from  alconol,  whence  it  is  deponted  on  cooling  in  bbiII. 
colourless,  shiniug  plates.    (C  a  hours,  Ann.  Oh.  Phjs  [dj  zzYii.  461.) 

Ethyl-nitbosat.ictlic  acid,  C»II»N0»  -  C'H<(C*H»)fN0«)O".  (Cshoiri, 
Ann.  Ch.  Phjs.  [31  x.  362.) — When  fuming  nitric  acid  is  gnvanallj  added  to  ethjl- 
salicylic  acid,  which  is  kept  cool,  a  red  liqnid  is  formed,  from  which  watar  throws  don 
a  heavy  oil,  solidifying  after  a  while  in  a  crystalline  nuun.  The  oil  •onKinei 
remains  liquid  for  several  days,  but  immediately  solidifies  if  a  few  drops  of  ammonia 
are  added  to  saturate  the  free  add.  When  the  solid  mass  is  repeatodlj  imahed  wiik 
cold  water  and  dissolved  in  hot  alcohol,  the  solution,  yields  by  evapomtion  yiBov 
iilkv  crystals,  which  must  be  repeatedly  recrystallised. 

Ethyl-nitrosalicylic  acid  forms  yellowish  needles,  very  much  resemblitiffthe  metl^l- 
compound.  It  melts  in  boiling  water,  and  solidifies  again  on  cooling.  Ue«t«d  wilk 
potcuh  or  so(/a,  it  yields  nitrosalicylic  acid  and  alcohol.  It  is  not  immcdiatdj 
dissolved  by  ammofuOf  but  when  left  in  contact  with  it  in  a  dosed  vowel,  it  gndnaUy 
dissolves,  forming  nitrosalicylamic  acid  and  alcohoL 

The  acid  dissolves  in  cold  potash  or  soda,  forming  an  ethyl-nitxoaalicjlateof  tfas 
alkali-metaL 

Ethtl-diniibosalictlic  AciD,C»H"NH)' -  C»H«((?H»XN0^«O».  (Cnhour% 
Ann.  Ch.  Fhvs.  [3]  zxv.  19 ;  zxvii.  462.)-— When  dinitrosalicylic  acid  ia  diBcnhned  is 
absolute  alconol,  and  dry  hydrochloric  acid  gas  passed  into  the  boiling  aolutioB,  thi 
liquid  evaporated  to  one-half,  and  water  added,  a  heavy  oil  is  thrown  down  litaA 
soon  solidifies ;  and  if  this  oil  be  washed  several  times  with  water,  and  then  dianbed 
in  boiling  alcohol,  the  solution  on  cooling  yields  ctystals  of  ethyl-dinitxosBli^fie 
acid.  The  same  product  is  obtained  by  treating  ethylsalicylie  acid  with  nitric  and 
sulphuric  adds,  in  the  same  manner  as  methyls^cylic  add  is  treated  fat  the  prepaa- 
tion  of  meth^l-dinitrosalicylic  acid  (p.  164). 

Ethyl-dinitroealicylic  add  forms  beautiful  yellowish-white  scales  and  platasL  It 
melts  at  a  gentle  heat,  and  solidifies  again  in  the  ciystalline  form  on  cooling:  A&s 
being  heated  for  some  time,  it  remains  U(niid  for  a  considerable  time  on  cooling,  and 
then  solidifies  in  the  form  of  a  resin.  It  forms  soluble  erystallisable  SBlte  with  ^ 
alkalis.  When  boiled  with  potash,  it  is  resolved  into  alcohol  and  dinitroaalicylis 
add. 

(C'HK))») 

Btbjtene-ealiojUo  aeid,  C'*H'H)<  »  (C'H^)"  \0\    (L.  Oilmer.   Ann.  Ch. 

H«  j 
Pharm.  cxziii.  277.) — ^Produced  by  heating  bromide  of  ethylene  with  diy  eiJiejlate  of 
sihrer.  After  purification,  it  forms  white  needles,  having  a  fattv  lustre,  melting  At  8S°, 
insoluble  in  water  and  in  caustic  alkalis,  soluble  in  alcohol,  and  predpitated  therefron 
by  ether  (Gilmer).  According  to  A.  Mayer,  on  the  contrary  (Zdtarhr.  Ch.  Fhaim. 
1864,  p.  C42),  it  is  more  soluble  in  ether  than  in  alcohol.  The  laminae  resnltinff  from 
the  fint  crystallisation  are  converted  by  recrystallisation  into  large  colonxues  or 
yellowish  prisms  (Mayer^.  The  compound  heated  with  pentachloride  of  pko^horm 
ffives  off  hydrochloric  acid,  phosphoric  oxychloride,  and  chloride  of  ethylene^  and 
leaves  a  residue  ezhibibiting  Uie  characters  of  salicylic  anhydride.    (Qilmer.) 

(CH«0) 
AmsrlMUeylio  aetd,  C*m^H)*  =^  OH^      \0\    (Drion,  Ann. Ch.  PhHEm. adi. 


H       ) 


613.) — Produced  by  the  action  of  salicylic  chlorohydrate  on  amylic  alcohoL  It  ii 
necessary  to  operate  on  small  qoantities  only:  otherwise  the  action  beoomei  too 
violent,  and  a  large  quantity  of  phenol  is  produced. 

It  is  a  oolonrless  strongly  refracting  liquid,  heavier  than  water,  and  inaolnble  thsK- 
in,  boiling  at  270^,  and  liaving  an  agreeable  odour.  With  cold  potash-ley,  it  fionDS 
amylsalicylute  of  potausium.     ^Drion.) 

AVben  boiled  with  potash,  it  yields  amylic  alcohol  and  salicylate  of  potasaiiim. 

Heated  with  chloride  of  benzoyl,  it  gives  off  hydrochloric  add,  and  yields  a  body 
which  crj'stallises  in  needles  (benzoic  amylsalicylate  ?  Gerhardt);  according  to 
Drion,  it  yields  a  visdd  mass,  which  does  nut  readily  solidify. 

C'H*0«.— The  anhydride  of  salicylic  add  (p.  160). 

CTI»NO    -   (^'^^^^In.  (Limpricht,Ann.Ch.PhMfc 

zcviii.  261.) — Produced  by  the  action  of  heat  on  salioylamic  add  (p.  160).  Hm 
residue,  obtained  by  he:iting  the  add  to  270^,  is  washed  with  cold  alcoool^  to  remofs 
undecompoeed  salicylamic  acid;   it  then  forms  a  yellow  powder,  which  voder  tht 
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miezQBOope  ^ipeui  to  oooBi'st  of  cryBtalline  needles.  Does  not  melt  at  200°.  It  is 
eoloured  pnrple  by  ferric  chloride. 

Sslicylimide  is  insolnble  in  water  and  in  aqneoos  ammonia,  but  is  dissolved  by 
olcohoUe  ammonia^  forming  a  yellow  solution,  which,  when  eTsporated,  leayes  the 
compound  apparently  unaltered.  Acids  decolorise  the  solution ;  acetate  of  lead  furms 
in  it  a  white,  nitrate  of  silver  a  yellowish,  and  sulphate  of  copper  a  slight  greenish 
precipitate.    It  is  nearly  insoluble  in  boiling  alcohol  and  ether, 

■AMCTXOXh  C^W  -  (CH'Orj^Q.   Salicylaus  Hydride,    HydHc  Sdicylite. 

(kdicylotu  acid.  Hydride  of  SaUeoeyl  (incorrectly  Hydride  of  SalicylX.  Foiaiile  Oil  of 
Spirtea.  (Pagenstecher,  Ann.  Ch.  Phys.  [2]  Ixix.  831. — Lowig,  Pogg.  Ann.  zzzr. 
883.— Piria,  Ann.  Ch.  Pharm.  xxiz.  800;  zzx.  168 ;  Ixzzi.  245.— Dumas,  t^M^.  zidx. 
806. — Lowig  and  Weidmann,  Pogg.  Ann.  xlvi.  57. — Ettling,  Ann.  Ch.  Pharm. 
zzix.  309;  zxxr.  241;  liii.  77.— Wohler,  ibid,  zzzix.  121. — ^Marchand,  J.  pr. 
Chem.  xxvi  394.— Bertagnini,  Ann.  Ch.  Pharm.  Izzzv.  193.)— This  compound,  inter- 

!H0 
nQ,  and  the  unknown  salicylic  aldehyde, 

(CHK))'']^,wa8  formerly  regarded  as  salicylous  hydride,  or  hydride  of  salioosyl, 

C^K)''.H.  It  was  discovered  in  1835  by  Pagenstecher,  who  obtained  it  by 
distilling  the  flowers  of  meadow-sweet  {l^^irtea  Ulmaria)  with  water.  It  appears, 
however,  not  to  exist  ready-formed  in  these  flowers,  as  it  cannot  be  extracted  therefrom 
by  alcohol  (Dumas).  It  is  obtained  also  from  the  green  parts  and  the  rootstock  of 
Spirtea  Ulmaria ;  from  the  greenparts  of  Sp.  digiiatat  8p.  looata^  and  Sp.filipendula^  but 
not  from  the  shrubby  spineas  (W  icke,  Ann.  Ch.  Pharm.  xd.  374) ;  dso  from  the  warty 
secretion  of  the  larree  of  Qhryaomela  popttU  (Liebig,  SchweiserX  and,  according  to 
Knz  (Jahreeb.  1859,  p.  312)^  from  the  beetles  themselves  by  distillation  with  water. 
Artificial  formation. — 1.  By  the  dry  distillation  of  quinic  acid  (Wohler). — 2.  By 
the  oxidation  of  saligenin,  either  in  the  free  state  or  as  contained  in  salicin  or 
populin ;  therefore  by  the  action  of  potassic  chromate  and  sulphuric  acid  (Piria),  or 
of  aqneous  osmic  acid  (Buttlerow,  J.  pr.  Chem.  Ivi.  278)  on  saligenin,  salicin,  or 
populin,  or  by  the  action  of  bromine  or  iodine  on  salicin  in  water  containing  potash 
(Lefort).  From  saligenin,  C'H*0*,  it  is  formed  by  direct  oxidation  ;  and  as  salicin 
is  a  glucoside  of  saligenin  (p.  147),  and  populin  has  the  composition  of  benzoylsalidn, 
its  formation  from  these  bodies  is  likewise  easily  intelligible. — 3.  By  the  fermentation 
of  salicin  (Ranke,  J.  pr.  Chem.  Ivi.  1).— 4.  In  the  decomposition  of  helicin  (iii.  139), 
by  fermentation,  by  acids,  or  by  heating  with  alkalis. 

Prfparatwn. — 1.  From  the  flowers  of  8pir<ta  Ulmaria.  These  flowers  distilled  with 
water  yield  an  essential  oil,  consisting  of  salicylol  mixed  with  a  hydrocarbon  having 
the  composition  of  turpentine-oil,  and  a  camphor-like  substance  which  solidifles  at 
ordinary  temperatures.  On  neutralising  this  distilled  liquid  with  potash,  evaporatine 
nearly  to  dryness  to  expel  the  hydrocarbon  (this  part  of  the  operation  being  performed 
in  a  retort  to  keep  out  the  air),  then  slightly  supersaturating  the  residue  with  phos- 
phoric acid,  and  distilling,  salicylol  passes  over,  partly  as  a<^ueous  solution,  partly  in  oil- 
drops.  It  may  be  further  purifled  by  repeatedly  agitating  the  last  distiUate  with 
ether,  shaking  up  the  decanted  ethereu  solution  with  potash,  supersaturating  the  potash 
solution  with  phosphoric  acid,  and  distilling.    (Lowig,  Lehrbuch,  ii.  747.) 

2.  From  ecu-icin^  by  oxidation  with  chromic  acid.  The  best  proportions,  according 
to  Ettling,  are  3  pts.  salicin,  3  pts.  acid  chromate  of  potassium,  4^  pts.  strong  sul- 
phuric acid,  and  36  pts.  water.  The  potassic  chromate  is  intimately  mixed  wiUi  the 
salicin  ;  about  4  of  the  water  is  poured  upon  the  mixture,  which  is  then  well  agitated 
in  the  retort ;  the  whole  of  the  siuphuric  acid,  diluted  with  the  remainder  of  the  water, 
is  then  poured  in  at  once,  and  the  agitation  is  repeated.  A  slight  evolution  of  gas  then 
t^kes  place,  lasting  for  half  or  three-quarters  of  an  hour,  the  liquid  at  the  same  time 
liocoming  heated  to  between  60°  and  70°,  and  assuming  an  emenild-green  colour.  As 
soon  as  this  reaction  has  ceased,  the  liquid  must  be  moderately  heated.  Salicylol 
then  passes  over,  snd  condenses  in  the  receiver  in  the  form  of  a  heavy  oil,  its  formatitm 
l)eing  accompanied  by  the  evolution  of  carbonic  anhydride  and  formic  add.  The 
distillation  is  continued  till  the  condensed  water  is  no  longer  milky.  The  salicylol 
di.ssolved  in  the  water  may  be  extracted  by  agitating  with  ether,  and  evaporating 
the  ethereal  solution.  The  residue  in  the  retort  is  a  solution  of  chrome-alum,  on  the 
surface  of  which  there  usually  floata  a  resinons  matter,  resulting  from  the  decomposition 
of  part  of  the  salioyloL  260  grms.  of  salicin  thus  treated  yield  about  60  grms.  of 
salicylol. 

The  aqueous  extrnet  of  willow-bark  may  also  be  used  instead  of  pure  salicin  for 
the  preparation  of  saHcyloit    The  salicykil  thiM  ol>tauied  is  purified  by  oombiniug 
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it  with  an  alkabj  concentrating  the  solution,  and  distjlling  it  with  diliite  fa^lmii 
acid. 

Property's, — Salicylol  is  a  ool>nrle88  or  reddish  <»1,  haying  m  pleaauit  ■nmtiB 
odour,  like  that  of  bitter-almond  oil,  and  an  acrid  burning  taste.  It  tnini  red  m 
exposure  to  the  air,  but  may  be  rendered  colourless  again  by  a  nngle  diatilhtiwi. 
Specific  eravity  «  1173  at  13-3<'.  Boiling  point,  \Wb^  (Firia),  18S<>  (Ettlins). 
Vapour-dennty,  obs.  »  4*276 ;  calc.  »  4*225.  It  soUdifles  at  ~  20^,  ifl  inflaimiiaU^ 
and  bums  with  a  bright  but  smoky  flame. 

Salicylol  dissolves  with  moderate  facility  in  water;  its  aolutioa  litti  no  actiot 
upon  litmus ;  it  is  coloured  deep  violet  by  ferrie  saltM.  Jlcokol  and  Mar  diaohs 
it  in  all  proportions.    The  solutions  have  no  action  in  pdlariaed  light. 

Salicylol  decomposes  alkaline  carhonaifB,  even  in  the  cold.  Canstie  aTkalia  dinolw 
it,  with  formation  of  salicylites.  When  heated  with  kydraU  of  potOMtmrn^  it  ii  eo»- 
Terted  into  salicylate  of  potassium,  with  eyolution  of  hydrogen : 

C'H«0«  +  KHO     -     H»  +   CH»KO«. 

Ammonia  converts  it  into  hydrosalicylamide  (iii.  218)  : 

3(rH«0»  +   2NIP     -     C^H'^NK)'  +  3H«0. 

By  ehlorine  it  is  converted  into  chlorosalicylol;  by  bromine  into  liWHiimwlit'jM 
Iodine  dissolves  in  salicylol  without  alteration ;  nitric  aeid  oonyeztfl  it  into  aitio- 
salicylol;  by  prolonged  boiling  with  nitric  add,  it  yields  picric  acid  and  ei 
anhydride.  &iled  with  hydrochloric  acid  and  cMorate  of  potasaiUMt  it 
perchloroquinone  and  carbonic  anhydride  (Hofmann) : 

(THW  +   6C1»  +  0«     -     C*aW  +   6HC1  +  CO«. 

By  boiling  with  acid  chromate  o/potaeeium  and  dilute  sulphuric  acid,  it  is  partly  eai« 
verted  into  salicylic  acid  (Ettling).  It  is  likewise  oxidised  to  aalii^lic  acid  by 
boiling  with  cupric  oxide  in  alkaline  solution,  a  precipitate  of  cupric  oxide  being  forBied 
at  the  same  time.  It  also  reduces  oxide  of  silver.  When  exposed  to  the  Taponr  U 
sulphuric  anhydride^  it  is  converted  into  a  neutral  insoluble  body,  iaomerio  irith  sali- 
cylol, and  related  to  it  in  the  same  manner  as  benzoin  to  bitter-almond  oil. 

Compounds  and  DERivATiyBS  of  Sauctlol. 

Salicylol,  as  already  observed,  is  intermediate  in  composition  between  salicylic  acid  and 
salicylic  aldehj'de ;  and  accordingly  it  forms,  on  the  one  hand,  salts  called  salicylitei^ 

-gQ,  and,  on  the  oChar 

hand,  crystalline  compounds  with  acid  sulphites  of  alkali-metala. 

These  latter  compounds  are  obtained  either  by  direct  combination,  or  by  the  actios 
of  sulphurous  anhyoride  on  the  salicylites  of  the  alkali-metals : — Jmmonmm^^waU. — An 
aqueous  solution  of  acid  sulphite  of  ammonium  easily  dissolves  salicylol,  fonnii^  a 
yellow  oily  liquid,  which  after  some  hours  solidifies  to  a  oystalline  mass,  llie  product 
dissolves  in  hot  water,  and  separates  on  cooling  in  shining  slightly  yellow  needka 
When  exposed  to  the  air  for  some  days,  it  changes  to  a  brown  viscous  maas^  haying  a 
very  bitter  taste. 

Potassium-salt,  C'H'O'.EHSO".  -  Salicylol  shaken  up  with  an  aqneons  solatiaa 
of  acid  potassio  sulphite  of  28°  Bm.,  dissolves  without  colour;  una  the  satnrstad 
solution  solidifies  in  a  few  seconds,  forming  a  white  inodorous  cr}*btulliue  mass,  which 
may  be  recrystallised  from  alcohol.  When  dry  sulphurous  anhydride  is  passed  into  a 
cold  saturated  alcoholic  solution  of  potassic  salicylite  at  a  temperature  between  40" 
and  50°,  till  the  yellow  colour  disappears,  and  the  liquid  is  then  left  at  reet^  it  sooa 
becomes  filled  with  slender  needles  arranged  in  spherical  groups.  The  componnd  ii 
white,  with  a  pearly  lustre,  and  a  faint  odour  of  salicylol.  It  dissolves  abondsBtly 
in  cold  water,  easily  in  warm  alcohol,  le£ss  easily  in  cold  alcohoL  When  heated,  it 
gives  off  sulphurous  anhydride  and  salicylol,  leaving  a  residue  of  potassic  sulphite, 
which  afterwards  changes  to  sulphate.  The  aqueous  solution,  when  heated,  soon 
becomes  turbid,  and  deposits  salicylol;  heated  with  acids,  or  mixed  (even  in  the 
cold)  with  alkalis  or  alkaline  carbonates,  it  turns  yellow,  and  yields  a  salicylite.  Tb« 
solution  takes  up  iodine,  at  first  without  coloration ;  when  it  begins  to  show  colour,  the 
whole  of  the  sulphurous  acid  is  converted  into  sulphuric  acid,  and  the  salicykJ 
is  set  free.  With  bromine  the  solution  forms  sulphuric  acid  and  bromosalicyloL 
(Bertagnini) 

Sodium-salt. — A  solution  of  acid  sodic  sulphite,  agitated  with  a  large  quantity  of 
salicylol,  solidifies  to  a  white  crystalline  mass,  the  solution  of  which  in  hot 
water  deponits,  yn  cooling,  shinine  crystals,  having  a  sulphurous  taste  and  odour,  solo- 
ble  in  pure  water;  also,  with  partml  decomposition,  in  boiling  alcohoL  (Bertagnini) 
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th4»  acetic  acid  set  free  in  the  reaction  with  an  alkah'.  An  aqueoiw  aolvtioa  ff. 
mlicylol  shaken  up  with  rt^cently  precipitated  capric  hydist^,  yieldfl  a  nipric  nliefb 
in  £e  form  of  a  very  light  powder  of  a  green  colour.  Crarie  aalicyute  hetfad  ii 
220^  giyea  off  salicylol,  ^nzoealicylol,  ainl  carbonic  aahTdride^  leATing  m  rwdv  of 
cupric  lalicylate. 

SalieyliteM  of  Iron. — The  ferrous  salt  is  obtained,  as  a  dark-riolet  pnriiiitatB,ci 
adding  ammonia  to  a  solution  of  ferrous  chloride  mixed  with  aalicyloL — Arrie  «fi 
A  solution  of  ferric  chloride,  mixed  with  salicylol,  immediatelj  aasamee  m  dai4-Tiak 
colour.  The  mixture  loses  its  colour  on  exposure  to  the  air,  bat  reooTera  it  oa  a  fitu 
addition  of  salicylol. 

Salicylitti  of  Lead, — a.  Neutral.  Becentlj  precipitated  hjdrata  of  Isad  ii 
contact  with  aqueous  salicylol  is  converted  into  a  u^t-velloir  powder  nada  up  d 
small  shining  scales.— iS.  A  baeic  salt,  C>^>*Pb''0«J*b'0,  is  preeipitAtod  in  bgte. 
yellow  grains,  on  mixing  an  alcoholic  or  aqueous  solution  of  salicylol  with  bnr 
acetate  of  lead,  or  with  the  neutral  acetate  and  ammonia.  With  an  aleoholic  sohtioB 
of  siJicylol,  the  precipitation  does  not  take  place  immediately.  The  mlt  pracqntatcd 
in  the  cold  is  flocculent  at  first,  but  gradually  becomes  crystaUina.     It  is  snliydiDU. 

Mercury-salt — Mercuric  oxide  is  not  attacked  by  salicyloL  A  flCroog  aohoiia 
of  mercuric  chloride  poured  upon  salicylite  of  ammonium  forma  light  balky  Ooeka. 

Silver-salt. — Obtained  by  double  decomposition,  as  a  yellow  pFecipHate,  whiffc 
soon  blackens  and  decomposes.  With  very  oilute  solutions  no  proeipitate  is  ftswd, 
but  the  sides  of  the  yessel  become  coTered,  after  about  24  hoon,  with  a  pcUide  d 
reduced  silver ;  in  a  hot  solution  this  reduction  takes  place  immediately.  AqisMi 
salicylol  reduces  oxide  of  silver. 

Zinc-salt. — Aqueous  salicylol  shaken  up  with  oxide  of  sine,  fonna  a  TsDos 
solution,  which,  when  evaporated  in  a  vacuum,  leaves  a  yellow  pnlreralent  zesidM. 

Oiranlo    derlTatiwes   of  SalleyloL — These  compounds  are  fotmed  by  Urn 

action  of  salicylol  on  the  chlorides  of  acid  organic  radides. 

Acetosalicylol,  CTTO' «  C'H»(C^BPO)0«.  Acetosalicyl,  (Cahovre^  Aaa-Ch. 
Fharm.  civ.  109;  cviii.  312.) — When  equal  volumes  of  salicylol  and  aoetie  ehkndi 
are  heated  together,  the  mixture  becomes  viscous,  and  evolves  huge  quantitiea  of  hydfe- 
chloric  acid;  and  if,  when  this  action  is  over,  the  liquid  be  heated  for  some  honnts 


100^  in  a  sealed  tube,  it  yields,  on  slow  cooling,  brownish  prismatic  cryatala  of 

salicylol,  which  may  be  purified  by  pressure  between  bibulous  paper,  and  ztptated 
cr^'stallisation  from  alcohoL 

Acetosalicylol  is  metameric  with  coumaric  acid,  CH*0*.H.O,  and  aootobrnaoie 
anhydride,  C^1I'0.C'HK).0.  It  is  insoluble  in  water,  slightly  soluble  in  ether  and  it 
culd  alcohol,  more  freely  in  boiling  alcohol,  from  which  it  separates  ahnoat  completely 
in  slender  needles. 

Anisosalieylol  C'»H"0«  «.  C'H».(C»H'0«)0»,  is  produced  by  treating  salicyU 

with  chloride  of  anisyl.    (Gabon r a.) 

Bengosalicylnl,  C'*H'»0»  =  C'H»0«CrH»0.  BensosalicyK  Panuafie^,  (Ett- 
ling.  Ann.  Ch.  Pharm.  liii.  77.— Cahours,  ibid.  Ixxviii.  228;  criii.  312.)— Thii 
compound,  metamejic  with  benxoic  anhydride,  (C'HK))*©,  and  oreoselon<^  iapiodiieed: 
1.  By  the  drv  di.stillation  of  cupric  salicylite.  On  treating  the  oily  distillate,  fnm 
which  cr}-RtalH  have  already  peparated,  with  potash-lev,  the  benzosalicylol  rsmains 
undiswlved,  and  may  be  cryHtallised  from  warm  alcohol  or  ether  (Ettling). — 8.  By 
the  action  of  benzoic  chloride  on  salicylol.     (Cahours.) 

Benzosalicylol  cirstallises  in  obliquely  bevoUed  trielinic  prisms  melting  at  127°,  ssd 
fbrrainf?  a  pale-yellow  liquid,  which  solidifies  to  a  radiate  mass  at  98**.  At  180" 
it  suMimPs  in  lon^::  needles,  undecomposed,  and  without  previous  ebullitioD.  It  ii 
insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether;  also,  without  decomposi- 
tion, in  frently-warmed  sulphuric  acid.  Hot  strong  nitric  acid  dissolves  it  with  erolntioD 
of  nitrous  vapourn,  and  formation  of  picric  acid.  With  chlorine  or  bromine  in  aonaliiM 
it  forms  crystalline  products. 

Cumosalicylol,  C»'H'K)«  =  C^».(C'»H"0)0».  (TifWMa/fcj^.— Produced  ly 
treating  salicylol  with  chloride  of  cumyL  Crystallises  in  colourless  prisma^  zessn* 
bling  toluosalicylol.     (Cahours.) 

8uccinosalicylol.^^9l\cy\o\  treated  with  chloride  of  succinyl  yields  a  eompound 
which  crystallises  in  colourless  needles. 

Toluosalicylol,  C"H"0»  -  C'H»(C»n'0)0«.  TWwoM/iVy/.— Prepared  by  heating 
together  ♦yjual  volumes  of  salicylol  and  toluylic  chloride,  pressing  the  resulting 
brownish  mans  betwe«'n  bibulous  paper,  treating  it  with  hot  potaah-ley  and  then 
with  water,  and    crj'btallisiug  frum  btroug  alcohol.     It  forms  shining,  coloariea^ 
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friikble,  easily  ftinble  pruims,  inaoliible  in  odd  water,  slightly  soluble  in  boiling  water 
ftnd  in  cold  alcohol,  more  easily  in  hot  alcohol  and  in  ether.  It  is  not  decomposed  by 
distillation  with  hydrate  of  potassium.  Porms  cnrstallisable  substitution-products 
with  chloriney  bromine,  and  fdming  nitric  add.  (C  a  hours,  Ann.  Ch.  Pharm.  cviii. 
312.) 


.  Monobromotalicylol,  CH'BrO*.    Bromosalicyloue  Acid. 

(Lowig,  Ptogg.  Ann.  xxxvi,  388.— Piria.  Ann.  Ch.  Phys.  [3]  Ixix.  281.~H  eerie  in, 
J.  pr.  Chem.  zxzii.  66.) — Produced  by  adding  bromine-water,  not  in  excess,  to  an 
alcoholic  solution  of  salicylol,  and  separates,  on  addition  of  water  to  the  liquid,  in  small 
colourless  needles.  It  is  less  fusible  than  the  corresponding  chlorine-compound, 
aublimable,  and  distils  oTer  with  vapour  of  water.  It  dissolyes  in  alkcUia,  yielding 
metallic  bromosalicylites. 

firomosalicylol  forms,  with  the  acid  sulphites  of  the  alkalirmeUdSt  crystalline 
compounds,  which  are  decomposed  by  prolonged  boiling,  or  by  heating  with  adds. 
The  Dotassium-salt  crystallises  in  small,  colourkss,  shining  needles ;  the  sodium-salt  in 
interlaced  needles. 

Dihromosalieylolt  C*H*BrH)*. — Obtained  by  treating  salicylol  with  ^excess  of 
bromine- water.  It  forms  long  yeUowish  needles,  insoluble  in  water,  soluble  in  alcohol 
mnd  in  ether.  With  potash  it  yields  potassic  dibromosalicylite ;  sulphydnc  acid 
conyerta  it  into  the  sulpbydrate  of  sulphodibromosalicyloL    (H  e  e  r  1  e  i  n.) 

OmoroMOieirlols.  Monochlorosalicylol,  C'H^CIO*.  Cklorosalicvhus  Add. 
(Lowig,  Piria,  /oc.  cit.) — Salicylol  is  strongly  attacked  by  chlorine;  and  if,  after  the 
CTolution  of  hydrochloric  add  lias  ceased,  a  current  of  dry  air  be  passed  through  the 
liquid,  chlorosalicylol  remains  as  a  yellow  ciystalline  body,  which  oissolres  in  boiling 
•Icohol,  and  crystallises  on  cooling  in  colourless,  nacreous,  rectangular  plates.  It  has 
an  unpleasant  odour  and  burning  P^PP^iy  taste ;  melts  when  heated,  and  sublimes  in 
long  snow-white  needles ;  it  is  inflammable,  and  bums  with  a  sreen  flame.  It  is 
insoluble  in  water^  but  soluble  in  alcohol  and  ether.  It  dissolves  in  strong  sulphuric 
add  with  yellow  colour,  and  is  predpitated  from  the  solution  by  water.  With 
omnunHa  it  forms  hydtocWorosalicylamide,  C"H'»Cra«0»  «  8CH»C10«  +  2NH»  - 
8HH)  (iii.  219). 

Chlorosalicylol  dissolves  easily  in  alkalis,  forming  metallic  chlorosalicylites. 
The  potassium-^t  crystallises  in  radiate  groups  of  red  scales.  Its  solution  treated 
with  chloride  of  barium,  yields  haryUc  cldorosalicylite,  G"H"Ba"ClK)*.HK),  in  the  form 
•f  a  yeUow  crystalline  powder. 

Chlorosalicylol  dissolves  easily  also  in  the  acid  sulphites  of  the  alkali-metals, 
forming  crystalline  compounds. 

Dichlorosalieylol,  C^H*C1H)'?  is  produced,  according  to  Lowiff,  by  the  pro* 
longed  action  of  chlorine  on  salicyloL  On  removing  the  excess  of  chlorine  by  exact 
saturation  with  ammonia,  agitating  the  liquid  with  ether,  and  evaporating  the  ethereal 
solution,  a  soft  red  body  remains,  having  a  pungent  odour,  melting  at  26^,  and  form- 
ing red  salts  with  the  alkalis  and  alkaline  earths.  It  gave  by  anu^sis  39*8  per  cent, 
carbon,  2*4  hydrogen,  and  37*1  chlorine,  whence  Lowig  supposes  it  to  be  dichloro- 
salicylol,  the  formula  of  which  requires  44*0  per  rent,  otrbon,  21  hydrogen,  37*1 
chlorine,  and  20*7  oxygen ;  but  it  evidently  requir»  f  urtner  examination. 

CyanoMUlojlol,  (7H*N0«  -  C^»(CN)0«.— Thij«  oompound,  metameric  with 
isatin,  is  produced  by  the  action  of  bromide  of  cyanogen,  dissolved  in  absolute  alcohol, 
on  salicylite  of  potassium.  Bromide  of  potassium  then  separates,  and  the  alcoholic 
solution  yields  by  evaporation  yellowish  crystalline  scales  of  cyanosalicylol,  which  is  a 
weak  base  capable  of  uniting  with  adds.     (Cab ours,  Ann.  Ch.  Pharm.  cviii.  322.) 

ZodoMUiojlolf  CH^IO'? — Iodine  dissolves  in  salicylol  without  alteration ;  but 
by  distilling  a  mixture  of  potassic  iodide  and  ddorosalicylol,  diloride  of  potassium 
is  obtained,  together  with  a  brown  sublimate  analogous  in  properties  to  chlorosalicylol. 
(Lowig.) 

VltroMOioylol,  CH^KO*  »  CrS«(NO>)0*.  Nitrosalicylous  Add.  Spiroylic  Add. 
(Lowig,  loc.  dt.) — ^Prepared  bv  treating  salicylol,  at  a  gentle  heat,  with  moderately 
strong  nitric  acid.  It  crystaUises  in  transparent  yellow  prisms,  slightly  soluble  in 
wster,  very  soluble  in  alcohol  and  in  ether ;  its  Folution  imparts  a  persistent  yeUow 
stain  to  the  skin.  It  melts  when  heated,  and  solidifies  to  a  crystalline  mass  on  cooling ; 
sublimes  partially  at  a  higher  temperature. 

Nitrosalicylol  dissolves  easily  in  slkalis,  forming  crystallisable  salts.  Whoa 
SHihirated  with  ammaim,  it  forms  a  blood-red  liquid,  leaving,  on  evaporation,  a  yellow 
residue,  from  which  potash  eliminates  ammonia,  even  in  the  cold.  The  solution 
of  the  sodium-sa.t  forms  a  yellow  predpitate  with  lead'SaUs,  a  green  predpitate  with 
cupric  salts,  and  imparts  to  ferric  chloride  a  deep  cheny  oolour  These  salts  e]^ode 
when  heated. 
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C"H»W     +     HK)       «      CHH)«     +     (>H'«0». 

Saltdn.  Saligeiiin.  Glucose. 

Also  from  lalicylol,  C^*0',  by  the  action  of  sodinm-amalgam  in  presence  of  water. 
(Beinecke  and  BeiUtein,  Ann.  Ch.  Pharm.  cxxriii.  179.) 

Prtparation. — 1.  An  aqueous  solution  ofsalidn,  acidulated  with  snlphnric  or  hydro- 
ehloric  add,  is  heated  till  it  jnst  boils  up ;  the  liquid  is  then  saturatea  with  chalk,  and 
the  filtrate  shaken  with  ether,  which  takes  up  the  saligenin.  A  considerable  quantity 
of  salir^n  is  always  formed  at  the  same  time. — 2.  When  60  pts.  of  finely  pulyerised 
salidn  suspended  in  600  pts.  of  water  are  shaken  up  with  3  pts.  of  emulsin  (iL  486), 
and  heated  in  lukewarm  water  to  a  temperature  not  exceeding  40^,  the  salidn  dis- 
8o1t«%  being  decomposed  in  the  course  of  24  hours  into  glucose  and  saligenin.  When 
no  more  than  the  prescribed  quantity  of  wateT  *is  employed,  part  of  the  saligenin 
crystallises  out ;  and  if  the  liquid  be  then  twice  shaken  up  with  an  equal  bulk  of  ether, 
aud  the  ethereal  liquid  evaporated  over  the  water-bath,  the  residue  solidifies  in  a  white 
mass  composdd  of  pcAily  liuninse,  which  may  be  pressed  between  paper,  and  repeatedly 
cmtaliised  firom  boih'ng  water  (Piria).  Beilstein  and  Seelheim  purify  it  by  recrys- 
tallisation  from  benzene. 

Properties, — Saligenin  dTstallises  in  white  rhombic  tables  having  a  pearly  lustre, 
or  in  small  colourltss  rhombohedrons.  By  spontaneous  evaporation  of  the  aqueous  so- 
lution, there  is  funned  a  white  opaque  mass,  composed  of  microscopic,  shining,  irides- 
cent larniiue  (Piria).  Specificgravity  «-  l'1613at26<>  (Beilstein  and  Seelheim). 
Saligenin  is  unctuous  to  the  touch.  In  vacuo  over  oil  of  vitriol,  it  does  not  give  off 
water,  but  partly  volatilises,  in  consequence  of  which  the  oil  of  vitriol  becomes  covered 
with  a  crimson  crust. — It  melts  when  neated,  forming  a  colourless  transparent  liquid, 
which  solidifies  to  a  czystalline  crust  at  82^.  When  heated  for  some  time  to  100^  it 
fields  a  sublimate  of  delicate,  white,  shining,  iridescent  lumin». — The  aqueous  solution 
imparts  a  bright  iodi^  colour  to  ferric  salts.    (P  i  r  i  a. ) 

Saligenin  dissolves  in  16  pts.  of  w<Uer  at  22°,  and  in  aU  proportions  of  boiling  water; 
easily  also  in  alcohol  and  ether  (Pi  rial  One  part  of  saligenin  dissolves  in  52*6  pts. 
of  benzene  at  18^,  and  in  a  much  smaller  quantity  at  the  boiling'  heat  (Beilstein 
aad  Se  e  1  h  e  i  m).  The  solutions  do  not  act  on  polarised  light  It  dissolves  in  ammonia^ 
mad  appears  to  combine  with  potash.  The  aeneous  solution  does  not  precipitate  the 
calts  of  barium,  caldum,  copper,  neutral  lead-acetate,  mercuric  chloride,  nitrate  of 
silver,  or  tartar-emetic  Wiui  basic  acetate  of  lead,  it  forms  a  scanty  precipitate,  of 
▼ariable  composition.  It  imparts  to  ferric  salts  a  briffht  indigo  colour,  which  is  quickly 
destroyed  by  heat,  or  by  the  action  of  chlorine  or  acids.  The  alcoholic  and  ethereu 
solutions  do  not  exhibit  this  colouring. 

Deeofmeitions.—l.  Saligenin  heated  above  lOO^p^vesoff*  aqueous  vapour  and  sali- 
eylol  Between  14(T^  and  160^,  it  becomes  very  viscid,  and  solidifies  on  cooling  to 
a  mass,  which  is  less  crystalline  the  more  strongly  it  has  been  heated ;  and  at  length 
there  is  formed  an  amber-coloured  translucent  resin  having  the  properties  of  saliretin. 
— 2.  Exposed  to  the  air  in  contact  with  j^wum-black,  it  is  qoickly  converted  into 
aalicylol ;  at  higher  temperatures  the  same  conversion  is  produced  by  mere  contact 
with  the  air,  or  by  chromic  acid,  oxide  of  silffer,  &c,  without  the  formation  of  any  other 
organic  substance  or  of  carlionic  anhydride : 

CHH)'  +  O     -     CniH>*  +   HK). 

Mercuric  oxide  does  not  act  upon  saligenin.— When  saligenin  is  heated  with  sulphurio 
acid  and  peroxide  of  manganeeet  carbonic  anhydride  and  formic  acid  are  produced, 
without  a  trace  of  salicyloL — 8.  Chlorine  gas  acts  violently  on  dry  saligenin,  giviujg 
off  hydrochloric  add  and  forming  a  yellow  resin,  which  eradnally  turns  red,  and  ulti- 
mately solidifies  to  a  mass  composed  of  small  crystals,  which  melt  and  turn  red  when 
<*xposed  to  the  ihrther  action  of  chlorine.  Bromine  acts  in  a  similar  manner. — The 
•x;hief  product  formed  by  the  aetion  of  chlorine  gas  on  a  concentrated  aoueous  solution 
of  saligenin,  is  trichlorophenic  add  (iv.  892). — 4.  With  iodine  tmd phosphorus  saligenin 
forms  a  brown  liquid,  wnich  appears  to  contain  C'H*O.IH,  but  is  vei^  unstable  (Lim- 
pr  icht). — 6.  Saligenin  heated  with  dilute  acids,  is  resolved  into  saliretin  and  water : 
€*H"0«  -  CR*0  +  H»0.— 6.  Stronff  sulphuric  acid  colours  saligenin  deep  red, 
like  salidn. — 7.  Strong  nitric  acid  dissolves  it,  with  evolution  of  nitrous  vapours  an:l 
carbonic  anhydride,  and  formation  of  picric  acid.  Dilute  nitric  acid  converts  it  into 
salicyloi,  partly  also  into  yellow  crystaU  of  nitrosalicylol  (p.  172). — 8.  Saligenin  is  not 
perceptibly  altered  by  potash-ley  at  ordinary  temperatures,  but  appears  to  unite  with 
It.  When  heated  with  solid  potassic  hydrate,  it  gives  off  hydrogen,  and  forms  salicylate 
of  potassiam: 

(?H«0«  -h  KHO     -     C'H»KO«  +   2H». 
9.  Sodium  t/dtM  ap^n  saligenin  dissolved  in  pure  ether,  with  evolution  of  hydrogen,  and 
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formation  of  a  uwtiipitote,  conBisting  of  the  sodiom-eompofimd  C*H'"NaO*«  A 
of  salipiaiin  in  benzene  reacts  with  sodium  in  a  similar  manner,  ezcepting  that  thi 
precipitate  formed  is  not  of  constant  composition  (Beilstein  mod  9eerh«iBV- 
10.  Pintachloride  of  pkospkurua  coayerts  saliffenin  into  saliretiii,  with  evoihriMa  rf 
hjdrochloric  acid  and  phosphoric  ozTchloride  (beilstein  and  Seel  h  eim) : 

C»H»0«  +  PC1»    «     2HC1  +  POa»  +  C'HH). 

— 11.  Saligenin  is  also  converted  into  saliretin  by  heating  to  100^  with  acetic  anhydndi 
and  ether ;  also  when  hydrochloric  acid  gas  is  passed  into  a  solotum  of  aaligeiiin  ii 
glacial  acetic  acid  (Beilstein  and  Seel  h  eim). — 12.  Saligenin  is  attacked  bjeALftdlr 
of  benzoyl,  with  evolution  of  hydrochloric  add,  and  formation  of  a  eompoimd  eontsioing 
C'H^(C' IIK) )0',  apparently  analogous  to  the  compound  ethen.     (Limpricht.) 

diloroaallffeniiia.  These  compounds  are  produced  by  the  action  of  emnlsin  <a 
the  corresponding  chlorosalicins  (p.  149).  They  are  all,  like  saligMiin  itaelf^  oonvezted 
into  resinous  matters  by  contact  with  addn. 

MonoehloroMligeniny  C'H'CIO*,  crystallises  from  hot  water  in  pore  oohnirieN 
rhomboidal  plates,  exactly  like  saligenin.  It  dissolves  in  water,  alcoholy  and  etha; 
turns  ferric  salts  blue,  and  is  chang^  into  a  resin  (f  chiorosaliretin)^  nnder  the  inin- 
ence  of  acids.    (P  i  r  i  a.) 

DickloroMligenin,  C'H*a*0',  and  Perchlorosaliffenin,  CH^GIK)*,  are  produced  ti 
like  manner  from  di-  and  per-chlorosalicin,  but  only  in  vezy  anrnU  quantities. 
(Piria.) 

SAXZO&TCZC  ACZB.    Syn.  with  SaLiCTi.UBic  Aero. 

SA&ntBTnr.    CR*0.    (Piria,  Ann.  Ch.  Pharm.  zxx.  178,  189;  Ivi.  4i.- 

Gerhardt,  Ann.  Gh.  Phys.  [3]  vii.  216.) — This  body,  which  differa  from  aaligaus 
by  the  elements  of  1  at.  water,  is  produced  by  the  action  of  dilate  adds  on  saligens^ 
or  on  salicin,  glucose  being  also  formed  in  the  latter  case.  The  transfomnatUMi  ii 
^.fleeted  by  the  greater  number  of  adds,  even  in  very  dilute  solution,  provided  thi 
Uquid  be  heated  to  the  boiling-point.  The  saliretin  then  rises  to  the  aurfaee  in  tbe 
form  of  a  resinous  body,  generally  yellowish,  sometimes  quite  white.  In  seneral,  the 
more  dilute  the  acid  (sulphuric  or  hydrochloric)  emploved,  the  purer  ia  the  prodaet 
obtained.  It  may  be  further  purified  by  solution  in  alcohol  and  precipitation  witk 
water.  According  to  Piria,  100  pts.  saligenin  treated  with  dilute  hydrochloric  add, 
and  heated  to  between  120^  and  130°,  lose  15*39  per  cent  water  (oalc.  14*A2  per 
cent.). 

Saliretin  is  insoluble  in  water  and  ammonia,  but  soluble  in  alcohol,  ether,  aad 
strons  acetic  acid,  and  is  predpitated  from  these  solutions  bv  water.  Potaah  tnd 
iK>da  likewise  dissolve  it,  and  the  solutions  are  not  predpitated*  by  water ;  but  acidi 
(even  carbonic  acid)  separate  the  saliretin  in  the  form  of  a  white  gplatinona  pelp. 
Sulphuric  acid  colours  saliretin  blood-red.  Strong  nitric  acid  converts  it  at  the  boUii^ 
heat  into  picric  acid,  without  formation  of  oxalic  add.  By  diy  distillatioa  it  yitUi 
phenol,  water,  and  a  copious  residue  of  charcoal. 

8A&UBU&ZA.    The  fruit  of  Saluburia  adiantifolia  (or  Gingko  h&oba)  eoataiD^ 

l)esides  gum,  sugar,  pectin,  citric  add,  butyric  acid,  &c,  9  per  cent,  of  a  fiittr  cfl 
which  is  extracted  firom  it  by  ether.  This  oil  is  yellow,  has  an  add  reaction,  eoUoiAM 
in  the  crystalline  state  at  0^,  contains  a  fatty  add,  C^^H'*0',  meltins  at  85®,  sad 
called  by  Schwarzenbach  (Jahresb.  1857,  p.  529),  gingkoie  acioL — ^The  fleiby 
part  of  the  fruit  contains  74*6  per  cent  water,  24*3  dry  organic  matter,  and  I'l  ash. 

ftJk&ZTB.    S}ii.  with  Sahijtb. 

8A&STBO&.    Syn.  with  Ethtuo  Phsnatb  or  Phemrol  (iv.  891). 

BAJUVA.  (Lehmann,  Lehrb.  ii.  9. — Gorup-Besanei;  Lekrh,  43S. — 
Bidder  u.  Schmidt,  Verdanun^asafUf  i^.  1. — Bernard,  Legont  Pkyt,  Exp.  18M^ 
vol  ii. — B.  Eckhard,  Beiirdffe,  ii.  205. — Ordenstein,  ibid.  p.  101.---OehT,  SoHm 
umana,  1864. — Kiihne,  Lthrb,  Pkya,  Chtm.  p.  1.) 

Several  oigans — viz.,  the  parotid,  submaxillary,  sublingual,  and  buccal  glands— poor 
into  the  mouth  their  respective  secretions,  which,  mixed  together,  form  what  ia  called 
mixed  saliva,  or  briefly  saliva. 

Parotid  Saliva,  or  the  Kecretion  of  the  parotid  gland,  may  readily  be  obtained  by 
canalization  of  the  Stensonian  duct.  The  quantity  secreted  bv  one  gUmd,  in  nan,  his 
been  estimated,  for  the  24  hours,  at  1*4  grm.  per  kilo  of  body-weight  (Oehl).  The 
first  drops,  obtained  after  introducing  the  tube,  are  turbid  and  add,  probabi|y  tnm 
decfimposing  epithelium ;  the  secretion  afterwards  flows  clear  and  alkaline.  Od 
standing,  it  becomes  turbid,  with  deposition  of  carlxjnate  of  calcium,  probably  owing  to 
escape  of  carbonic  acid.     Oehl  states  that  the  fluid,  as  it  escapes  fVom  the  t!ube»  if 
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often  icid,  ^flpecially  when  the  ralgeet  is  &8ting;  he  also  mainteins,  that  traoiipaienfnr 
belongs  to  the  acid  aeeretion  only,  an  alkaline  or  a  neutral  saliya  beinff  always  turbia, 
eren  as  it  flows  from  the  tube.  There  are  no  special  morphotic  constituents.  Specifie 
grayity  (man)  1*0031 — 1*0043;  solid  residue,  *571 — '616  per  cent.  Bidder  and 
Schmidt  found,  in  the  dog,  in  1000  pts.  water,  996'3«  solids  4*7,  of  which  organic 
matters  1*4.  salts  3*3  (potassic  and  sodic  chlorides  21,  calcic  carbonate  1*2).  Parotid 
■aliva  is  free  from  mucin,  contains  a  Tery  small  quantity  of  globulin,  and  a  larger  but 
fltill  small  amount  of  albumin.  In  the  horBe,Bernard  found  a  material  separable  by 
saturation  with  magneeian  sulphate  ( ?  globulin).  In  man,  sulphocyanate  or  potassium 
is  invariably  (?)  found  (to  the  extent  of  '03  per  cent.)  (Oehl).  Bromides  and  iodides 
pan  readily  from  the  blood  into  saliTa,  apparently  being  substituted  for  the  chlorides, 
which  are  proportionately  lessened. 

SuhmmxUlary  SaHva,  which  flows  into  the  mouth  through  the  Whartonian  duet,  is  a 
generally  transparent.^  b«t  sometimes  turbid,  and  always  more  or  less  viadd  fluid,  of 
distinct  allLaline  reaction,  and  of  very  variable  specific  gravity.  Bidder  and 
Schmidt  found  in  the  dog,  in  1000  pts.— water,  991*45;  solids,  8*55:  of  which 
organic  matters  2*89,  salts  5*66  (potassic  and  sodic  chlorides  4*50,  calcic  and  magnesian 
carbonates  and  phosphates  1*16).  When  obtained  by  canalization,  it  is  limpid  as 
it  flows  from  the  tube,  but  almost  immediately  becomes  viscid.  Besides  mucin,  to 
which  constituent  the  viscidity  is  due,  it  contains  a  small  quantity  of  globulin  and  of 
albumin.  In  man,  according  to  Oehl,  it  gives  faintly  the  reactions  of  sulphocyanate 
of  potassium. 

The  submaxillary  gland  is  subject  to  the  influence  of  different  systems  of  nerves, 
and  the  quality  of  the  secretion  depends  on  the  kind  and  degree  of  nervous  action  set 
going.  Excitation  of  the  chorda  tympanic  and  excitation  of  the  sympathetic  nen-e 
belonging  to  the  gland,  produce  two  distinct  kinds  of  saliva.  The  chorda*saliva  is 
transpazenty  distinctly  alkaline,  free  from  morphotic  constituents,  moderately  viscid,  of 
•peeiflc  gravity  1*0039—1*0056,  and  yields  1*2-— 1*4  per  cent,  solid  residue.  The  sym- 
pathetic saliva  is  always  turbid  or  opaoue,  extremely  viscid,  and  contains  peculiar 
gelatinous  microscopical  masses,  of  variable  size.  There  are  also  other  varieties  ol 
submaxillary  saliva,  which  have  not  as  yet  been  closely  studied. 

Sublingual  Salira  is  alkaline,  exceedingly  viscid,  with  a  solid  residue  of  9*98  per 
cenL,  and  contains  sulphocyanate  of  potassium. 

Buccal  SalivOf  or  Oral  Mucus,  obtained  by  ligaturing  the  ducts  of  all  the  other 
salivary  glands,  is  very  viscid,  and  abounds  in  morphotic  constituents — viz.  epithelium, 
with  miKus,  and  the  so-called  salivary  corpuscles.  In  1000  pts.  Bidder  and 
Schmidt  found  9*98  solid  residue,  of  which  organic  matters  3  84,  inorganic  matters 
613. 

Mixed  Saliva  varies  in  its  qualities,  according  as  one  or  other  of  its  component  secre- 
tions preponderates.  It  is  ^nerally  alkaline,  but  sometimes  acid,  probably  from 
acid  fermentation  of  sficcharme  aliment  retained  in  the  cavities  ana  folds  of  the 
month.  The  total  quantity  secreted  in  the  24  hours  varies  exceedingly ;  Bidder  and 
Schmidt  calciilate  it,  for  man,  at  1400  gnus. ;  Lehman  n  at  473  grms. 

Use*  of  Saliva. — By  virtue  of  its  fluidity  and  viscidity,  saliva  is  of  great  assistance  in 
mastinatioa  and  deglutition.  Animals,  when  the  ducts  of  the  salivary  glands  are 
ligatured,  diew  and  swallow  with  great  difficulty. 

When  raw  starch  is  exposed  at  36°  to  human  saliva,  frequently  renewed,  the  starch- 
granulose  is  after  a  while  dissolved,  and  flnall^  converted  into  dextrin  and  sugar. 
Boiled  starch  treated  in  the  same  way  is  almost  instantaneously  converted  into  dextrin 
and  sogar. 

In  man,  parotid  and  snbmaxillaiy  saliva,  or  infusions  of  the  respective  glands, 
possess  «qaally  with  mixed  saliva  this  power  over  stardi.  In  the  dog,  tne  mipathetic 
submaxillary  saliva  alone  acts  on  starch,  and  that  very  feebly  (Kiihne).  In  the  pig, 
rabbit,  and  guinea-pig,  infusions  of  the  salivary  glands,  and  probably  also  their 
secretions,  are  as  energetic  as  in  man.  In  the  horse,  the  ox,  the  sheep,  and  the 
cat,  the  secretions  and  glandular  infusions  are  entirely  or  almost  entirely  inactive.  In 
man  the  change  efleeted  by  saliva  on  boiled  starch  is  sufficiently  rapid  to  allow  of  a 
considerable  production  of  sugar  during  the  act  of  mastication.  But  it  is  evident  that 
in  many  aniinals  the  saliva  can  have  no  such  function. 

Ptyalin. — ^This  action  of  saliva  on  starch  is  not  due  to  the  morphotic  elements,  to 
mucus,  to  the  globulin,  or  to  the  other  albuminoid  constituents,  but  seems  to  belong  to 
a  special  "active  principle"  or  "ferment,"  for  which  the  name  ptyalin  maybe  profitably 
reserved.  If  sahva  be  treated,  first  witii  dilute  phosphoric  acid,  and  then  with  lime- 
water,  the  bulky  precipitate  of  phosphate  of  calcium  carries  down  with  it  the  greater 
Sart  of  the  ferment,  together  with  albumin.  If  the  separated  deposit  be  agitated  with 
istilled  wmXjkc,  it  gives  up  the  ferment  but  not  the  albumin :  hence  by  filtration  a 
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(jnr  liqiud  is  obtun«d,  kctiiig  powerftiU;  on  stareli,  bnt  frae  from  klbnmin.  Vrcn  tUi 
IliB  fennint  nuij  ba  pncipilstcd  bj  aleobol,  forming,  *baD  nrafbllj  dzicd,  an  !■>■ 
phom  porder  (mixed  wiUi  phoaphates),  conUiniBg  nibogsa,  but  not  ezIdbiliBt  tti 
x&nthopniteic  rauetion.    (Cohnbeim.) 

Ptyalin  is  moat  ictin  io  a  Dfutial  or  faintlr  aUulina  loIntiaD  ;  tlia  addition  of  m 
add,  or  an  alkali,  flrat  deUn,  then  amata,  and  flaally  dntioya  ita  action.  It  >•  aaa 
active  at  a  ttmperatiire  of  about  85°;  ita  pmperliea  ars  vboUf  dcatrojad  wIim  a 
Mlotioo  ia  boiled.    The  pcraence  of  an  exceaa  of  slacoae  hindaia  tta  Mtiail. 

JU. 
•A&KW-TSOmW.  «  •KA^aVOXmOBir.     B^pepJM    rk^wimUl  {a. 
lU). 

Sjn.  withSix-uuoinic,  or  Cm-oania  or  AnonuK. 

ACTS-     SalmtduTt.  Lac^attrt. — A  nddiah  Stttar  Mcid.  rziRiiig 

toFrimjand  Valpni;ionneB(J.  Fharm.  [S]  xxriii.  401),  in  tlia  itilak 
mnaclM  of  Tanona  apecia  of  salmon,  rooet  abondantlj  in  8^ma  t^mo  and  S.  t^ 

»«T.»»»i«-» «^-T. Wj  dp  ■  ^^-"^f  ftWTITi    Sjpn.  with  Sisaip^aiuja. 
SA&aOLA.    A  genni  of  ch^nopodiaceona  planta,  growing  on  the  aeaaliaw,   nl 


^•nenilly  on  soila  neb  in  common  aalt.    Th<>f  yield  a  lai^  qnantitj  of  aah, 
cunaiiting  of  godic   carbonate,  on  which  account   Bevaral   ipKJBa  (Sirfipte  kmi,  e. 
Soda.  &c.)  are  cnlriTat«d  for  the  preparation  of  natunl  loda,  at  bMiU*.     Balwelm  &it 


_   raltiratMl  for  thia  pnipoM  cbiefl;  in  Spun,  r 

The  aahn  of  •i>renil  dpedn  of  inliiola  from  the  Rirgbia  Steppe,  IwTe  ben  SDahnd 
by  Qubel  {Rfiie  i«  du  Stfj-pm  da  tidlKim  Bvulandt,  Dorp.  1SS7  and  I'lM; 
Handir.  d.  Ckrin.  rii  20*).  The  yonngpUnti  of  Saliola  hradiiaio,  aiiNdiied,  jiaUid  U 
percent,  aah,  of  which  M'6  per  efnt,  wee  aolnble  in  water;  older  plants  g>Te  twly  IS  pM 
crnt,  ash,  coiitaimng  63'5  pfr  cpnL  of  aolable  aalta.  Yonng  planta  of  S.  danate  pm 
42  per  cent,  ash,  of  which  74  per  cenL  waa  aoluble ;  young  plant*  of  8.  lanalu  fan 
IS'O  par  CRQt,,  of  which  33  e^f  cent,  wu  ealnbla  in  wtiler.  Old  plantii  of  8.  JW£iH 
gave  70  prr  cent,  aah,  containing  HB  par  e«nL  of  aoluble  salts  ;  old  planta  of  &  Is- 
Dwrunna  93  per  cent,  sab,  containing  15  per  cent,  aoluble  salta. 

OfM^ontion  o/  the  A»k  Iff  variou*  SpKia  a/ Baltala. 


■AST,  Sodic  cblitride,  tra-tall,  or  common  uOt,  the  substance  which  is  alwin 
denoted  when  ihe  word  "  salt "  (Gr.  Jm,  I«t>  tal.,  Fr  *■/,  Germ.  So/*)  is  uwd  witboit 
qsaliflcation  in  ordinal^  langiia^.  waa  doubtless  thi<  flp<t  body  to  wht<!h  thia  nan*  wit 
pym.  The  word  salt  ilfelf.  in  Lis  Qm\  form,  sufficiently  catabliBhee  tliia  fact,— l)t 
in  the  feminine  being  oaed  for  the  wtt,  and  lAi  in  the  mBscnline  for  the  solid  prodKt 
Irfl  whM  sca^waler  evsporatea.  In  endeKTouring  to  tnice  some  of  the  miat  ia- 
portant  of  tl]e  steps  by  which  this  word,  from  haring  been  the  epradc!  name  gf  ■  rai- 
tic-uinr  aubilance,  hna  come  lo  he  nwd  as  a  generic  ijTm  of  wider  applicatioa  tlnnan 
other  ID  (he  wbole  Torabuliry  of  chemistry,  we  find  that  the  flrat  eiteDsiun  of  ita  msaniig 
was  in  connection  »ith  the  leading  idea  which  thePtymoloBj  of  the  word  showa  lo  ki« 
been  attached  to  it  from  the  beginning.  This  idta  evidently  waa  very  neaiir  — >"» 
wonld  hare  been  rxpressed,  in  the  lengnage  of  a  later  time,  by  uying  tliat  •ra.aalt  «■ 
the  easence,  or  eesential  principle,  of  sea-water.  Accordingly,  when  it  wma  ulissiiiJ 
that,  other  wstiry  liquidn  yielded,  nndertha  same  conditions  iw  sea-water,  a  aolid  sab- 
alaiire,  not  vrrj- unlike  »ea-s;ilt  in   iippfaranro,  the  name  aalt    wu   appliad  to   (hrw 
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labfltancet  also.  Thus,  according  to  Eopp  (OeaeMeJUe  der  ChenUe,  iii  2),  Ari  stotle 
calls  the  residue  deposited  on  cooling  by  &»  evaporated  liziTinm  of  wood-ashes,  salt, 
&nd  Dioscorides  and  Pliny  enumerate  as  one  of  the  kinds  of  salt,  mUd  fixed  alkali; 
some  other  allied  substances  idso  bore  the  same  name.  But,  as  Eopp  yeiy  judiciously 
points  out,  this  extension  of  the  name  salt  to  other  bodies  than  that  to  which  it  was 
first  applied,  indicated  ignorance  of  the  real  differences  of  these  bodies,  rather  than  any 
dear  perception  of  analogies  among  substances  recognised  as  distinct.  The  use  of  the 
term  was,  however,  such  as  to  show,  clearly  enough,  that  the  notion  which  it  originally 
oony^yed  was  that  of  a  soluble  solid  substance  produced  from  a  wateiy  liquid  by 
eraporation. 

This  original  idea  of  solubility,  as  the  most  characteristic  property  of  saline  or  salt- 
like  substances,  retained  its  ground  down  to  the  times  of  the  idchemists ;  but,  as  the 
different  bodies  to  which  the  common  name  of  salt  was  applied  came  to  be  more  accu- 
rately distinguished  from  each  other,  it  became  necessary  to  adopt  for  them  distinctive 
appellations;  and  thus  in  the  writings  of  Albertus  Magnus,  Kaymund  Lully,and 
their  contemporaries  of  the  thirteenth  centuiy,  occur  such  specific  names  as  sal  mari' 
num^  sal  petra  or  sal  nitric  sal  ammoniacum^  sal  ve^etabile  (potashes),  &c.  All  the 
substances  denoted  by  these  names  have  been  ever  since  classed  as  salts:  but  that  the 
ideas  attached  to  the  word  salt,  at  the  period  referred  to,  were  very  vague  and  indefinite, 
IB  shown  by  the  fact  that  all  the  then  Known  metallic  salts,  a  class  of  compounds  which 

Sossess,  in  as  marked  a  degree  as  any,  the  characters  now  recognised  as  saline,  were 
enied  the  name  of  salts  by  Basil  Valentine  (in  the  latter  part  of  the  fifteenth 
century),  and  classed  together  as  vitriols.  There  can  be  no  doubt,  however,  that  this 
arbitrary  distinction,  as  it  seems  to  us,  between  metallic  salts  and  other  salts,  was  in 
Iiarmony  with  the  chemical  ideas  generally  prevailing  at  the  time.  For  the  alchemists, 
the  main  problem  presented  by  chemistry  was  the  stu^of  the  metals,  just  asfor  Lavoisier 
and  his  school  it  was  combustion,  and  for  Berzelius  it  was  the  quantitative  composition 
of  mineral  salts  as  illustrating  the  doctrine  of  definite  proportions.  Hence  it  is  not 
surprising  that  substances  either  produced  from  metals,  or  from  which  metals  could 
be  obtained,  should  have  been  r^giuded  bv  the  alchemists  as  of  an  essentially  different 
nature,  and,  so  to  speak,  as  possessing  a  nigher  rank  than  the  substances  known  to 
them  as  salts.  Accordingly,  this  separation  was  generaUy  maintained  as  long  as  alche- 
my held  its  ground,  but  was  abandoned  as  wider  views  grew  up  in  the  science ;  and 
even  during  the  alchemical  period  it  was  not  recognised  by  those  chemists  who  wero 
not  alchemists.  Thus  Bernard Palissy,  in  a  tract,  "Des  Sets  divers  et  du  8el  cam- 
mun  "  published  in  1580,  classed  together  as  salts,  common  salt,  saltpetre,  the  vitriols, 
alum,  borax,  sugar,  corrosive  sublimate,  tartar,  and  sal-ammoniac.  (See  Life  of 
Bernard  Palissy  of  SainteSf  by  Henry  Morley,  London,  1855,  pp.  96,  97.) 

The  most  important  modification  which  the  original  idea  of  a  salt  underwent, 
before  the  beginning  of  the  eighteenth  century,  was  that  it  implied  a  substance  not 
only  possessed  of  solubility,  but  capable  of  affecting  the  sense  of  taste.  It  is  not  clear 
at  what  period  the  latter  property  began  to  be  generally  recognised  as  an  essential 
character  of  salts,  but  it  was  commonly  received  as  such  in  the  sixteenth  century.  In 
making  the  possession  of  taste  an  essential  quality  of  salts,  demists  were  evidently  led 
by  the  analogy  of  chloride  of  sodium,  the  original  salt,  whose  remarkable  fiavouring 
power  has  been  a  chief  cause  of  its  common  employment  from  the  earliest  ages. 
("Can  that  which  is  unsavoury  be  eaten  without  salt?" — Job  vi  6.)  During  all 
this  period,  therefore,  all  that  seems  to  have  been  implied,  when  this  or  that  particu- 
lar substance  was  called  a  salt,  was  that  some  undefined  degree  of  resemblance  in 
external  qualities,  especially  in  the  two  just  mentioned,  was  perceived  between  it  and 
common  salt;  audit  is  probable  that  the  notion  which  underlay  the  application  of  the 
same  name  to  these  various  compounds,  was  rather  that  of  their  being  modifications 
of  a  single  fundamental  substance  than  radically  distinct  though  analogous  bodies. 

But  auring  the  latter  part  of  the  fifteenth,  the  whole  of  the  sixteenth,  and  a  great 
part  of  the  seventeenth  centuries,  the  term  salt  was  used  not  only  in  the  sense  that 
nas  been  explained,  as  a  generic  name  for  certain  definite  preparable  substances, 
but  also  in  a  much  more  abstract  sense,  as  the  name  of  one  of  the  supposed  ultimate 
dements  of  all  material  things. 

Thus,  according  toBasil  valentine,  all  inorganic  substances  were  made  up  of 
salt,  sulphur,  and  mercury;  and  Paracelsus  (in  the  early  part  of  the  sixteenth  cen- 
tury) declared  that  the  same  three  substances  were  the  elements  of  all  bodies,  oi^nic 
as  well  as  inorganic — a  doctrine  which  was  adopted  by  a  great  many  succeeding 
chemists.  And  until  the  rise  of  analyticsl  chemistry,  and  tlie  foundation  of  the 
modem  views  of  the  nature  of  the  chemical  elements  by  Boyle  in  the  latter  part  of 
the  seventeenth  century,  salt  was  almost  always  enumerated  as  one  of  the  elements, 
althongh  opinions  varied  considerably  as  to  the  others. 

In  order  to  understand  this  use  of  the  word  salt,  it  is  needful  to  remember  that  tha 
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idea  of  an  '*  dement,"  at  the  period  we  are  referring  to,  waa  ybtj  diflSwant  froB  tbd 
wliich  is  tixpressed  by  the  same  word  now.  It  had  much  leaa  refevenoo  to  tfpny'hn, 
a8  Duw  understood,  than  to  what  were  supposed  to  be  the  intzinne  and  ftinnmintj 
prapertki  of  material  bodies.  The  principles  recognised  as  elementuj  br  the  thttam 
of  that  age,  differed  both  in  name  and  in  attributes  from  the  elements  iiOfniftiwi  hffk 
Greeks ;  nevertheless,  the  notion  of  an  element  was  still  essentiaUj  of  the  mat  ^pE^ 
as  tliat  acted  upon  by  Aristotle,  when  he  selected  as  elements  Fire,  Wstar,  Air,  sid 
Earth,  on  the  ground  that  they  appeared  to  him  the  most  distinct  embodiments  of  Hm 
and  Cold,  Dryness  and  Moisture,  which  he  regarded  as  the  fundamentsl  qnahtiflf  d 
matter.  Accordingly,  when  we  And  salt  spoken  of  as  one  of  the  elementSi  and  u  a 
constituent  of  all  manner  of  substances — as  it  is,  for  instance,  by  Psliss^  in  tk 
trentise  already  referred  to :  '*  I  tell  you  further,  that  there  is  nothing  in  this  vnU 
which  has  no  salt  in  it,  whether  it  be  in  man,  the  beast,  the  trees,  plants^  or  other  Tcgeli* 
tire  things,  or  eyen  in  the  veiy  metals,  &c." — ^we  are  not  to  underataad  the  statement  ■ 
we  should  if  it  were  made  by  a  modem  chemist,  but  should  rather  take  it  as  impljing 
that  saline  properties  (solubility  and  taste)  were  supposed  to  belong  in  some  dance  ts 
all  subst4inees.  In  particular,  the  notion  that  salt  was  a  constituent  of  the  mctius  wm 
clearly  nothing  more  than  the  theoretical  conception,  in  accordance  with  the  gcaeal 
modes  of  thought  prevailing  at  the  time,  which  corresponded  to  the  known  £Ktthstbj 
yurious  processes  the  metals  could  be  actually  transformed  into  aalts ;  for  the  eaaf9> 
sion,  say,  of  iron  into  green  vitriol,  was  not  then  regarded  as  a  prooesa  of  oombiBatin 
of  iron  with  other  su^tances,  but  simply  as  a  process  in  which  iron  was  modified  is 
such  a  manner  as  to  allow  its  previously  latent  saline  qualities  to  be  msDifeated. 

The  name  salt  being  applied  to  all  substances  which  were  soluble  and  poaseeisi  of 
taste,  included  some  which  differed  greatly  in  other  properties.  Thus,  in  additmi  li 
neutral  salts,  it  included  the  acids  and  alkalis.  As  the  properties  of  these  two 
of  bodies  became  known,  it  was  gradually  recognised  that  they  were  in  manj 
antagonistic,  and  especially  that,  by  their  action  upon  each  other,  their  distu 
characters  were  more  or  less  completely  obliterated,  new  and  oomparatiTeljri] 
substances  being  generated.  These  obseryations  led  to  the  BubaiTiaion  of  sslta  iris 
three  classes,  variously  distinguished  by  different  chemists.  From  aboot  the  jtm 
1700,  the  names  by  wnich  the  three  classes  of  salts  were  generally  indifflatH  vm 
salia  acidot  aalia  alcalina,  and  salia  sal^a,  saHa  media,  or  talia  neutra. 

The  relation  which  had  thus  been  already  partially  perceived  between  aeida,  aDcsEi, 
and  neutral  salts,  was  made  by  G.  F.  Kouelle,  in  1744,  the  basis  of  a  general  thsoij 
of  salts,  which  closely  approximated  to  that  very  generally  adopted  in  quite  recent  timti. 
The  importance  of  the  step  made  byRouelle  was  such  as  to  make  it  desirable  to 
state  his  views  in  his  own  words.  In  the  introduction  to  a  paper  on  Salta  in  thi 
Memoirs  of  the  Academy  of  Sciences  of  Paris,  for  the  above-mentioned  year  (Mm. 
Acad.  Roy.  Sciaices,  1744,  p.  353),  ho  says :  "  La  pliipart  des  chymiatee  ne  donsent  U 
nom  de  sel  neutre,  moyen  ou  sal^  qu'4  un  tris-petit  nombre  de  sels ;  il  y  en  a  mtee 
eu  qui  n'ont  donn^  ce  nom  qu'au  seul  tartre  vitriol^,  demandant  pour  caractke  di 
ces  sels  que  Tacide  et  I'alcah  qui  les  furment  soient  tellement  unia  qu'ils  risiitent  i 
toute  d^mpositiou ;  d'autres  ont  admis  avec  le  tartre  vitriol^  les  deux  sels  nsatra 
form^  par  1*  union  des  acides  du  sel  mar  in  et  du  nitre  4  des  bases  aleali  fisei,  trb 
sont  le  sel  marin  et  le  nitre;  d'autres  y  juignent  trois  autres  sels  form^  par  ranka 
des  truis  acides  k  un  aleali  volatil,  qui  sont  le  sel  ammoniacal  secret  de  GlMiber  oo  b 
sel  ammoniacal  vitriolique,  le  sel  ammoniacal  ordinaire,  et  le  sel  ammoniacal  nitresi; 
il  y  a  eu  d'autres  chymist^s  qui  ont  joint  au  nombre  de  ces  sels  nentres  plusieun  antra 
substances  salines.  Je  donne  k  la  famille  des  sels  neutres  toute  TeitanBion  qifeDt 
pent  avoir  ;  j'appelle  sel  neutre,  moyen  ou  sal^,  tout  sel  form^  par  I'union  de  qnelqw 
acido  que  ce  soit,  ou  min^al  ou  v^etal,  avec  un  aleali  fixe,  un  aleali  Tolatil,  nne  tsRs 
absorbaute,  une  substance  m^tallique,  ou  une  huile.'*  And  aeain,  in  another  pus 
in  1754,  he  says,  referring  to  the  one  already  quoted :  "  J  ai  ^ndn  le  nombn 
dc  ces  sels  autant  qu'il  ^tait  possible,  on  d^finissant  g^n^riquement  le  sel  neutre  un  sd 
fomi6  par  I'union  d'un  acide  avec  une  substance  quelconque,  qui  lui  sert  de  base  et  hd 
donne  une  forme  concrete  ou  solide."  {Mint.  Acad.  Roy.  Sciences,  1754,  ppi  671, 
574:  see  also  Kopp,  Geschichtc  der  Chemie,  iiL  68,  69.)  Rouelle  was  not  tiM 
first  to  recognise  that  the  combination  of  acids  with  alkalis  gave  rise  to  neutnl  salts; 
but,  according  to  Kopp,  ho  was  the  first  to  declare  formation  by  the  union  of  add  and 
ba*<e  to  be  the  characteristic  mark  of  neutral  salts,  and  thus  rested  the  idea  of  a  neutnl 
salt  upon  chemical  composition,  instead  of  upon  external  properties. 

As  a  consequence  of  the  alteration  which  Rouelle  introduced  in  the  definitioB  of 
salts,  some  substances  which  had  previously  been  considered  as  belong;ing  to  it  (ftr 
intttance  sugar)  were  excluded  from  it,  and  others — namely  insoluble  saltB,  such  n 
horn-silver  and  culumel  —which  had  previously  been  excluded,  were  now  included  ia 
it;  and,  moreover,  an  essential  distinction  was  made  between  acids  and  alkalis  on  tk 
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howv^rm*.  known  in  which  the  pmence  of  oxygen  oonld  not  be  directly  ynifcd,  ■! 
amongst  them  waa  common  salt  itnelf.  Ab  a  natural  consequence^  the  eonstitBtigi  d 
such  bodies  gaye  rise  to  much  discussion.  The  application  of  LftToisiei'e  doetiiM  to 
the  chlorides,  for  instance,  caused  them  to  be  regarded  as  oompovuidfl  of  mcdSe 
oxides  with  muriatic  acid,  supposed  to  contain  oxygen.  This  was  the  Tiew  adopted  W 
Gay-Lussac  and  Th^nard  (Mimoirea  iTArcueU,  ii.  867,  358  ri809];  at 
Rfcherchea  phytico-chimiquet,  ii.  155—176  [1811])  as  the  meet  probable  ennfh«is 
that  could  be  drawn  from  their  investigations  into  the  nature  of  these  eomponndt,  aai 
maintained  by  Berzelius  until  about  the  year  1820.  (See  his  Lekrhmek  der  Ckam, 
[iirst  German  edition,  1 820,  translated  from  the  second  Swedish  editioni,  ^oL  i.  eepeeaUr, 
pp.  707— 7U  ;  BlaoJahresberickt,  i.  46,  [1821]  ;  ii.  60—62,  70  [1822]  ;  iii  98  [ISSS].] 
uavv,  on  the  other  hand,  who  never  adopted  Terr  fully  Lavoisier  s  Tiewi^  icgiidri 
the  chlorides  as  compounds  of  the  metals  with  a  simple  body,  chlorine^  ooiii]pazing  tl« 
to  the  simple  metallic  oxides,  and  represented  the  salts  known  to  oontsin  oirmB  h 
double  oxides.  Speaking  of  these  substances,  he  says :  "  They  aze,  in  fiMt,  sll  em- 
pounds  of  oxygen  with  double  bases ;  and  when  one  fixed  alkali,  or  esith,  or  oaA, 
separates  another,  it  may  be  supposed  that  the  basis  only  is  ehanffed.  Thns,  eim 
hydret  of  potassa  separates  lime  from  its  nitric  solution,  it  may  be  eoPceiTed  thit 
the  potassium  only  takes  the  place  of  the  calcium,  and  that  the  oxyyeu  and  wstir  ttfk 
hydrat  of  potassa  unite  to  this  metal,  and  that  the  potassium  mutes  to  the  oxypat, 
nitrous  acid  and  water  of  the  solution."  {ESements  of  Chemical  PkUom)pi^  \J^^ 
p.  495.) 

The  adoption  of  Davy's  views  of  the  constitution  of  the  chlorides  was  ffrestlT  pm> 
moted  by  the  discovery  of  iodine  in  1811,  and  the  investigation  of  it  bj  mmseiSF  sad 
by  Gay-Lussac  in  1813—14,  one  of  the  first  oonsequenees  of  which  was  that  Gar* 
Lussac  himflelf  became  convinced  of  the  elementary  natnre  of  both  Iodine  iid 
chlorine.  And  important  additional  evidence,  that  oxygen  was  not  easentisl  to  Ae 
constitution  of  salts  or  acids,  was  afibrded  by  Gay-Lussae's  diseorery  of  eyanoei^ 
and  analysis  of  anhydrous  prussic  acid,  in  1815.    In  consequence  of  these  diseoremi, 


a  large  number  of  chemists,  if  they  did  not  adopt  Davy's  views  of  the  eoaitite' 

tion  of  salts  in  general  (for  which  see  also  the  article  Acids,  i.  41,  42),  at  least  id* 

mitted  that,  in  addition  to  ordinary  salts,  which  they  rt^rded  as  formed  hj  the  warn 

of  (anhydrous)  acids  with  metallic  oxides,  there  was  another  class  of  bbIIh     miinwisi| 

the  chlorides,  iodides,  sulphides,  cyanides,  and  perhaps  the  fiuorides — ^into  i^ose  ttm- 

position  oxvgen  did  not  enter.    Berzelius,  however,  held  fast  to  IjaToisier'i 

definition  of  salts  ("  Unter  Salz  verstehen  wir  eine  Verbindung  einer  SSnremit  eian 

Alkali   einer   Erdart,  oder  einem  Metalloxide : "  Lehrhuckf   ed.    1820,  i.  817),  lod 

consistently  declared  in  consequence  that,  if  the  chlorides,  &c.  were  oonstitoted  i* 

represented  by   the  adherents  of  the  new  theory,  they  could  not  be  salts  at  il 

("  Daher  ist  das  salzsaure  Natron  oder  Kochsalx  [welches  durch  seine  GhaachlechtsilB' 

liohkeit  mit  anderen  Salzen  Anlass  gegeben  hat,  das  Wort  Sals    als   allgemdM 

Benenuung  des  ganzen  Salzgeschlechts  zu  gcbrauchen],  der  neuen  Theorie  gemlss,  kai 

Balz  raehr.  .  . .  .'* — Op.  cit.  i.  711- — *'Die  salzsauren  Seize  sind  in  diesor  Theorie  kooi 

Salze,  z.  B.  Kochsalz  ist  nicht  eine  Verbindung  von  Natrum  mit  einer  Saore,  eondcn 

eine  Verbindung  von  Natrium  mit  Chlor." — Jahresb,  u.  60.)     Berzelius  perosind, 

what  most  chemists  of  that  time  do  not  seem  to  have  done,  that  the  chemieu  histoiy 

of  iodine  afforded  in  reality  no  new  argument  in  favour  of  Davy' a  tJieoiy,  sDtts 

combinations  of  iodine  admitting  of  precisely  the  same  kind  of  interpretation  as  the 

corresponding  compounds  of  chlorine,  on  the  supposition  that  both  were  nridisnd  tam- 

pounds  of  unknown  elements.    (For  his  views  of  the  chlorine-compoonds,  see  L  902.) 

The  sulphides  he  did  not  admit  into  the  category  of  salts  at  all ;  the  cyanidee.  bowevw, 

especially  cyanide  of  mercury  and  prossiate  of  potash,  could  not  m  denied  the  poi* 

scHsion  of  distinctly  saline  properties.  But  even  these  substances  were  not  regardea  hf 

him  as  affording  conclusive  evidence  that  true  salts  could  exist  withont  eontsining 

oxygen;  for,  although  it  was  certain  that  they  contained,  in  addition  to  metal,  natimf 

but  carbon  and  nitrogen,  the  latter  element  was  at  this  time  regarded  hj~ 

as  itself  a  compound  of  oxygen  with  an  unknown  radicle,  nitricum.     Bf 

ono  combining  proportion  of  this  supposed  radicle  by  i?  ( »  6),  and  one  oomi 

portion  of  oxygen  by  0  ( =  8),  his  view  of  the  constitution  of  nitrogen  and  its  GoadH 

may  be  represented  by  the  following  formulae : — 

Nitrogen  »     RO      Nitrous  acid  (anhydrous)        «>     SO^ 

Nitrous  oxide      »     EO'     Nitric  peroxide  mi     SO^ 

Nitric  oxide        »     RO^     Nitric  acid  (anhydrous)  ^     SC^ 


(For  the  reasons  urged  by  Berzelius  in  support  of  these  views,  which 

founded  on  the  phenomena  attending  the  formation  of  ammonium-amslgain,  sse  ka 

Lfhrbueh  der  ChemU,  ed.  1820,  i.  225,  226;  491,  492;  613—619;  806;  8ia) 
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The  drcmnstanee  which  chiefly  contributed  to  make  Berzelini  at  last  receive  the 
■o-called  "  chloristic  theory  **  was  Faraday'  8  discovery,  in  1821,  of  die  sesqnichloride, 
protochloride,  and  bichloride  of  carbon.    It  had  been,  from  the  first,  one  of  Davy's 
•tionge«t  arguments  against  the  existence  of  oxygen  in  chlorine,  and  conseauently  in 
the  chlorides,  that  chlorine  was  not  decomposed  by  carbon  even  at  the  highest  tem- 
peratures.   The  opponents  of  his  views  dedared  that  this  experiment  was  inconclusive, 
for  chlorine  could  not  be  decomposed,  under  these  circumstances,  without  the  formation 
of  carbonic  acid  or  oxide,  and  (bvpothetically )  anhydrous  muriatic  add,  to  the  formation 
of  which  there  would  be  no  tendency  unless  these  compounds  were  themselves  capable 
of  combining  together,  and  they  maintained  that  there  was  no  evidence  of  the  possibility 
of  such  a  combination.  The  chlorides  of  carbon  discovered  by  Faraday  were,  however, 
predsely  such  compounds ;  and,  upon  the  old  view  of  the  constitution  of  chlorine,  could 
not  be  otherwise  represented  than  as  combinations  of  (hypotheticall^)  anhydrous 
muriatic  add,  with  anhydrous  oxalic  add,  carbonic  oxide,  and  carbomc  add  respeo- 
tivdy .    Such  an  interpretation  of  the  nature  of  these  substances  seemed  toBerzelius 
•o  little  in  harmony  with  their  properties,  as  to  be  even  less  probable  than  the  views 
M  to  the  elementary  character  of  cnlorine  and  iodine,  which  he  had  hitherto  opposed. 
He  afterwards  saw  a  confirmation  of  these  views  in  the  colour  of  red  prussiate  of 

?»tash,  discovered  in  1822  by  Leopold  Gmelin :  in  his  account  of  this  salt»  in  his 
bird  Annual  Report  (p.  98),  he  says  that  he  had  hitherto  regarded  the  reddish  colour 
of  the  sesquichlonde  and  other  sesquisalts  of  iron  as  favouring  the  idea  that  they  con- 
tained as  a  proximate  constituent  the  red  sesquioxide ;  but,  as  a  red  salt  was  now 
known  which  demonstrably  contained  no  oxygen,  he  considered  this  view  no  longer 
tenable. 

In  1825,  Berzelius  himself  discovered  the  sulphur-salts,  and  thus  a£R)rded  a  fresh 
proof  that  substances  perfectly  devoid  of  oxygen  could  possess  all  the  characters  of 
•alts.  In  consequence,  he  seems  to  have  entirely  changed  his  opinions  as  to  what  were 
the  essential  marks  of  a  salt.  He  now  says  distinctly  that  it  is  not  a  question  of  com- 
position but  of  properties :  **  When,  for  example,  so<uum  combines  with  chlorine,  the 
product  is  common  salt,  the  most  characteristic  of  all  salts ;  but  when  sodium  combines 
with  oxygen,  it  does  not  produce  a  salt,  but  a  substance  which  acquires  properties 
analogous  to  those  of  common  salt  only  by  combination  with  an  add.  The  idea 
which  is  to  be  connected  with  the  word  salt  cannot,  therefore,  be  deduced  from  com- 
position, for,  in  the  first  place,  the  salt  is  composed  of  two  simple  bodies,  and  in  the  second 
of  two  oxides.  The  idea  of  what  a  salt  is  must,  consequently,  be  derived  from  that 
kind  of  electrochemical  indifference,  which  chemists  have  fr^m  antiquity  very  fitly 
called  neutrality^  and  which  results  from  the  combination  of  substances  without 
respect  to  the  dements  of  which  the  neutral  compound  is  formed."  (Jahresb,  vi. 
185  [1826].)  Berselius'  s  views  of  the  nature  of  raits  are  further  illustrated  by  the 
manner  in  which  he  classified  the  simple  bodies  in  relation  to  them.  At  the  place 
last  quoted  he  divides  the  dements  as  follows : — 

A.   ELECTBOlCBaATrfB : 

1.  Those  which  produce  salts  by  direct  union  with  electropositiTe  elements.— 
Halogens:  namely,  chlorine,  iodine,  and  probably  fiuorine. 

2.  Those  which  produce  bases  by  union  with  electropositive  elements,  and  acids 
by  union  with  electronegative  elements  of  the  third  dass. — ^Amphigens; 
namely,  oxygen,  sulphur,  selenium,  and  tdlurium. 

3.  The  remaining  non-metallic  elements,  and  the  dectronegative  metals:  by 
union  with  the  second  class  of  electronegative  dements  they  form  acids  (and 
sometimes  also  vexy  weak  bases).  This  dass  contains  nitrogen,  carbon, 
arsenic,  &c. 

B.  ELxcTROPOfinm : 

The  electropodtive  elements  do  not  admit  of  subdivision :  by  combination  with 
electronegative  dements  of  the  first  class,  they  form-  salts ;  with  those  of  the 
second  dass,  bases ;  with  those  of  the  third  dass,  alloys. 

Salts  themsdves  were  divided  into  two  classes :  the  first  class,  called  haloid  salts, 
included  those  formed  (like  chloride  of  sodium)  by  the  union  of  an  electropositive 
metal  with  a  halogen ;  the  second  class,  amphid  salts,  was  composed  of  those  formed 
(like  potassic  sulphate)  by  the  nnion  of  an  add  and  a  base,  and  was  subdivided  into 
four  genera — namdy  oxysalts,  sulphosahs,  sdeniosalts,  and  tellurisalts — according  to 
the  nature  of  the  ampbigen contained  in  them.  (See  further  Berzelius,  Jahresb.  viiL 
137 — 143  p828],  where  the  same  views  are  again  insisted  on.) 

These  views  were  accepted,  almost  without  question,  by  the  great  mi\jority  of  chemists; 
and  they  will  be  recognised  by  every  reader  as  having  been  reproduced,  with  very  little 
variation,  in  nearly  every  textbook  of  chemistry  published  from  the  year  1830  till 
within  the  last  ten  yeara^  and  even  in  many  that  are  still  more  recent.    It  is  hard^ 
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needflil  to  say,  that  it  is  for  this  reason  that  we  have  disaused  BenelimTa  opinkof  it 
80  great  a  length.  There  were,  however,  always  a  few  chemists  to  whom  the  diiiaai 
into  haloid  salts  and  amphid  salts  appeared  arbitzazj  and  inadmiasible.  Hie  vui 
important  of  the  earlier  attempts  to  reduce  all  salts  into  a  aiiigla  dan  gave  rise  to  de 
Bo-called  **  binary  '*  theory,  already  alluded  in  the  article  Aczm  (L  42  and  45,  iboc- 
note).  This  theory,  however,  never  exerted  a  very  important  influeiiee  on  the  pipgni 
of  chemistry,  and  it  is  therefore  not  needful  to  disenss  the  azgumenta  bj  which  it  vh 
supported  and  opposed. 

If  we  try  now  to  state  what  is  the  idea  which  is  attached  to  tlio  word  nh,  u  a 
present  used  in  chemical  science,  we  find  it  impossible  to  do  so  in  wezj  precise  tezai 
Probably  we  may  most  correctly  define  this  idea  by  saying   that   it  implies  ik 


-m^tallique,  pouvant  ainsi  s'^anger  par 
Gerhardt,  Introdttctian  a  rStude  de  la  Chbniepar  U  Sjftt^me  Unitmr^,  ISIS,  jn  9L) 
In  its  most  restricted  signification,  the  word  salt  suggests  a  substanoe  which,  if  sohilie 
in  water,  can  produce  rapid  double  decompositions  with  other  soluble  snbstances,  c^ 
if  insoluble,  can  be  produced  as  a  precipitate,  as  the  result  of  a  rapid  doable  dnxn- 
position  taking  place  between  soluble  substances.  This  is  certain]  j  the  idea  suggecttd 
by  the  application  of  the  word  salt  to  chloride  of  sodium,  nitrate  of  potssnin, 
sulphate  of  barium,  nitrate  of  silver,  hydrochlorate  of  aniline,  fte.  nj  an  iim- 
vitable  extension  of  meaning,  the  name  salt  is  also  sometimes  given  to  sabstaDert 
which,  like  chloride  of  ethyl,  give  rise  to  alow  processes  of  doable  decompositioD  vith 
aqueous  solutions  of  the  salts  specially  so  called.  By  a  still  farther  extensioii,  it  if 
sometimes  applied  to  such  bo£es  as  acetate  of  ethyl,  or  stearin,  and  even  the* 
compounds  do  not  mark  the  limit  of  its  occasional  application.  The  fact  is,  that  a 
there  is  no  class  of  bodies  known — not  even  excepting  the  dements  themsekH— 
which  do  not,  under  certain  conditions,  give  rise  to  reactions  which  must  (or  maj)  b# 
represented  as  double  decompositions,  so  there  is  no  class  of  bodies  to  which  tht 
name  salt,  as  implying  capability  of  double  decomposition,  is  oompletcdj  inapidicsUiL 
The  name  is,  however,  most  commonly  and  most  appropriately  applied  to  those  bo£a 
of  which  reaction  by  double  decomposition  is  the  most  chazacteristie  priu|>egtj,  sad 
which  exhibit  such  reactions  under  the  most  familiar  conditions.  6.  C  J. 

BAImT  OARBSVB.    Marais  salins.    Shallow  ponds  or  ditches,  excavated  oo  tki 

seashore  and  puddled  with  clay,  for  concentrating  sea-water  by  spontaneous  evapm* 
tion,  and  obtaining  common  salt.    (See  Sodium,  Chlobidb  of.) 


BAXiT  XJULSS.  Salzaeen,  Inknd  seas  containing  considerable  quantities  of 
chloride  of  sodium,  and  other  constituents  of  sea- water  and  salt-springs,  carried  don 
by  the  various  streams  which  flow  into  them.  As  the  water  evaporates  daring  tin 
hotter  season  of  the  year,  chloride  of  sodium,  more  or  less  pure,  sepcurates  oat^  ni 
the  remaining  water  approaches  in  composition  to  the  mother-liquor  of  oxdinaiy  nit- 
springs,  containing  considerable  quantities  of  the  chlorides  of  magnf>sinm  and  <«^lw"<", 
and  comparatively  little  chloride  of  sodium;  also  bromides,  potassium-salti^  ftb 
The  proportions  of  these  several  constituents  vary  with  the  season  of  the  year,  i^ 
eording  to  the  temperature,  and  the  quantity  of  fresh  water  brought  down  by  rivers. 

Salt^lakes  are  especially  numerous  in  the  great  basin  of  Northern  Asia,  the  Icfwat 
part  of  which  is  occupied  by  the  Caspian  Sea  and  Lake  Aral.  In  the  government  of 
Astrachan  there  are  129  of  these  lakes,  of  which  32  are  worked  for  the  piodacticiof 
salt.  Near  Kistiar,  in  the  government  of  the  Caucasus,  there  are  21,  from  18  of  whick 
salt  is  likewise  obtained.  One  of  the  most  considerable  of  these  salt-lakes  is  the  Eteia 
Lake,  in  the  Steppe  of  Kirghis,  between  the  Rivera  Volga  and  Ural.  As  the  water  d 
this  lake  evaporates  in  summer,  the  chloride  of  sodium  separates  oat  in  loose  massii* 
which  afterwards  become  denser.  It  is  veiy  impure,  containing  large  qaantitiss  d 
magnesium-chloride,  which  gives  it  a  sharp  and  bitter  taste.  If^  however,  this  depraitsd 
salt  remains  in  the  lake,  and  is  exposed  to  the  solvent  action  of  firesh  water  in  the  foUowiiiC 
spring,  the  chloride  of  magnesium  and  other  foreign  salts,  being  more  soluble  *^^'^  th* 
chloride  of  sodium,  are  first  dissolved,  and  the  chloride  of  sodium  remains  as  a  compsd 
stony,  Uuish  mass,  having  a  pure  saline  taste.  A  black  mud  is  at  the  same  tiai 
deposited  upon  it,  and  forms  a  sharp  demarcation  between  the  deposits  of  saocesavi 
yean.     This  lake,  in  1832,  yielded,  40,000  tons  of  salt. 

The  following  tables  exhibit  the  percentage  composition  of  the  water  of  several  salt- 
lakes: — 


SALT  LAKES. 
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Water  qf  the  Dead  Sea. 

• 

C.  O.  Gme- 
lin. 

Marohand. 

Booth  and 
Muckle. 

Molden* 
hauer. 

BooMln- 
gault. 

Chloride  of  godinm     . 

*PX 

'\:A" 

(fummer  of 
1854). 

8p.  gr. 

ll»4 

(spring  of 

1865). 

71 

6-6 

7-8 

2-9 

6-6 

Chloride  of  magnenum 

11-8 

10-6 

14-6 

6*8 

10-7 

Chloride  of  calcium    . 

3-2 

2-9 

31 

1-5 

3-6 

Chloride  of  potasaiiini 
Chloride  of  manganefle 
HhlnridA  of  Hln™'nin»n 

1-7 
0-2 

1-4 

0-6 

2-4 

1-6 

01 

0-01 

•    • 

•         • 

trace 

Bromide  of  magneiiium 
Bromide  of  potaaainm 
Sulphate  of  caldnm   . 
Water        .        .       .        , 

0-4 

boi 

74-6 

0-2 

bo8 

78-2 

0.0*3 

0.07 
78*6 

0-2 

006 
861 

0*6 

004 
772 

The  foUowing  analyses  of  the  water  of  the  Bead  Sea,  in  different  parts  and  at 
different  depths,  have  lately  been  published  by  A.  Terrell  (Compt  rend.  Izii.  1329; 
Zeitschr.  t  Chem.  [2]  IL  415)  :— 

IkadSea, 


Depth  In  ractroi 

Specific  gravity  at  I5<> 

Solid  residue  lo  100  pit.  water 

Chlorine     •       •       .       . 

Bromine     .       •       .       • 

80*[?S04]        .       .       . 

MNgnetium 

Calcium      .... 

wodJiim       .... 

PotaMium  .       •       .       • 


InthcMal   Ucn*  |  Hofth 
Rm,  nMth  of  Mm   urn 


Sorfkce 
1-<»16 
S-7078 


1-7638 
0O167 
(HMOS 
0*4197 
0-2180 

0-0474 


S-570B 


Surface 

1*0875 

4-7683 


S-9896 
0*0686 
0*0676 
0-3470 
0*4481 
07845 
0H)779 


So  rface 

1  1647 

90  5789 


4*791  X 


1S-65SI 
0-4568 
00494 
2-5529 
0-9094 
2*2400 
0*8547 


192163 


MM  of 

KrmSbSL. 


20 
11877 
90*4311 


14'&A4S 
O-8340 
00863 
2  9881 
1*1472 
1*8113 
0*8690 


20-7131 


Nmt  BmJ 

llsmd. 


42 

1-8151 

260994 


16*5443 
0-4834 
0-0447 
41004 
0-3698 
8  4786 
0-9421 


84-9628 


nrvmllci 
of 
Rm 


120 

1*295 

26*9648 


TImi 


200 

1-/800 

271606 


16*6340 
0*4870 
0-0451 
4-1806 
08704 
2*5071 
0-8990 


i4*5739 


17*0498 
0-4-18A 
0t)499 
49006 
0-4218 
95107 
04508 


95*1101 


riwrnllM 
•utof 

Wady 
Mrabbtt. 


300 
1*9563 
27  8135 


17*4985 
0  7093 
0-U623 
4-1428 
1*7369 
1*4300 
0*4386 


25*9984 


Traces  of  carbonic  acid,  ammonia,  ferric  oxide,  alumina,  and  ommic  matter  were 
likewise  found ;  no  iodine^hosphoric  acid,  lithium,  ctesium,  or  rubimum. 

The  table  shows : — 1.  That  the  density  and  concentration  of  the  water  increases 
with  the  depth. — 2.  That  the  composition  yaries  throughout  the  entire  breadth.  The 
water  to  the  north  of  Sodom  contains  a  larger  proportion  of  sodium-  than  of  magnesium- 
chloride  ;  and,  as  a  consequence  of  this,  small  fish  are  able  to  live  in  it — 3.  That  the 
proportions  of  the  different  constituents  are  the  same  at  all  depths,  the  bromine  alone 
appearing  to  increase  in  a  greater  ratio  at  a  depth  of  800  metres. 

The  quantities  of  potassium-salt  and  of  bromine  iii  the  water  are  remarkably  great. 
The  water  of  the  springs  and  riTors  in  the  neighbourhood  contains  chlorine,  sulphuric 
acid,  carbonic  acid,  lime,  magnesia,  potash,  and  soda,  but  no  appredable  quantity  of 
bromine. 

Salt  Lakee  of  the  Northern  AsiaHe  Basin,— a,  Oroomiak  Lake,  in  the  north-west  of 
Persia;  specific  gravity  1*656  (Hitchcock).— 6.  Elton  Lake,  in  spring  (Gob el). — 
c.  The  same  in  summer  (£rdmann).^-<2.  Th^  same  in  autumn  (G.  Rose).  Li  the 
clay  soil  of  the  shore  of  this  lake,  Rose  found  small  erystals  of  gypsum ;  small  groups 
<»f  crystals  of  magnesium-sulphate  were  also  found  floating  on  the  water. — e.  Bitter-salt 
Lake  of  Kigatsch,  one  of  the  arms  by  which  the  Volga  flows  into  the  Caspian  Se«.  At 
the  bottom  of  this  lake  there  is  a  deposit  of  sodio-magnesic  sulphate,  a  foot  thic^ — 
/.  Salt-lake  of  Tasly,  near  the  highroad  from  Sympheropol  to  Eupatoria.—^.  Lake  of 
Bogdo,  north-east  of  the  Bosdobeig  in  the  Caspian  Steppe. — A.  Salt-lake  of  Tsohak- 
rakskoi,  not  far  firom  Kertsch,  separated  only  by  a  narrow  strip  of  land  from  the  Sea 
of  Azofl — t.  Stepanow  Lake. — k.  Indertscb  Lake. — I,  Putrid  lake  on  the  eastooast  of  the 
Crimea,  separated  only  by  a  narrow  tongue  of  land  from  the  Sea  of  Aauf.  The  water 
contains  a  small  quantity  of  calcic  sulphate,  and  smells  of  sulphydric  and  hydrochloric 
adds. — m.  Salt-lake  of  Aisaigar,  the  largest  next  to  the  Bo£^  Lake^  between  the 
Birers  Vdga  and  UzaL 


SALTPETRE- SU.T    SPRINGa 

too  pta.  of  the  LBke-wtl<r  eontun ; — 


The  uwljBsi  eto  manhj  QEbel  (Seue  in  die  Sleppat  ia  AiliektH  BtudatA): 
thou  waten  Tere  BxamiDsd  for  bromidct  vid  potaaumn-Mka  onW  in  kfaweun; 
bnt  it  it  probable  that  these  aalts  eiiat  b  all  ult-lakea.    [Anrfw.  d.  CS^m.  nL  HI.) 

SAXTWrmM.  Nitrate  of  poloaiium  (»ee  Nitutm,  if.  98).  Nitnte  of  aodin 
ia  often  lallsd  diili  Saltpetre. 

SA&T-KASXOXJL  The  cUoroae  or  electronagative  ecnutitiunt  of  a  nit,  irrnnj- 
ing  to  the  binary  theotj :  t.g.,  CI  in  XCT,  SO'  in  K-SO*.  &c 

SA&TS,  VOKXWOXATnU  OT.  See  Koumcuttibb  (ir.  135). — ^Tlw  U- 
lowiog  wlt«  were  denoted  in  the  older  langnige  of  chemiitij  bj  pkitaenlmr  "—i, 
•ome  of  Tbich  are  atill  ocauionallf  used : — 

Su,i  (Ammomuc&l,  Fobd).     Chlonde 
of  calcium. 

Silt  (AjmoMAcix,  Secbet)  of  Qhi.v- 
BEB.    Sulphate  of  ammonium.  8u.T  of  Lbkobi  (Eooanux).     Add 

Salt  (Absehicu.,  Hedtbai,)  of  Had-    oxalate  of  potaariaoL 
QDBB.    Add  araenate  of  potaaBium.  Su.t  of  SATmot.    AeetBta  of  ImI. 

Salt  (Sittkb,  Cathadtic).   Solphate  of       Salt  of  Sboliti.    Solpluto  of  n 

Salt  of  SEzOKirrm.  Tartiato  of  pata» 
lium  and  aodinm. 

Salt  of  Soda.    Carbonate  of  aoiUnm. 

Salt  of  Sobbbi.  Add  axalat«  of  n- 
taaainm. 

Salt  or  Tabtab.    CuboitBts  of  pb» 

Salt  of  TrrKtot.    Fnriflwi  ■niyhattrf 


Salt  (Comos).    Chloride  of  aodinm. 

Salt  (DioKBrrra)  of  Silthm.  Acetate 
of  potaaaiam. 

Salt  (DiDBETlc).  Acetate  of  pota«ai  am. 

Salt  (Epsov).  Sulphate  of  magneaium. 

SAi.T(FeBBiFTaB)  or  SiLTioa.  Chloridn 
of  potaaaium. 

Salt  (Fdbiblb).      Phosphate  of   am- 

Salt  '(FnaiHLB)  or  Unms.  Phoiphate 
of  aodinm  and  ammonium. 

Salt  (Qlaubbb's).   Sulphate  of  aodiui 

Salt  (Grskn).  In  the  mines  of  Wie- 
licika  the  irorkmrn  \pye  thia  name  to 
the  upper  stratum  of  native  aalt,  which  ia 
lendoivd  impurf  by  a  mixture  of  clay. 

Salt  (Mabisb).     Chloride  of  aodium. 

Saj.t  (Mabine,  Aboillacbodb).  Chlo- 
ride of  alDmininm, 

Salt  (Miceocobiuc).  Fhoapbate  ol  so-       ^, 

dium  and  ammoninm.  pbit«  of  potaaaium. 

Salt  (Nitbocb  AjuioniACAi.).    Nitrate       Salt  (Wokdebfih.).     Solphate  of  mt- 
at  ammonium.  dinm. 

Salt  or  Ahbbb.    Suednie  acid.  Salt  (Wonoebtdl,  ^blais).    Suodk 

Halt  of  Behzoui.    Baaiwc  add.  oithophoaphate. 

Salt  or  Cajial.    Sulphate  of  magne- 

a&XT  srmzvaB.    Thia  name  is  applied  to  watera  which  contain  large  qoutitiN 

ofcbloridL'uf  eodiuin  in  proportion  to  their  otbcF  conatitnenla,  and  an  therefbre  nacd  lor 
the  eitraclion  of  that  aalt.  In  Duny  saltworks,  artificial  aalC-springs  are  fbnnad  kr 
diwolringrock-aalt  orbaj-Boltin  ■»a-«at«r,  oris  a  weak  lolntion  of  aodiuni'  "  ' 
(See  Sodium,  Ckujhdb  of.) 


Salt  of  Wisdok.      Ammoii 
chloride,  2NH'Cl.HgfCl«H»0, 

Salt  (Psblaix).  Diaodio  arthoplas- 
pbate. 

Salt  (Foltcebut)  or  Qt.a»»p  QiI- 
phate  of  potagsiuiiL 

Salt  (Sbdatite).    Boraeic  vdd. 

Salt  (SriBiT  or).  Hrfrochloric  aeid 
wu  formerly  called  by  this  hbdk^  irttid 
it  atill  retains  in  commeroe. 

Salt  (ScLFBVBBona)  or  Stakl.    fldl- 


SALVIA— SALYLIC  ACID.  186 

The  mxden  sage,  Salvia  offieinalU,  yields,  by  distillation  with  water, 
an  essential  oil,  which  ia  light-yellow  or  nearly  colourless  when  fresh,  but  after  a  time 
becomes  darker  and  deposits  a  camphor.  It  has  an  aromatic  taste,  and  a  penetrating 
Qunphoraceoos  odour,  like  that  of  the  plant  It  floats  on  water,  its  specific  gravity  varying 
from  0*86  to  0*92  (Zeller).  It  boils  between  130°  and  160°,  but  not  at  a  constant 
temperature.  According  to  Rochleder  (Ann.  Ch.  Pharm.  zliv.  4),  the  composition 
and  boiling-point  of  the  oil  vary  greatly  with  its  age,  and  when  rectified  over  solid 
potash,  it  yields  oils  differing  in  composition  and  boiling-point  These  oils  may  be 
regarded  as  compounds  of  the  hydrocarbon  CH'*,  with  varying  quantities  of  oxygen 
(from  3  to  11  per  cent).  Sage-oil  treated  with  cold  concentra^  nitric  acid  becomes 
hot,  and  is  converted,  with  evolution  of  gas,  into  a  red  resinous  mass,  which  when 
distilled  with  water  gives  off  common  camphor,  C'*H'*0,  mixed  with  an  oil.  When 
sage-oil  is  dropped  into  fuming  nitric  acid  at  the  boiling  heat,  it  dissolves,  giving  off  a 
mixture  of  carcK)nic  anhydride  and  nitric  oxide.  If  the  liquid  be  then  distill^  with 
water,  pure  camphor  collects  in  the  condensing  tube.  In  the  formation  of  camphor 
from  sage-oil,  2  atoms  of  the  hydrocarbon,  OH**,  give  up  2  at.  C  and  4  at.  H,  wnich 
escape  as  carbonic  anhydride  and  water: 

2C-H'*  +  0»     -     C»«H>*0  +  2C0«  +   2H«0. 

Another  camphor,  or  stearoptene,  is  deposited  from  sage-oil  when  kept  for  a  long 
time  in  a  badly-closed  vessel.  (Herberger,  Bepert.  Pharm.  xxxiv.  138. — Qm.  xiv. 
899.) 

H las i  wets  (J.  pr.  Chem.  IL  3561  by  boiling  volatile  oil  of  mustard  with  soda- 
lime,  once  obtained  an  oil  which  had  the  odour  of  sage-oil,  and  contained  80*0  per 
cent  carbon,  11*1  hydrogen,  and  8*9  oxygen,  agreeing  nearly  with  the  formula  C'*H*0 
(80*25  C,  10*91  H,  and  8*84  0).  Its  formation  may  perhaps  be  represented  by  the 
equation : 

6((?H».CyS)  +   3Na*0     -     C'«H»0  +  C«H«NaO«  +   6NaCyS. 
Allylic  »ul-  Sage-oil.  Sodic  pro-  Sodic  sol- 

phocyanato.  pionate.  phocyanate. 

Bespecting  the  ferment-oil  of  Salvia  pratefuis,  see  ii.  636. 

SAJbT&XC  ACZB.  This  name  was  given  by  Kolbe  and  Lautemann  to  a  supposed 
isomer  of  benzoic  add.  Chiozza,  as  already  observed  (p.  154),  by  treating  the 
product  of  the  action  of  phosphoric  chloride  on  salicylic  acid  with  water,  obtaineid  an 
acid  having  the  composition  of  chlorobenzoic  acid,  C^H^CIO^  This  acid  was  after- 
wards examined  by  Ijimpn'cht  and  v.  Uslar,  who  found  that  it  differed  in  crystalline 
form  and  melting-point  from  ordinary  chlorobenzoic  acid  (i.  555),  and  therefore 
regarded  it  as  isomeric  with  the  the  latter.  This  conclusion  was  corroborated  by 
the  experiments  of  Kolbe  and  Lautemann  (p.  154),  who  designated  the  chlorinatea 
add  obtained  from  salicylic  add,  as  chlorosalylic  acid;  also  by  those  of  Kekul^ 
(Ann.  Ch.  Pharm.  cxvii.  145 ;  Jahresb.  1860,  p.  395).  Kolbe  and  Lautemann  also 
found  that  chlorosalylic  add  differed  from  chlorobenzoic  add  in  its  behaviour  with 
Bodium-amalgam,  the  latter  being  scarcely  acted  upon  thereby,  whereas  the  former  is 
easily  deprived  of  the  whole  of  chlorine,  and  is  converted  into  salylic  acid,  CH*0*, 
isomeric  with  benzoic  add 

Salylic  add  predpitated  from  the  alkaline  solution  by  hydrochloric  add,  and  purified 
by  recrystallisation  from  water,  is  said  to  form  very  small  needles,  whidi  under  the 
microscope  never  exhibit  the  indented  form  of  benzoic  add.  It  is  more  volatile  than 
the  latter,  melts  at  nearly  the  same  temperature,  viz.  at  119°  (benzoic  add  melting  at 
121^),  is  much  more  soluble  than  benzoic  add,  1  pt  of  it  dissolving  at  0^  in  237  pta. 
water,  whereas  benzoic  add  requires  607  pts.  Some  of  the  salts  of  salylic  acid  differ 
also  in  form  and  solubility  from  the  corresponding  benzoates.  (Kolbe  and  Laute- 
mann.) 

Griess,  by  acting  on  diazobenzo-oxybenzamic  acid  (iv.  293)  with  nitrous  add,  has 
also  obtained  an  add  isomeric  with  bcmzoic  add,  which  he  regards  as  identical  with 
Kolbe  and  Lautemann's  salylic  add. 

On  the  other  hand,  accordmgto  £.  ReichenbachandBeilstein  (Ann.  Ch.  Pharm. 
cxxxii.  309;  BulL  Soc  Chim.  1865,  ii.  68),  the  so-called  salylic  add,  whether  prepared 
from  salicylic  or  from  diazobenzo-oxybenzamic  add,  is  nothing  but  ordinary  benzoic 
acid,  more  or  less  contaminated  with  foreign  substances.  After  bdng  distilled  with 
water,  converted  into  a  sodium-salt,  predpitated  by  hydrochloric  add,  and  once  recrvs- 
tallised,  it  exhibits  all  the  characters  of  pure  benzoic  add ;  likewise  in  its  salts, 
and  in  the  nitro-add  prepared  frx)m  it 

Grabe  (Ann.  Ch.  Pharm.  cxxxvi.  124;  BulL  Soc.  Chim.  1866,  i.  432),  by  treating 
methylic  methylsali^late,  C'H«(C>H*)'0*  (p.  162),  with  potash,  has  obtained 
an  add  containing  C*H*0',  which heregards  as methoxy salylic  a cid,C^'(CH*)0*, 
perhaps  methos^benaoic  acid.    [Cahoura  obtained  salicylic  acid  by  the  same  reaction]. 


186  SAMADEBA— SAMBUCUS. 

Thin  acid  CTTstallisea  in  Urge  tablM,  slightly  soluble  in  cold  water,  einlj  wMtik  s 
boiling  water  and  in  ether.  Its  solution  is  strongly  add,  and  does  not  give  with  fanr 
salts  the  reaction  characteristic  of  salicylic  acid.  It  melti  at  99^,  and  ifl  {NUtljraoM 
by  distillation  into  carbonic  anhydride  and  anisoL 

Ethylie  methylsalicylate  treated  with  potash  yields^  in  Vke  maniiAr,  all  add  eQBtn> 
ingC»H"0»  -  (rH\CH»)0«.    (Grabc.) 

SABKABBSA  ZIVSZCA  fGartn.),  Vithmannia  Mptica  (Vmhl).  A  tneof  tb 
simarubaceous  order  (class  Teretnnthacf€B\  growing  in  Java,  and  called  bj  the  Hahii 
Galip  Pahit,  The  almond-shaped  fruits  (which  are  enclosed  in  leathery  capeoles)  lai 
the  bark  are  distinguished  by  a  peculiar  intensely  bitter  taste  Aceozding  to  (X  L 
Blume  (Arch.  Phmn.  cxln.  265  ;  Handw.  viL  222),  the  fruit  end  bark  enntaiii,ii 
100  pta.  ;— 

Fralt.  Bwk. 

Matters  soluble  in  ether         .        •        .    34*2  1-4 

,,            n       alcohol       .        .        .8*4  6*1 

„            „       water         .        .        .     10*6  1*2 

„           „       potash       .        .        .0*1  tcaoe 

Cellulose 89*0  70*6 

Water    .......      4*6  11-8 

Ash-constituents 2*7  7'9 

Ether  extracts  from  the  fruit,  a  colourless  oil,  having  a  peenlier  odour,  sad 
Baponiiiable  by  alkalis.  The  alcoholic  extract  of  the  fruit  consists  chiefly  of  a  farom. 
Tery  bitter  substance  (perhaps  a  resin),  which  is  somewhat  soluble  in  water,  absoria 
moisture  from  the  air,  and  deliquesces. — The  aqueous  infusion  of  the  frnit  yields  a  d<£- 
quescent,  very  bitter  extract,  containing  tannic  acid  and  a  peculiar  bitter  prindpli 
called  samadorin.  The  ash  of  the  fruit  contains  carbonate  of  w^l«*iii-nri  ajid  the  dit 
rides  of  calcium  and  potassium. 

From  the  bark,  ether  extracts  a  light-yellow  fat  of  soft  resinous  coneistenee,  which 
18  only  partially  saponified  by  alkalis,  and  appears  to  be  a  mixture  of  resin  and  fat. 
The  alcoholic  and  aqueous  extracts  of  the  bark  have  the  same  constitaents  and  pro- 
perties as  those  of  the  fruit. 

Samadorin,  the  chief  bitter  constituent  of  the  bari[  and  fruit,  is  most  eanly  prfr- 
pared  from  the  aqueous  infusion  by  evaporating  it  to  an  extract,  and  treating  the  extract 
repeatedly  with  small  quantities  of  alcohol ;  it  may  be  purified  by  solution  in  water, 
and  treatment  with  animal  charcoal.  It  is  dazzling  white,  with  a  foliated  and  somf- 
whHt  feathery  crystalline  structure;  has  a  persistent  and  intensely  bitter  taste,  strooger 
perhaps  than  that  of  any  other  known  substance;  dissolves  in  water  more  easily  t^ 
in  alcohol,  and  to  a  slight  extent  also  in  common  ether.  Its  solutions  are  perlectly 
neutral.  'When  heated,  it  melts  and  gives  off  vapours  having  a  sharp  bitter  tasie. 
Hydrochloric  and  nitric  acids  colour  it  yellow.  Strong  sulphuric  acid  immediately 
produces  with  it  a  splendid  red-violet  colour,  which  disappears  after  a  while ;  a  consider 
rable  quantity  of  feathery,  strongly  iridescent  crystals  is  formed  at  the  same  tima 
8amadf>rin  produces  no  particular  reaction  with  metallic  salts,  or  with  tincture  oft 
io<line,  chromate  of  potassium,  or  ferrocyanidc  of  potassium. 

SABIjILRSXZTB.    Uranoniobate  of  yttrium  and  iron,  occurring  neer  liieak,  ii 

the  Ilmen  Mountains  (iv.  66).* 

BJkMMUCUBm    A  genus  of  plants  belonging  to  the  order  Capr(foiiaeem,    Thi 

berries  of  tlie  dwarf  elder  or  danewort  (Sambucua  ESfidua)  contain  malic  acid(BracoB- 
not),  and  a  very  gelatinous  soft  resin  which  may  be  used  as  birdlime. 

The  root -bark  of  the  common  elder  {Sambucus  nigra)  contains,  according  to  ffimoA. 
an  emetic  and  purgative  soft  resin,  which  may  be  obtained  by  treating  the  alcoholic 
extract  with  ether,  and  evaporating. — The  flowers  contain  a  volatile  oil,  wbiehis  vny 
soluble  in  water,  and  is  therefore  not  easily  obtained  by  distillation  with  water.  The 
best  way  of  preparing  it,  according  to  Winckler,  is  to  concentrate  the  water  in  which 
fresh  elder-flowers  have  been  macerate<l,  saturate  it  with  common  salt,  shake  up  with 
ether,  and  evaporate  the  ether.  It  is  colourless,  lighter  than  water,  and  has  the  pen*- 
trating  odour  of  the  flowers,  which,  like  musk,  is  capable  of  filling  a  Teiy  jaigi 
space.  At  0^  it  solidifies  to  a  crystalline  mass,  like  oil  of  roses.  It  has  a  very  high 
boiling-point  When  exposed  to  the  air,  it  turns  brown,  thickens,  and  acquires  ths 
odour  of  decayed  elder-fiowers.  It  is  said  to  contain  sulphur.  £lder»berri«»  oontsio, 
according  to  Scheele,  malic  but  no  citric  add ;  also  sugar,  gum,  a  peculiar  sudoriie 
substance  (which  likewise  exists  in  the  flowers),  and  a  red  colouring  matter,  which  ii 
turned  blue  by  a  small  quantity  of  alkali,  green  by  a  larger  quantity. 

•  It  is  there  called  "uranoniobite**  of  yttrium,  &c.;  but  the  aci  I  formerly  called  moMnua, or  bjrpnninbv 
acid  i«  DOW  knowu  to  be  the  mily  oxygro-acul  of  nioMum,  and  li  therefore  calted  nickic  mai 
(It.  785). 
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OH  9AMA.CMLMEm    An  obsolete  name  of  neutral  potasne  tartrate. 


An  alnminona  silicate  allied  to  allophane,  occurring  in  stalactitic 
fbrms  in  the  lava  of  Upolu,  an  island  of  the  Nayigator  group.  It  has  a  lamellar 
strurtiire,  whitish  colour,  and  slightly  nacreous  lustre ;  haruiess  a  4*0  to  4*5 ;  specific 
gravity  ■■  1*7  to  1*9.  Contains,  according  to  B.^Silliman,  jun.,  31*26  per  cent, 
silica,  37*21  alumina,  and  30*46  water,  together  with  4*06  magnesia,  0*01  calcic 
carbonate,  0*06  aoda;  according  to  another  analysis,  however,  35*19  silica,  31*95 
alumina,  and  30*80  water ;  the  formula  is  therefore  doubtful 


Syn.  with  SUpan. 

This  name  is  mostly  appliad  to  quartz  occurring  in  a  granular  or 
pulverulent  form,  as  on  the  seashore,  in  the  beds  of  nvers,  and  covering  extensive 
tracts  on  many  parts  of  the  earth's  surface ;  but  it  is  also  extended  to  other  minerals 
occurring  in  a  similar  condition :  hence  the  terms  dolomitic  sand,  iron  sand,  titani- 
ftrous  sand,  &c. 

SAVBAXi-liroOB.  Sandel-woad,  Santal-wood,  Red  Saunders-wood, — ^A  dye-wood 
ftimishedby  the  Pterocarpus  Santalinus,  a  papilionaceous  tree  indigenous  in  the  tropical 
parts  of  Asia.  It  occurs  in  commerce,  sometimes  in  large  heavy  billets  of  a  fine  red 
colour  (caliatur-wood) — sometimes  as  a  red,  loose,  dusty  powder.  It  has  a  somewhat 
harsh  taste,  and  when  warmed  or  rubbed  gives  off  a  famt  agreeable  odour.  It  is 
used  in  India,  together  with  one-tenth  of  sapan-wood,  chiefly  for  dyeing  silk  and  cotton, 
to  which,  and  also  to  wool,  it  imparts  reds  of  various  shades,  according  to  the  kind  ot 
mordant  used.     (See  Ure^s  Dictionary  of  Arts,  &c.,  iii.  631.) 

Sandal-wood  contains  a  peculiar  red  resinous  colouring-matter,  called  santalin,  and, 
according  to  Meier  (Ann.  Ch.  Pharm.  Ixxii.  320),  five  other  amorphous  resinousbodies 
which  he  designates  as  santalic  oxide,  santalide,  santalo'ide,  santalidide, 
and  santaloidide;  the  last  four  being  extracted  from  the  wood  by  water — the  first, 
together  with  santalin,  by  alcohol  These  five  bodies  have  not,  however,  been  obtained 
pure,  and  their  separate  existence  is  very  doubtfuL 

Santalin,  or  santalic  acid,  C"H>*0*  (?X  is  prepared  by  treating  the  wood  with 
ether,  and  evaporating  the  resulting  solution ;  dissolving  the  highly-coloured  crystals 
thus  obtained  in  alcohol,  after  having  exhausted  them  with  water ;  precipitating  the 
alcoholic  solution  with  acetate  of  lead ;  boiling  the  violet  precipitate  several  tiraea 
with  idcohol,  then  suspending  it  in  that  liquid,  and  decomposing  it  with  dilute 
sulphuric  acid.    (Meier.) 

Hantalin  forms  small  crystals  of  a  fine  red  colour,  and  without  taste  or  smelL 
It  is  insoluble  in  water,  but  very  soluble  in  alcohol,  forming  a  blood-red  solution 
which  reddens  litmus.  It  melts  at  104^,  and  at  a  higher  temperature  becomes  resinous 
and  pufib  up.  It  contains,  according  to  Westermann  and  Haffely  (Ann.  Ch. 
Pharm.  Ixxiv.  226),  65*85  per  cent  0  and  5*2  H,  the  formula  0**H'H)*  requinng65*7  G, 
51  H,  and  29*2  0. 

The  alcoholic  solution  of  santalin  precipitates  lead-salts,  but  not  the  salts  of  barium, 
silver,  or  copper.  Santalin  dissolves  easily  in  ammonia  and  in  potash,  forming  violet 
solutions,  which  precipitate  the  alkaline  earths. 

The  barium'salt  is  a  violet  crystalline  precipitate,  which,  when  dried  at  100^,  gives 
by  analysis  53*2  to  53*7  per  cent.  C,  4*6  to  8*5  H,  and  22*9  BaO,  the  formula 
C"H«fBa"0"  requiring  52*7  C,  8*8  H,  and  22*4  BaO. 

The  hod-wit,  C«H«^b''0>».Pb''H»0«,  gave  by  analysis  35*8  to  87  per  cent.  C,  2.8  H, 
and  44*6  to  44*9  lead-oxide,  the  formula  requiring  36*2  G,  2*8  H,  and  44*5  PbO. 

lCA.    Syn.  with  Rbalgab  (i.  386). 

^  A  gum-resin  which  exudes  from  Thupa  articulata,  a  small 

coniferous  tree  growing  in  Sarbaiy.  It  occurs  in  pale-yellow  elongated  plates,  covered 
with  a  very  fine  dust,  and  having  a  vitreous  lustre  on  the  fractured  surface.  It  has  a 
faint  odour,  and  crumbles  between  the  teeth  without  softening.  According  toJohnston 
(J.  pr.  Cham.  xvii.  157)i  sandarach  is  a  mixture  of  three  acid  resins.  The  a-resin 
forms  a  white  or  yellow  powder,  slightly  soluble  in  alcohol,  and  not  easily  fusible.  It 
forms  but  a  small  part  of  the  entire  resin,  and  contains  78*04  to  78*46  per  cent.  C,  and 
9*80  to  9*91  H,  whence  Johnston  deduces  the  formula  G^H^O'  (calc.  79*47  G, 
9*93  H,  and  10*60  0).  The  jS-resin,  which  forms  three-fourths  of  the  whole,  has  a  light- 
yellow  colour,  softens  at  100^,  and  dissolves  easily  in  cold  alcohol  Contains  75*08  to 
76*60  C,  and  9*71  to  1004  H,  whence  C»H»0«  (calc.  75*47  G,  9*41  H,  and  15*12  0). 
The  7-resin  is  a  light-yellow  powder,  soluble  in  boiling  alcohol,  melting  with  diflSculty, 
and  decomposing  at  the  same  time.  Contains  75*53  to  75*59  G,  and  9*35  to  9*47  H, 
whence  the  formula  G»»H*0*. 

SAVUXb-'WOOB.    Syn.  with  Sandal- wood. 
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BAMOfUTMAMUL  CAVABaVSXS.    The  nxyt  of  this  jUmnt,  belangpEng  to  Oi 

papaTeraoeouB  order,  contains  sanguinarine  or  chelerjthrine,  and,  socordingto 
Gibb  (Pharm.  J.  Trans.  [2]  i.  454),  two  other  alkalo'idB,  called  porphjrozine  tai 
pnccine;  but  the  two  Utter  haTe  been  but  imperfectly  examined.    (Gm.  zrii.  162.) 


Chdfryihrine^Pyrrkopme,  G**H*'NO*.  (Dana,  Anndittf 
the  Lyceum  of  New  York,  ii.  245. — ^Probst,  Ann.  Ch.  Pharm.  xxix.  120  ;  xzzi.  SdCL 
— Polex,  N.  Br.  Arch.  xvi.  77.— J.  Schiel,  Ann.  Ch.  Pharm.  xliii.  288;  SilL  Am.  J. 
[2]x.220. — GnLZviLl56.)— An  alkaloid  discovered,  assanguinarine,  by  Dana,  in  tLfe 
roots  of  Sanguinaria  canadensis',  asch  el  erythrine,  by  Probst^  andasporphyroxine 
by  Polex,  in  the  common  celandine  (Chelidofiium  nu^us) :  the  identity  of  the  ^Italnvk 
^m  these  two  sources  was  demonstrated  by  Probst  and  ScfaieL  In  celandine  it  it 
found  chiefly  in  the  roots  and  unripe  fruit;  in  Sanguinaria  it  exists  also  in  the  leares, 
and  most  probably  in  the  seed.  It  is  also  found  in  the  roots  of  the  jellow-horsed 
poppy  (  Crlaucium  luteum),  together  with  glaucopicrine,  but  not  in  the  green  parts  of  thi 
plant,  which  contain  glancine  (iL  845,  846). 

Preparation :  1.  From  the  roots  of  San^tnaria  canadensis. — ^The  dried  and  powdered 
root  is  exhausted  with  ether,  hydrochloric  acid  gas  lb  passed  into  the  filtrate,  and  ths 
impure  hydrochlorate  o  fsanguinarine  thereby  thrown  down,  is  eoUected  and  dried,  la 
the  ether  there  remains  a  brown  greasy  resin,  together  with  a  littJe  sangninariii^ 
which  is  recovered  by  eva^rating,  exhausting  the  residue  witli  water  wftntAiniiig 
sulphuric  acid,  and  precipitating  by  ammonia.  The  precipitated  hydrochlorate  ii 
dissolved  in  water ;  the  solution  is  precipitated  by  ammonia ;  the  precipitate  ia  washed, 
dried,  and  dissolved  in  ether ;  and  the  solution  is  shaken  with  animal  charcoal  till  the 
supernatant  liquid  appears  colourless.  The  precipitate,  again  thrown  down  from  the 
filtrate  by  hydrochloric  acid  gas,  is  decomposed  by  aqueous  ammonia,  and  afterwards 
washedand  dried  (Probst;  Schiel).  Schiel  purifies  sanguinarine  extracted  by  odMc 
methods,  by  precipitating  its  ethereal  solution  with  hydrochloric  add  sas  or  snlphuxie  adi 

2.  From  the  roots  of  Chelidonium  majus. — The  fresh  or  dried  root  is  ezhansted 
with  water  containing  sulphuric  add:  the  liquid  is  precipitated  by  ammoDia ;  and  tht 
precipitate  is  washed,  freed  from  water  as  far  as  possible  by  pressing;  and  dissolved, 
while  still  moist,  in  alcohol  containing  sulphuric  acid.  The  alcoholic  aolntion,  dilnttd 
with  water,  is  submitted  to  distillation,  and  after  the  alcohol  is  driven  ofiP,  precipitated 
by  ammonia.  The  precipitate  is  dried  between  bibulous  paper  as  quickly  as  possihle, 
at  a  very  gentle  heat-,  powdered,  and  treated  with  ether,  which  dissolves  chiefly  san- 
guinarine. On  expelling  the  ether,  there  remains  a  viscid  turpentine-like  mass,  to  bs 
treated  with  as  small  a  quantity  as  possible  of  water  containing  hydrochloric  arid, 
which  leaves  resin  undissolved.  The  solution  is  evaporated  to  dryness,  and  the  rr»- 
dne  washed  with  ether,  hydrochlorate  of  sanguinarine  then  remaining.  This  is  dissolved 
in  a  little  cold  water,  which  leaves  most  of  the  hydrochlorate  of  chelidonine  undissolved; 
the  solution  is  evaporated,  and  the  residue  again  treated  with  water  so  lonf;  as  hydnh 
chlorate  of  chelidonine  continues  to  separate.  From  the  last  aqueous  aolution  the 
sanguinarine  is  thrown  down  by  ammonia,  and  is  purified  by  washing  and  drying  and 
subsequently  dissolving  in  ether  and  evaporating.     (Probst) 

3.  From  Glattciuni  luteum. — The  dried  and  powdered  roots  of  plants  of  one  to  two 
years*  growth  are  exhausted  with  water  containing  acetic  add ;  the  extract  is  predpi- 
fated  by  excess  of  ammonia ;  and  the  precipitate  is  washed,  dried,  and  exoansted 
with  ether,  which  leaves  nearly  pure  sanguinarine  on  evaporation.  The  product  is 
dissolved  in  the  smallest  possible  quantity  of  water  acidulated  with  hydrochloric  arid; 
the  water  and  excess  of  acid  are  evaporated;  and  the  remaining  hydrochlorate  of 
sanguinarine  is  fr«ed  from  chlorophyll  by  washing  with  ether,  after  which  it  is  dissolvsd 
in  a  little  water,  and  mixed  with  an  equal  volume  of  strong  hydrochloric  add, 
which  precipitates  it  almost  completely,  the  supernatant  liquid  retaining  only  a  small 
quantity,  precipi table  by  ammonia.  The  precipitated  salt  may  be  obtained  in  the  crystal- 
line form,  by  dissolving  it  in  water  and  evaporating  the  solution.  By  decomposition 
with  ammonia  it  yields  sanguinarine,  which  is  cr}'stallised  from  ether,  with  adcution  cf 
water.     (Probst.) 

Properties, — Sanguinarine  is  obtained  from  absolute  alcohol,  by  spontaneous  erapo' 
ration,  in  groups  of  cryst^alline  nodules  (Probst) ;  in  white,  pearly,  fine  grains(Dana); 
in  star-shaped  gn^ups  of  transparent  needles,  and  whit«  nodules  (Polox).  It  is  insolnbls 
in  water,  but  soluble  in  alcohol  and ither.  The  ethereal  solution  leaves,  on  evapoza- 
tion,  a  turpentine-like  body,  which  gradually  hardens  to  a  shining  friable  msm 
(Probst).  The  cirstals  become  opaque  and  brown  on  drying  (Pol ex).  It  ia  taste- 
less (Schiel) ;  in  the  mouth  it  slowly  creates  a  very  faint  taste  (Dana);  in  aleoholie 
solution  it  has  a  burning  sharp  taste  (Probst);  very  bitter  (Schiel).     It  acts  as  A 

E)werful  narcotic  poison.     The  dust  excites  violent  sneezing  (Probst).    According  to 
ana  and  Schiel,  it  has  an  alkaline  reaction ;  but  according  to  Probst  and  Poles,  it  ii 
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a^atnl.  On  ezpomre  to  the  air  it  gradoaUj  nmrnrnm  a  yeUowish-white  cobnr  (p  a  na), 
and  in  presence  of  small  quantitiee  of  add  vapoors  becomes  immediately  red  (Pol  ex; 
8  c  h  i  e  1).  It  softens  at  65^  like  a  resin  (Probst),  melts  at  a  somewhat  high  tempera- 
ture, and  bums  completely,  giying  off  ammoniacal  Tapoors  ^P  o  1  e  x).  It  is  decomposed 
by  nitrie  acid.    Its  composition  (at  100° — 105°)  is  snown  in  the  following  table : — 

Schiel. 


CaUmlatiffu, 

a. 

b. 

C»»                  228 

70-59 

69-66 

70-34 

H»'               17 

5*26 

516 

5.21 

N                     U 

4-33 

5-23 

507 

0«                  64 

19-82 

19-95 

19-38 

C»*NH»'0*    323 

10000 

10000 

100-00 

prepared  firom  Sanffmnaria,  b  from  CheiieUmium, 
Sangninarine  unites  with  aeitUf  which  it  colours  a  fine  oran^-red,  forming  neutral 
■alts,  partly  crystallisable,  having  a  burning  sharp  taste,  a  narcotic  action,  and  dissolying, 
foe  the  most  part,  in  water.  From  the  solutions,  sangninarine  is  separated  by  ammonia, 
the  fixed  alkaUs,  or  magnesia,  in  the  form  of  a  grey-white  curdy  precipitate  (Probst). 
Concentnvted  acids  have  but  little  action  on  sangninarine  in  the  cold  (Pole x).  Acetate 
of  sanguinarine  forms  yellowish-white  precipitates  with  tartar-emetic,  ferric  chloride, 
mercurous  nitrate,  mercuric  chloride,  and  silver  nitrate:  iodine  precipitates  the  solution 
of  a  crimson,  chromate  of  potassium  of  a  yellow,  and  chloride  of  gold  of  a  dark-red- 
jellow  colour.  Basic  acetate  of  lead  and  tincture  of  galls  do  not  produce  precipitates. 
(Polex) 

SAVCIIJISOXSA  MLBCOZ.  A  rosaceous  plant,  formerly  used  as  a  styptic. 
100  pts.  of  the  firesh  phmt  contain  71*0  water,  10-3  matter  soluble  in  water,  9-2  soluble 
in  dilute  potash,  8-9  cellulose,  and  1-9  ash  free  from  carbonic  acid.  The  ash  contains, 
in  100  pts.,  after  deduction  of  carbonic  add,  13-7  potash,  7*7  soda,  27-0  lime,  3*9 
magnesia,  0-9  alumina  and  ferric  oxide,  33-9  silica,  4-1  sulphuric  anhydride,  7*6  phos- 
phoric anhydride,  and  1-2  chlorine. 

Glassy  felspar  (iL  620). 

A  name  given  to  trachytic  porphyry,  on  account  of  the 
crystals  of  sanidin  which  are  embedded  in  it 

BAVTAJUC  ACXB«  SAVTAZiZBa^  BAVTAXJOr*  &c  (See  Sandal-wood, 
p.  187.) 

UJkMTCmTM.  SanUmie  acid,  C**Hi"0*.— This  substance  was  discovered  in  1830 
by  Kahler  (Brandes.  Archiy.  xxxiy.  318,  xxxv.  216),  and  about  the  same  time  by 
Alms  {ibid,  xxxiv.  319,  xxix.  190),  in  wormseed.  Semen  contra.  Semen  eina,  or 
Semen  Santonici,  the  undeveloped  fiower-heads  of  Artemieia  Vahliana,  and  other  species 
of  the  same  genus.  It  has  been  investigated  chiefly  by  H.  Trommsdorff  (Ann. 
Ch.  Pharm.  xi.  90)  and  W.  Heldt  (iind,  Ixiii.  10  and  40).    See  also  Gm.  xvi.  250. 

To  prepare  it^  a  mixture  of  wormseed  with  a  small  quantity  of  dry  slaked  lime  is 
exhausted  with  hot  fdoohol,  the  alcohol  expelled  by  distillation,  and  the  remaining 
liquid  supersaturated  with  acetic  add.  The  predpitate  thereby  formed  is  purified  by 
solution  in  alcohol,  and  treatment  with  animal  charcoaL 

Santonin  aystallises  in  fiattened  hexagonal  prisms,  or  interlaced  tufts  of  crystals, 
which  are  colourless  at  first,  but  turn  yellow  on  exposure  to  light.  From  an  etnereal 
solution  it  is  deposited  in  rhombic  plates :  sp.  gr.  »  1-247.  Santonin  has  very  strong 
Isevorotatory  power;  for  the  transition-tint  [a]  »  —230^  at  20^  in  alcoholic  solution, 
weaker  after  addition  of  alkalis,  but  not  diminished  by  adds  (Buignet,  J.  Pharm. 
[3]  xl.  252).  It  is  neutral  according  to  Kahler,  add  according  to  Ettling;  inodorous; 
tastes  slightly  bitter  after  being  kept  for  some  time  in  the  mouth,  yery  bitter  in 
alcoholic  solution.  It  exerts  an  anthelmintic  action,  but  is  sometimes  fatal  to  children 
when  given  in  quickly-repeated  doses  of  1  to  2  grains  or  more  (Layater,  Pharm. 
Vierte^j.  ii  110).  Lafger  doses  of  santonin  given  to  adults  produce  colour-blindness, 
lasting  for  several  hours.  (Wells,  J.  Pharm.  [3]  xy.  111. — Martini,  Compt.  rend, 
xlvii.  259 ;  1.  545.) 

Santonin  gives  by  analysis  72  40  to  72-6  per  cent,  carbon,  and  7*47  to  7*67  hydrogen, 
the  formuU  C»*H*0« requiring  7317 C,  7*32 H,  and  2951  0. 

Santonin  is  nearly  insoluble  in  cold,  rather  more  soluble  in  hot  water;  yery 
soluble  in  boiling  alcohol,  less  in  ether.  According  to  Trommsdorfi^  1  pt.  of  santonin 
requires  for  solution  48  pts.  alcohol  at  22*5^  12  pts.  at  50°,  and  2*7  pts.  at  80^ ; 
of  ether,  5*75  |)ts.  al  17^  42  pts.  at  40° ;  of  water,  5000  pts.  at  17*5°,  and  250  at 
100°.  Santonin  dissolves  in  4-3  pts.  of  chloroform  (Schlimpert,  N.  Br.  Arch. 
c  151) ;  also  in  aoeUe  acid  and  volatile  oils. 

8ant>onin  melts  at  136^  to  a  colourless  liquid,  which  solidifies  to  a  crystalline 
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on  oooling,  but  by  prolonged  ftuion,  it  nndeigoes  a  mo]«enIsr  dwage,  and  beeoHi 
amorphous :  the  same  character  is  exhibited  by  many  otherer^stalline  reaiiion  bndiw 
helenin  for  example.  Santonin  sublimes  without  decompositioii  when  heated  in  ml 
quantities ;  but  when  larger  quantities  are  heated,  a  eonsiderabla  portion  deeon^oM^ 
yielding  an  oil,  which  solidifies  on  cooling  to  a  brown  reainons  subfltknee.  By  praloQpl 
exposure  to  light,  most  quickly  in  alcoholic  aolution,  it  is  ooaverted  into  photo> 
santonin,  C"H"0».    (Sestini,  iy.  627.) 

Santonin,  suspended  in  water,  and  submitted  to  the  action  of  eklorime  goM^  is  eoorotid 
into  mono-,  di-,  or  tri-chlorosantonin,  according  to  the  cixcnmstances  of  tbfr» 
periment  (Sestini).  It  also  yields  a  crystallisable  s^wtitution-prodnct  with  hnmm, 
(Heldt.) 

Santonin  dissolves  without  decomposition  in  strong  mdphmc  aeid,  and  is  prsdpi- 
tated  from  the  solution  by  water;  the  solution  turns  red  after  a  while,  and  yields  a 
resinous  substance.  According  toKossmann(J.  Fharm.  [3]  zzzviiL  81)^  santosii 
boiled  with  dilute  sulphuric  acid  is  resolved  into  glucose,  and  a  reainoon  I'odj  whieh  hi 
calls  santiretin.  According  to  0.  Schmidt,  however  (Zeitschr.  £  Cnem.  [2]  L 
212),  no  such  decomposition  talEes  place,  even  when  the  ebulhtion  is  kept  up  ibr  a  ecn* 
siderable  time.  If  the  water  be  not  renewed  as  it  evaporates,  the  acid,  aa  it  beoooM 
concentrated*  turns  the  santonin  brown,  and  converts  it  into  a  reeittona  prodad 
— probably  dehydrated  santonin — ^which  when  treated  with  water  and  ctyrtalliicd 
from  alcohol,  yields  the  santonin  in  its  original  state.    (Schmidt.) 

Fuming  nitric  acid  also  dissolves  santonin;  dilute  nitric  add  converts  it,  byprolongsd 
ebullition,  into  a  bitter  non-crystallisable  body,  very  soluble  in  water  and  in  aloohi)!. 
and  finally  into  a  crystallisable  acid,  also  very  soluble  in  water  and  alcohol,  probably 
succinic  acid.  Hydrocyanic  acid  is  also  formed,  together  with  other  volatile  prodaeta 
Santonin  dissolves  in  caustic  fixed  alkalis,  forming  definite  componnda.  It  does  not 
appear  to  combine  with  ammonia.  When  it  is  digested  with  alcohol  and  metalfie 
oxides,  the  liquid  assumes  a  fine  crimson  colour,  which  disappears  alter  some  time. 

The  santonates  are  deooinpos('d  by  prolonged  ebullition,  santonin  being  set  ftea 
The  potassium-salt f  obtained  like  the  sodium-salt,  forms  a  gummy  maaii.  The  aodi'iw- 
salt,  2C'*H»'NaO».9H«0,  or  2(C'»H»0".NaHO).7H*0,  is  obtained  by  digesting  aa 
alcoholic  solution  of  santonin  with  sodic  carbonate,  till  the  mixture  is  decolorised;  thea 
evaporating  to  dryness  at  30^,  exhausting  the  residue  with  absolute  alcohol  toseparati 
the  excess  of  sodic  carbonate,  and  leaving  the  filtrate  to  evaporate.  It  is  then  dfr* 
posited  in  slender  interlaced  needles,  which  by  crystallisation  from  a  xerj  small 
quantity  of  water,  are  converted  into  laige  rhombic  prisms,  with  the  dominant  fiicBS 
ooP,  oc'foo,  foo.  Angle  ocP  :  P  «  about  141°;  t»  :  Pco  (brach.)  «  abont  102®. 
The  crj'stals  lose  about  7  per.  cent,  water  at  100°.     (Heldt.) 

The  barium-salt,  2C'*HH)».Ba"H«0«.H»0  (at  100^),  is  obtained,  by  digesting  hydiats 
of  barium  with  alcoholic  santonin  till  the  red  colour  disappears,  then  filtering,  evapo- 
rjting  to  dryness  at  37*5^,  exhausting  with  water,  and  again  evaporating  as  a  wfajts 
crust,  slightly  gelatinous,  and  drying  up  to  a  light  powder. 

The  caUium-salt,  2C>»H"0'.Ca'HH)* (at  100^),  obtained  in  like  manner,  etyBtsUissi 
in  silky  needles. 

The  lead-salt,  2C'*H"0«JPb''0  (at  120O),  is  obtained  by  mixing  a  boiling  alcoholis 
solution  of  santonin  with  neutral  acetate  of  lead,  filtering,  and  exposing  the  mixture  ftr 
some  time  to  a  temperature  of  30°  to  40°,  avoiding  the  access  of  atmospheric  carbonie 
acid.  The  compound  is  then  deposited  in  mammellatcd  groups  of  small  nacreous  needles. 
Santouate  of  potassium  forms  a  pale-blue  precipitate  with  cupric  taits^  chamois- 
colourtKl  with  Jerric  salts,  white  with  merourous,  silver,  and  cine  salts;  it  does  not 
precipitiite  mercuric  salts. 

Bromosantonin.  When  bromine  is  dropped  gradually  into  a  cooled  alcohohe 
solution  of  santonin,  and  the  liquid  is  left  to  evaporate,  a  brown  resin  is  gradoally 
de])08ited,  together  with  white,  tasteless,  inodorous  crystals  of  a  brominated  aantomi^ 
which  is  very  unstablo,  disisolves  with  diJfficnlty  in  water,  more  easily  in  boiling  aloobol 
and  in  ether ;  also  in  alcoholic  potash,  forming  a  cherry-red  liquid.    (Heldt.) 

Cblorosantonins.  (Heldt,  Ann.  Ch.  Pharm.  ]xm.  34. — Sestini,  Bull.  Soe. 
Cliim.  1806,  i.  202.) — These  compounds  are  formed  by  the  action  of  chlorine  or  of  hjpo> 
clilorous  acid  on  santonin.  They  are  less  alterea  by  light  in  proportion  as  th«y 
contain  more  chlorine. 

Monochlorosaiitonin,  C'WCIO*,  appears  to  be  produced  by  the  action  of 
chlorinp- water  on  excess  of  santonin.  Sestini,  by  adding  half  a  litre  of  recently  pre- 
pared ehlorino-water  to  an  equal  volume  of  water  holding  10  grms.  of  santonin  in 
Biisp'nsion,  then  shaking  the  liquid  strongly  in  a  closed  vessel  till  the  odour  of  the 
oJilorine  was  no  longer  perceptible,  and  crystallising  the  product  from  alcohol,  obtained 
firet  orj'stals  of  santonin,  thnn  a  confuswily  crystalline  mass,  which  turned  yellow  OB 
expoRure  to  light,  but  less  quickly  than  santonin,  and  contained  11*3  percent,  chlorinei 
the  formula  of  monochl(vosantonin  requires  12*7  per  cent. 
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l>tekloro8anton{%  Cn<H*'ClK)'.— When  lantoiiiii  roipended  in  witer  is  exposed 
to  the  action  of  a  slow  cnnent  of  chlorine  for  10  or  11  honn,  a  prodnct  is  obtained 
which  crysUUises  from  alcohol  in  groups  of  small  lamina,  containing  22*4  per  cent,  chlo- 
rine (Sestini).  Heldt,  by  dissolving  santonin  in  warm  hydrochloric  acid  containing 
ft  little  alcohol,  and  adding  small  crystals  of  potassic  chlorate,  stirring  all  the  while,  and 
keeping  the  liquid  warm,  obtained  a  white  amorphous  mass,  which  when  dissolved  in 
hot  alcohol,  and  ciystallised  by  spontaneous  evaporation,  yielded  delicate  white  shining 
needles,  which  gave  by  analysis  21*9  per  cent  chlorine  (it  probably  contained  a  smaU 
portion  of  monuchlorosantonin). 

Dichlorosantonin  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether 
(Heldt)  ;  less  easily  in  alcohol  than  trichlorosantonin,  easily  in  c^oro/orm  (Sestini). 
According  to  Sestini,  it  slowly  acouires  a  slight  yellow  colour,  on  exposure  to  light ; 
According  to  Heldt,  it  is  not  altered  by  exposure  to  diffused  daylight,  but  when  exposed 
to  sunshine,  even  in  an  atmosphere  of  hydrogen,  it  turns  rusty-red,  and  afterwaras  be- 
eomes  covered  with  a  brown  crust,  but  not  so  quickly  as  santonin.  Alcohol  removes  the 
brown  crust,  leaving  white  crrstids  (the  effect  was  perhaps  partly  due  to  the  mono- 
chlorosantonin  in  Heldt's  product).  Dichlorosantonin  is  inodorous  and  tasteless  in  the 
■olid  state,  but  very  bitter  in  alcoholic  solution.  It  melts  when  heated,  and  solidifies 
again  on  cooling;  but  when  heated  above  its  melting-point,  it  decomposes,  with  evolution 
Of  hydrochloric  acid.  It  dissoles  in  alcoholic  potash,  forming  an  orange-red  liquid. 
(Heldt.) 

Trichlorosantonin,  G^'H^Cl'O',  was  obtained  by  exposing  fiOgrms.  of  santonin 
suspended  in  2^  litres  of  water  to  a  slow  current  of  chlorine  continued  for  several  hours 
on  four  successive  days,  washing  the  product  with  tepid  water,  dissolving  it  in  boiling 
alcohol,  and  leaving  the  solution  to  evaporate.  It  ciystallises  in  transparent  monochnio 
prisms,  which  are  not  coloured  even  by  prolonged  exposure  to  sunshine  (analysis  34*1 
per  cent,  chlorine ;  calc  30*6  per  cent).  It  is  insoluble  or  nearly  so  in  water,  but  dis- 
solves with  moderate  facility  u  alcohol,  ether,  and  chloroform  ;  from  the  last-mentioned 
liquid  it  crystallises  in  long  silk^  needles.  It  does  not  lose  weight  by  prolonged  ex- 
posure to  air  dried  by  oil  of  vitnol,  or  when  heated  to  100 — 110° :  hence  the  crystals 
appear  to  be  anhydrous.  It  melts  at  213°,  assuming  a  faint  brown  colour.  Alcoholie 
potash  converts  it  into  coburless  or  slightly  coloured  oily  drops ;  and  boiling  alcoholic 
solutions  of  caustic  alkalis  decompose  it,  converting  it  into  a  resinous  substance. 
(Sestini.) 

BAVTOXZW.  An  argillaceous  mineral,  occurring  on  the  island  of  Santorin, 
which  yields  an  excellent  cement  According  to  Eisner,  it  contains  68*5  per  cent, 
silica,  5*5  ferric  oxide,  13*3  alumma,  0*7  manganous  oxide,  2*3  lime,  3*1  potash,  4*7 
soda,  with  traces  of  common  salt,  sodic  sulphate,  and  organic  matter. 


The  seed  of  Maesa  pieta^  a  primulaceons  plant,  used  in  Abyssinia  as 
a  remedy  for  tapeworm.  According  toApoiger  (Jahresb.  1857,  p.  630),  it  contains 
a  waxy  substance,  a  soft  resin,  a  fatty  non-drying  oil,  an  acrid  substance,  extractive 
matter,  gum,  pectin,  albumin,  sugar,  an  iron-greening  tannin,  lactic  acid,  citric  acid, 
racomic  acid  (?),  a  volatile  acid  (?),  and  a  volatile  oil.  The  seed  dried  at  100°  yielded 
7*7  per  cent  ash,  containing  2784  per  cent  K*0, 904  Na«0,  8*76  CaO,  7*47  MgO, 
0*98  A1*0»,  1-69  FeO,  with  trace  of  manganous  oxide,  9*00  CI,  3*73  SO*,  9*93  PK)», 
609  SiO»,  16*17  C0«,  and  0*30  B»0«. 


BrazUin.  C"H»0».  (Bolley,  Ziirich.  Mittheil.  1865,  p.  2; 
J.  pr.  Chem.  xciii.  451.) — The  colouring  matter  of  sapan-wood  (^(UesiUpinia  (chinata  or 
C.  Sapan),  appears  from  Bolley's  investigations  to  be  identical  with  Chevreul's  brazilin* 
(i  655),  obtained  from  brazil-wood  {Casalpinia  crista,  C.  brasiliensis,  &c.)..  It  was  pre- 
pared from  a  crystalline  deposit  which  had  collected  at  the  bottom  of  a  cask  filled 
with  extract  of  sapan-wood,  by  dissolving  the  deposit  in  absolute  alcohol,  and  leaving 
the  filtrate  to  crystallise  in  a  vessel  excluded  from  light  and  air.  It  is  not  easily 
obtained  in  the  pure  state  from  brazil-wood. 

Sapan-red,  or  brazilin,  crystallises  from  absolute  alcohol  in  amber-yellow  or  brownish 
rhorabobedrons,  or  in  short  monoclinio  prisms  containing  66  66  per  cent,  carbon  and 
504  hydrogen  (calc.  66*66  C,  6*04  H,  and  28*28  0) ;  from  hydrated  alcohol  or  from 
aldehyde,  in  small  straw-yellow  or  golden-yellow  monoclinic  needles,  containing 
2C^H*0'.3}I*0,  turning  brown  at  90^  and  giving  off  6*61  percent  water;  no  more 
at  120^  (iJ  at.  H*0  -  6*39  per  cent).  They  gave  by  analysis  62*78  per  cent  C  and 
6-48  H  (calc.  62*41  C,  6-43  H,  and  3216  0). 

firazilin  is  soluble  in  water,  alcohol,  and  ether.    The  reddish  aqueous  solution  is 

•  Tb«  ftatcmenu  retpectinf  brasilin,  given  (i.  656)  on  the  authority  of  Frdtter,  are  not  lo  be  d»> 
ponded  upon 
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coloured  deep  cannine-red  hj  traces  of  ammonia,  the  fixed  tlkalia,  or  buyta^Hv 
The  alcoholic  solution,  slowly  evaporated  in  contact  with  air  <vwifmi«i«g  ammiau. 
yields  iridescent  spangles,  which  give  off  ammonia  when  treated  nith  poteu.  Bmita 
dissolves  also  in  aqueous  acid  sulphite  of  sodium,  and  the  solntion  degpoaito  eolofiiriMi 
crystals  containing  sulphur. 

Brazilin  differs  from  hsematozylin  (iii.  4)  by  containing  tlia  element*  of  phoial  a 
addition : 

Brullin.  Hcmatozjlin.       PhoioL 

Accordingly,  brazilin  treated  with  nitric  add  yields  picric  adds  wheress  Imiatajlii 
thus  treated  yields  nothing  but  oxalic  add. 


Syn.  with  Sapphibe. 

8AVOCIBHZM.  The  name  given  by  Bolley  (Ann.  Ch. Fharm.  ze.  211 ;  xd. lVt\ 
to  the  product  obtained  by  boiling  saponin  with  duute  sulphuric  or  hydrodilorie  aeii 
Fremy  (Ann.  Ch.  Phys.  [2]  Iviii.  102),  who  first  obtainea  this  eubstanee^  deaignitii 
it  as  ssculicacid  (L  69).  See  also  SAPoinN  (p.  194),  and  Gmelm's  Eaadhrtk, 
XV.  63. 


>  A  bitter,  neutral,  crystallisable  substance^  occurriiig^  aoeotdiiif  to 
Osborne  (Ann.  PhiL  xi.  302),  in  the  roots  of  Saponaria  offieinalit,  before  flowenof 
time,  but  not  afterwards.  It  dissolves  in  less  than  2  pts.  of  water,  is  ecdiible  also  it 
alcohol  and  ether,  insoluble  in  oil  of  turpentine. 

BAVOWZFZCATZOW.    This  term  was  originally  applied  to  the  ccmrersioo  of 

natural  fats  (glyceridcs)  into  soaps,  by  the  action  of  alkalis  or  other  xnetellie  hydntn, 
the  change  consisting  in  the  rearrangement  of  the  elements  of  the  acting  snMtaiw» 
in  the  form  of  a  metallic  salt  of  the  fatty  acid,  and  glycerin.  It  ia  now,  however,  aid 
in  a  wider  sense,  being  extended  to  the  resolution  of  all  ethers,  and  neutral  sabatauM 
of  analogous  composition,  into  acids  and  alcohols ;  sometimes  even  to  the  deomnpodtiaB 
of  glucosides  under  the  influence  of  dilute  adds.  (See  ErEBRfl^  (^ujooeaati 
Gltckridbs,  Soap.) 


r.  Struthiin,  Githagin,  Senegin,  Polygalin,  PoiygdUe  acid, — TUi 
substance,  first  observed  bySchrade  (Gehlens  N.  Joum.  d.  Chem.  viiL  548)  in  tk 
common  soapwort  (Saponaria  officinalis),  and  sorao  time  afterwards  by  B ley  (Aaa. 
Ch.  Pharm.  iv.  283)  and  Bussy(t6M?.vii.  168)  m  the  oriental  soapwort  {G^fmopMt 
Struihium\  appears  to  be  very  widely  diffused  in  the  vegetable  kingdom.  It  naa  beta 
found  by  O.  Henry  and  Boutron-Charland  (J.  Pharm.  iv.  249)  in  qnill^a-bsik 
{Quilhja  smegmadermos\  by  Fremy  (Ann.  Ch.  Pharm.  xv.  187)  in  horse-cheatnoti; 
in  which,  arcording  to  Malapert  (J.  Pharm.  [3]  x.  339),  it  exiats  chiefly  in  ths 
ovaries  during  flowering-time,  and  in  the  pericarp  of  the  fhiit^  immediately  after  the 
petals  have  fallen  off.  Malapert  has  also  found  it  in  the  roots  of  pinks,  in  the  eon- 
cockle  (Agrostemma  Githago\  the  white  campion  {Lychnis  dioica),  the  scarlet  lydoii 
(Z/.  chalccdonica) ;  also  in  Lychnis  Flos  cuctUi,  Silcne  inflata,  Silene  mttans,  AnagaUit 
arwmsis,  and  A.  cctrxdea. 

Saponin  is  said  also  to  be  contained  in  Arnica  montana^  Arum  maculaiutn^  CanmBk 
Bursa  PastoHs,  the  bark  of  Gymnoclodeis  canadensis,  the  root  of  Polypodium,  tnigmt, 
the  fruit  of  Sapindus  Saponaria,  S.  laurifolius,  and  S.  rigidus,  of  Pircunia  abftmmitM, 
and  in  many  plants  of  the  sapindaceous  and  mimosoous  orders.  The  irritating  extne* 
tive  matter  in  the  root  of  the  cowslip  is,  perhaps,  identical  with  saponin. 

Senegin,  or  Pdygalin,  discovered  by  Qehlcn  in  the  root  of  Polygala  Seneaa,  idiiek 
was  assodated  with  saponin  by  Bucholz  and  Pfaff,  minutely  examined  by  QnerenDe^ 
who  named  it  acide  polyga/ique,  is,  according  to  Bolley,  probably  identioal  with 
saponin. 

Preparation :  A.  From  the  root  of  Saponaria,  or  of  GypsophUa  SirtUkium, — 1.  TBn 
chopped  root  is  exhausted  with  boiling  alcohol  of  specific  gravity  0*824 ;  the  filtrate  k 
cooled  ;  and  the  deposit  of  saponin,  which  separates  after  24  hours,  is  collected,  washed 
with  ether  and  alcohol,  and  dried  at  100°  (Roc hie der  and  Schwarz). — 2.  Hm 
roarsely-poundcd  root  is  freed  by  ether  from  resin  and  fat,  then  boiled  with  alcohol, 
and  the  flocks  which  separate  on  cooling  and  concentration  are  collected.  (Bley  and 
Bussy.) 

Raponin  prepared  firom  GypsophUa  is  sometimes  contaminated  with  foreign  suV 
stances.  It  is  purifled  by  dissolving  it  in  the  smallest  possible  quantity  of  water,  and 
adding  baryta-water,  which  precipitates  saponin-baryta,  leaving  the  foreign  substances 
in  solution.  The  white  precipitate  is  washed  with  baiytarwater,  and  dissolved  in 
wati-r ;  on  passing  carbonic  acid  through  the  solution,  and  heating  it,  carbonate  d 
barium  separates  out;  and  after  its  removal,  the  saponin  maybe  predpitated  by  eths^ 
alcohol.    (Rochleder  and  De  Payr.) 
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B.  From  Quiilaja-bark.—ThiB,  according  to  Le  Beuf,  is  the  best  material  for  pro- 
paring  saponin  far  technical  purposes.  The  same  process  as  in  A  l(LeBeuf);  oi 
the  aqueous  extract  is  boiled  with  alcohol ;  the  liquid  is  filtered  at  the  boiling  heat ; 
and  the  white  flocks,  which  fall  down  on  cooling  and  concentration,  are  purified  by 
solution  in  alcohol,  with  aid  of  animal  diarooal.    (Henry  and  Boutron,  Bley.) 

C.  From  the  seeds  of  the  Corn-cockle  {Agrostemma  Githago).^\,  The  coarsely  pul- 
Terised  dry  seeds  are  freed  from  fixed  oil  by  repeated  exhaustion  with  ether,  then  by 
once  exhausting  with  cold  alcohol  of  92°  Tralles  ;  the  residue  is  boiled  several  times 
with  alcohol  of  84°  Tr. ;  the  liquid  is  filtered  at  the  boiling  heat ;  and  the  saponin 
which  separates  on  cooling  is  collected,  an  additional  quantity  being  obtained  by 
mixing  the  mother-liquor  with  absolute  alcohol.  The  whole  of  the  saponin  thus 
obtained  is  dissolved  in  water ;  the  solution  is  filtered  to  separate  vegetable  gelatin, 
then  precipitated  with  neutral  acetate  of  lead ;  the  precipitate  removed ;  the  filtrate 
precipitated  with  basic  acetate  of  lead ;  the  latter  precipitate,  after  thorough  washing, 
decomposed  under  water  by  sulphydric  acid;  and  the  limpid  filtrate  evaporated  to 
dryness,  or  precipitated  with  absolute  alcohol  (Scharling). — 2.  The  aqueous  extract 
of  the  seed  is  precipitated  with  sulphate  of  copper ;  sulphydric  acid  is  passed  through 
the  filtrate ;  the  liquid  again  filtered,  then  digested  with  carbonate  of  barium ;  uio 
resulting  barium-salts  precipitated  by  alcohol  and  separated  b^  filtration ;  and  the 
filtrate  either  strongly  concentrated  (m  which  case  the  saponin  is  to  be  precipitated 
by  absolute  alcohol),  or  evaporated  to  dryness,  and  the  residue  boiled  with  alcohol  of 
93°  Tr.  Saponin  thus  prepared  contains  a  small  quantity  of  baryta  (Scharling).^ 
8.  Cnwfurd  digests  the  pulverised  seeds  with  warm  aqueous  alcohol,  evaporates  the 
liquid  to  a  syrup,  mixes  it  with  wood-charcoal,  and  dries  it  completely.  The  saponia 
is  extracted  from  the  residue  by  boiling  with  alcohoL 

D.  From  Horse-chestnuts. — ^The  ptilverised  seeds  are  exhausted  with  cold  alcohol, 
and  the  alcohol  is  distilled  f^m  the  tinctures.  The  yellowish  jelly  which  remains 
consists,  for  the  most  part,  of  saponin,  mixed  with  fitt,  a  bitter  crystallisable  substance, 
and  yellow-colouring  matter;  the  fat  may  be  removed  by  exhaustion  with  ether, 
(FrAmy.) 

R  From  Senega-root:  Senegin,  Polygalic  acid. — 1.  The  root  is  exhausted 
with  cold  water ;  the  extract  concentrated,  and  filtered  from  the  separated  flocks  con- 
taining senegin  and  earthy  salts;  the  filtrate  precipitated  with  neutral  acetate  of  lead ; 
the  liquid  again  filtered,  fr«ed  from  lead  by  sulphydric  acid,  and  evaporated  to  an 
extract ;  this  extract  exhausted  with  alcohol  of  36° ;  the  tincture  evaporated ;  the 
residue  freed  by  ether  from  yellow-colouring  matter  and  fat,  then  dissolved  in  water ; 
the  solution  precipitated  with  basic  acetate  of  lead ;  and  the  precipitate  washed  and 
decomposed  by  sulphydric  add.  Part  of  the  senegin  then  remains  with  the  sulphide 
of  lead,  while  anotner  portion  dissolves,  so  that : — a.  The  sulphide  of  lead  is  collected 
and  boiled  with  alcohol ;  h.  The  liquid  filtered  from  the  sulphide  of  lead  is  evaporated 
to  dryness,  and  the  residue  is  boiled  with  alcohol.  The  hot-filtered  tinctures  cooled 
and  left  to  eTaporate,  deposit  senegin,  which  may  be  purified,  if  necessary,  by  re-solu- 
tion in  alcohol  and  treatment  with  animal  charcoal  (Quevenne).  Senega-root 
exhausted  with  water  still  yields  senegin  when  boiled  with  alcohol,  the  tincture  depo- 
siting the  senegin  when  cooled  or  concentrated.  It  is  purified  from  fat  by  ether,  then 
with  basic  acetate  of  lead,  as  above  (Quevenne). — 2.  BoUey  precipitates  the  aqueous 
solution  of  officinal  extract  of  senega  with  neutral  acetate  of  lead  ;  collects  and  washes 
the  precipitate ;  decomposes  it  with  sulphydric  acid ;  evaporates  the  filtrate  to  dryness ; 
l>oils  the  residue  with  alcohol ;  evaporates  the  tincture ;  treats  the  residue  with  ether ; 
dissolves  the  portion  not  taken  up  by  the  ether  in  water ;  precipitates  the  solution  with 
basic  acetate  of  lead ;  decomposes  the  thoroughly-washed  precipitate  under  water  with 
sulphydric  acid;  evaporates  the  filtrate;  and  purifies  the  senegin  which  remains  by 
repeated  solution  in  boiling  alcohol  and  cooling. 

Proprrties. — Saponin  is  a  white  or  nearly  white,  noncrystalline,  friable  powder, 
having  a  peculiar  aromatic  odour  (Quevenne),  inodorous  when  dry,  but  having  ^ 
disagreeable  odour  when  dissolved  in  water  (Scharling).  The  dust  excites  violent 
sneezing.  It  tastes  sweetish  at  fint,  then  burning  and  biting,  and  produces  a  penis- 
tent  scratching  sensation  in  the  throat  A  drop  of  the  aqueous  solution  introduced 
into  the  eye  produces  violent  burning  pain,  ana  dilatation  of  the  pupil.  Saponin  is 
generally  said  to  be  neutral  to  vegetable  coloura ;  but  senegin,  according  to  Quevenne^ 
is  acid.    It  acts  poisonouqly  on  the  smaller  animals. 

The  following  are  analyses  of  saponin : — 
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From  these  discordant  results,  it  is  impossible  to  deduce  a  formula  with  cfitaintT; 
and  saponin  does  not  form  any  definite  compounds  by  the  compoBition  of  which  tti 
analyses  might  be  checked.  Kochleder  and  Schwan  propose  for  ■aponin  tlie  fimnb 
C'«H»0',  which  requires  5217  C,  724  H,  and  4059  0;  Kochleder  and  t.  Payr  m 
for  saponin,  dried  at  lOO^',  C^H**K)m  re^uirinf  62-97  C,  7-31  H.  and  89*73  0.  Tht 
analyses  of  sene^n  asree  more  nearly  with  (?WH)\  requiring  64  O,  6  H*  And  400; 
but  as  neither  this  sid>stance  cor  saponin  from  other  sources  has  been  obtaiaed  ■  s 
perfectly  definite  state,  and  as  their  properties  and  products  of  deenaporitiflB  ot 
cssentifuly  the  same,  it  is  most  probable  that  senegin  is  identical  with  wipaiiin. 

Saponin  dissolves  in  waiert  forming  a  frothy  solution,  more  eanly  in  dilate  Hum.  ii 
strong  alcoholf  and  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  Tdlatile  oib :  lb 
alcoholic  solution  does  not  froth.  It  is  not  altered  by  cold  dilute  acids,  and  does  aa 
unite  with  them.  It  dissolves  slightly  in  cold  ammonia  and  potaakf  man  endlj  in  lb 
same  liquids  when  warm.  A  solution  of  saponin  in  4  jpts.  of  water  fbrma  irith  bmgit 
water  a  white  precipitate,  soluble  in  excess  of  saponin  or  of  baiTta-WBtar  (Bvtsr); 
insoluble  or  nearly  so  in  baryta-water,  but  easily  soluble  in  pore  water  (Koehledsr 
and  Schwarz).  With  neutral  acetate  of  lead,  saponin  forms  a  gelatincui  pndpiftilp; 
and  on  boiling  the  filtrate,  a  further  precipitate  of  pulyemlent  character  is  dlitaXMd, 
which  swells  up  during  washing.    It  likewise  precipitates  boMie  aeeiaUqf  lead, 

DeoompotUions. — 1.  Saponin  submitted  to  di^  distillation  swells  up,  blaeken^aad 
yields  a  large  quantity  of  acid  empyreumatic  oil. — 2.  Boiling  niirie  aeid  attacks  i^ 
forming  a  yellow  resin,  mucic  acid,  and  oxalic  acid. 

Saponin  is  decomposed  by  dilute  mineral  acids,  slowly  in  the  eold,  mora  om^lf 
when  heated,  into  a  carbohydrate  and  a  white  precipitate,  called  sapo^enin  hj  BoDtj, 
Keculic  acid  by  Fr6my,  and  regarded  by  Bodileder  and  Schwan  as  idantMal  wA 
quinovin  (p.  32).  The  composition  of  this  substance  has  not  been  prooaely  wk9- 
tained,  as  its  analyses  give  results  vaiying  from  56*9  to  63*2  per  cent,  eazbon,  and  3i 
to  8-9  hydrogen  ;  and  accordingly  various  equations  have  been  proposed  to  explain  ill 
for. nation  from  saponin.    According  to  Bocnledcr  and  Schwan^  the  reaction  is'— 

2C'»H»0'     -    C'«H>"0"  +  C'«H"0" 

S«poDin.  QuiuoTin.       Carbohydnt*. 

according  to  Overbeek : — 

C«H"0»     -     C»H'*0«  +  C'«H«<0'« 
Saponin.  SaporeCin.       Carbohjdrace. 

according  to  Bolley : — 

2C'»H«K)»»  +   6HH)     =     C'«H"0»  +   4CTI>«0». 
Saponin.  Sapogenin.         Carbobydnrf*. 

According  to  Kochleder  and  v.  Payr  (Wien.  Akad.  Ber.  xlr.  7),  saponin,  whm 
de':oTn|:)08«'d  by  acids,  is  capable  of  yielding  various  products  of  decomposition 
according  as,  of  the  6  at.  carbohydrate  which  it  may  be  supposed  to  contain,  two^  mm 
than  two,  or  the  whole  are  separated.  The  products  resulting  from  partial  wpuatioi 
are  obtained  by  the  action  of  aqueous  acids,  but  complete  decomposition  is  prodocfd 
only  by  the  action  of  alcoholic  hydrochloric  acid  (Kochleder  and  v.  Payr).  A^ 
oording  to  this,  only  the  crystals  described  under  d  are  the  true  sapogonin. 

a.  The  product  obtained  from  saponin,  C*'}!**^)**,  by  elimination  of  2  at^  carbohjdrste 
(CH'*0*),  is  perhaps  Fr^my's  esculic  add  (i.  69),  as  it  agrees  in  amount  of  eaito 
with  the  formuhi  C^'HmO'^  (calc.  67*26  per  cent  C  and  7'62  H).    (Roehleder.) 

h.  Raponin  purified  with  baryta- water  yields,  when  heated  with  aqueons  hydrochbrie 
arid,  53*1  per  cent,  sugar,  and  gelatinous  flocks,  which,  when  dried  at  100^,  eontaii, 
on  the.  average,  65  per  cent.  C  and  8*64  H,  agreeing  nearly  with  the  formnla  0^*0" 
(•-ak*.  62*66  per  cent  C  and  8-09  H).  In  this  case  the  decomposition  takes  pbei 
rhiefly  in  the  manner  shown  by  the  equation: 

C«H'«K>-  +   2H«0     -     C«»H«0««  +  4C^'«0« 

(calc.  49-62  per  cent.  C"H'«0»«). 

c.  By  prolonged  boiling  with  aqueous  hydrochloric  add,  62*66  per  cent,  sugar  and  a 
jelly.  C»^1I«0>,  are  obtained  (calc.  6765  per  cent.  C  and  ?  61  H): 
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The  fatty  oil  of  8apncaia-nut«,  amounting  to  about  89  per  cent.,  is  noo-drjin^  ai 
resembles  oil  of  almonds.    (Peckolt,  J.  Fharm.  [4]  L  819.) 

BAMAlOMKUL,  The  root  and  leaves  of  Saraeenia  furpur^a  (a  plant  of  frequii 
occurrence  in  Cttnddaand  the  northern  states  of  the  American  Uniosi,  and  reoomBMnM 
as  a  remedy  against  smallpox)  contain,  besides  the  usual  plant-constitnenta,  a  Toktili 
acid  (acrylic  acid)  and  0*18  per  cent,  of  a  base  (not  yet  examined)  which  nneUs  ^ 
Conine,  and  is  volatile  at  ordinary  temperatures.  (Bjorklund  and  Dragendorf^ 
Buss.  Zcitschr.  Pharm.  ii.  317,  344,  369.) 


C»H*N*0.  (Strecker,  Ann.  Ch.  Pharm.  cii.  294;  criii.  129.>- 
A  weak  organic  base,  existing  in  the  juice  of  muscular  flesh.  It  is  isomeric  with  Seh»> 
rer's  hypoxanthine,  and  Scherer  is  of  opinion  that  the  two  are  identieaL  According  to 
Strecker,  however,  sarcine  is  distinguished  from  hypoxanthine  by  its  orstalline  du- 
racter,  its  greater  solubility  in  water  and  in  cold  hydrochloric  acid»  ana  by  not  b«isj 
decomposed  when  dissolved  in  nitric  acid.  Probably  hypoxanthine  is  impiue  ■aidu; 
or  a  mixture  of  that  substance  with  xanthine  (q,  v.). 

Sarcine  is  found  in  the  mother-liquor  of  the  preparation  of  creatine.  It  has  hithntt 
been  obtained  only  from  the  flesh  of  oxen  and  horses ;  100,000  pts.  of  beef  yield  22  pa. 
of  sarcine.  Human  urine  sometimes  contains  a  body  which  is  perhaps  sarcine,  uJ 
perhaps  also  guanine,  C*H*NH}  (  «  sarcine  -i-  NH). 

Preparation, — Sarcine  is  separated  from  the  hot  dilute  mother-liqnois  obtained  in  tbe 
preparation  of  creatine,  by  precipitation  withcupric  acetate  (or  better  with  silTer-nitnt«L 
The  precipitate,  which  contains  a  compound  of  sarcine  with  the  metallic  oxide  or  salt. 
together  with  foreign  substances,  is  washed  on  a  fllter  with  boiling  water  and  decooh 
posed  by  sulphydric  acid  ;  the  flitrate  is  evaporated;  and  the  oolonxed  sareine  which 
separates  is  purifled  by  solution  in  hot  water,  with  addition  of  hydrate  of  lead,  preeipt* 
tation  of  the  filtrate  with  sulphydric  acid,  and  evaporation. 

Properties. — Sarcine  separates  from  aqueous  solution  as  a  white  indistinctly  m!> 
talline  powder,  which  docs  not  melt  at  IdO^,  but  decomposes  at  higher  temperaturei, 
giving  off  hydrocyanic  acid  and  a  white  sublimate  (cyanuric  add?)  It  diseolTW  ii 
800  pts.  of  cold  and  78  pts.  of  boiling  water,  and  in  900  pts.  of  boiling  alcoihoL  Hi 
solutions  do  not  redden  litmus.  In  hydrochloric  acid,  potash,  ammonia^  and  barjtt- 
water,  it  dissolves  more  easily  than  in  water.  Strong  sulphuric  acid  and  nitric  wA 
also  dissolve  it  easily,  without  colouring  or  evolution  of  gas ;  but  when  erapozated  vitk 
excess  of  nitric  acid,  and  somewhat  stronsly  heated,  it  yields  a  vellow  resiansb  whidbs 
turned  red  by  potash :  this  reaction  is  ukewise  exhibited  by  hypoxanthine^  gnaiuM^ 
and  xanthine. 

Sarcine  forms  definite  compounds,  both  with  acids  and  with  metallic  bsses.  A  td%- 
tion  of  sarcine  in  boiling  hydrochloric  acid  yields  colourless,  nacreous,  tabolar  emtsb 
of  the /*yr/ror*//>ra/r,  C*H*N«0.HC1.H=0. -The  chloropIatiriaU,^(^B^^^*OMCVjS^\ 
is  a  yellow  cr)'8talline  precipitate. — The  nitrate  forms  transparent  crystala,  resembBsi 
acetate  of  sodium,  which  become  omque  on  exposure  to  the  air,  and  are  turned  aiilk- 
white  and  (leeomposed  by  water.  The  sulphate  is  precipitated  by  alcohol  from  a  mIii- 
tion  of  Kircino  in  strong  sulphuric  acid,  in  needle-shaped  ciystals,  likewiae  decompos- 
ble  by  wAior.— Urate  of  Sarcine,  C»H«N*O.C*H*N«0»,  is  precipitated  by  urate  of  pottf* 
sium  from  thn  solution  of  the  hydrochlorate.  It  is  distinguished  fix>m  ^anthiw, 
C*ir.V*0-,  with  which  it  is  polymeric,  by  the  behaviour  of  its  nitric  acid  solntion  wilt 
nitnito  of  silver,  forming  therewith  a  copious  white  precipitate,  which  dissolTes  bst 
slowly  at  the  boiling  heat,  whereas  the  solution  of  xanthine  in  nitric  acid  is  not  prerip- 
tatM  by  nitrate  of  silver. 

A  solution  of  sarcine  in  boiling  hart/ta-rrater  mixed  with  a  cold- saturated  solution  of 
barjta, deposits  the  compound.  C*H*N*O.Ba"HO-,  in  colourless  crystals.  From  B(rf«- 
tion  in  csiustic  potash^  sarcine  is  for  the  most  part  precipitated  by  carbonic  acid.  Th« 
comix>unds  of  sarcine  with  zinc-oxule,  aipric  oxide,  and  mercuric  oxide,  are  fiooral^ci 
precipitates,  insoluble  in  water.  With  nitrate  of  silver^  earcine  forms  a  white  floocvlnt 
precipitate,  insoluble  in  cold  nitric  acid,  and  crystallising  from  hot  nitric  acid  in  seslfs 
having  the  composition  C*H*N*O.AgNO*.  An  ammoniaeal  solution  of  nitrate  or^b> 
ride  of  silver  forms  with  solution  o(  sarcine,  a  gelatinous  precipitate  conaistiiig  of 
C*H'N'0.Aj5'0,  which  contracts  strongly  in  dryinp,  and  is  insoluble  in  ammonia.  These 
silver-precipitates  may  bv  used  for  the  purification  and  quautitative  estimation  of 
sarcine. 

SASCOCOXilLA.  A  {i^um-resin  collected  in  Ethiopia  and  at  the  Cape  of  Qood  Hopd 
probably  from  Penacra  mttcronatOt  P.  SarcocoUa,  and  P.  squamosa.  It  forms  yeUo» 
irregular  grains  of  various  size,  and  more  or  less  aggregated ;  is  inodorous ;  bsi  s 
sharp  and  swpetish-bitter  taste ;  swells  up  strongly  when  heated,  without  completolly 
melting  ;  and  burns  with  an  odour  like  that  of  caramel.    It  consists  chiefly  of  resis, 
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■mn,  and  sareocoUin,  a  body  resembling  gljcyrrfaizki,  vhich  maybe  aoparaUd 
by  extracting  the  rc«in  with  ether  and  treating  the  residae  with  alcohol,  which 
diaaolves  the  sarcocollin  and  leaves  the  gum. 

Sarcocollin  remains,  on  evaporating  the  alcoholic  solution,  as  a  brownish,  semitrans- 
parent,  amoiphous  mam,  which  has  a  sweetish  and  afterwards  bitter  taste,  softens 
without  melting  when  heated,  and  finally  bums  away,  almost  without  residue,  emitting 
an  odour  of  burnt  sugar.  It  dissolves  in  40  pts.  of  cold  and  25  pts.  of  boiling  water. 
Its  solution,  saturated  when  hot,  deposits  a  syrupy  liquid  no  longer  soluble  in  water  (a 
property  which  seems  to  indicate  that  sarcocollin  is  a  mixture).  Alcohol  dissolves  it 
in  ahnost  all  proportions,  forming  a  solution  which  is  clouded  but  not  precipitated  by 
water.  Sarcocollin  contains,  according  to  Pelletier  (Ann.  Ch.  Pharm.  vi.  32),  67*13 
percent  carbon,  8*34  hydrogen,  and  34*31  oxygen.  According  to  Johnston,  it  is 
a  mixtxire  of  several  resins,  which  may  be  separated  by  bases.  Acetate  of  lead  throws 
down  from  the  alcoholic  solution,  a  l^Ml-salt  containing  the  compound  C^H^'O' ;  and 
the  filtrate  yields  with  ammonia  a  further  precipitate,  which  has  not  been  analysed. 

SAmCOCOUhnr.    See  the  last  article. 
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A  mineral  from  VesuTius,  occnrrinff  in  small  flesh-coloured  or 
reddish-white  quadratic  crystals,  exhibiting  the  combination  P.  JP.  3P.  ooP.  Poo . 
ooPoo .  00 P.  3P3.  P3,  the  last  bccuiring  hemihedrally,  as  a  pyramid  of  the  third  order. 
Angle  oP  :  P«-128®45';  oP  :  Poo  -138® 27'  (Rammelsberg,  Popg.  Ann.  cix.  670). 
The  cr}'stals  are  translucent,  and  have  a  vitreous  lustre.  Hardness  »  6*5  to  6*0. 
Specific  gravity  —  2*645  (Scacchi);  2*932  (Rammelsberg).  Melts  before  the 
blowpipe  to  a  white  enamel,  and  is  decomposed  by  acids,  with  separation  of  gelatinous 
■ilica. 

Analyses:  a.  by  Scacchi  (Mem.  min.  e  geoL,  Napoli,  1841 — 1843). — 6.  by  Ram- 
melsberg {loc,  eit,): 

K«0 

-       101*97 
1-20       -         98*91 

Bammelsberifs  analysis  maybe  represented  by  the  formula  3[2(Ca''0  ;Ka*0  ;K*0).SiO*], 

(2AlK)».8iO»)  or  3(Ca';  Na»;  K»)«SiO*il*Si»0",  included  imder  the  general  fo»- 

mola  of  garnet,  3M<SiO*.  ll«SiH)".  For  6  at  SiO«,  2  at  AlH^,  6*4  at  Ca^O,  and  0-6 
at  NaK),  the  formula  requires  40*41  per  cent  silio,  22*46  alumina,  33*05  lime,  and 
4*09  soda. 

The  name  sarcoli  te  was  also  implied  by  Yanqoelin  to  gmelinite. 

SAmCOSnra.   CH'NO*  -  Mahyl-glycoeme,  C^«(CH*)NO*  »  (C^'O)"!^. 

CH«      3" 
Liebig,  Ann.  Ch.    Pharm.  bdi.  310. — Dessaignes,  Compt.  rend.  xli.   1268. — 
olhard,  Ann.  Ch.  Pharm.  cxxiii.  261.) — ^A  weak  organic  base,  metameric  with 
alanine,  laetamic  acid,  and  urethane  or  ethylic  carixunate.  It  is  produced :  1.  Together 
with  urea  (carbamide),  by  the  action  of  baryta  on  creatine : 

C<H"N«0"     -    C»H'NO«     +     CH*N«0. 

Creatine.  SaroMiiie.  Urea. 

The  urea  may  be  detected  in  the  liquid  daring  the  progress  of  the  reaction,  but  is 
almost  immediately  resolved  into  carbonic  acid  and  ammonia  (Liebig). — 2.  By  the 
action  of  methylamine  on  monochloracetic  acid,  just  as  glycocine  is  formed  by  treating 
that  acid  with  ammonia  (Volhard) : 

C«HKJ10«  +  CH»N     -    Ha  +  C^^0». 

Preparatiofu — 1.  Ten  parts  of  baryta-ciystals  (free  from  potash,  soda,  lime,  chlorine, 
and  nitric  acid,  which  substances  are  difllcult  to  separate  from  sarcosine)  are  added  to 
a  boiling  saturated  solution  of  1  ptof  creatine  in  water,  the  mixture  being  kept  boiling 
and  the  water  and  baryta  renewed,  as  long  as  ammonia  continues  to  escape,  and  a 
precipitate  of  barytic  carbonate  to  form;  the  liquid  is  filtered  from  this  precipitate ; 
the  caustic  baryta  precipitated  by  a  stream  of  carbonic  acid  gas,  and  the  filtrate  eva- 
porated to  a  syrup :  this  syrup,  when  set  aside,  solidifies  to  a  heap  of  transDarent  and 
colourless  crystalline  laminae.  To  purify  the  product,  the  mass  is  dissolved  in  excess 
of  dilute  sulphuric  acid ;  the  solution  e\-aporated  to  a  syrup  over  the  water-bath  ;  the 
syrup  mixed  with  alcohol  by  stirring  the  two  together  with  a  glass  rod,  till  the  mixture 
is  converted  into  a  white  cyrstalline  powder  of  sulphate  of  narcosine;  the  powder  is 
washed  with  cold  alcohol  (which  dissolves  out  a  substance  resembling  urethane), 
dissolved  in  water,  and  heateid  with  carbonate  of  barium  till  the  liquid  becomes  ncutruU 


^ 
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and  the  filtrate  is  evaporated  over  the  water-bath  to  a  tjnxp,  which  Liyitanhw  ia  U 
to  36  hours. 

2.  Ethylic  chloracetate  is  heated  in  a  sealed  tube  to  ISO^ — 18(P,  with  eseeasof  eos- 
oentrated  aqueous  methylamine,  whereby  the  chloracetie  acid  is  oom^letefy  dacoapyd, 
and  hydroehlorate  of  methylamine  is  produced,  together  with  8aioos|iiia.  Tba  Uasid  ii 
then  boiled  with  baiyta-water  till  the  whole  of  tne  methylamine  ia  distiUad  %A  iid 
the  remaining  solution  is  freed  from  baryta  by  sulphuric  acid,  and  ev^Mnated  to  % 
syrup.  Hy<uochlorate  of  sarcosine  then  separates  in  a  czystalliiM  mmm,  which  inai 
be  pressed  between  paper  and  dissolved  in  boiling  alcohol,  whence  it  Mpantei  ii 
shining  needles.  On  decomposing  this  salt  with  carbonate  of  sUTer,  tremtiitg  the  fihni* 
with  animal  chucoal,  and  evaporating,  saroosine  sepantoa  in  czyatala  aftsr  s 
few  days. 

Properties. — Sarcosine  forms  trimetric  ciystals,  ooP.  Poo ,  with  the  fiieea  P  and  oP, 
less  frequent  and  but  slightly  developed.  Angle  ooP :  ooP  »  77®  (Kopp).  Thiv 
are  rather  large,  colourless,  and  perfectly  trannparent,  ver^  soluble  in  water,  aHghllf 
soluble  in  idcobol,  insoluble  in  ether.  They  preserve  their  appearance  nnaltai^  it 
100^,  but  melt  at  a  higher  temperature  and  volatilise  without  residue. 

Saroosine  heated  with  soda-lime  gives  off  methylamine.  The  aqneona  aolmioB  4if 
the  sulphate  is  decomposed  b^  peroxide  of  lead,  with  brisk  effezresoence,  Tielding  la 
alkaline  solution,  which  contams  methylamine.  (Dessaisnes.) 

The  aqueous  solution  of  sarcosine  is  neutral  to  vegetable  colours,  and  has  an  acrid, 
sweetish,  alightlv  metallic  taste.  It  does  not  precipitate  a  solution  of  ailrer-nitzate  or 
mercuric  chToride ;  but  a  crystal  of  sarcosine  introduced  into  a  cold  saturated  aolotka 
of  mercuric  chloride  dissolves  readily,  and  soon  forms  numerous  delicate  needles  of  % 
double  salt,  which  ultimately  converts  the  liquid  into  a  solid  mass.  A  solution  of 
cuprie  acetate  is  coloured  dark-blue  by  sarcosine  in  the  same  manner  as  by  Mww««i«»^ 
and  the  liquid  yields  by  evaporation  thin  laming  of  a  double  salt  having  the  sum 
colour. 

Hydroehlorate  of  Sarcoeine. ^Sa^rcosine  evaporated  with  hydrochloric  acid  yields  a 
white  mass,  which  crystallises  from  alcohol  in  small  transparent  needles.  The  solutioa 
mixed  with  excess  of  platinic  chloride,  yields,  by  spontaneous  evaporation,  huge,  honcrr- 
yellow,  octahedral  segments  of  &platinum'8ait,which,  when  freed  from  excess  of  platiue 
chloride  by  washing  with  ether  and  alcohol,  ctmtains  2(CH*NO*.HCl).PtC^.2HH): 
it  gives  off  its  water  at  100°. 

The  sidphaie,  2C'H^O*.H'80^  prepared  as  above  (p.  198),  dissolves  in  10  to  12  pU. 
of  boiling  alcohol,  and  separates  on  cooling  in  transparent,  colourless,  highly  Instraait 
four-sided  plates,  resembling  chlorate  of  potassium.  It  sives  off  its  water  (6'8  p« 
cent.)  at  100^,  dissolves  readily  in  water,  forming  an  add  solution,  rmj  slightly  ii 
cold  alcohol.  From  the  aqueous  solution  it  crystallises  in  large  plumocr  1*mi^ 
(Liebig.) 

SAJtB.    A  deep  brownish  variety  of  chalcedony,  of  a  blood-red  colour  by 
mitted  light. 


The  ancient  name  of  a  variety  of  agate,  containing  Imnof 
sand  or  cornelian. 


Onyx  consisting  of  layers  of  sand  and  white  chalcedony. 

AA-KOOT.    The  root  of  the  South  American  SmOoje 

paril/41,  Sm,  eyphUitica^  or  Sm,  officinalis^  and  probably  of  other  species  of  the 

genus.  It  contains,  besides  gum,  starch,  &&,  a  peculiar  substance,  variously  desjgnttid 
as  parallin,  pariglin,  parallic  acid,  salsaparin,  sarsaparillin,  aid 
smilacin. 


This  substance,  first  extracted  from  sarsaparillmby  Pallota 
(Schw.  J.  xliv.  147),  and  further  studied  by  Poggiale  (Ann.  Ch.  Pharm.  xiii.84X 
Thubeuf  (iMef.  xiv.  76),  and  Petersen  {ibid,  xv.  74;  xvii.  166),  is  deposited  in  dis 
crystalline  form  from  the  concentrated  alcoholic  extract  of  the  root,  previowlT 
decolorised  by  animal  charcoal,  and  may  be  purified  by  recrystallisation.  It  ftfM 
colourless  inodorous  needles,  very  soluble  in  water  and  alcohol  at  the  boiling  heat,  Imi 
soluble  at  ordinary  temperatures,  soluble  also  in  ether  and  volatile  oils,  slightly  soluhU 
in  fixed  oils.  The  solutions  froth  when  agitated.  The  crystals  contain  8-66  per  cent 
water,  which  they  give  off  at  100°.  The  dried  substance  gives  by  analysis  from  6ai 
to  63*6  per  cent,  carbon,  and  8*4  to  98  hydrogen.  Sarsaparillin  ifl  decomposed  by  nitric 
acid.  Strong  sulphuric  acid  dissolves  it  with  deep  red  colour,  changing  to  violet^  and 
ultimately  to  yellow.  Water  precipitates  it  unaltered.  (See  Parioun,  Hondm.  d. 
Chem.  vi*9l.)' 

A  volatile  oil  obtained  from  the  bark  and  wood  of  the  no! 
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of  Laurui  SasM^frtu,  It  han  a  faint  yellow  colour,  a  peculiar  odour  like  that  of  fennel, 
and  an  acrid  taate.  Specific  gravity  »  1*09.  When  distilled,  it  begins  to  give  off 
vapour  at  1 16^,  but  the  ooiling-point  quickly  rises  to  228°,  where  it  remains  stationary, 
and  a  slightly  brown-yellow  residue  remains  in  the  retort 

Oil  of  sassafras  is  a  mixture  of  two  bodies.  When  exposed  to  a  freezing  mixture 
(composed  of  12  pts.  ice,  5  pta.  common  salt,  and  5  pts.  nitrate  of  ammonium),  it 
becomes  filled  with  bulky  ciystals  of  a  camphor  or  stearoptene,  containing  73*9  per 
cent  carbon  and  6*4  hydrogen,  agreeing  nearly  with  the  formula  C'*H'*0^  Tapour- 
dentnty  of  the  crystals :  obs.  —  6*800—6*956 :  calc.  »  6*67. 

Bromine  acta  strongly  on  oil  of  sassafras,  hydrobromic  acid  being  copiously  evolved, 
mud  a  crystalline  mass  formed,  consisting  of  C'H'fir'O*.  The  action  of  chlorine  is  less 
definite.  According  to  Fait  in  (Ann.  Ch.  Pharm.  Ixxxvii.  376),  it  eliminates  a  large 
quantity  of  hydrochloric  acid,  and  forms  a  viscous  mass,  which,  when  neutralised  with 
milk  of  lime,  yields  a  small  ouantity  of  common  camphor  (perhaps  formed  from  the 
liquid  which,  together  with  the  crystalline  compound  above  mentioned,  constitutes  oil 
of  sassafras). 

Pentachloride  of  phosphorus  attacks  oil  of  sassafras  strongly,  and  the  product 
distilled  in  an  oil-bath  yields  at  238^  an  oily  liquid,  holding  in  solution  phosphoric 
oxychloride,  from  which  it  may  be  freed  by  washing.  When  purified  by  rectification 
over  massicot  in  a  current  of  carbonic  anhydride,  it  contains  C'HCl'O*.  (St.  Evre, 
Ann.  Ch.  Phys.  [3]  xu.  107.) 

Oil  of  sassafras  is  infiamed  by  fuming  nitric  acid;  with  acid  of  ordinary  strength  it 
forms  a  yellow  resin ;  with  dilute  nitric  add  it  yields  oxalic  acid. 

Sulphnrie  anhydride,  or  strong  sulphuric  acid,  attacks  the  oil  violently,  often  setting 
it  on  fire.  The  product  is  a  red  resin,  often  accompanied  by  deposited  carbon 
(see  Sassarubbin)  ;  on  dilutinff  with  water,  and  saturating  with  carbonate  of  barium, 
a  resinous  salt  is  obtained.  Tne  oil  subjected  to  the  prolonged  action  of  a  current  of 
mdphwrous  anhydride,  turns  yellow,  and  becomes  hot,  the  colour  afterwards  changing 
to  green,  and  finally  to  orange-yellow.  Sulphur  is  then  deposited,  and  the  liquid, 
when  left  at  rest,  separates  into  two  layers,  the  upper  consisting  of  undecomposed 
aaasafras-oil,  and  the  lower  of  a  new  oil  (^stilling  at  236^,  and  consisting,  according  to 
St  Evre,  of  C"H'«0". 

When  oil  of  saasafras  is  passed  through  a  red-hot  tube,  or  orer  potash-lime,  naph- 
thalene is  produced,  together  with  phenol.  According  to  St  Evre,  it  may  be  distilled 
without  alteration  over  phosphoric  anhydride,  chloride  of  zinc,  potassium,  or  a  mixture 
of  sulphuric  acid  and  dithromate  of  potassium. 

>AflaAy»Aii«»OOT.  The  root-bark  of  Laurus  Sassafras,  a  North-American 
tree,  contains,  according  toReinsch  (Repert  Pharm.  xxxix.  180), in  100  pts., 6*6  pta. 
of  substances  extractable  by  ether  (light  and  heavy  essential  oU,  camphoroidal  and 
tallow-like  substance,  balsamic  resin  and  wax),  16*0  pts.  by  strong  alcohol  (consisting 
of  9*2  sassafrid  and  6*8  tannic  acid),  6*8  pts.  by  weaker  alcohol  (gum,  sassafrid,  and 
tannic  add),  3*6  by  cold  water,  6*4  by  boiling  water,  28*9  by  potash-ley,  and  33*7  pts. 
vegetable  fibre.  The  wood  of  the  root  contains  similar  constituents,  but  in  much 
smaller  quantity. 

BABBJlkWRXO,  A  constituent  of  the  root-bark  of  Laurus  Sassafras,  which  may 
be  extracted  by  alcohol,  after  the  bark  has  been  freed  by  ether  from  volatile  oil, 
wax,  &c  The  sassafrid  is  separated  from  the  alcoholic  solution  by  water,  and  when 
recrystallised  from  alcohol,  forms  yellow-brown  crystalline  grains,  which  easily  make 
marks  like  chalk,  and  have  neither  taste  nor  smelL  When  heated  in  the  air  it 
■wells  up,  emitting  a  pungent  odour ;  by  distillation  it  ^ves  off  white  yapours,  con- 
densing to  a  white  powder,  which  forms  a  blue-green  precipitate  with  ferric  salts.  Cold 
water  has  but  little  action  on  sassafrid ;  hot  water  forms  a  red-brown  solution,  which 
becomes  turbid  on  cooling.  In  ether  sassafrid  dissolves  slowly,  vrith  wine-yellow 
ct^lour ;  nitric  acid  converts  it  into  oxalic  acid  and  an  oily  body.  The  concentrated 
solution  of  sassafrid  is  precipitated  by  lime-water,  baryta-water,  and  various  metallic 
salts ;  dilute  sulphuric  and  nitric  acids  render  ita  colour  lighter ;  tincture  of  galls  and 
ft;rrocyanide  of  potassium  have  no  effect  upon  it 

r.    See  SAsaABUBBZir. 


Pseudo-iragacanth,  A  gum  obtained  fW)m  Inga  Sassa,  an 
Abjssinian  plant  It  swells  up  in  water,  like  gum-tragacanth,  but  does  not  form  so 
thick  a  mucilage.  It  is  also  mixed  with  a  much  greater  proportion  of  starch-granules, 
so  that  it  is  coloured  dark-blue  by  iodine. 

BASfiAPilWTTiTiAi     Syn.  with  Sabsafabilla. 

A  resin  produced,  according  to  Hare  (Sill.  Am.  J.  zioiii. 
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285),  bj  the  action  of  stilphuric  acid  on  sassafraa-oiL  When  equal  Toliimca  of  ilooUi 
Kulphuric  acid,  and  Baasafnis-oil  are  heat«d  together,  a  tpd  tmnafied  mais  is  fonnii, 
consisting  of  a  compound  of  sassarubrin  and  sulphuric  acid ;  and  on  txvttting  this  na 
with  ammonia,  and  washing,  sassanibrin  remains  as  a  tastdesa  maM,  which  ia  solubit 
in  alcohol  and  in  ether,  and  colours  sulphuric  acid  red,  eren  in  small  quantitT. 
Precisely  similar  actions  are  exhibited  by  the  oils  of  dovea  and  cinnamon. 

When  the  oily  mixture  of  sulphuric  acid,  alcohol,  and  saasafraa-oil  is  heated,  thn 
is  eyolved  at  first  a  yellowish  liquid,  designated  by  Hare  as  sasBafrin,  which,  vbra 
freed  from  sulphurous  acid  by  ammonia,  and  from  admixed  ether  by  heai^  is  ntntsi, 
and  has  an  odour  different  from  that  of  sassafras-oiL 


BABBOliXWf  or  BASSOXiZTB.  Native  boric  add,  BHH)",  occurring  moR  or 
less  pure  in  irregular  six-sided  laminae  belongins  to  the  tridinie  Bjrstem,  or  as  a  cn$t, 
or  in  stalactitic  forms  composed  of  small  scales.  It  is  white,  or  yellowish  (iriui 
tinged  by  sulphur),  has  a  nacreous  lustre,  a  specific  graritj  of  1*48,  and  is  eaalr 
friable.  It  occurs,  as  a  deposit  from  hot  springs  or  ponds,  in  the  lagunee  of  Toaeuj, 
abundantly  also  in  the  crater  of  Vulcano,  one  of  the  Lipari  Islea,  ibnning  a  layer  oi 
the  sulphur ;  it  was  first  found  near  Sasso,  whence  its  name. 


^ITS.    This  name  has  been  given  to  nstiTe  arsenide  of  ins, 
FeAs*,  from  Fo»sum  in  Norway. 


A  liquid  is  said  to  be  saturated  with  a  solid  or  a  gas  when  it 
has  taken  up  the  maximum  quantity  of  that  solid  or  gas  which  it  is  capable  of  distohiij 
under  the  existing  circimistances.  The  quantity  of  a  salt,  or  other  eolid,  which  a  girei 
liquid  is  capable  of  dissolving,  depends  upon  its  temperature,  and,  foir  the  nos 
part,  increases  with  the  temperature,  so  that  a  solution  saturated  at  a  given  tea- 

Serature  is  no  longer  saturated  at  a  higher  temperature,  and,  on  the  olhcr  hand, 
eposits  a  portion  of  the  dissolved  solid  when  the  temperature  £alls. 
The  quantity  of  a  gas  which  a  liquid  can  dissolve  depends  upon  both  tempemtiirsnd 
pressure,  increasing  for  the  most  part  directly  with  the  pressure,  and  diminidung  m 
the  temperature  rises,  so  that  a  solutiun  saturated  at  a  given  pressure  suid  tempentut 
gives  off  a  portion  of  the  gas  when  the  pressure  is  diminished,  or  the  temperatareziKa 
(See  Gases,  Absorption  of,  ii.  790.) 

With  reference  to  the  composition  of  salts,  the  word  saturation  is  eqUTaleat  ts 
neutralisation,  an  acid  being  said  to  be  saturated  with  a  base,  when  it  onitcs  with  da 
quantity  of  that  base  required  to  form  a  neutral  or  normal  salt^ 

8ATintA.TZO]r«  CAPACZTT  07.  A  term  employed  by  BeiselinB  to  denote  the 

quantity  of  oxygen  which  must  be  contained  in  a  base  in  order  to  foBcm  a  naotial  alt 
with  100  pts.  by  weight  of  an  anhydrous  oxygen-acid  or  anhydride.  Thns^  as  in  tbt 
neutral  sulphates,  the  oxygen  of  the  anhydrous  acid  is  to  that  of  the  base  as  8  :  I,  a 
the  neutral  nitrates  as  5  :  1,  in  the  neutral  carbonates  as  2  :  1,  in  the 
3  :  1,  &c ;  and  as,  moreover,  100  pts.  of  sulphuric  anhydride  contain  60  pta. 
100  pts.  nitric  anhydride  74*07  oxygen,  100  pts.  carbonic  anhydride  72*72  ' 
100  pts.  acetic  anhydride  47*06  oxygen,  &c.,  it  follows  that  the  miturating  oapsc^of 

sulphuric  add  is  ^-20;  of  nitric  acid  ^157=14-81;  of  carbonic —"-*    ^*"" 


3  47-06  ^  2 

36-36;  of  acetic  add  "  o""*"  16-69. 


By  this  name  the  alchemists  originally  distingnished  Ifad  and 

its  compounds,  Acetum  Satumi,  Saccharum  Satumi,  Cinis  Batumi,  &c.,  probsUT 
because  lead  easily  fuses  with  other  metals,  and  devours  them,  as  it  were,  as  Satan  a 
said  to  have  devoured  his  children. 


Syn.  with  Zoisna. 

or  Dhara  Dammar^  is  the  name  of  a  resin  collected  in  tbi 
northern  parts  of  Hindostan  from  the  saul-tree,  Shorea  robusta, 

8AU88intITS.    Lcmantite.    FelsiU.    Jade  tenace.    Feldspatk  tenaee.    AUdtteem' 

pacte.  Bittersiein. — A  mineral  allied  to  labradorite,  occurring  in  crystallo-grannlar  or 
compact  masses,  sometimes  with  labradorite,  sometimes  in  place  of  it,  as  a  constitaeDt 
of  euphotide,  hypersthenite,  diabase,  gabbro,  and  other  similar  rocks.  It  exhibiti 
indistinct  cleavage  in  two  directions,  parallel  to  the  faces  of  a  rhombic  prism  of  24^ 
nearly.  Hardness  «  5*5  to  6-0.  Specific  gravity  «  3*2  to  3-4.  Colour  gr^y,  greenisl^ 
reddish,  or  bluish.  Dull,  or  with  a  faint  lustre.  Subtranslucent.  Fracture  splintaiy 
to  nn'^von.  Extremely  tough.  Before  the  blowpipe  it  melts  with  great  difBcuty  to  a 
greenish -grey  gla^s.    It  is  not  acted  upon  by  acids. 
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*    Analyses. — a.  From  the  Lake  of  Geneys  (M.  de  SansBure,  Journ.  des  Mines,  six. 

^5).—-^.  From  the  same  (Klaproth,  Beitriigs,  It.  271). — c.  From  Mont  Genevre. 

greenish-white;  specific  gravity  -^  2*66  (Boulanger,  Ann.  Min.  [31  viii.  159). — 

ti.  From  the  Oreiza  Talley,  Corsica:  easily  fusible  before  the  blowpipe  (Boalanger). 

m.  From  Switserland:  bluish-white;  specific  gravity  -•  3*366  (Hunt,  Sill.  Am.  J. 

[2]  zxvii.  336).—^.  From  the  euphotide  of  the  Lake  of  Geneva :  finely  granolo-crys- 

talline;  greyish  to  bluish- white ;  specific  gravity   -•  3'227  (Fikenscher»  Jahresb. 

1863,  p.  811): 

Loctbj 
SIOS      Also*      FcSO>     Mn<03     CaO      HgO     NaK)     K>0   ignitkm 

a.  44*00     3000     12*50    005.     .400     .    .      600    0*25    .    .      »     96*80 


5.  49*00  2400  6*50 

e.  44*6  30*4  .    . 

d,  43*6  32*0  .     . 

e.  43*59  27*72  2*61 
/.  45*34  30*28  1*37 


10*50  3*75  5*50  ....  -  99*25 

15*5  2*5  7-6  ....  -  100*5 

210  2*4  .    .  1*6      .    .  -  100*6 

19*71  2-98  8-08  .    •     0*35  -  100*04 

13-87  3*38  4*73  .    .     0*71  -  9968 


These  analyses  may  be  ropresented  by  the  general  formula  3(M*;])f')SiO*.2]S*Si'0'^ 
similar  to  that  of  mejonite,  which  however  contains  no  alkali. 

The  name  Saussurite  has  been  extended  to  other  constituents  of  the  above-mentioned 
rocks,  of  similar  character,  but  containing  a  larger  proportion  of  silica  (48  to  54 
per  cent)  (See  RammeUberfs  MineralchemU,  p.  605;  and  Jahresb.  1861,  p; 
997.) 


07«  Sadebaumoi,  Sevenbaumol. — A  volatile  oil  obtained  by 
distilling  with  water  the  berries  and  the  herb  of  the  savine  (Junipents  Salnna),  Ac- 
cording to  Dumas,  it  is  polymeric  with  oil  of  turpentine,  C'*H'*.  It  is  a  nearly  colour- 
less mobile  oil,  which  partly  resinises  on  exposure  to  the  air,  becoming  yellow  and 
«umewhat  viscid.  It  has  a  pungent  disagreeable  odour,  and  a  sharp,  aromatic,  camphor- 
like taste.  Specific  gravity  »  0*91  to  0*94.  Absolute  alcohol  dissolves  it  in  all 
proportions ;  with  2  pts.  of  highly  rectified  spirit  it  forms  a  clear  solution ;  with  3  pts. 
or  more,  an  opalescent  solution.  It  detonates  with  iodine,  and  is  converted  by  nitric 
acid  into  a  reddish-yellow  balsam.  When  mixed  with  an  equal  quantity  of  strong 
sulphuric  acid,  it  yields,  acoordins  toWinckler  (Repert.  Phann.  [2]  zliL  830),  a 
fourth  of  its  wei^^t  of  an  oil,  which  after  distillation  over  potash,  is  very  much  like  oil 
of  thyme.  According  to  Zeller  TN.  Jahresb.  f.  Phann.  xii.  1),  the  fresh  herb  of 
savine  yields  1}  per  cent,  of  the  oil;  the  dry  herb  2  per  cent. ;  the  firesh  berries  10 
per  cent* 


A  mineral  occuiring  in  the  gabbro  of  Tuscany,  forming  Ibis  dimsirie 
prisms  [trimetric,  according  toBreithaupt,  Berg-  u.  huttenm.  Zeit  1856,  p.  223]  of 
91^  41',  colourless,  transparent,  having  a  hardness  «-  8*3,  and  specific  gravxtj  -• 
2*450.  Melts  with  great  difficulty  before  the  blowpipe.  According  to  Bechi  (S&JL 
Am.  J.  [2]  xiv.  64),  it  contains  49*17  per  cent,  silica,  19*66  alumina,  19*60  magnesia^ 
10*52  soda,  1*23  potash,  and  6*57  water  («»  100*65),  agreeing  approximately  with  tiie 

formula  (l^Na*)SiH)*JLl'SiO*.2HK).  According  to  a  new  examination  of  ths 
crystals  by  Quintino  Sella  (N,  CimerOo,  March  1858),  the  fonnnk  agrees  exactlj 
with  that  of  natrolite. 


BAmnTMB    Syn.  with  BisicuTH-inaDa.  (L  596). 

■CABIOAA*  A  genus  of  dipssceous  plants,  three  Ef^dcB  of  wHch  have  been 
chemically  examined  l^  Sprengel  (J.  f.  techn.  Chem.  viii.  811,  878;  ix.  l\  with  the 
following  results : — 

In  100  parts:                          Seabkua  tmeeiMm.       Seabiota  wweiHii.  StmMota  tolmmhmrtm. 

Water 88*0                   800  70*0 

Substonces  BduUe  in  water)                   ^^.^                   ^g.^  ^^.^ 

and  m  caustic  potash       ) 

Ash 1*6                     11  1-5 

CompasUUm  of  the  Ash  in  100  parts, 

K<0       Na^O        CaO      MgO      APC     F«sO>     SK>>  80*     I»0»        a 

Se.suecisa      .    38*1        4'9       31*2       4*7       0*2       .   .        3*1  5*4     10*4      1*8 

Se.arvensis    .    40*7        1*0       29*4       70        10         0*9    13*2  1*9      1*2      3*5 

£c.  columbaria    887        1'8       38*1        6*6        0*6       .   .        6*0  2*9      4*0      2*6 


8CA&B8  07  WSUMMB  AMD  AMPBSBZA.  ThB  chemical  composition 
of  the  scales  of  fishes  is  similar  to  that  of  bone,  but  they  contain  a  laiser  pro- 
portion of  organic  matter.    The  organic  constituent  has,  according  to  Frmy,  the 
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wirae  oompoflition  as  oasein,  aod  is  likewise  oonTertad  into  geliitiB  Wboi&i|iil 
VMter.    The  following  Uble  exhibits  the  eompoeitum  of  tah-KidM  am  oeti  i  iiiisri  ly 


Chevreul : — 


Animal  matter . 

Basic  calcic  phosphate 

Calcic  carbonate       • 

Magnesic  phosphate 

Fat . 

Sodic  carbonate 

Loss 


4M6  56*00  61-42 

46-20  S7-80  42H>0 

10-00  aH)6  2-08 

2-20  0-90  0-20 

0-40  0-40  1-00 

010  0-90  1-00 

.    .  1-24 


The  ash  of  fish-iscales  has  been  analysed  bj  Fr&my  with  the  following  f«raltB> 

AA  Bailccalcic    Ufimaie       Odcfe 

percrat        photphate.  |ihiwph«Ni     csrb— iSi 

Scales  of  Lepisostea  69*8  61-8  7*6  4*0 

,,        Umber-fish  41-9  864  0-7  2-0 

„        Pike.  48-4  42*5  trace  1-8 

„        Carp         .  .        .        84*2  83*7  .     •  I'l 

Brommerstadt  fbnnd  in  the  scales  of  the  cazp»  60*352  per  cent  caitilAgmoiiB 
(chondrin),  and  39468  inorganic  matter,  comristing  of  84-074  oaldc  phosphate^  8777 
calcic  carbonate,  1*060  magnesic  carbonate,  and  0-557  magnesic  phoephate. 

The  colours  of  fish-scales  appear  to  be  due  to  interference.  The  silrenr  coating  of  thi 
scales  of  the  bleak  {Cyprinus  albumus)  is  used  for  maldng  artificial  peiurlB.  Bii 
separated  bj  agitating  the  fishes  with  water,  then  drenched  with  ■inimiiiia,  sod  thi 
liquid  is  preserved  in  a  tightly-corked  bottle.  Part  of  the  silTery  snbstaiioe  diBohci 
in  the  ammonia,  while  the  rest  remains  suspended.  The  liquid  thus  obtaiiiM],  esDcd 
Kssence  d  Orient^  is  poured  into  small  slass  beads,  and  then  poured  out  again,  loariaglkt 
inner  surfiice  coyeit^  with  a  thin  fflm,  whidi,  as  the  ammonia  erapomtfli^  fbms  i 
sliiuing  pearly  coating  on  the  elass.   The  bead  is  thea  filled  up  with  white  wax. 

The  scales  of  amphibia  are  histologically  similar  to  epithelial  Btractiirea»  and  thiwi 
cally  to  homy  substance.  The  shell  of  the  tortoise  and  other  cheloniana  is  of  ssaikr 
nature.  The  scales  of  serpents  were  found  by  Fr6my  to  yield  a  small  qantitT  if 
alkaline  aah,  and  to  consist  of  a  sul»tance  resembling  epidermis.  (JBGmtfw.  if.  Cwa 
Til  381.) 

8CAMMOVZC  ACZB.    See  Jaulpio  acid  (iii.  486). 

SCASnKOVZM'.    See  JALAPnr  (iii.  438). 

'SCAKCXOirO&ZC  ACZB.    See  Jalafinouo  AOD  (iii.  440). 

8CA1ICXOVT.  Scammoniwn, — A  pumtiTe  gum-resin,  prodneed,  acootdiag  ts 
Ouibonrt,  by  two  species  of  Convolmdus,  tiz.  V,  Scammonia  (L.)  and  C  kirstttut  (Ster.)^ 
growing  in  Syria  and  Asia  Minor.  There  are  two  sorts  of  it^  known  in  oammens  as 
Aleppo  and  Smyrna  scammony.  According  to  other  authorities  (22Suuft9.  ^ 
vii.  275),  Aleppo  scammony  is  obtained  from  Convolvulus  Scammtmia,  and 
from  other  species  of  the  same  genus,  and  Smyrna  scammony  from  I^eriploem 
a  plant  belonging  to  the  apocyanaceous  order.* 

Aleppo  scammony  is  the  most  esteemed.  When  of  superior  quality  it  fomoM  fst 
masses,  rather  light,  and  somewhat  hollow  within,  dull  ana  blackish-grey  on  the  fifs^ 
tured  surfaces ;  thin  fragments  appear  transparent  when  examined  by  a  magmiyiiif 
glass.  It  is  friable,  has  a  powerful  odour,  and  is  often  coTered  with  a  gx<^  powder  i«- 
suiting  from  the  friction  of  the  lumps.  Inferior  sorts  hare  the  form  of  flat  orbiealv 
lumps,  compact,  henvy,  and  without  internal  carities.  The  fracture  is  then  black  aal 
ritreous,  and  thin  fragments  are  very  transparent.  This  kind  of  scamniODy  is  alw 
friable,  and  has  an  odour  like  that  of  the  better  sort,  but  Winter. 

Smyrna  scammony  is  dull-brown,  heavy,  not  friable,  and  has  a  dull  TitreooB  ficaetnA 
ItR  odour  is  faint  but  dif<agrpeable. 

The  composition  of  commerci.il  scammony  is  subject  to  considerable  rariatioDi.  Is 
three  specimens  of  genuine  Aleppo  scammony,  Marquart  (Arch.  PhamLTii  2S6; 
X.  124)  found  81*25,  78*5,  and  77  per  cent  resin  soluble  in  alcohol  (which  is  the  acCiw 
principle),  the  remainder  being  made  up  of  wax,  extractive  matti^rs,  gum,  stanch,  albo- 
min,  fibrin,  and  inoi^nic  salts.  In  one  specimen,  evidently  adulterated,  the  propoftioB 
of  resin  was  as  low  as  8*5  per  cent,  the  remainder  being  chiefly  made  up  of  itaidl, 
gum,  gluten,  and  salts.    Another  specimen,  in  which  the  proportion  of  rosin  WM  Ht'i 


*  I'here  if  tlso  •  f«lie  or  spurious  scAmmony,  known  as  French  or  Montpcller  scnimMir, 
which  Is  prn»*rMl  in  th«  South  of  France  fyom  the  expressed  Juice  of  an  asclcpliMlMVQtii  pbal, 
C^tuincMmm  m/mpetiacum,  and  mixHl  witli  various  resins  and  other  pu'gaUve  drugs  ;  but  ft  h  • 
danaerous  purgative,  and  should  nertr  be  used. 
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per  cent.,  iras  found  to  contain  52  per  cent  of  gypenm.  In  four  specimens  of  Smyrna 
scammony,  Marquazt  found  26.  6,  6,  and  7  per  cent,  reein  soluble  in  alcohol  (about  f 
of  it  being  also  soluble  in  ether),  the  rest  being  made  up  of  extractiye  matteir,  gum, 
Starch,  wood^  fibre,  and  inoiganic  salts. 

The  diemical  constitution  of  scammony  has  been  further  inrestigated  by  Keller 
and  by  Spiigatis,  who  agree  yeiy  nearly  in  their  analytiod  results,  but  differ  in  the 
formuLe  by  which  they  represent  them.  Spirgatis  regards  the  resin  of  scammony  as 
identical  with  that  of  spurious  or  fusiform  jalap,  whidi  is  also  deriyed  from  the  root 
of  a  oonyolyulaceous  plant,  Qmvolmdut  orisaheruii.  Keller  regards  the  two  resins  aa 
Tery  closely  allied,  but  not  as  absolutely  identical.  (See  Jalafic  acid,  Jalapin,  &c, 
iii.  436—442.) 

SCULVOUnrB.  Wemerite :  including  Paranthine,  EkebergiUt  NtUUdite,  Tetraclantf, 
GlaueoUtt^  MheriagtiUt  TerenUe,P(yrcelain'Spart  StroganowiU, — ^A  silicate  of  aluminium 
•nd  calcium  (the  calcium  beinff,  howeyer,  more  or  less  replaced  by  sodium,  potassium, 
and  magnesium),  occurring  in  dunetric  crystals  of  the  same  form  as  mejonite  (iii.  ^5). 
Obseryed  faces,  oP,  ooPoo ,  ooP,  P,  Poo ,  aoP2,  aoP3.  Length  of  principal  axis  *  0*4398. 
Angle  oP  :  Pqo  —  156^  14^'.  Cleayage  parallel  to  ooPoo  and  ooP  rather  distinct  but 
interrupted.  The  mineralB  occur  also  massiye,  granular,  or  with  a  faint  fibrous 
appearance,  sometimes  columnar,  but  most  frequently  in  distinct  crystals,  occasionally 
of  large  size. 

Hardness  «  5  to  5*5 ;  in  a  subtranslucent  yarietj  from  Gouyemeur,  New  York,  it 
is  nearly  6.  Specific  grayity  *-  2*612  to  2*749.  Luatre  yitreous  to  pearW,  externally 
inclining  to  resinous;  on  the  cleayage  and  cross-fracture,  yitreous.  Cfolour  white, 
grey,  blue,  green,  and  red,  usually  lignt ;  streak  unooloured.  Transparent  to  faintly 
subtranslucent.  Fracture  suboonchoidal.  Brittle.  Before  the  blowpipe  it  turns 
*white,  and  melts  with  tumefeM^on  to  a  blistered  glass.  It  colours  the  flame  yellow, 
^aiid  when  heated  in  an  open  tube  gives  a  faint  reaction  of  fluorine.  It  is  completely 
,d«oomposed  by  hydrochloric  acid  without  gelatinising. 

The  numerous  analyses  which  haye  been  made  of  scapolite  exhibit  considerable 
^yersities  of  composition.  The  silica  yaries  from  42  to  aboye  60  per  cent ;  the  greater 
number  of  the  analyses,  however,  give  46,  50,  or  60  per  cent.  The  lime  varies  from  20 
to  about  3  per  cent.,  those  scapolites  whidi  are  poorest  in  silica  being  richest  in  lime. 
These  latter  contain  either  no  other  strong  base,  or  only  small  quantities  of  alkali, 
chiefly  soda;  but  as  the  amount  of  lime  diminishes,  that  of  soda  (also  of  potash) 
increases  for  the  most  part ;  in  that  case  also  magnesia  is  almost  always  present,  though 
in  small  quanUty.    Lastly,  nearly  all  scapolites  contain  water,  generally  less  than  1 

Sir  cent,  but  sometimes  more  than  2  per  cent.     (For  the  individual  analyses,  see 
ammeUbenfs  Mmeralchemie,  pp.  717 — 720).    The  oxygen-ratio  of  the  protoxides, 
Msquioxides,  and  silica  in  scapolite,  yaries : 

RO  R<03  SiO-  RO  R30*  S10S 

from    1     :      1-68     :     316     to     1      :     4*47     :     8-88 

Most  scapolites  exhibit  signs  of  decomposition,  indicated  by  differences  of  specific 
gravity,  transparency,  and  hardness,  and  by  the  presence  of  water.  The  least  altered 
are  those  which  contain  the  largest  proportion  of  lime.    Such  are  those  having  nearly 

the  composition  of  mejonite,  3(2Ga''O.SiO*).2(2llH)'.3SiO*),  which  in  fact  is  regarded 
by  Rammelsberg,  Bischof,  and  G.  Hose  as  the  origin  al  scapol  i  te.  Among  the  least 
altered  scapolites  are  nuttalite  f^m  Bolton,  Massachusetts,  a  specimen  of  which, 
analysed  by  v.  Rath,  gave  44*40  per  cent.  SiO«,  25*52  A1«0«,  3*79  FeW,  20-18  CaO, 
101  Maf),  2-99  NaH),  0*51  KH),  and  1*24  water  ( -98*74),  and  certain  scapolites  from 
Arendalin  Korway,  and  from  Malsjo  in  Wermland,  Sweden. 

The  name  smolite  (or  wemerite)  includes  the  common  greyish  and  white  varieties  of 
the  mineraL  NuUaliU  is  bluish,  greyish,  and  dark-greenish.  Panmthine  includes 
certain  compact  varieties  and  crystals  of  white  and  pale-blue  colour.  Ekebergite  (con- 
taining 5102  per  cent,  silica,  26*87  alumina,  2*73  ferric  oxide,  13*29  lime,  and  4*64 
aoda,  besides  small  quantities  of  manganous  oxide,  ma^esia,  and  potash)  is  massive 
and  subfibrous.  The  distinctions  between  these  varieties  are,  however,  not  very  well 
defined.  JPorceiain-Mpar,  from  Passau,  is  sometimes  referred  to  labradorite :  but  its 
analyses  giv^  essentially  the  same  oxygen-ratio  as  scapolite  (49*20—50*29  SiO*  27*30 
—27*90  A1*0\  18*53—15*48  CaO,  4*53 — 5*92  Na*0,  with  small  quantities  of  potash 
and  water).  GhuedUe,  which  has  a  lavender-blue  or  greenish  colour,  and  specific 
gravity  «  2*72 — 2*9,  and  has  nearly  the  composition  of  labradorite  (iii.  450),  is 
referred  to  scapolite  by  G.  Rose,  as  its  cleavages  are  those  of  the  latter  and  not  of 
labradorite,  and  its  oxygen-ratio  is  included  within  the  limits  of  scapolite. 

The  alterationsof  scapolite  appear  to  be  chiefly  due  to  the  action  of  carbonated  waters, 
the  carbonic  acid  taking  up  the  lime.     Stroganou^te^  from  near  the  Sludanka  river,  in 
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Dauria,  affbrds  an  example  of  this  alteration,  containing  40*58  per  eent.  SiO^,  SSt 
Aiy,  11  05  CaO,  3*50  NaK),  0*89  FeO,  and  MnO,  and  14-65  GaCO".  SometaBn  \k 
action  of  the  carbonic  acid  goes  so  far  aa  to  cany  off  neariy  all  the  ■trongwbasH.ad 
reduce  the  mineral  to  a  kaolin.  Acid  carbonate  of  maffnenmn  in  aolntjon  canm 
Bcapolite  into  soapstone.  By  alkaline  carbonates  in  solution,  alkalis  maj  be  intnidnl 
and  lime  removed,  thus  forming  mica,  aJgerite  (i.  113),  and  perhaps  also  MolitcL  Ik 
means  of  ferrous  carbonate  dissolved  in  carbonic  acid,  an  oxide  m  iron  naj  be  ia» 
duced ;  and  the  iron  being  oxidised  to  ferric  oxide  during  the  process,  cpidoie  ii  ik 
form  of  scapolite  is  produced.  Afheri/istite^  a  highly  hydrated  sc^mlita  nom  AmiL 
(i.  430),  is,  according  to  Hausmann,  the  original  wemerite  of  Hauj. 

Scapolite  is  usually  found  in  cr}-stalline  rocks  and  in  gnumlar  limestens^  aat 
commonly  near  its  junction  with  granite,  also  in  beds  of  maffaetic  iron  aeeompsijitj 
this  rock.  In  the  latter  situation  it  occurs  at  Arendal  in  NarwBT  and  WemW  ii 
Sweden ;  also  in  flue  ciystallisations  in  Paigas  in  Finland,  ice  ^azanthine  oemii 
the  limestone  quarries  at  Marlq'o  in  Wermland ;  porcelain-spar  in  granular  lincMi 
at  Obemzell,  in  Bavaria ;  glaueolite  near  Lake  Baikal  in  Siberia,  in  reins  in  gnaia 
(Dana,  ii.  202).    The  localities  of  other  varieties  have  already  been  mentianad. 

8CAXB&OZTB.  An  aigillaceous  mineral  from  Scarborongh,  containing,  uece^ 
in^  to  Vernon  (Berz.  Jahresb.  z.  169),  10*6  per  cent  silica^  42'6  alumina^  O-lSiast 
oxide,  and  46*75  water. 


Syn  with  CuiBAzm  (i.  843). 

Syn.  with  Bismuth-silvbb  (i.  697). 
Arsenite  of  copper  (i.  376). 
SCBaa&BTnra.    Native  tungstate  of  lead.  (See  Tuitostatbs.) 

Native  tungstate  of  calcium.    (See  Tunostatbs.) 


SCBURaBZTX.  This  name  has  been  implied  to  two  fossil  zesias  ooennt 
at  Uznach,  near  St  Gallen,  in  Switzerland :  1.  A  crystalline  resin  poljmsrie  m 
marsh-gas,  of  specific  gravity  0*65,  and  melting  at  44°. — 2.  A  hydrocarbon,  plj- 
meric  with  benzene,  alr^y  described  as  retene  (p.  97). 


A  mineral  formerly  regarded  aa  a  garnet^  ooennring  o.  lb 
iron  mine  of  lAngbanshyttan  in  Sweden.  It  has  a  red-brown  oolonr ;  hudnsa  ■ 
6*6  ;  specific  gravity  b3'39  ;  is  slightly  attacked  by  hydrochloric  acid,  with  evohtia 
of  chlorine.  Contains,  according  to  Michael  son  (Jahresb.  1863,  p.  804),  52*31  pv 
cent  silica,  19*09  lime,  1086  magnesia,  10*46  manganous  oxide,  1*63  ferrous  ai^ 
and  3*97  ferric  oxide  (loss  by  ignition  0*60).  The  oxygen-ratio  of  the  protooddes  mi 
silica  is  1 :  2  ;  hence  Michaelson  regards  the  mineral  as  an  augite. 

8CB&B&BTZV2TB.    A  fossil  resin  from  the  coal-mines  ofWigan,  in  TmmmmASm^ 

It  forms  black  drops  and  granules,  sometimes  as  bie  as  nuts,  brittle,  and  of  riHipliiW 
fracture.  Specific  gravity  »  1*136.  Combustible.  By  dry  distillation  it  yiddi 
water  and  a  large  quantity  of  empyreumatic  oil,  and  leaves  a  residue  of  chaicoiL  h 
is  insoluble  in  water,  sJcohol,  ether,  and  alkalis,  and  is  slowly  iIwohhkishI  Iv 
strong  nitric  acid.  When  it  is  reduced  to  fine  powder  and  boiled  with  water,  slcdsi 
and  ether  in  succession,  traces  of  oil  are  dissolved,  after  which  it  contains  at  1S0^,« 
the  average,  3*68  per  cent,  of  ash,  76*95  per  cent  C,  8*95  H,  and  10*42  0»  eotiewwsd- 
ing  to  the  formiUa  C'H^O*  (Mallet,  PhiL  Mag.  [4]  iv.  261)._Thia  bo^y  «■ 
erroneously  regarded  by  Dana  and  Mallet  as  identi(»l  with  Bochledei^s  pyruwda 
(Kenngott) 

8CBWBZBBXXTB.  A  zeolite  from  the  gabbro  of  Tuscany,  having*  a  eonfiisidlj 
lamino-radiate  structure;  hardness  »  3;  white  and  opaque.  Contains^  aceotdingti 
Bechi  ^SilL  Am.  J.  [2]  xiv.  64),  47*79  per  cent  silica,  19*38  alnmina,  16-76  liaa 
11*04  magnesia,  1*62  alkali,  and  3*41  water.  Broithaupt  regards  it  as  a  deuipowi 
laumontite. 

8CBOSXJLMXTB,  or  SCHORXiOBnTll.  A  calcio-ferric  silioo-titanate  ueeiUM 
on  the  Ozark  Mountains,  Mngnot  Core,  Arkansas,  together  with  elaeolite,  brookita  vi 
eamet ;  also  embedded  in  phpnolite  at  Obersehaffhausen,  on  the  KaiserrtiU. 
Hardness  «=  7*75.  Specific  gravity  »  3*783 — 3862.  It  is  massive  without  clearm 
black  and  opaque,  witn  semivitnK)us  lustre.  Ikfore  the  blowpipe  it  melts  with  dn- 
culty  on  the  e^ges  to  a  black  vitreous  mass,  and  exhibits  with  borax  and  phospbonv- 
salt  the  reactions  of  titanium.  Acids  decompose  it  imperfectly,  with  sepoiatiflBcf 
golatinous  silica.  (Shepherd,  Sill.  Am.  J.  [2]  ii.  251. — ^Whitney,  Joum.  Bolt 
Nat  Hist  Soc.  1849,  vi.  46.) 

Analif«f8.—a.  From  Arkansas  (Rammelsberg,  Jlffnfro^A^mtP.  p.  886V — 6.  Yvm 
the  Eaisersthul :  specific  gravity  =  3*745  (A.  Claus,  Ann.  Ch.  Fhaim.  czziz.  21S): 
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•.  26*24 
b.  29-56 


TIO« 

21-34 
21-18 


Fe«0> 

2011 
18-08 


FeO 

1-67 


CaO 

29-38 
26-13 


MgO    K<0  Nato 


1-36 
1-22 


4-22     - 


100 
99-38 


fUnunelsbeis  deduces  from  his  analysis,  which  agrees  ireiT  nearly  with  those  of 
Whitney  and  CVoesley,  the  formula  3(2Ca''O.SiO*).(2Fe«0».3SiO«).(2Ca''0.3TiO«). 


Syn.  with  Topaz. 

ACBO&XiOMITB*    Syn.  with  Schoruuhtb. 

BCWMMXMMMaTTMm  A  phosphide  of  iron  and  nickel,  occurring  in  meteoric  iron, 
end  forming  the  principal  part  of  the  residue  left  on  dissolving  the  iron  in  hydrochlorio 
•cid  (MsnoRirBS,  iii.  978).  Under  the  microscope  it  often  appears  in  sharply-defined 
crystals.  Its  colour  is  sometimes  steel-ney,  sometimes  yellowish  or  brownish.  It  is 
•tron^l^  magnetic,  dissolves  with  di£Scmt^  in  acids,  and  is  often  mixed  with  graphite 
•od  sihca.  Haidness  *-  about  6-6.  Specific  gravity  -  7  01— 7*22.  It  varies  greatly 
«n  compositMB,  as  the  following  analyses  wUl  show  (BammeUber^s  Mineralcketnie, 
t.947):- 
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Iron  .  .  , 
NidBSl     .     . 
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14*39 
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Faye  (Compt.  rend.  Ivii.  801),  by  exposing  a  mixturo  of  8  grms.  ferric  oxide, 
3*7  grms  nickel-oxide,  10*1  sodic  phosphate,  6  grms.  silica,  and  2  grms.  charcoal,  to  a 
white  heat  in  a  graphite  crucible,  obtained  a  black  slag,  a  metallic  iec:ulus  of  nickel 
Aod  iron,  and  between  the  two  a  crust  of  yellowish  metallic  ■hining  lamine,  exhibiting 
the  characters  of  schreibersite. 


\m  An  amorphous  mineral,  resembling  allophane,  from  the 
I>611inger  mountain,  near  Frankenstein  in  Styria,  whero  it  occurs  in  nests  between 
dav-slate  and  granular  limestone.  Hardness  *»  3 — 3*6 ;  specific  gravity  b  1*96—2*06. 
Colour  greenish,  yellowish,  or  sometimes  spotted  with  brown.  Contains,  according 
to  Schrotter  (J.  pr.  Chem.  xi.  380),  11*94  percent  silica,  46*29  alumina,  2*80  ferric 
oxide,  1*16  lime,  0*26  cupric  oxide,  0*63  sulphuric  acid,  and  36*86  water,  which  may 
be  repref«ented  by  the  fomula  6Al'O'.2SiO'''.20H'O.  It  is  probably  a  mixturo  contain- 
ing hydrate  of  aluminium. 

SCBVIaUTB.    Syn.  with  Coslbstin  (i.  1069). 

SCZUbA  MAXZTZMA.  Squill.  A  liliaceous  plant,  growing  wild  on  the  shores 
of  the  Mediterranean.  The  fleshy  bulbs,  which  aro  used  in  medicine,  have  been  investi- 
gated by  several  chemists,  but  with  somewhat  discordant  results.  They  contain  a 
volatile  oil,  an  acrid  substance,  a  bitter  principle,  gum,  sugar,  and,  according  to 
Landerer,  starch  and  tat,  together  with  phosphate,  citrate,  and  perhaps  also  tartrate  of 
calcium. 

The  volatile  oil,  obtained  by  distilling  the  bulbs  with  water,  is  mobile,  slightly 
coloured,  has  a  pungent  disagreeable  odour  (like  that  of  garlic  or  mustard  oil),  and 
bl  inters  the  skin ;  so  likewise  does  its  alcoholic  solution. 

The  investigations  on  scillitin,  the  active  ingredient  of  the  bulbs,  have  not 
determined  whether  it  is  to  be  classed  with  the  resins,  the  alkaloids,  or  the  bitter 
principles.  Mandet  (Compt.  rond.  li.  87)  distinguishes  two  peculiar  bodies,  tie 
poisonous  and  irritating  scufein,  and  the  non-poisonous  scillitin, but  adds  nothing 
further  concerning  them.  Schroff  (N.  Kepert.  xiv.  241)  also  distinguishes  a  narcotic 
principle  {*nllUin)  and  an  acrid  non-volatile  principle.  Righini  (Repert  Ldii.  87) 
regaros  scillitin  as  impure  veratrin. 

a.  AcoQording  to  Tilloy  (J.  Pharro.  xii.  636;  ibid.  [3]  xxiii.  406),  squill  contains 

•  With  MMgiietlum. 
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no  volatile  acrid  principle,  but  crystalB  of  odcie  citrate  [oxalate  (Sehrof  f)] 
irritate  and  inflame  the  i^kin  when  rubbed  upon  iL   The  active  conatituentB  anuisi! 
n-ein  and  a  bitter  substance. 

Drifd  squill-powder  gives  up  to  ether  an  agreeably-smelling  yellow  fiit  (or  6v 
arid  ?)  which  may  be  freed  from  adhering  bitter  substance  by  maaiia  of  botvMK 
When  the  powder  which  has  been  exhausted  with  ether  is  digestad  with  alcQhd,anp 
acrid  and  bitter  timrture  is  obtained,  leaving  on  evaporation  an  acrid  lesin,  ^lich  > 
freed  from  adhering  fat  by  ether,  and  from  sugar  by  water.  Tliia  redn  ii  iw 
poisonous ;  it  soft^ius  in  hot  water,  dissolves  in  alluiia  and  tiVffrltir^.  tad  ii  m 
altered  by  acids. — The  bitter  substance  is  extracted  by  hot  water  from,  aqidll  piuriudj 
treated  with  ether  and  alcohol ;  it  is  precipitated  from  the  liquid  bj  chaxooal,  whichgna 
it  up  again  to  boiling  alcohol  (Tilloy). 

6.  Vogel  (Schw.  J.  vi.  101)  and  Labour  dais  (Ann.  Ch.  Thym.  [S]  xxiv.  fi!) 
prepare  the  bitter  substance  as  follows :— 

1.  Vogel  exhausts  the  concentrated  juice  with  alcohol,  evaporatea  the  tincture  d» 
solves  the  residue  in  water,  precipitates  tannic  acid  by  neutral  acetate  of  lead,  nmtnt 
excess  of  lead  by  means  of  sulphydric  acid,  again  filters,  and  evapoiatee.  Than  Aa 
remains  scillitin,  tc^ether  with  sugar  and  salts,  in  the  form  of  a  colonrleas  fiuUi 
mass,  which  has  a  very  bitter,  afterwards  sweetish  taste,  and  canaea  rraniti^  uai 
purging.  This  mass  softens  quickly  in  the  air,  and  dissolves  eaailT  in  water  uA 
absolute  alcohol,  and  in  vinegar. — 2.  Lebourdais  precipitates  the  higluj  eokwrBd  lal 
very  viscid  decoction  of  squill  with  neutral  acetate  of  lead,  and  agitates  the  cold  fihiato 
with  purified  animal  chanx>al  till  it  loses  its  colour  and  bitterness.  The  chaveosl  ii 
then  washed  and  dried,  and  boiled  with  alcohol,  which  takes  up  the  scillitin,  and  ksm 
it  behind  on  evaporation. — Scillitin  thus  obtained  is  an  amorphous,  neutral,  non-hvpft- 
soopic  mass,  which  decomposes  easily  when  heated,  dissolves  with  purple  colour  in  ol 
of  vitriol,  afterwards  blackening,  and  is  decomposed  by  nitric  acid. — ^A  portion  plmd 
upon  the  tongue  produces  the  sensation  of  a  caustic. — Bley  (N.  Br.  Arrh.  Ixi.  1411 
operated  in  the  same  way  as  Lebourdais,  avoiding  too  great  heat,  and  obtainsd  W 
spontineous  evaporation,  long,  colourless,  flexible  needles,  ha\'ing  a  very  bitter  tiae, 
becoming  amorphous  when  gently  warmed,  and  not  afterwards  susceptible  of  ajital* 
lisation. — According  to  Wittstuin(Ilepert.  [3],  iv.  200),  the  bitter  of  squill  is  not  p» 
cipitated  by  basic  acetate  of  lead,  nor  by  hydrated  oxide  of  lead,  which  latter,  hoven^ 
precipitates  the  acrid  constituent. 

c.  Marais  (J.  Phorm.  [31  xxx.  130)  and  Landerer  (Kepcrt.  xlvii.  442)  belieni 
they  had  obtained  an  alkaloid,  which  Tilloy  was  not  able  to  isolate. 

1.  Maniis  exhausts  either  the  dried  squill  with  alcohol  of  56  per  cent.,  or  thefrah 
bulbs  with  alcohol  of  90  per  cent.,  mixes  the  tincture  with  milk  of  lime,  agitates  vitk 
ether,  separates  the  siipc^matant  layer  of  liquid,  and  evaporates,  whereupon  scillitiB 
and  fat  remain,  tlie  latter  of  which  is  removed  by  again  dissolving  the  xvsidus  n 
alcohol. — The  product  is  an  amorphous,  hygroscopic,  pale-yellow  mass,  having  a  pn- 
gent  bitter  taste  and  an  alkaline  reaction. — It  dissolves  in  oil  of  ritriol,  ibnniif  t 
violet  solution,  from  which  water  precipitates  green  flocks,  and  in  nitric  acid  withnd 
colour,  which  quickly  disappears ;  it  is  insoluble  in  hydrochloric  acid,  but  solubls  ii 
ammonia  and  caustic  alkalis,  becoming  decomposed  and  losing  its  bitter  taste.  V^hn 
heated  with  hydrate  of  potassium,  it  evolves  ammonia.  It  does  not  dissolve  in  witcr; 
)*roiluces  with  fernc  chloride  an  orange-yellow,  and  with  platinic  chloride  a  veBov 
precipitate,  and  combines  with  acetic  acid.  It  dissolves  in  alcohol  and  ether,  ^akai 
int4'nially,  it  acts  as  an  emetic  and  violent  purgative,  and  afterwards  aa  a  naiooCie. 
(Marais.) 

2.  landerer  digests  the  crushed  inner  portions  of  s(|uill  with  very  dilnte  snlplnre 
acid,  boils  down  tne  filtrate  to  one-half,  satumtrs  it  with  lime,  and  seta  it  aside  far 
tlin-e  days ;  then  collects  and  dries  the  residue.  When  this  residue  is  boiled  witlk 
a]of)hol,  the  filtrate  deposits  on  evaporation  a  very  small  quantity  of  extremely  bitter 
n'i<i!es,  which  are  insoluble  in  water,  and  sparingly  soluble  in  alcohol.  The  needln 
have  an  alkaline  reaction  and  neutralise  acids,  forming  therewith  drstalli sable  adt>, 
which  molt  when  heated  (evolving  vapours  which  excite  coughing)  and  carbonise,  but  do 
not  leave  a  trace  of  lime.    This  body  does  not  appear  to  be  obtained  from  dried  squill 

See  the  last  article. 


SCZSWS.  The  ash  of  the  bulrush  (Seirpus  lacwtris)  has  been  analysed  bj 
Fleitmann  (Ann.  Ch.  Pharm.lviii.  391)  andbySchulz-Fleeth  (Pogg.  Ann.lxxxiv. 
80),  with  the  following  results  (deducting  the  charcoal) : 
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A  term  applied  to  the  incrustiiig  matter  deposited  within  the 
ceUa  of  woody  fibre,  also  called  lignin.  This  substance  is  said  by  Payen  to  be  dis- 
tiogaished  from  cellnloee  by  assuming  an  oianee  colour  when  treated  with  potash  and 
iodine,  whereas  pure  cellulose  turns  blue  under  the  same  circumstances.  Schleiden, 
on  the  other  hand,  denies  its  existence  as  a  distinct  compound.  (See  GmdirCt  Hand- 
iook,  XT.  124.) 

BCO&acrra.  lAme  Mesotype,  NeedUaUme,  PoonaJdite,  Fibrous  Zeolite:  including 
MesolUe  or  JJme  and  Soda  Mesotype. — A  hydruted  calcio-aluminic  silicate,  in  which  the 
calcium  is  sometimes  partly  replaced  by  sodiuuL  It  forms  monodinic  crystals,  in 
which  the  ratio  of  the  axes  a:b:c  =>  1*0282  :  1  :  0*6791.  Angle  of  incbned  axes 
6, 0  —  89^6*.  The  crystals  are  prismatic  or  acicular,  consisting  of  a  prism  of  91^35', 
acuminated  by  four  faces  of  a  monodinic  pyramid  composed  of  the  hemipyramid  P  of 
144^  40'  and  the  hemipyramid  — P  of  144''20' ;  they  bear  a  strong  general  resemblance 
to  the  orystals  of  natroute,  which  consists  of  the  orthorhombic  prism  ooP  m  91^,  acu- 
minated by  four  fiaoee  of  the  pyramid  P  inclined  to  the  lateral  edges  at  angles  of 
143^0*  and  142^40*.  Twins  also  occur  parallel  to  the  orthodiagonaL  Clearage  nearly 
perfect  parallel  to  odP.  The  mineral  ukewise  occurs  fibrous,  massiye,  and  radiated, 
faaidness  «■  6 — 6-5.  Spedfic  grayity  i*  2*2^2*7.  Lustre  yitreous,  or  silk^  when 
fibrous.  Transparent  to  subtruislucent  Pyrolectric  Before  the  blowpipe  it  curls 
up  like  a  worm  (hence  the  name,  from  ffK^Kri^,  a  worm),  and  finally  melts  to  a  bulky 
coining  slag,  which  in  the  inner  flame  becomes  a  yesicular  slightly  shining  bead. 

A.  Scoleciteor  Lime  Mesotype. — Analyaea:  a.  From  the  Berofiord,  Iceland 
(Gibbs,  Pogg.  Ann.  Ixxi.  665).—^.  Faroe  Islands  (Stephan,  Bammdtbtrf/i  Mineral- 
mktmisj  p.  795). — c.  Sta£fk:  fibrous  (Fuchs  and  Gehlen,  Schw.  J.  yiii.  353; 
zyiii.  1). — d.  Isle  of  Mull :  radiate,  accompanied  by  epidote  (Scott,  £din.  N.  Phil.  J. 
OeL1852). — e.  Auyergne  (Ouillemin,  Ann.Min.xii.8). — f.  Niedex^drchen,  in  Rhenish 
Baymria  (Riegel,  J^b.  pr.  Pharm.  xiii.  l).—g.  East  Indies:  spherical  aggrf^tes 
liaying  a  radiate  structure  (Taylor,  J.  pr.  Cbnn.  bdii.  467). — K  Cachapual  Valley,  in 
Cbili ;  in  porphyry  (Domeyko,  Ann.  Min.  [4],  ix.  3): — 
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these  analyses  lead  to  the  formula  (Ca''O.SiO«).(AlK)».2SiO«).3H«0. 

B.  Mesoliteor  Lime  and  Soda  Mesotype. — a,  Portmsh,  Ireland  (also  called 
Barrin^fionite\  Thomson  {OtUlines  of  MineraUogy,  i.  428). — 6.  Kihnore  in  the  He- 
brides (He  ddle,  Phil.  Mag.  [3]  xi.  273).— c.  Berufiord,  Iceland:  spherical  radiate 
(Waltershausen,  VtUk,  Gesteine,  ^.  267).— d.  litHand:  AtUrimolite  (Heddle,  ^. 
cU.), — e.  Faroe  Islands  (Berzelius,  Jahresbericht,  iil  147).—^.  Tyrol:  massiye  and 
fibrous  (Fuchs  and  Gehlen,  Schw.  J.  yiii.  353 ;  xyiii.  1).---^.  Iceland:  exoentrically 
fibrous  (Breidenstein,  Bamfnelaberg't  Afineralchemie,  p.  798). — h.  Talisker  in  Skye 
(Hcddle):— 

«.             b,  c.  4.             e,  f.  g.  k. 

SiUca    .    .    44-84  46*26  46*41  47-07  4680  4604  45*78  46*71 

Alumina    .    28*48  26*48  26*24  26*23  26-60  27*00  27*53  26*62 

lime     .    .     10-68  10*00  9-68  988  987  9*61  9*00  9*08 

Soda     .    .      6-66        4*98  4*87  4-88  6-40  5-20  6*34  639 

Water   .    .     10-28  13*04  1376  12*24  1230  12*36  12*38  12*83 

99*84     100-76     100-96    100*30   10087     100*21     100*03     l6<)-68 

Bammelsbeig  represents  the  analyses  5,  c,  (2  by  the  fbrmula: 

3[(NaK).SiO«).(Al-0«.2SiO«).2H«0]  +   7[(Ca''O.SiO«).(Al«0«.2SiO«).3H«0] 

and  the  rest  by  the  formula: 

[(Na«O.SiO«).(Al«0».28iO»).2H»0]   +  2[(Ca"O.SiO«).(Al«0».3SiO*).3HK)]. 

These  two  formuLe,  howeyer,  giye  yery  nearly  the  same  percentage  composition,  the 
first  requiring  46*92  SiO«,  26*05  A1K>\  9-95  CaO,  4*75  NaK),  and  12*33  B*0;  the 
second,  46*96  SiO«,  26*09  AlW,  948  CaO,  5-28  Na«0,  and  12*19  H*0. 

Scoledte  occurs  also  in  Greenland,  at-Pargas  in  Finland,  in  Auyergne,  and  in  yeins 
in  the  Kilpatrick  Hills. 
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PoonaMUe^  a  variety  firom  Foonah  in  Hindostan,  has  the  angle  odP  :  odP  »  91*4^ 
(Keungott).  Gmelin  (Pbgg.  Ann.  xlix.  428)  found  it  to  contain  46*18  per  cat 
silica,  30-44  alumina,  10*20  lime,  0*66  soda  (with  a  trace  of  potash),  and  IS'89  vns 
(»  99-81). 

Antrimdite  occurs  in  white  fibrous  stalactites  at  Antrim,  four  miles  east  of  tbt 
Giant's  Causeway.  Angle  of  prism  —  92^  13';  outer  edges  bevelled  bj  apriaitf 
1^0^  30'.    Hardness  -  3*76.    Specific  gravity  «  2*096. 

SCOTiBTMBOSB.  A  mineral  from  Paigas  in  Finland,  legaxded  by  NotdeniboU 
as  a  variety  of  labradorite  (iii.  451),  by  others  as  a  scapolite. 

SCOPAUr.  C*>H«0>*.  (Stenhouse,FhiLTians.  1851,  p.  422;  Ann.  a 
Pharm.  Ixxviii.  15.) — A  substance  contained  in  Spartiwm  SeopariutHt  and  Mf/fandf 
constituting  the  diuretic  principle  of  that  plant. 

Preparation. — The  decoction  obtained  by  boiling  the  plant  fbr  six  or  eig^  hoqa 
with  water,  when  evaporated  to  one-tenth  of  its  bulk,  andleft  at  rest  for  24  hoots,  solidi- 
fies to  a  jelly,  containing  scoparin  together  with  chlorophyll  and  a  small  quantity  of  ip«- 
teine.  T^q  jelly  is  washed  with  a  little  cold  water,  dissolved  in  boiling  water  '■'"t*"'^ 
a  few  drops  of  hydrochloric  acid,  filtered,  and  set  aside  till  it  solidifies ;  and  the  jelly  igui 
formed  is  purified  by  washing,  pressing;  drying  over  the  water-bath,  and  dissolTiBf 
in  boiling  water,  which  now  leaves  most  of  tlie  chlorophyll  undissolved.  The  chkiiH 
phyll  may  also  be  precipitated  from  the  aqueous  solution  by  long-continued  boiliog;  it 
IS  deposited  from  a  moderately  concentrated  solution  before  the  sooparin,  and  naj  bi 
separated  by  filtration  st  the  proper  point. 

Scoparin  thus  obtained  forms,  after  drying  in  a  vacuum,  a  Trale-yellow,  brittle 
amorphous  mass,  tasteless,  inodorous,  and  neutral  By  precipitating  its  oold  asn^ 
niacal  solution  with  hydrochloric  acid,  dissolving  the  somewhat  more  solid  jeUyii 
boiling  water,  and  cooling  slowly,  a  small  quantity  of  pale-yellow  czystallins  stsn  ii 
obtained,  together  with  gelatinous  scoparin.  The  solution  in  hot  alcohol  likrain 
yields  a  jolly  on  partial  evaporation,  and  crystals  in  the  cold.  Whm  an  attoqA  ii 
made  to  n-crystallise  the  latter  from  hot  aJcohol,  there  remains  a  residue  wliieh  dis- 
solves with  difficulty  in  water  and  alcohol,  and  is  obtained  as  a  jelly  hsTing  the  origi- 
nal degree  of  solubility  only  by  dissolving  it  in  ammonia-water,  and  predpitstiiig 
with  hydrochloric  acid.  The  crystahi  and  the  jelly  have  the  same  compositiaa  vhn 
dry. 

Scoparin  pufis  up  when  hented,  carbonises  without  subliming;,  and  bums  with  bri|^ 
flame.  A  solution  in  potash  or  in  acids  is  decomposed  by  boiling,  with  formatioB  S% 
greenish-brown  resin.— Scoparin  assumes  a  blue-green  colour  with  ffromine,  and  a  dtikp 
green  with  solution  of  chloride  of  lime, — With  nifric  acid  it  forms  picric  acid. 

Scoparin  is  sparingly  soluble  in  cold,  moro  freely  soluble  in  hot  water,  forming ptle- 
yellow  soIutioiiH.  It  dissolves  also  in  cold  alcohol,  more  freely  in  boiling  alooboL  & 
dissolves  slightly  in  strong  acids  ;  very  easily,  with  deep  yellowish-green  eoloiir,  ii 
caustic  ammonia,  the  ^xed  alkalis,  and  alkaline  carbonates,  less  easily  in  lime-  and  bsiyt^ 
water.  The  ammoniacal  solution  leaves,  on  spontaneous  evaporation,  a  green  je&f, 
nearly  free  from  ammonia. 

Scoparin  throws  down  greonish-yellow  flocks  from  neutral  and  baste  acetuU  rf  UsL 
It  docs  not  precipitate  mercuric  chloride  or  nitrate  of  silver. 


A  yellow  aromatic  substance  obtained  from  Xsuerium 
(Winckler,  Repert.  Pharm.  xxviii.  352.) 

SCOSZXiZTII.  A  mineral  from  Juan  del  Rio  Cara  del  Calvaxio,  in 
taining,  according  to  R.  Thomson  (J.  pr.  Chem.  viii.  506),  58*0  per  cent^  «li<^  16-8 
alumina,  1 33  furrous  oxide,  8-6  lime,  and  2*0  water.  It  occurs  in  brown  slag-likt 
masses,  with  numerous  cavities.  Streak  white.  Hardness  »  2*0.  Specific  giarifv 
"  1-70.  Before  the  blowpipe  it  becomes  lighter  in  colour,  but  does  not  fussu  With 
fluxes  it  givos  the  iron  reaction. 

SCO&OBZTS.  Nfoctess,  Cupreous  Arsenate  of  Iron. — A  hydrated  ferric  arseaatt 
occurring  in  trimetric  crystals,  which  exliibits  tlie  combination  oo]^ao  .  oof  od  .  P . 
oc  P2,  sometimes  with  ooP  and  ^P.  Axes  a  :  A :  c  —  1  :  1*1511  :  1*0977.  .  Aagb 
OD  P  :  oop  :>.  98®  2'.  Cleavage  parallel  to  cxF2  imperfect^  parallel  to  ooPeo  asd 
00 Poo  in  traces.  The  crystals  are  sometimes  single,  sometimes  implanted  is 
groups  or  grown  together  in  granular  aggregates.  The  mineral  also  occurs  in  boUyitt- 
dal,  kidney-shaped,  tubular,  and  other  forms,  also  as  an  incrustation  (arsenical  sintv). 
Hardnfss  «  3*5 — 4.  Specific  gravity  »  3-1 — 3*3.  Lustre  vitreous,  subadamsntiiie* 
and  frubn-pinous.  Colour  pale  leek-green  or  liver-brown.  Streak  white.  Subtzasf- 
parent  to  translucent.  Fracture  uneven.  Before  the  blowpipe  on  charcoal  it  emits  a 
aliiacfous  odour  (^honco  the  name*,  from  <rK6pa^ov,  garlic),  and  fusrs  to  a  rcddish-brovi  flr 
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bUrk  teoria,  magnrtie  after  all  the  anenie  is  expelled.    The  minenl  ii  not  acted  npoa 
by  nitric  add,  bnt  diaaoWea  easily  in  hydrochloric  acid. 

Analyut  .-^Qraxd,  near  Schwarzenberg  in  Saxony  (Damour,  Ann.  Ch,  Phys. 
18]  X.  412).— 6.  Vaubry,  Dept  Haute- Vienne :  oystallised ;  specific  gravity  -   S'll 
(Damonr).— <?.  Cornwall  (D amour).— <f.  Antonio Pereira  in  Brazil:  specific  cravitT 
=  318  (Berzelius,  Jahresbericht,  v.    206).— «.   From  the  same  (Damour).-' 
/.  Loaysa,  near  Marmato,  New  Granada  (Boussingault) : 

••               *•               c.               A  e.  /. 

Arsenic  anhydride        .        .    216          60*95        6106  60*78  60*96  49*6 

Phosphoric    „  0-67 

Ferric  oxide         .        .        .    33*00        31-89        82*74  34*86  83*20  34*8 

Water 16*68        16*64        16*68  16*66  16*70  16*9 


100*74        98*48        99*48      101*86        99*86      100*8 

These  analyaealaad  to  the  fozmulaFeH)* JUi*0*.4HH),  or  ^1  [  0K2RH>,  requiring  49*84 

AsKH,  34*60  FeK)«.  and  16*66  water. 

An  iron  sinter  from.  Nertschinsk  in  Siberia,  containing,  according  to  Hermann  (J. 
pr.  Chem.  xxxiii.  96),  48*06  AsH>\  36*41  Fe>0',  and  16*64  water,  is  an  amorphous 
■oorodite. 

Scorodite  occurs  altered  to  limonite. 

SOOXSAa    A  Tarie^  of  epidote. 


^  SCO&SOraRJu  The  roots  of  Scorronera  kupanica,  aplant  belonging  to  the 
eichoraceous  tribe  of  CompasiiiB,  contain  starch.  According  to  W  i tting  (Arch.  Pharm. 
[2]  CT.  286),  the  expressed  juice  of  the  plant  contains  mannite. 


Two  species  of  this  genus  of  plants  have  been  examined 
chemically  by  Walz  r  Jahrb.  pr.  Pharm.  xxvi.  296 ;  xxvii.  12).  8.  nodosa  contains  a 
bitter  substance  called  by  Walz  a-scrophularin,  which  dissolves  very  slowly  in 
water,  and  is  precipitated  in  white  flocks  by  tannin ;  also  a  resin  insoluble  in  water, 
soluble  in  alconol  and  ether. 

6e.  o^uaHca  contains  a  bitter  substancej  /9-scrophularin,  differing  in  taste  and 
solubility  from  a-scrophularin ;  an  imtating  resinous  substance,  scrophulaerin, 
soluble  in  alcohol  and  ether;  and  a  resinous  substance,  scrophularesin,  soluble  in 
alcohol,  insoluble  in  water  uid  in  ether. 

100  pts.  of  Se.  aquatiea  yielded  7*8  pts.,  and  100  pts.  of  8e.  nodosa  7*6  pts.  of  ash, 

composed  as  fbllows: — 

CbATcoal 
KSO    Ka^O    CftO      BfgO   F«s<P   Naa   SO*     V0»      CO*    SiO*  andMDd 

Sc.  aqtuUiea  2'S    .     .    16*2      6*8     1*3    24-3    4*1     26*3      80    7*0    7*0  «   100-8 

Be,  nodosa    4*4     181     26*6     13*1     1*0      6*2    31     13*0     16*2    4*6    0*8  «     99*9 


;.    See  Cochlsauia  (i.  1062). 

rmiTiTi  ft  M TW.    A  bitter  substance  contained   in  BeiUsUaria  latsrtfolia, 
(Cidet  de  Gassicourt,  J.  Pharm.  v.  432.) 

SOTXAZTB.  A  neutral  substance  occurring  in  cartilaffinous  fishes,  chiefiy  in  the 
kidneys  of  the  sharks  and  rays,  in  the  milt  and  liver  of  the  former,  and  in  the  liver 
and  gills  of  the  latter.  It  does  not  contain  either  nitrogen  or  sulphur,  and  is  pro- 
bably isomeric  with  inoeite ;  but  its  composition  has  not  been  exactly  determined. 

To  prepare  it,  the  organs  just  mentioned  are  triturated  with  pounded  glass,  then 
stirred  up  repeatedly  with  alcohol,  and  pressed ;  the  filtered  extracts  are  evaporated ; 
the  residue  is  exhausted  with  water;  and  the  filtrate  is  again  evaporated.  The  syrupy 
residue  is  then  treated  with  absolute  alcohol ;  the  portion  insoluble  therein  is  dis- 
solved in  water ;  and  the  solution  is  left  to  evaporate,  whereupon  it  deposits  crystals 
of  taurine  and  scyllite.  These  crystals  are  separated  from  the  mother-hquor  by  filtra- 
tion, then  dissolved ;  and  the  somewhat  concentrated  solution  is  treated  with  basic 
acetate  of  lead,  whereby  a  lead-compound  of  scyllite  is  precipitated,  from  which  the 
lead  may  be  separated  l^  sulphydric  acid. 

Scyllite  ciystallises  in  anhydrous  monodinic  prisms  having  a  vitreous  lustre,  less 
soluble  in  water  than  inosite,  insoluble  in  absolute  alcohol.  It  has  a  faint  sweetish 
taste,  and  is  precipitated  by  basic  acetate  of  lead,  frt)m  its  perfectly  neutral  aqueous 
solution,  in  a  pasty  form,  luce  inosite.  It  does  not,  however,  exhibit  the  reactions  of 
inosite  with  nitric  acid,  ammonia,  or  chloride  of  calcium.  Nitric  add,  of  specific 
gravity  1*3,  dissolves  it  only  at  the  boiling  heat,  and  even  then  but  slowly,  and  without 
evolution  of  gas.  The  solution  contains  unaltered  scyllite,  which  may  be  separated  by 
alcohol.  Scyllite  is  dissolved  by  strong  sulphuric  acid  a)so,  only  at  high  temperatures; 
Vol.  V.  P 
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it  in  not  ooloimd  by  boiling  with  strong  soda-ley,  and  does  not  reduce  an  alkaliiit 
cupric  solution.    (Frerichs  and  Stadeler,  J.  pr.  Chem.  IzziiL  48.) 

sma^SAXT.  Chloride  of  sodium  more  or  less  mixed  with  other  lahs,  obtained 
by  eyaporation  of  sea-water.    (See  Sodxvm ,  Chlobidb  of.) 

See  Water. 

IS.  These  plants,  which  occur  abundantly  in  the  open  sea,  and  are 
often  heaped  up  in  vast  quantities  on  the  shore,  are  used  for  yarious  purposes — viz.,  as 
food  and  medicine,  in  certain  manufactures,  but  more  extensively  as  manure,  and  for 
the  sake  of  their  ash  (called  kelp  or  vare  c),  which  is  Tuluable  as  a  source  of  potas- 
sium-salts, and  as  the  principal  source  of  iodine. 

1.  Seaweed  as  Food  and  Medicine. — Many  seaweeds  contain  large  proportions  of 
gelatinous  or  mucilaginous  matter,  and  afford  demulcent  and  nutritiye  jellies ;  the  pro- 
portion of  nitiogen  in  them  is  also  yery  considerable.  The  following  table  exhibits  the 
proportions  of  dry  matter  and  nitrogen  contained  in  some  of  the  species  most  used, 
as  food  for  men  or  as  fodder  for  cattle,  in  the  Britii^  Islands  and  the  North  of  Europe, 
according  to  the  determinations  of  J.  Dayy  and  Apjohn : — 

Percentage  of  Dry  nuttier  and  Nitrogen  in  Seaweed. 


Plants* 


Chondrue  criepus  (Carrageen  or  Irish  moss),  bleached 
„  „  n      unbleached. 

CHgartina  mammilioea 

Lamnaria  digitata^  qt  dulse  tangle  •        •        •        . 

„  black  tangle  .       •       .       . 

Bhodomenia  palmata,  or  dylisk         «        •        •        • 

Porvhyra  laciniata,  or  layer 

Iriaaa  edulii   ...«•••. 
Alaria  esculentaf  or  murlins 


NhlUfMI 

WatMu 

Dry 

per  one 

matter. 

Indrf 
matter. 

17-92 

82-08 

1-634 

21-47 

78-68 

2-142 

21-56 

78-46 

2198 

21-38 

78-62 

1-688 

81-06 

68-96 

1-396 

16-66 

83-44 

8-466 

17-41 

82-69 

4-660 

19-61 

80-39 

8-088 

17-91 

8209 

2-424 

The  proportion  of  nitrogen  in  these  plants  appears,  from  these  analyses,  to  be  larger 
than  in  most  other  vegetable  esculents :  the  best  wheat-floxur  (dried  at  100°)  containinff, 
according  to  Apjohn,  1'817  percent,  nitrogen,  potatoes  0-641,  beetroot  1*848,  mangolds 
1*781 ,  and  Swedish  turnips  1  *843.  This  lar^  proportion  of  nitrogen  has  been  supposed 
to  account  for  the  hig^  nutritiye  value  attnbuted  to  many  kinds  of  seaweed ;  bat  the 
mere  percentage  of  nitrogen  existing  in  a  substance  cannot  be  taken  as  a  certain 
indication  of  its  nutritive  value,  as  the  form  in  which  the  nitrogen  exists  is  likewise 
of  great  importance  in  determining  whether  the  nitrogenous  constituent  of  the  plant 
is  capable  of  ready  assimilation  in  the  body  of  an  animal :  moreover,  the  nutritive 
power  of  a  substance  cannot  be  determined  without  taking  account  also  of  its  non-nitzo- 
genous  constituents. 

The  use  of  seaweed  as  food  is  most  extensive  in  China  and  Japan.  Laminaria  «ae- 
eharina,  sweet  tangle  or  sea-tape,  highly  esteemed  in  these  countries,  has  been  found 
by  Stenhouse  to  contain  large  quantities  of  mannite. 

Hocaria  Candida  (called  Agar-Agar  by  the  Malays,  and  Btduna  in  Java)  is  imported 
into  this  country  as  commercial  Ceylon  Moss.  It  is  a  small  delicate  white  i^ns,  con- 
taining about  70  per  cent,  of  starch  and  vegetable  jelly.  The  edible  biids'-nesta, 
esteemed  as  a  delicacy  in  China,  are  probably  constructed  from  this  plant  by  a  species 
of  swallow,  the  Hirundo  eecidenta. — Gelidium  comeitm  is  the  ai^^ue  de  Java,  which  is 
made  into  an  iced  jelly,  and  sold  in  Ningpo  under  the  name  of  I^in^Tnau  (ox-hair  Yege- 
table).  Payen  has  extracted  from  it  27  per  cent  of  a  peculiar  vegetable  substance, 
called  gelose,  which  he  finds  to  possess  ten  times  the  gelatinising  power  of  the  best 
isinglass.  The  same  subetance  is  obtained  firom  Phcaria  lichenoides,  a  seaweed  from 
the  Mauritius,  and  in  small  Quantity  from  several  European  seaweeds ;  it  is  said  also 
to  be  obtained  from  certain  lichens  growinff  on  trees  in  the  South  of  China^  and  in 
the  southern  islands  of  the  Philippine  Archipelago  (ii.  829).  —Fucus  saceharinus,  the 
Kamhon  of  the  Japanese  and  the  8ea<abbage  of  the  Russians,  wfiich  is  found  in  great 
abundance  on  the  islands  and  shores  of  Eastern  Asia,  is  used  as  an  ingredient  of  soap, 
and  eaten  with  fish,  or  boiled  and  eaten  merely  with  salt  Laminaria  potatorum 
furnishes  the  natives  of  Australia  with  food,  and  serves  also  as  a  material  for  their 
tools  and  vessels ;  other  species  of  the  same  genus  constitute  an  important  resource  to 
(ha  poor  on  the  west  coast  of  South  America,  to  the  Fuegians,  and  the  inhabitanta  of 
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Um  cootttzT  iwir  tlw  Stnits  of  Magdlaa.  Under  the  name  of  MUkt^  it  is  laxgely 
eAten  in  New  Zealand  and  Tasmania. — DurviUia  utilia  is  used  as  food  in  YalparaiaOb 
and  hj  tlie  poonr  inhabitants  of  the  west  coast  of  South  America. — Eucheuma  speeioium 
and  Gi^arfina  aptcioaa  are  eaten  in  Australia. 

The  Qse  of  seaweed  as  medicine  depends  partly  on  the  gelatinous  matter,  partly 
on  the  iodine  contained  in  it  Carragheen  moss  has  been  found  useful  in  pulmonary 
complaints. — Fucum  venculosus,  bladder-wnuk  or  lady-wrack,  is  used  externally  as  a 
fricuon  in  glandular  enlargements,  and  the  juice  has  been  given  internally  with 
advantage  for  the  same  purpose. — Sargassum  oacciferum  is  the  celebrated  gulf-weed 
of  the  Atlantic,  the  stems  of  which  are  said  to  constitute  the  ffoitre-sticks  diewed  in 
South  America,  where  that  disease  is  prevalent,  but  they  more  probably  come  fVom  the 
•terns  of  the  Lammaria  digitata. — Piocaria  helminthocortoa  (also  called  Gracifaria 
lickemndet  or  SpharocoeetUt  Gigartina  lickenoitles,  and  Corsican  moss)  has  long  beea 
uaed  br  the  Corsicans  as  an  anthelmintic. 

2.  use  in  Man^factuna. — A  process  has  been  recommended  by  Br.  Stenhouse  for  the 
manufacture  of  acetic  acid  from  seaweeds  by  fermentation.  His  experiments  were 
coodncted  with  some  of  the  fuci ;  these  were  mixed  with  lime,  and  kept  moist  at  a 
temperature  of  90^  F.  He  obtained  by  distillation  with  sulphuric  acid,  an  average  of 
1*5  per  cent,  of  anhvdrous  acetic  acid,  contaminated  with  butyric  acid.  This  might, 
however,  be  separated  and  turned  to  account  in  the  manufacture  of  butyric  ether  or 
easence  of  nine-apple.  The  best  method  would  be  to  ferment  the  plants  in  pits  with 
lime  or  chalk,  at  the  ordinary  temperature  in  the  summer,  leaving  each  portion  in  for 
two  or  three  months,  and  supplying  its  place  by  a  fresh  load  until  the  lime  waa 
saturated ;  the  liquid  would  then  be  pumped  out,  evaporated  to  dryness,  the  residue 
■old  aa  crade  acetate  of  calcium,  and  the  weed  carried  to  the  manure-heap.  The 
whole  psocess  might  be  roughly  and  economically  carried  on  by  an  agriculturist  near 
the  sea. 

Seaweedfl  are  lued  as  tabstitutee  for  horn,  shell,  whalebone,  indurated 
leather,  &c.,  in  the  manufiicture  of  various  articles.  One  process  consists  in  im- 
Bieraing  the  weed,  from  which  all  extraneous  matters  have  previously  been  removed,  in 
a  Ive  of  caustic  lime  for  three  hours,  then  steeping  it  in  very  dilute  sulphuric  acid, 
and  aftflrwaida  in  a  solution  of  common  salt,  after  which  it  may  be  moulded  into  any 
denned  fonn.  Or  the  dry  material  is  ground  to  powder  and  mixed  with  glue,  to  which 
■ome  alum  and  powdered  resin  are  added,  or  with  coal-tar  or  bitumen,  and  baked,  then 
rolled  ont^  or  pressed  in  moulds.  The  stems  of  Lamtnaria  digitata  (tangle  or  sea-girdle) 
make  excellent  handles  for  knives,  files,  &c.  If  the  blade  is  inserted  when  the  stem 
is  fresh  cat,  and  the  weed  then  allowed  to  dry,  it  contracts,  holding  the  blade  firmly, 
and  presenting  a  brown  wrinkled  appearance,  somewhat  like  buck-horn. 

A  kind  of  soap  may  be  made  by  treating  some  of  the  common  seaweeds  with 
alkalis. 

Attempts  have  been  made  to  use  seaweeds  in  the  manufacture  of  paper,  and  for 
the  piodnction  of  textile  fabrics ;  but  the  true  algae  are  not  adapted  for  this  purpose, 
aa  they  are  destitute  of  fibrous  structure.  The  seawrack,  ZoaUra  marina^  which  is  not 
an  al^  but  contains  fibre  resembling  that  of  the  grasses,  promises  better  results 
when  aaed  for  such  purposes. 

Many  seaweeds  exhibit  very  brilliant  colours,  but  it  does  not  appear  that  any 
attempts  have  hitherto  been  made  to  utilise  them.  Several  varieties  of  Griffithsia 
jield  to  pure  water  a  brilliant  crimson  colour,  which  is  precipitated  by  soluble  chlorides, 
and  appears  to  combine  with  alumina  and  other  metallic  oxides. 

S.  Sntweed  as  Manure. — ^The  value  of  seaweed  as  manure  is  most  appreciated  in 
the  Chaanel  Islands ;  the  "  varec "  or  "  vraic,"  as  the  weed  is  there  called,  is  con- 
sidersd  so  valuable  that  special  laws  are  enforced  for  its  regular  collection  and  fair 
distribution  amongst  the  agriculturists,  many  of  whom  use  no  other  manure.  "  Point 
de  viaie,  point  dehangard  has  passed  into  a  local  proverb.  The  weed  is  either 
tiiickly  spread  on  the  land,  and  ploughed  in  fresh  with  a  deep  plough,  or  dried  on  the 
hnarh,  and  burnt  on  the  eottagen^  hearths  as  fuel ;  the  charred  ash  thus  produced 
sells  at  fid.  per  bushel  for  manure.  **I)riftweed''  is  also  largely  used  in  Ireland,  as 
the  ooly  manure  for  the  potato  crop ;  this  is  interesting,  because  the  potato  requires  a 
eoosiderable  supply  of  potash.  This  alkali  can  hardly,  however,  be  required  in  the 
Channel  Islands,  as  the  granitic  subsoil  would,  in  disintegration,  fuminh  it  in  abun- 
danee;  it  is  probably  the  earthy  phosphates  that  render  the  weed  so  fertilising  there. 
This  is  borne  oat  by  tiie  fact  that  the  lixiviated  seaweed  ash,  from  which  the 
alkalis  have  been  removed,  meets  with  a  ready  sale  in  Guernsey,  and  is  esteemed  indeed 
richer,  no  donbt  on  account  of  the  increased  percentage  of  phosphates.  The  residual 
seaweed  aah  from  the  iodine  foctories  in  France  is  highly  valued  as  a  manure,  and 
earned  for  that  purpose  a  distance  of  thirty  miles  from  the  factory. 
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SMwwd  ii  filw  nach  uiad  tu  nuniire  in  tlie  Hebridei,  Uie  Iil«  of  Thtntt,  CormnU, 
and  the  Iile  of  Han. 

100  pU.  of  dammpond  mod  dried  Msweed  eoatun,  aceordiag  to  Wkj,  S6'02  per  cent 
orgHiic  maUer,  I3'66  soda,  IS'OO  solnbls  aalta,  and  323  nitingm  (—1  of  ammoDia). 

4.  For  tie  prodvclioH  tif  Ktlp  or  Varie,  u  toureti  qf  lodint  tmd  Polatnim-ialU, — 
Tbia  put  of  the  mbjtct  hae  alreitdjbeBn  treated  under  ths  head  of  "PoTAtBicn-aALT^ 
UunvAonma  or"  (It.  71*).  We  here  pve  a  table  of  the  compoaition  of  the  Mh  of 
MTinl  kindi  of  seaweed,  as  detenmued  bj  Schwitier,  Fotchhammer,  and  Oodecheos : — 

Ath  of  Seauaed. 


The  higb  Kmprrature  to  wMdi  tha  aeaweed  '.3  exposed  in  (be  ordinaij  proceaa  of 
iDcinentJon  gives  ri>e  to  the  loia  bj  ToUtilisatioD  of  at  leaat  half  of  the  lodiae,  and  of 
■  censia  portion  of  tJie  potasaimn-olta,  and  likewise  enablea  the  etrbon  to  reduce  the 
sulpbatai  to  salphites,  hypoBulpliites,  and  anlphitrs,  which  •ccamolale  in  the  mothfr- 
liquors,  and  Ddceesitate  the  raosnmpdon  of  a  lar^e  quanti^  of  snlphurie  acid  to  n>- 
oouTart  thera  into  tolphatea. 

To  obriHte  these  and  oUler  disadniatagra  attendioe  the  ordiDuy  mm  m.  and 
farther  to  economise  tbe  prodncte,  Hr.  E.  C.  Stanford  proposes  to  sabjeet  the  sea- 
weed, previotulj  dried,  to  destraetire  distillation  in  iroD  retorts,  vhereb;  thej  Tield 
the  nsual  product*  of  the  dlT  diitillation  of  otganlc  bodies — snob  as  hjdiocarLons, 
naphtha,  ammonia,  acetic  aod,  and  iUiuntnatinB  gaa.    The  residnal  charcoal  then 

E'elds,  on  liiiTiatioD,  a  colourless  solation,  which  is  nearly  free  from  snlpbidea,  and 
ares  on  eTaporation  a  crop  of  pure  salts  and  a  nearly  colourless  mother-liquor,  con- 
taining all  the  iodine  and  bnmiine  of  Ihe  seaweed.  (For  details,  see  a  paper  r«id 
bffor«  tJie  Societj  of  Art^  Februaiy  li,  1862  ;  also  Phann.  J.  Trans.  [2]  iii.  495 ;  slw 
RichardsonandWatts's  Chemical  Technology,  L  [3]  G2B.) 

BBBAOXO  AOXS,  CH'*©'  -  '^"^^''^'lO'.  I\niiiie  acid,  StbaejttSiirr, 
FflUavn.  (ThJnsrd,  Ann.  Chim.  zzxii.  193.— Dumas  and  Piligot,  Ann.  Cb. 
Phys.  Irii.  332.— Kedtenbacher,  Ann.  Ch.  Fhorm.  iixr.  IBS.— Bonis,  ibid.  Izxz. 
303;  xMi.  31.— W.  Hajer.  ibid.  Iniiil.  143;  icr.  lSD.--Bowney,  iMif.  Ixnii. 
103,— Carlot,  J.  PKann.  [S]  xiiy.  178.— Arppe.  Ann.  Ch.  Pharm.  cxiiT.  S8; 
Jahreeb.  1862,  p,  283;  1SS«,  p.  377.— Om.  xiv.  194.>— This  seid.  the  hiffheat  known  term 
of  Ihe  oxalic  scries,  C-H<— *0'  (i.  6i),  ii  produced :— 1.  B^  the  dry  distillalJon  of  oleic 
acid,  and  of  hagfs-hud  and  other  fats  tontaining  oleic  acid  or  alein  (Thinaid,  Bet- 
■elins,  Redtenbacher).— 3.  T(«ether  with  otlier  acids  of  the  oxalic  ssnes,  by  Ihe 
oxidising  action  of  t,itric  acid  on  fats.  Spermaceti  thus  treated  yields  sebacie  and 
azflaic  acids. — 3.  Together  with  hept^lic  or  octylic  alcohol,  and  other  piodncta,  by 
dixtiUing  cas<or.oil  or  ricinoleic  add  with  eioesi  of  caostjc  alkalL  (Bonis  and  otben, 
1-8H;  ill.  114;  t.  110.) 

AvporatuHi.— Sebacie  acid  is  beat  prepared  &an   caator-oil  by  diatillation  with 
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1  potMh.  D*lf«  (JahzMb.  1862,  p.  320)  allows  2  pta.  of  eartor-oil  to  flow  into 
1  pL  of  etiutie  potaah»  fluadand  mizea  with  a  small  quantity  of  water,  oontinving  the 
heat  till  the  nuwi  aMomea  a  fiunt  yellowish  colour.  Od  dissoMDg  the  residue  in 
boiliiw  water,  and  mixing  it  at  the  boiling  heat  with  hydrochloric  acid,  the  filtrate,  as 
it  oools,  yields  sebadc  aad  in  bulky  needles. 

The  icaidne  left  in  the  retort  in  the  preparation  of  heptylic  or  octylic  alcohol  from 
eastor-oil,  may  also  be  made  arailable  for  the  preparation  of  sebacic  acid.  This 
iwidue  is  decomposed  by  hydrochloric  add,  and  the  sebacic  acid  is  extracted  by  boiling 
water  ixom  the  mixture  of  insoluble  acids  thereby  separated  (Bonis).  Petersen 
(Ann.  Ch.  Fharm.  eiii.  184)  boils  the  residue  with  water ;  strains  the  liquid ;  precipitates 
the  other  fat^  adds  by  adding  a  small  quantity  of  hydrochloric  acid ;  then,  after 
■eparating  these  hj  filtration,  precipitates  the  seliacic  acid  by  excess  of  hydrochloric 
aeid,  and  purifies  it  by  reciystallisation  from  hot  water,  with  aid  of  animal  charcoal. 

The  quantity  of  seMcic  acid  obtained  from  fats  by  diy  distillation  or  by  oxidation  of 
Bttric  acid  is  Tery  smaU,  and  it  is  difficult  to  separate  the  sebacic  acid  from  the  other 
■olid  adds  produced  at  the  same  time.  According  to  Arppe,  spermacetic  and  stearic 
acids  yidd  sebadc  add  in  larger  quantity  than  other  fats. 

Propertu9, — Sebadc  acid  crystallises  in  white,  nacreous,  very  light  needles  or  lamina 
weembling  benaoic  add.  It  has  an  acid  taste,  reddens  litmus  strongly,  does  not 
lose  weight  at  100®,  melts  at  127^,  solidifies  to  a  crystalline  mass  on  cooling,  and 
•ublimea  at  a  higher  temperature.  The  melted  acid  has  a  specific  gravity  of  1*317. 
Its  Tapour  irritates  the  palate,  and  has  the  odour  common  to  all  fatty  bodies.  It  is 
sligfatly  soluble  in  cold,  reiy  soluble  in  hot  waUir,  dissolves  very  easily  also  in  alcohol, 
§tktr^  tuidfai  oils, 

Dieompontions, — 1.  Sebacic  add  heated  with  strong  nitric  acid  dissolves  slowly, 
AiidisoonTerCedintop}rrotaitarieadd(Schlieper,  Ann.Ch.  Pharm.lxx.  121);  succinic 
add  (Carlet) ;  succinic,  pimelic,  and  perhaps  also  adipic  add  T  Wi  r  z,  Ann.  Ch.  Fharm. 
eiT.  280) ;  suodnic  and  oxypyrolic  adds  (Arppe,  Ann.  Ch.  Phann.  xcv.  242) ;  accord- 
ing to  later  experiments,  also  adipic  add  (Jahresb.  1862,  p.  377 ,). — 2.  Sebacic  acid  is 
atueked  by  pentackloritU  of  pnoa^horus,  with  formation  of  hydrochloric  acid  gas, 
phoaphorie  ozychloride,  and  sebacic  anhydride  (Gerhardt  and  Chiozza,  Compt. 
sbikL  zxz.  1060).— 3.  Chlorine  acta  on  sebadc  add  only  in  sunshine,  forming  two 
yellow  anbatitution-productB,  C*«H"C10«  and  C>«H**C1*0«,  which  are  pasty  at  mean 
tanpcntnre  (Carlet).-*4.  The  calcium-Mlt  a£  sebadc  acid,  subjected  to  dry  distilia- 
<MMi,  giraa  off  hydrogen  gaa,  and  yielda  an  oil  boiling  between  80®  and  200°. — On 
lectifyiBg  thia  oil,  a  liquid  paases  over  between  85"^  and  90*^,  which  has  a  pleasant 
etlwreal  odour,  and  appears  to  be  propionic  aldehyde, — then,  between  156°  and  200°, 
CBoanthol  (xii.  446)  distils  over(Calvi).  When  sebate  of  caldura  is  distilled  with 
«Bonf  of  MSM,  sebadn  (p.  214)  is  obtained,  together  with  an  oil  boiling  between  80° 
and  280^.  The  latter,  when  rectified,  first  yields  a  product  which,  when  treated  with 
aitrie  add,  forms  nitrobenzene,  and  is  therefore  probably  benzene — then,  between  90* 
and  100'',  propionic  aldehyde— and  at  1 60°  oenanthol,  inasmuch  as  the  portions  which 
distil  at  theae  temperatures  form,  with  nitric  acid,  propionic  and  oenanthylic  adds 
(Petersen,  Ann.  Ch.  Pharm.  dii.  184).  By  distillation  with  excess  of  hart/to, 
aebaeie  acid  yields  carbonate  of  barium  and  a  hydrocarbon,  0'*H'*,  boiling  between 
125°  and  130°,  chiefiy  at  127°  (A.  Riche,  K^p.  Chim.  pure,  ii.  127).— 6.  When  alco- 
holic sebacic  add  is  treated  with  hydrochloric  acid  gaSf  an  oil  is  produced,  which  when 
treatad  with  ammonia  forms  sebamide  and  sebacic  acid,  and  is  therefore  probably 
a  mixture  of  neutnd  and  add  ethyl-sebadc  ether.    (Rowney.) 

Sebatea — Sebadc  add  is  dibasic,  forming  add  and  neutral  salts.  The  si'batos  of 
the  alkali-metals  and  alkaline  earth-metals  are  soluble  in  water;  the  rest  are  obtained 
by  double  deeompodtion.  All  the  add  sebates,  excepting  the  ammonium-salt,  decom- 
poae  with  great  ^dlity. 

The  netUral  ammonium-^t  is  very  soluble  in  water,  cr^tallises  confusedly,  and  gives 
ofiTammonia  in  drying.  Bydrvdistillationityieldssebamicacid(Kraut)  — Theacidaalt 
forma  plumose  crystals,  sligfatly  soluble  in  alcohol. — The  potaasiumsalt,  C'*H"K'0% 
erystaliiaea  frt>m  concentrated  solution  in  small  nodules,  very  soluble  in  water,  non- 
deliqueacent,  alightly  soluble  in  abnolute  alcohoL — The  sodium-salt  is  similar,  but  less 
■olnble  in  water.— The  ealdum-saU,  C^^R^'CtiTO*  (at  100°)  is  but  slightly  soluble  in 
water,  and  ia  obtained  by  predpitation.  From  a  dilute  solution  it  crystallises  by  spon- 
taneoaa  etaporation,  in  white, sbining,  very  thin  scales. — The  copper-salt  is  agreenish- 
Uue  psedpitate.  The  mother-liquor,  when  left  to  evaporate,  yields,  on  the  surface  a 
0aen  emst  of  oystalline  graina.  The  salt,  when  heatea,  melts  before  decomposing. — 
^h»/erric  salt  is  a  fiesh-coloured  predpitate,  which  is  decomposed  by  carbonate  of 
ammoiunm,  urt  dissolving  with  rea  colour,  while  the  rest  is  change^l  into  an  insoluble 
liaaie  salt.  T^  neutral  salt  melts  when  h««ted,  and  then  decomposes  with  intumcs- 
i.^The  Uad-suU  ia  a  white  predpitate,  converted  by  ammonia  into  a  basic  salt. — 
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The  mercuraui  idU  is  obtuned,  aa  a  precipitate,  by  treating  meieiuKnia  nitzate  either  With 
sebacic  add  or  an  alkaline  eebate. — The  sUver'&alt,  G*«H**AgH)^,  ia  a  white,  curdv, 
nearly  inaolnble  precipitate,  obtained  with  nitrate  of  silver  and  an  alkaline  aebate.  When 
heated  in  a  tube  it  yields  meti^c  silver  and  a  white  crystalline  sublimate. 

Xpomselo  aoid.  An  acid,  isomeric  with  seb^dc  acid,  prodnoed  by^  the  action  of 
moderately  strong  nitric  acid  on  convolyulic  acid,  convolTiuinolic  add,  jalapin,  jalapic 
add,  or  jalapinolic  add.  It  resembles  sebadc  acid  in  most  of  its  properties  and 
reactions,  but  mdts  at  a  lower  temperature,  riz.  at  104^.  The  acia  and  its  salts 
become  electric  by  friction.  The  predpitate  formed  by  iponueate  of  ammoniom 
with  chloride  of  caldum  is  amorphous  at  first,  and  becomes  ciystalline  only  alter 
standing  for  some  time,  whereas  the  corresponding  predpitate  formed  by  selnte  of 
ammonium,  is  ciystalline  when  first  formed.  (W.  Mayer,  Ann.  Ch.  Fharm.  Ixndii.  1 43 ; 
XC7. 160.) 

SBBACZC  BTBXK8.  Met  hylic  Sebate,  or  Metkylsebaeie  Ether, 
Ci'H"0«  =  C^*R^\CH*yO*,  is  obtained  by  gradually  adding  methylic  alcohol  to  a 
solution  of  sebadc  acid  in  strong  sulphuric  add,  agitating  the  liquid,  and  coolinff  the 
vessel  with  cold  water.  The  ether  is  then  predpitat^  by  edition  of  water,  washed  first 
with  alkaline,  then  with  pure  water,  and  crystallised  from  alcohoL  It  melts  at  26'o^, 
and  crystallises  in  fine  needles  on  cooling.  It  is  heavier  than  water  when  solid,  but 
lighter  in  the  melted  state.  It  has  a  vex^  fiiint  odour;  boils  without  alteration  at 
285  ^;  is  decomposed  by  potash  into  potassic  sebate  and  methylic  alcohol ;  and  is  con- 
verted by  ammonia  into  sebamide.    (Carlet,  Compt  rend,  zzzvii.  130.) 

Ethylic  Sebate,  or  Ethyl-aebaeie  ether,  C»*H*H)«  «  C"H'«(C«H»)«0*,  is  easfly 
prepared  by  dissolvinf  sebadc  add  in  a  small  quantity  of  alcohol,  and  saturating  the 
solution  with  hydrochloric  add  gas.  The  chloride  of  ethyl  formed  at  the  same  time  is 
expelled  by  a  moderate  heat ;  and  the  product  is  washed  with  water  containing  sodic  car- 
bonate, then  dried  over  chloride  of  calcium,  and  rectified.  It  is  liquid  above — d^,  lighter 
than  water,  has  an  agreeable  odour,  and  boils  at  308®.  It  is  insoluble  in  cold  water, 
but  dissolves  easily  in  alcohol.  Ammonia  converts  it  into  sebamide.  (Bedtenbacher, 
Ann.  Ch.  Pharm.  xxxv.  198.) 

The  add  sebates  of  ethyl  and  methyl  have  not  been  prepared ;  but  they  axe  doubtless 
fbrmed,  together  with  the  neutral  ethers,  by  the  action  of  hvdiochlorie  add  gas  on  the 
alcoholic  solutions  of  sebadc  add,  inasmuch  as  these  solutions,  when  treated  with 
ammonia,  yield  sebamic  add  as  well  as  sebamide.  ^ 

Diglyeerylio  Sebate  or  iSsAtu,  C>«H*0«  -  (C'«H»H)y>0«. —  Produced     in 

small  quantity  as  a  crystallisable  solid,  by  heating  sebadc  add  with  glycerin  to  200® : 

C'«H'K)«  +  2C«HH)»  -  C'«H«K)«  +  2H*0; 
more  abundantly,  together  with  chlorhvdrin,  by  the  action  of  hydrochloric  add  gas  ra 
a  mixture  of  sebacic  add  and  glycerin  heated  to  100®.  As  thus  obtained,  it  is  liquid 
at  first,  but  after  drying  at  120®,  solidifies  partially  after  a  few  days,  and  completely 
at  — 40®.  It  gives  off  acrolein  when  heated.  Oxide  of  lead  converts  it  into  sebadc  add 
•nd  glycerin.  With  alcoholic  hydrochloric  add,  it  yields  ethylic  sebate  and  glycerin. 
(Bert  helot,  Ann.Ch.  Phys.  [3]  xli.  293.) 


C*^". — ^A  hydrocarbon  obtained,  together  with  propionic  aldehyde^ 
esnanthol,  and  a  small  quantity  of  benzene,  by  the  dry  distillation  of  caldc  sebate 
mixed  with  excess  of  lime.  It  partly  condenses,  as  a  solid  fatty  mass,  on  the  ndes  of 
the  receiver  and  the  neck  of  the  retort,  and  partly  separates  from  the  liquid  product 
when  left  at  rest.  When  purified  by  solution  in  oil  of  vitriol,  precipitation  with  water, 
and  recrystallisation  from  alcohol,  it  forms  nearly  colourless  iHtninuR^  which  easily  cake 
together.  It  is  tasteless  and  inodorous,  lighter  than  water,  melts  at  55®,  and  volatilises 
at  a  temperature  above  300®.  It  is  insoluble  in  water,  easily  soluble  in  alcohol  and 
ether,  dissolves  with  red  colour  in  oil  of  vitriol,  and  is  precipitated  in  its  original  state 
by  water.  It  is  scarcely  altered  by  nitric  add  or  caustic  potash.  (Petersen,  Ann.  Ch. 
Pharm.  dii.  187.) 

SaaAMZC  ACZB.  C'«H>*NO«  -  (C««H"0«)''|q.     (Bowney,  Chem.  Soc  Qa. 

iv.  334.— Kraut,  Gmelin*§  Handbook,  xiv.  501.)---Produced:  1.  By  the  action  of 
ammonia  on  ethyl-sebadc  add  (Bowney). — 2.  By  the  dry  distillation  of  neutral 
■abate  of  ammonium.    (Kraut.) 

Preparation. — 1.  The  oilv  mixturo  of  neutral  sebacic  ether  and  ethyl-sebadc  add« 
obtained  by  the  action  of  hydrochloric  acid  gas  on  alcoholic  sebadc  acid,  is  digested 
with  strong  aqueous  ammonia  for  several  weeks  in  a  dosed  vessel,  or  till  the  oil  ia 
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womiid  ialo  ajpundar  mMi,  the  Mbamide  which  ieparmtes  from  the  liquid  contain- 
ingMboBk  aoa  being  ramored  by  filtration,  and  washed  to  frae  it  from  mother 
liquor.  Tlie  ■efOttl  portiong  of  liquid  are  then  united  and  concentiated  over  the  water- 
bath  ;  the  aebamie  add  ie  precipitated  bj  hydrochloric  acid,  washed  witli  cold  water, 
and  diawlTed  in  dilute  aqueous  ammonia,  which  still  leaves  a  small  quantity  of  seba- 
mide  nndiseolFd ;  the  solution  filtered  therefrom  is  again  precipitated  by  hydrochloric 
acid ;  and  the  resulting  precipitate,  after  being  washed,  is  purified  b^  reciystAllisation 
from  water  (Rowney). — 2.  Neutral  sebate  of  ammonium  yields  by  simple  distillation, 
fint  a  eolourleas,  then  a  yellowish  empyreumatic  distillate,  which  is  to  be  diswlved  in 
ammonie,  filtered  from  a  small  quantity  of  oil  which  separates,  and  precipitated  with 
hydrochloric  add.  The  predpitate  is  washed  with  oeld  water,  and  reerystallised  from 
boiling  water.    (Kraut) 

'  JVpper<igi.— Sebamic  add  forms  rounded  granules  (Bowney) ;  a  white,  crystalline^ 
imlvenilent  mass  (Kraut).  Has  an  acid  reaction  (Rowney).  It  is  sparingly  soluble 
in  oold,  eaaily  in  warm  water,  alcohol,  and  ammonia.  When  boiled  with  calcic  carbo- 
nate, it  giTea  off  carbonic  add,  and  forms  a  caldum-salt,  slightf^  soluble  in  water 
(K ran tl  The  aolntion  of  sebamic  add  in  ammonia  does  not  precipitate  the  alkaline 
eaithfl ;  it  predpitates  acetate  of  lead,  and  forms,  with  nitrate  of  nlver,  a  predpitate 
•olnble  in  ammonia  and  in  nitric  add.    (Rowney.V 

Sebamie  add  givea  off  ammonia  when  boiled  with  poiash  (Rowney). — ^The 
■odinm-nit  bron^t  in  contact  with  chloride  of  benzoyl,  yiclda  chloride  of  sodium  and 
an  oil,  which  maj  be  dissolved  out  by  ether,  is  left  behind  when  the  ether  evaporates, 
givee  off  ammonia  when  f^ised  with  hydrate  of  potassium,  is  insoluble  in  water  and 
ammonia,  and  when  waahed  with  ammonia,  gives  up  to  it  only  a  small  quantity  of  free 
acid.    (Kraut) 

C'«H*N«0«    -    (^'* 24*^*^1  N«.   (Rowney, foc.cf<.—Carlet, 

Compt.  rend.  xxzriL  1S8.) — ^Broduced  as  just  described  from  ethylic  sebate,  or  in  like 
manner  from  methylic  sebate,  and  purifi^  by  wo  recrystallisations  from  alcohol.  It 
is  neutral,  and  forms  hard  rounded  granules  composed  of  microscopic  needles,  insoluble 
in  eoid,  moderately  soluble  in  bdling  water ;  insoluble  in  ammonia,  slightly  soluble  in 
eold  alec^bol,  Teiy  soluble  in  boiling  alcohol.  By  water  it  is  g^raduallv  converted  into 
■abate  of  ammonium.  It  is  not  attacked  by  potash  in  the  cold,  but  gives  off  ammonia 
i^n  boiled  therewith. 

•    Diglyceiylie  Sebate.    (See  SicBAac  Ethxbs,  p.  214.) 

Rye.    See  Cbbbals  (i.  823). 


OOSfl  UTU At.  Ergot. — ^These  names  are  applied  to  several  fungi 
growing  on  the  ears  of  grasses.  They  differ  in  structure  and  m  chemical  composition 
aeeording  to  the  plant  on  which  they  grow.  Ramdohr  (Arch.  Pharm.  cxzzi.  179)  has 
•samined  the  eigots  from  rye,  from  barley,  and  from  Bromua  aecalintts;  and  finds  that 
they  differ  in  the  proportions  of  organic  substance,  water,  and  ash  contained  in  them — 
alao  in  the  compontion  of  the  organic  substance  and  of  the  ash,  but  the  differences 
•n  not  important  (See  Hiandw.  d.  Ciem.  viL  732).  Respecting  the  detection  of 
Cfgot  in  ryt,  see  Rn  (p.  141). 

■■OOVHABT  JL&OOHO&B.  This  term,  with  its  correlatives,  primary  and  ter- 
tiaij  alcohols,  has  been  employed  by  Kolbe  to  express  certain  differences  in  the  man- 
"her  in  which  the  carbon  is  linked  together  in  the  alcohols.  These  three  terms  are 
faofrowed  from  the  nomenclature  of  the  compound  ammonias  (Ann.  Ch.  Pharm.  [1864] 
IvL  102).    Thus  we  have  :— 
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Jnst  aa  in  ammonia  there  are  three  atoms  of  hydrogen  capable  of  replacement  by 
yadidea,  so  in  methylic  alcohol  there  are  three  atoms  of  hydrogen  capable  of  repUce- 
ment  by  radicles.  This  parallel  must  not,  however,  be  followed  too  far,  inasmuch  hs 
NH'  takea  up  HCi  (equal  to  H'),  CH«  can  only  take  up  CI  or  OH  (cqu;d  to  H ;. 
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The  alcoiholB  obtained  bj  fermentatioii,  the  so-called  namal  aleohbb,  are  believed  to 
be  of  the  primary  dasa.  The  alcohols  obtained  bj  the  addition  of  hydrogen  to  the  ketones 
are  secondary.  A  tertiary  alcohol  appears  to  have  been  obtained  by  ^uttlerow  and  bj 
Wanklyn. 

The  following  formula  exhibit  the  stmctnral  difforeneea  in  the  three  claanf  of 
alcohola : — 
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TertUry  AlcohoU. 
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On  inspecting  these  formnlsB,  it  appears  that  there  cannot  be  a  secondary  ethylic  alco- 
hol, and  that  neither  ethylic  nor  propylic  alcohol  is  possible  in  the  tertiary  series. 

The  experimental  evidence  of  the  existence  of  toese  different  kinds  of  stroctore  in 
different  alcohols  may  be  set  forth  as  follows : 

Oeneais  of  the  AlcohoU  qfihe  Frimary  T^pe. 

Starting  with  CH*Na  and  CO*  we  get-- 

(C(NaO)0' 

^   H 

Ih 

wherein  the  sodium  whidi  saturates  one  quarter  of  the  one  atom  of  carbon  is  replaced 
by  an  equivalent  of  the  other  carbon,  whilst  the  sodium  goes  to  saturate  half  of  one 
of  the  atoms  of  oxygen  which  existed  in  combination  in  the  carbonic  anhydride.    On 
distilling  together  CH'C(NaO)0''  and  formate  of  sodium,  there  is  produced  aldehyde^ 
and  carl^nate  of  sodium : 
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This  reaction  consists  in  interchange  between  (KaO)  and  H.    Arrived  at  CH'CHO" 
(aldehyde),  we  add  nascent  hydrogen,  and  get : 

CHO" 
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H 

Aldehyda. 


-I-    H* 


fCHH(OH) 
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H 
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Alcohol. 


From  alcohol  we  get  iodide  of  ethyl ;  from  iodide  of  ethyl  we  get  rino-ethyl,  and  then 
sodium-ethyl,  CHH;H*Na.  Acting  upon  sodium-ethyl  with  carbonic  anj^ydride  we 
get:— 

/CH«Na  _  fCH«C(NaO)0" 
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m  of  thcas  raaelionB  be  itadied,  it  will  be  ippareat  th>t  the  Uit  atoDi  of 
hidi  ii  joiiied  on  to  the  gionp  ii  tbst  which  ii  nltJmatel;  oombiDed  with  the 
of  hjAiBgtiL  W«  idd  CO',  which  goei  thioogh  the  itagn,  cO(ONa)-> 
^  CH(OH)H?. 


IB  ecmbinntian  with  ihe  peniiiile  of  hjdrofien  ia  in  combination  with  OTdi/ons 
wfaee.  This  coniiitioD  is  latiaflrd  by  the  oloohol  nsaltiDg  from  the  leriae  of 
■bore  giyea.  It  is  mppoeed,  bat  haa  not  been  proved,  that  the  &lcohoIa  reaolt- 
tlw  farmrnt«[ii)n  of  ■ugu  are  idsntital  with  those  giren  by  the  ejothetieal 

Genait  o/tiU  Jlea/uU  of  lit  Btetmdary  Ti/pt. 

■mnlk  of  k  weoodsij  Alcohol  requires  tbU  the  same  atom  of  ckAmi  which  ■■ 
ation  with  peioiidB  of  hjdfogsa  ehonld  be  in  union  with  tvx)  atoms  of  caibon. 
ditioB  ia  latisS^  bj  forffling  on  ulcobol  b;  the  addition  of  hjdrogen  to  • 

fB 
!W  eonstitotioD  of  a  ketone  is  liki* — C<  B,  as  ia  shown  bj  the  general  histoij 


V  3HaB     -     Ha* 


|i%  4od  witb  two  atoms  of  carbon:  *^.— 


CJCH"  ^ 
(Off 


.tbTdr„     . 
o  deeompoaing  the  reuniting  abnonnal  iodide  of  iMpropyl  with 


upylT 
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(ot) 


Tlie  action  of  water  upon  the  latter  oomponnd  giyea  h jdmte  of  ane  and  the  Uftiarj 

alcohol : — 

Zn' 

CiH»   +     ffO        -  ^ICPH*      ■*■     F^^* 

CH-  ^ 

In  the  reaction  between  carbonic  oxide  and  aodium-ethyl  thore  appears  to  xeenlt  t 
certain  quantitY  of  a  tertiary  alcohol,  as  follows : — 

(0" 
CO  +  2NaC«H»     -    Na«  +  C^C«H». 

(C«H» 
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g,5.      +     NaHO. 
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The  diaractefs  of  the  tertiaiy  aloohola  are  almost  unknown.  The  seoondaij  alcofacb 
boil  at  lower  temperatures  than  the  corresponding  primary  alooholsy  and  oxidise  mto 
ketones  instead  of  into  aldehydes.    They  are  apt  to  eToWe  their  olefine. 

J.A.W. 


^Wi  and  AMZVas.  Compounds  derired  from  a  single 
or  multiple  molecule  of  ammonia^  by  the  replacement  of  two-thirds  of  the  typic  hydro- 
gen by  add  and  basylons  radicles  respectirely  (i.  170, 174). 

Sodio-potaasic  tartrate.    (See  Tabtabio  Acm.) 

Syn.  with  Grxxxt  Eajkth  (ii.  944). 

An  ash-grey  or  black  silver  ore  from  WoUMi  in  Baden  and  the 
Mexican  mines,  where  it  is  called  Plata  AsuL  It  is  said  to  consist  mainly  of  silTer> 
carbonate,  but  is  probably  only  a  mixture. 

SXUnrAZAXn.  C*H>*NSe*.  (Wohler  and  Liebig,  Ann.  Ch.  Pharm.  Ixi 
14.V— A  base  analogous  tothialdine,  produced  by  the  action  of  selenhydric  acid  on  aide- 
hydate  of  ammonium.  To  prepare  it,  the  gas  is  passed  into  a  rather  concentrated 
aqueous  solution  of  the  aldehydate,  in  an  apparatus  from  which  the  air  has  been  expelled 
by  a  current  of  hydrogen ;  and  when  the  liquid  has  deposited  crystals  of  seleniddine,  the 
excess  of  selenhydric  acid  gas  is  likewise  expelled  by  a  current  of  hydrogen.  The  super- 
natant liquid  containing  selenhydrate  of  ammonium  is  then  di^laced  by  a  stream  of 
cold  de-aerated  water,  and  the  crystals  are  collected  on  a  filter,  pressed,  and  dried  orsr 
oil  of  Titriol. 

Selenaldine  forms  small  colourless  crystals,  probably  isomorphous  with  thialdins^ 
having  a  faint  disagreeable  odour,  and  slightly  soluble  in  water,  easily  soluble  in  alco- 
hol and  ether,  but  not  crystallisable  by  evaporation  in  a  vacuum.  It  is  easily  decom- 
posed by  heat,  giving  off  a  fetid  eas ;  when  boiled  with  water  it  also  gives  off  a  veiy 
fetid  substance,  and  depoeits  a  yeUow  powder.  Its  solution  in  water,  alcohol,  or  ether 
yields  aldehydiate  of  ammonium  on  exposure  to  the  air,  and  deposits  an  orangs* 
coloured  amorphous  powder,  which  is  insoluble  in  alcdhol  and  ether,  melts  to  a  yeUiinr- 
red  mass  in  bouing  water,  and  yields  by  distillation  a  very  fetid  oil  containing  selenium. 
Selenaldine  dissolves  in  dilute  hydrochloric  acid,  forming  a  liquid  which  is  precipitated 
by  ammonia  and  decomposes  quickly,  depositing  a  yeUow  powder,  and  emitting  an 
offensive  odour. 

Syn.  with  SiLEiaDn  of  Cagodtl  (i.  408). 

(0»fl*)«Se.    Already  described  as  SmjorxDn   of  Ethtl  (iL 
544). 

SB&Mll  H 1  J>XIC  AOZB.  H'Se.  Described  as  SsLSNiDn  or  Htdboobh  (iil 
202).  It  may  also  be  prepared  by  heating  selenium  in  a  slow  stream  of  pure  dry  hydro- 
gen gas,  forminff  easily  as  soon  as  the  selenium  assumes  the  form  of  vapour.  It  de- 
composes at  higher  temperatures;  remains  gaseous  at  — 15°.  (Uelsmann,  Ann.  Oh. 
Fharm.  cxvL  122.) 

SB&BHZC  ACID.    See  SiLBXfnTM,  Oxtosxt-acids  of. 
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and  BMfiBH H 1  BRATMS>  Selenium  miiteswith  meCala  and 
with  alodhol-ndides,  ibrming  compounds  analogous  in  composition,  properties,  and 
mode  of  formation  to  the  sulphides. 

Metallie  Selenides  are  obtained  in  the  dry  state: — 1.  By  directly  fusing  the  metal 
with  selenium,  the  combination  being  often  attended  with  dsTelopment  of  light  and 
heat,  not  so  Trrid,  however,  as  in  the  combination  of  sulphur  with  the  same  metals ; 
also  bj  heating  the  metal  in  yapour  of  selenium. — 2.  By  precipitating  most  of  the  heavy 
metallic  oxides  dissolred  in  acids,  by  means  of  sclenhydric  acid,  or  of  a  disssolvcd 
selenide  of  an  alkali-metal,  or  by  heating  &  hydrated  metallic  selenide. — 3.  By  heating 
■elenium  with  metallic  oxides  or  their  carbonates,  whereby  part  of  the  selenium  is 
•onveorted  into  selenious  oxide:  thus,  the  alkalis  fused  with  selenium  produce  an 
alkaline  selenite  and  a  metallic  selenide  (Berzelius). — L  By  igniting  selenites  or 
■elenates  with  hydrogen  or  charcoal 

The  selenides  of  the  alkali- metals  have  a  z«d  or,  if  they  contain  excess  of  selenium, 
a  dark  red-brown  colour,  and  the  hepatic  taste  and  smell  of  the  corresponding  sulphides. 
Their  aqueous  solutions,  which  may  be  obtained  by  passing  selenhydric  acid  gas  into 
solutions  of  the  caustie  alkalis,  are  colourless  when  pure,  but  are  gradually  coloured 
red  by  free  selenium  held  in  solution.  On  exposure  to  the  air,  they  decompose,  with 
deposition  of  crystalline  selenium.  When  selenhydric  acid  gas  is  passed  to  saturation 
into  a  solution  of  caustic  alkali,  a  selenhydrate  of  the  ukali-metal,  f.^.  £HSe,  is 
produced. 

The  selenides  of  the  alkaline  earth-metals  are  flesh-coloured,  insoluble  in  pure  water, 
hot  soluble  in  aqueous  selenhydric  acid ;  in  their  other  characters  they  resemble  the 
■slenidea  of  the  alkali-metals.  The  selenides  of  the  earth-metals  and  of  manganese 
and  cine  are  also  flesh-coloured  and  insoluble  in  water.  The  other  metallic  selenides 
are  mostly  dark-coloured,  and  exhibit  the  metallic  lustre :  they  are  generally  more 
fDsiUe  than  the  metals  which  they  contain.  When  they  are  heated  to  redness  in  the 
air,  the  selenium  bums  slowly  with  a  reddish-blue  flame,  and  an  odour  of  horseradish. 
Selenium  is,  however,  more  (Ufficult  to  drive  off  by  roasting  than  sulphur.  The  sele- 
nides are  less  easily  soluble  in  nitric  acid  than  the  pure  metals ;  selenide  of  mercury, 
almost  insoluble.  Chlorine,  with  the  aid  of  heat,  converts  them  into  chloride  of  sele- 
aiam  and  metallic  chloride.  Heated  in  hydrochloric  acid  gas,  they  yield  metallic 
chloride  and  selenhydric  acid. 

Soma  metallic  selenides  occur  in  nature  as  rare  minerals,  or  as  impurities  in  sul- 
pUdeSb  Selenide  of  copper  occurs  as  berzelianite  at  Skrikerum  in  Sweden,  and  near 
Lehzhach  in  the  Hartz ;  selenide  of  lead,  and  selenide  of  lead  and  copper,  as  claustha- 
lita,  at  Clausthal,  Tilkerode,  Lehrbach,  and  other  localities  in  the  Hartz ;  selenide  of 
lead  and  mereuir  as  lehrbachite  at  Lehrbach;  selenide  of  silver  as  naumannite  at 
Tilkerode ;  selenide  of  silver  and  copper,  as  eucairite,  at  Skrikerum. 

The  selenides  and  selenhydrates  (selenium-mercaptans)  of  the  alcohol-radicles 
aia  volatile  fetid  liquids  resembling  the  corresponding  sulphur-compounds.  The  ethyl- 
aad  methyl-oompounds  are  the  only  ones  yet  obtained  (ii.  544 ;  iii.  990). 

mmLMMJOCYJkMATMB.  CNMSe  »  CyMSe  and  CN'M'Se'  ==  Cy^M'Se^.^ 
These  eompounds,  the  analogues  of  the  sulphocyanates.were  discovered  in  1820  by  B  or- 
iel ins  (Sdiw.  J.  xxxi.  60),  and  have  been  more  fully  examined  by  Crookes(Chem. 
Soe.  QiL  J.  It.  12).  The  potassium-salt  is  obtained  by  fusing  ferrocyanide  of  potas- 
shm  with  seleniunu  The  solution  of  this  salt  mixed  with  acetate  of  lead  yields  a  pre- 
cipitate of  seleniocyanate  of  lead,  which  when  decomposed  by  sulphydric  acid,  yields 
a  solution  of  hydric  seleniocyanate,  or  seleniocyanic  acid ;  and  the  other  seleniecyanatcs 
aia  obtained  by  neutralising  the  add  with  bases,  or  by  precipitation,  according  as  they 
an  soluble  or  msoluble. 

SeUmJocyanate  of  Ammonium  is  a  soluble  very  deliquescent  salt,  crystallising  in 
minnte  needles  like  the  potassium-salt 

The  6ai'i'Mm  tait  is  obtained,  but  not  in  definite  oystalline  form,  by  dissolving  car- 
boiiatA  of  barium  in  the  aqueous  acid,  and  evaporating  in  a  vacuum. — The  ealcium-^ali 
ctystalliaes  in  groups  of  stellate  needles ;  the  atrontivm-acdt  in  fine  prisms. 

Cupric  Seleniocyanate. — Selenio<^anate  of  potassium  added  to  cupric  sulphate  throws 
down  a  brownish  precipitate,  whicn  is  probably  cupric  seleniocyanate.  It  is  rapidly 
decomposed,  even  at  ordinary  temperatures,  yielding  black  selenide  of  copper,  with 
separation  of  selenhydric  acid.    (Grookes.) 

Bfdrie  SeUnioeyanate,  or  Seleniocyanic  Acid^  CNHSe  «o  CyHSe,  is  prepared  by 
;rTT'**g  a  rapid  stream  of  sulphydric  acid  gas  through  a  warm  aqueous  solution  of 
••*lenioc7anate  of  lead  in  whicn  the  same  salt  is  suspended  in  a  state  of  fine  division  ; 
hp>*^ng  the  filtrate  nearly  to  boiling  to  expel  the  excess  of  sulphydric  acid ;  and  again 
filtering,  to  separate  a  small  quantity  of  precipitated  selenium.  The  solution  thus 
obtained  is  strongly  acid,  and  easily  decomposea  by  boiling  or  by  exposure  to  the  air. 
It  cannot  bo  concentrated  without  decomposition  even  in  a  vacuum  over  oil  of  vitriol. 
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The  addition  of  almost  any  add  causes  an  immediate  precipitation  of  selenium,  hydro- 
cyanic acid  remaining  in  solution.  It  dissolves  zinc  and  iron,  with  evolution  of  hydro- 
gen, and  decomposes  carbonates. 

Ferric  SeUniocyanaU. — The  rapid  decomposition  which  seleniocyanic  acid  undergoes 
in  contact  with  stronger  adds,  prevents  the  formation  of  any  red  colour  with  ferrie 
salts  by  double  decomposition.  Neither,  according  to  Crookes,  is  a  ferric  selenio- 
cyanate  obtained  by  treating  ferric  oxide  with  seleniocyanic  acid,  selenium  being 
immediately  predpitated.  On  one  occasion,  however,  in  preparing  seleniocyanate  of 
potassium  by  the  process  described  below,  the  fused  mass  having  been  treated  with 
absplute  alcohol  in  a  well-dosed  flask,  a  deep  blood-red  filtrate  was  obtained,  the 
colour  of  which  soon  disappeared  on  exposure  to  the  air,  with  deposition  of 
selenium.  On  other  occasions  no  colour  was  obtained,  the  iron  always  remaining  as  a 
black  powder,  chiefly  consisting  of  carbide  of  iron. 

Seleniocyanate  qf  Lead,  C*N^b"S*  »  Cy«Pb''S«.— Seleniocyanate  of  potassium  forms, 
with  acetate  of  lead,  a  lemon-yeUow  precipitate,  which  dissolves,  with  slight  decompo* 
ntion,  in  boiling  water.  The  filtered  solution,  which  is  neutral  to  test-paper,  deposits, 
on  cooling,  beautiful  lemon-coloured  needles,  which  are  insoluble  in  alcohol.  The  salt 
may  be  heated  to  100°  without  decomposition,  but  assumes,  when  moist,  a  slight  pink 
tint.    The  crystals  are  ex tremelv  light.    (Crookes.) 

SdefdoeyanaU  of  Magneeium  is  soluble,  and  dries  up  to  a  gummy  mass  apparently 
destitute  of  crystalline  structure.   • 

Mercuric  Seleniocyanate  with  Mercuric  Chloride,  C*N*Hg"S*.Hg''Cl*— Obtained  by 
adding  an  excess  of  mercuric  chloride  to  selenioc3ranate  of  potassium.  When  strong 
solutions  are  used,  the  whole  immediately  solidifies  into  a  felt-like  mass  of  yellowish 
crystals ;  these,  after  washing  with  water,  are  purified  by  recrystallisation  from 
alcohol  The  oystals  are  but  sparinglv  soluble  in  cold  water,  but  dissolve  mors 
readily  in  hot  water,  still  more  in  alcohol  and  in  dilute  hydrochloric  add ;  the  latter, 
however,  separates  selenium  after  a  while.  Nitric  acid  and  aqua-resia  dissolve  the 
double  salt  entirelv,  the  liberated  selenium  being  immediately  oxidised.  The  crystals 
are  anhydrous,  and  may  be  heated  to  100°  without  decomposition ;  above  that  tempera- 
ture they  are  decomposed,  intumescing  in  a  remarkable  manner  (Crookes).  All 
attempts  to  produce  tne  simple  seleniocyanate  of  mercury  failed,  the  double  salt  just 
described  being  always  produced 

Seleniocyanate  of  Potassium,  CNESe  »  CyESe. — Prepared  by  fusing  1  pt.  of  selenium 
with  3  pts.  of  dry  ferrocyanide  of  potassium  in  a  small  retort ;  digesting  the  resulting 
greenish-black  mass  with  absolute  alcohol ;  and  passing  carbonic  anhydride  through  the 
solution  to  decompose  cyanide  and  cyanate  of  potassium,  and  precipitate  the  potassiam 
in  the  form  of  acid  carbonate  (a  salt  which  is  quite  insoluble  in  absolute  alcohol).  The 
alcohol  is  then  distiUed  off,  together  with  the  hydrocyanic  and  cyanic  adds ;  and 
the  watery  extract  of  the  residue  is  left,  to  crystallise  in  vacuo  over  oU  of  vitriol.  The 
fonnation  of  the  salt  is  expressed  by  the  following  equation : 

CO^-K^Fe"  +  Se«     -     4CNKSe  +   FeC«  +   N«. 

The  residue  in  the  retort  consists  chiefly  of  carbide  of  iron,  together  with  undecomposed 
yellow  prussiate,  and  traces  of  selenium  (Crookes).  The  salt  may  also  be  prepared 
by  dissolving  selenium  in  aqueous  cyanide  of  potassium.    (Wiggers.  Wohler.) 

Seleniocyanate  of  potassium  ciystallises  in  needles,  havmg  the  same  form  and  taste 
as  the  sulphocyanate.  It  is  very  deliquescent,  and  even  more  soluble  than  the  sulpho- 
cyanate.  Its  solution  is  decomposed  even  by  weak  acids,  depositing  selenium  and 
giving  off  hydrocyanic  add.  Tne  crystals  are  strongly  alkaline  to  test-paper,  and 
produce  sreat  reduction  of  temperature  when  dissolved  in  water.  They  may  be  heated 
without  decomposition  in  dose  vessels ;  but  if  the  air  has  access  to  them,  they  altsr 
when  heated  a  little  above  100°. 

The  sodiuni'Salt,  obtained  by  neutralisation,  is  very  soluble,  and  when  evaporated  in 
a  vacuum,  crystallises  in  small  foliated  crystals. 

Seleniocyanate  of  Silver,  CNAgSe. — The  potassium-salt  forms  with  nitrate  of  silver 
a  curdy  predpitate  resembling  chloride  of  silver ;  but  if  the  silver-solution  be  pre- 
viously mixed  with  ammonia,  the  seleniocyanate  of  silver  is  precipitated  in  beautifal, 
minute,  satiny  crystals.  This  salt  blackens  readily  on  exposure  to  light;  is  insoluble  in 
water,  and  very  sparingly  soluble  in  cold  dilute  adds.  It  is  instantly  decomposed  bv 
boiling  with  strong  ad£i ;  and  unless  oxidising  adds  are  used,  selenium  is  precipitated. 
(Crookes.) 

Seleniocyanate  of  Zinc,  obtained  by  dissolving  either  the  metal  or  its  oxide  in  sele- 
niocyanic  add,  forms  groups  of  prismatic  needles,  which  are  not  deliquescent. 

rzoCTAarzc  ACJZB.    Syn.  with  Htdbic  Srlekioctanatb  (p.  219). 


Cn^-Se    -    ^y  [  So.— Produced  by  tht 
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•eCkm  of  Mdida  of  tjwaojgm  on  aelexiiocjanate  of  Bilrer.  It  is  a  ToUtili)  erfstallina 
bodj,  doMlj  aaalogous  in  all  its  properties  and  reactionB  to  snlphocjanic  anhydride 
{q.v,),    (Linnemann,  Ann.  Ch.  Pharm.  cxz.  36.) 

Tfffcif P  P^M'^  ^^rm  WTKMRBm  The  only  one  known  is  the  allylic  ether, 
CX(C'H*)Se,  analsgoos  to  Tolatile  oil  of  mustard,  which  is  obtained,  though  not  quite 
pore,  by  oohobating  1  at.  S8leniocyanat<e  of  potassium  in  alcoholic  solution  with  1  at. 
alljlic  iodide  for  tweWe  hours,  then  distilling,  and  mixing  the  distiUate  with  water. 
Aliylie  seleniocyanate  then  separates  as  a  heavy  yellow  oil,  which  may  be  obtainfd 
colonrleas  bj  treatment  with  chloride  of  calcium  and  rectification,  but  does  not  exhibit 
a  constant  boiling-point  (150^ — 184°).  The  portion  boiling  at  150°  gave  by  analysis 
98*5  per  cent,  carbon  and  42  per  cent^  selenium,  whereas  the  formula  requires  32*6 
and  64*4.  The  eompoond  has  an  extremely  offensive  alliaceous  odour,  and  when  exposed 
to  the  air,  gradually  tarns  red  from  separation  of  selenium.  It  differs  from  the  sulpho- 
cyanate  in  not  inflaming  the  skin,  and  not  forming  a  crystalline  compound  with 
ammonia.    (Wohler,  iloin.  Ch.  Pharm.  cix.  125). 

A013D.    See  SzLBinnif,  Oxtobn-JlCids  of  (p.  226). 

Crystallised  native  sulphate  of  calcium.    (See  Gtpsum,  11  962.) 

See  SKJUfixJic,  Oxtoen-JlCids  of  (p.  226). 

Atomic  vffighi,  79*5.  Symbol^  Se. — An  elementary  substance  belong- 
ing to  the  oxysen-gronp,  and  occupying  the  intermediate  place  between  sulphur  and 
teUoriiim.  It  is  closely  allied  in  its  properties  to  sulphur,  and  often  associated  with 
that  element  in  the  mineral  kingdom.  It  was  discovered  by  Berzelius  in  1817,  in  the 
TcAiM  of  a  sulphuric  acid  mannfiictory  at  Gripsholm  near  Fahlun,  in  Sweden.  Though 
not  an  abundant  element,  it  enters  into  the  composition  of  many  minerals.  It  occum 
in  the  free  state  at  Culebras  in  Mexico,  in  crystals,  which,  according  to  Mitscherlich, 
■re  monoclinic,  and  in  greyish  or  brownish-black  incrustations  having  a  submetallic 
lustre.*  Selenites  of  cadmium,  copper,  iron,  cobalt,  nickel,  lead,  silver,  and  mercury, 
are  also  found  native  (p.  219).  Selenium  frequently  occurs  as  an  impurity  in  native 
•olphur,  as  at  Volcano,  one  of  the  Lipari  Islands,  and  in  metallic  sulphides.  It  occurs 
to  a  greater  or  less  extent  in  the  iron  pyrites  of  certain  localities,  particularly  at 
f  aUmi  in  Sweden,  and  at  Kraslitz  and  Luckawitz  in  Bohemia ;  also  in  some  forms  of 
eopper  pyrites,  those  from  Rammelsberg  and  Anglesea,  for  instance ;  and  occasionally 
in  ■mall  quantities  associated  with  the  sulphides  of  lead  and  molybdenum;  also  in 
tellnrinm-ores,  and  in  pitchbende  from  «iohangeorgenstadt  and  Schneeberg.  The 
principal  sources  of  selenium  are  the  double  selenide  of  lead  and  copper  found  at 
ClaiMUial  and  other  places  in  the  Hartz,  and  the  deposit  which  occurs  in  the  leaden 
chambers  of  certain  vitriol  works,  where  seleniferous  sulphur  or  pyrites  is  burned. 

Preparation, — 1.  From  the  cuproplumbic  selenides  of  the  Hartz.  The  pulverised 
on  is  treated  with  hydrochloric  acid,  to  dissolve  the  earthy  carbonates,  and  the  washed 
■nd  dried  residue  is  ignited  for  some  time  with  an  equal  quantity  of  black  flux.  The 
■eleninm  is  thereby  converted  into  seleuide  of  potassium,  which  by  treatment  with 
boiling  water  is  dissolved  awav  from  the  oxides  formed  at  the  same  time.  This  solu- 
tion, when  exposed  to  the  air,  absorbs  oxygen,  and  yields  the  selenium  as  a  grey 
dippomt,  which  is  washed,  dried,  and  distilled. 

2.  The  seleniferous  deposit  frx)m  certain  vitriol  works,  as  those  near  Fahlnn,  is 
Bused  with  nitrate  and  carbonate  of  potassium,  and  deflagrated  in  a  red-hot  crucible. 
TIm  remdue,  containing  selenate  of  potassium,  is  treated  with  hydrochloric  acid,  and  the 
wbole  ia  evaporated  down  to  a  small  bulk,  whereby  a  reducing  action  is  set  up,  and 
■elenions  acid  is  liberated ;  and  on  saturating  the  liquid  wim  sulphurous  acid,  and 
lieating  it  to  the  boiling-point  selenium  is  deposited  in  red  amorphous  flakes.  For 
tether  details  respecting  both  these  processes,  see  ChndirCa  Handbook^  ii.  232. 

Another  method  of  obtaining  selenium  from  the  deposit  of  the  sulphuric  acid 
diamben,  recommended  by  Liebe  (Arch.  Pharm.  ci.  25),  is  to  treat  the  deposit  with 
nitiomiiriatie  acid ;  expel  the  excess  of  this  acid  by  heat,  after  addition  of  sulphuric 
sod ;  wash  the  residue  when  cold  with  water ;  neutralise  the  solution  with  sodic  carbonat  e ; 
evaporate  to  drvness ;  roast  the  residue  at  a  gentle  heat  with  an  equal  weight  of 
■al^mmomac,  tul  it  becomes  red-brown  (nitrogen  and  sal-ammoniac  being  then  given 
oflT,  bat  no  appreciable  quantitv  of  selenium);  and  treat  the  red-brown  mass  with  water, 
which  leaves  the  selenium  undissolved. 

8.  Bottger  has  shown  Uiat  the  flue-dust  of  the  roasting  furnaces  in  the  denlverising 
works  at  Mansfeld,  in  Saxony,  contains  uncombined  selenium  in  quantity  suflicient 
fer  profitable  extraction  (9  per  cent,  according  to  Kemper,  Arch.  Pharm.  [2]  cL  25/. 

*  TMi  oallve  •dcaiam  li  tomftlniet  called  RMite,  from  Del  Rio,  who  discovered  It ;  but  that  name  ia 
■fflied  fe  iel«ride  of  aUvar,  fmiiid  bj  the  same  mloeralogltt  at  Tasco  iu  Mexico  (p.  111). 
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To  separate  the  aeleninm,  Bottger  levigates  the  flue-depoiit;  washes  oat  the 
paits  with  water  oontainiiig  hydrochloric  add,  and  with  pure  water ;  then  ftises  it  with 
crude  sodic  or  potassic  carbonate ;  pulverises  the  fused  mass,  lixiviates  it,  and  leaves  the 
brown-red  liquid  exposed  to  the  air ;  then  separates  the  deposited  selenium  by  filtiatios, 
and  distils  it.    (J.  pr.  Chem.  IxxL  512.) 

Properties. — Selenium,  like  sulphur,  occurs  in  different  allotropic  states,  both  amor- 
phous and  crvstalline.  These  modifications  have  been  especially  studied  by  Hittorf 
(Pogg.  Ann.  uxxiv.  214  ;  Johresb.  1851,  p.  318),  Mitscherlich  (J.  pr.  Chem.  Ixri. 
301 ;  Jahresb.  1855,  p.  314),  and  Kegnault  (Ann.  Ch.  Phys.  [3]  xlvi  257;  Jahresh 
1856,  p.  44.  J 

1.  Amorphous, — Selenium,  precipitated  from  a  solution  of  selenhydric  acid  by  exposure 
to  the  air,  or  by  electrolysis  (electronegative  selenium),  is  amorphous,  and  soluble  in 
sulphide  of  carbon ;  that  which  is  deposited  from  aqueous  selenious  acid,  either  by 
electrolysis  or  by  the  reducing  action  of  sulphurous  acid  (electropositive  selenium),  is 
likewise  amorphous,  but  insoluble  in  sulphide  of  carbon. 

Amorphous  selenium  softens  when  heated,  becomes  semifluid  at  100°,  and  perfectly 
fluid  at  a  somewhat  higher  temperature  (Berzelius,  TraiU  de  Chimie  [1846],  ii.  190). 
On  cooling,  the  selenium  remains  soft  for  a  long  time,  and  may  be  drawn  out,  like 
sealing-wax,  into  long  thin  flexible  threads,  which  when  flattened  are  transparent,  and 
of  a  deep  ruby  colour  by  transmitted  light.  When  quickly  cooled  firom  fusion,  it  forms 
a  brittle  soliti,  having  a  glassy  fracture,  almost  metallic  lustre,  and  deep  brown  colour. 
This  vitreous  selenium  has  a  s|)eciflc  gravity  of  4*3,  is  nearly  insoluble  in  sulphide  of 
carbon,  does  not  conduct  electricity,  but  becomes  slightly  electrical  by  friction  in  a  diy 
atmosphere. 

2.  thystalUne. — a.  Selenium,  when  very  slowly  cooled  from  the  fused  state,  forms  a 
lead-grey  mass  having  an  irregular  granular  suSr&ce  and  flne-grained  fracture  (Ber- 
selius).  Vitreous  selenium  remains  unaltered  at  ordinary  temperatures,  but 
at  temperatures  between  80°  and  217°,  most  quickly  between  125°  and  180°,  it 
becomes  crystalline,  the  change  being  attended  wito  considerable  rise  of  temper&turs 
(Hittorf).  According  to  Kegnamt^  vitreous  selenium  remains  unaltered,  even 
when  heated  to  90°  for  several  hours ;  but  at  96°  or  97°  it  passes  quickly,  and  with 
great  evolution  of  heat,  into  the  crystalline  state,  acquiring  a  bluish-grey  colour, 
metallic  lustre,  and  granular  fracture.  According  to  Mitscherhch,  the  chance  from  the 
vitreous  to  the  crystalline  state  is  most  easily  effected  by  melting  the  sdenium  in  a 
flask,  heating  it  above  217°,  then  quickly  cooling  it  to  180° — 190°,  and  keeping  it  for 
some  time  at  this  temperature,  lliis  crystallo-granular  selenium  is  quite  insoluble  in 
sulphide  of  carbon.  According  to  Hittorf,  it  melts  at  217°  without  previous  softening; 
but  according  to  Begnault,  it  gradually  softens  when  heated,  and  does  not  become 
completely  fluid  till  heated  above  250°. 

fi.  Selenium  deposited  from  a  solution  of  selenide  of  ammonium,  potassium,  or 
sodium,  on  exposure  to  the  air,  is  likewise  crystalline,  and  has  a  speciflc  gravity  of  4'808 
at  15'' (Hittorf);  4-760— 4*788  at  15°  (Mitscherlich).  It  is  likewise  insoluble  in 
sulphide  of  carbon,  and,  according  to  Mitscherlich,  is  identical  in  every  respect  with  the 
crystallo-eraaular  variety  obtained  by  the  transformation  of  vitreous  selenium.  Crys- 
talline selenium  conducts  electricity  better  than  the  vitreous  modification,  and  the  mors 
easily  as  its  temperature  is  higher. 

7.  Selenium  is  deposited  from  solution  in  sulphide  of  carbon  in  small  but  distinct 
crystals,  which,  according  to  Mitscherlich,  are  monodinic,  exhibiting  the  dominant  hceti, 
or,  0  +  P,  —  P,  together  with  numerous  secondary  faces.  Axes  a:  b:e  a  0*6170 : 
1  :  -9622.  Angle  b:  c  =75°  34';  oP  :  +P  =  112°  36';  oP  :  -P  -  124°  48*: 
ooPoo:  +P  -  111°  48';  ooPoo:  -  P  -  123°  63'.  These  crystals  dissolve  easily, 
though  sparingly,  in  sulphide  of  carbon,  100  pts.  of  that  liquid  dissolving  1  pt  of 
selenium  at  the  boiling  heat,  and  0*016  pt  at  0°.  They  retain  their  solubility  after 
being  heated  to  100°,  but  if  heated  to  150°,  becomes  nearly  black  and  quite  insoluble 
in  sulphide  of  carbon ;  the  selenium  thus  modified  regains  its  solubility  by  melting 
and  rapid  cooling.  The  crystals  before  being  heated  have  a  specific  gravity  of  4*46  to 
4*509  at  15° ;  after  heating,  it  increases  to  4*7°,  being  then  nearly  equal  to  that  of  the 
varietv  deposited  from  solutions  of  alkaline  selenides.  Crystalline  selenium  appears 
indeed  to  be  dimorphous,  the  two  varieties  being  probably  related  to  one  another  in 
the  same  manner  in  monoclinic  and  rhombic  sulphur  (li  332).  Native  selenium 
(p.  221)  appears  to  be  monoclinic  (Mitscherlich) ;  its  specific  gravity  is  4*3—4*2, 
and  hardness  2*0. 

Amorphous  and  cirstalline  selenium  exhibit,  according  to  Begnault,  a  considerable 
difference  of  specific  heat  at  comparatively  high  temperatures.  He  found  the  specific 
heat  of  crystalline  selenium  between  98°  and  20°  to  be  »  0*0762  ;  that  of  amorphous 
S4')enium  considerably  greater — viz.,  0*1036  between  87°  and  19°,  and  0*1026  between 
77°  and  18°.     At  lower  temperatures,  however,  as  between  — 20°  and  7°  the  specific 
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hmStm  of  Om  hro  modHieatioM  are  senttblj  equal.  The  change  horn  the  amorphous 
to  the  oyatalliiie  itate  is  attended  with  the  evolution  of  a  quantity  of  heat  sufficient, 
aecording  to  Begnanlt,  to  nuse  the  temperature  of  the  Bclcnium  200  degrees. 
MHacherlieh,  hovPTcr,  found  the  rise  of  temperature  to  be  much  smaller,  viz.  20^; 
and  according  to  Hittorf,  it  is  only  5^  (the  thermometer  rising  from  210°  to  215^). 

Selenium  heated  in  dose  yessels  boila  below  a  red  heat,  and  is  converted  into  a  deep 
yellow  Tiqwur,  which  condenses  in  scarlet  flowers  or  bhick  lustrous  dropn,  according  to 
the  size  of  the  condenser.  At  temperatures  not  much  above  its  boiling-point,  the 
deaflity  of  its  vapour,  like  that  of  sulphur  ui  ler  similar  circumstances,  is  anomalous; 
but  at  higher  temperatures  it  diminishes,  and  ultimately  the  vapour  occupies  a  bulk 
Marly  equal  to  that  of  an  equivalent  quantity  of  oxygen.  According  to  Devil le 
and  "trooit  (Ann.  Ch.  Pharm.  cxxvii.  274),  the  vapour-denaity  of  selenium  is  7'67  at 
MO**,  6*37  at  1040<',  and  6*68  at  1420^,  the  calculated  density  for  a  two- volume  con- 
denmtioD  being  6*64. 

Seleninm  ia  quite  insoluble  in  water,  whether  cold  or  hot  It  dissolves  to  a  slight 
amount  in  oil  of  vitriol,  but  is  precipitated  on  dilution.  Its  relations  to  sulphide  of 
carbon  have  already  been  mentioned.  Monoclinic  selenium  and  the  amorphous  variety 
deposited  firom  selenhydrie  add  are  soluble  in  that  liquid ;  the  vitreous  modification 
is  Tery  slightly  soluble ;  and  the  crystallo-granular  variety,  the  crystalline  seleniam 
depoaited  from  alkaline  selenides,  and  the  amorphous  variety  deposited  from  s^lenious 
and,  are  quite  insoluble.. 

Selenium  doee  not  take  fire  very  readily,  but  when  thoroughly  heated  in  contact  with 
air,  it  bams  with  a  blue  flame,  forming  selenious  anhydride,  giving  off  yellowish -red 
Tapoum  of  onozidised  selenium,  and  emitting  an  odour  like  that  of  decayed  horscradiKh, 
probably  due  to  a  protoxide  of  selenium  formed  at  the  same  time.  When 
heated  in  a  current  of  oxygen  gas,  it  is  wholly  converted  into  selenious  anhydride.  It 
mutea  directly  with  bromine  and  chlorine,  and,  when  heated,  also  with  iodine,  sulphur, 
phonohoms,  and  metals.  It  ia  oxidised  and  dissolved  by  nitric  and  nitromiiriatic  acid, 
yielding  aeknioua  add. 

fff^-^—'"— J  BSOBKZBB  OV.  When  pulverised  selenium  is  dropped  by  small 
qoantitiea  into  bromine,  combination  takes  place,  attended  with  loud  hissing  and  con- 
■idaable  avolutibn  of  heat ;  and  the  compound  instantly  solidifies  to  a  brown-red  or 
orange-red  maaa,  which  fimies  in  the  air  and  smells  like  chloride  of  sulphur. 
It  Tolatiliaea  when  heated,  part  being  resolved  into  selenium  and  bromine,  while 
the  re^t  anblimes  as  a  yellow  mass.  Water  dissolves  and  decomposes  it,  forming 
hydzobromie  and  selenious  adds.    (Serullas.) 

»**■"*■"— f  OWnuOMXDWB  OF*  There  are  two  chlorides  of  selenium,  both 
fiirmed  by  direct  combination.  The  diehloride^  Se^Cl^  or  peraelenide  of  chlo' 
rintf  analogous  to  persulphide  of  chlorine,  S'Cl',  and  porsulphide  of  hydrogen,  H%*, 
diseoyarcd  by  Be rz alius,  who  obtained  it  by  heating  the  tetrachloride  with 
I.  According  to  Sacc  (Ann.  Ch.  Phys.  [3]  xxiii.  124^  it  may  be  obtained  by 
pmng  a  slow  stream  of  dry  chlorine  through  an  indined  glass  tube  filled  with 
cragmants  of  fbsed  selenium.  The  heat  evolved  by  the  reaction  volatilises  the 
chknide  of  selenium,  which  condenses  in  the  colder  parts  of  the  tube,  and  flows  in 
thiek  drops  through  the  open  end  into  a  perfectly  dry  receiver. 

BichlMide  of  selenium  is  a  dark-yellow  oily  liquid,  having  a  pungent  odour,  not  very 
folatile  according  to  Berzelius,  extremely  volatile  according  to  Sacc  It  is  slowly 
dseomposed  by  cold,  quickly  by  hot  water,  into  hydrochloric  add,  selenious  acid,  and 
ftva  seteniam ;  but  the  decomposition  is  seldom  complete,  because  a  portion  of  the  dichlo- 
lide  generally  becomes  mechanically  enclosed  in  the  solid  selenium. 

T*trmeklor%de  of  Selenium,  SeCl\  is  produced  bypassing  chlorine  gas  over 
flued  selenium,  contained  in  a  bulb-tube.  The  liquid  dichloride  is  at  first  produced, 
and  is  afterwards  converted  into  a  white  solid  mass  of  the  tetrachloride,  which  when 
ftutliar  heated,  volatilises  as  a  yellow  vapour,  and  sublimes  on  the  colder  parts  of  the 
apparatus  in  small  thin  crystals.  By  prolonged  heating,  the  crystals  aggregate  into 
a  white  semi-fused  mass,  which  becomes  fissured  on  cooling.  Tetrachloride  of  sele- 
aiam  dissolves  in  water  with  rise  of  temperature  and  slight  effervescence,  forming  a 
■olalion  of  hydrochloric  and  selenious  adds :  SeCl«  +  3H*0  »  4HC1  -i-  H*SeO* 
(Berselius,  Ann.  Ch.  Fhys.  [2]  ix.  226).  When  decomposed  by  a  small  quantity 
of  water,  or  by  exposure  to  moist  air,  it  yidds  oxychloride  of  sdenium,  SeCPO  or 
8sa«.8eO'  (p.  224). 

When  a  selenate  is  heated  with  common  salt  and  sulphuric  acid,  tetrachloride  of 
sdenium  mixed  with  free  chlorine  passes  over  first,  and  then  green  vapours,  which  con- 
dense to  an  oily  mixture  of  selenious  and  sulphuric  adds.  (H.  Rose,  Pogg.  Ann. 
ssvii.  676.)  ' 

Tetrachloride  of  selenium  gradually  absorbs  vapour  of  sulphuric  anhydride,  especially 
^en  the  two  substances  are  enclosed  in  a  closely -corked  vessel  and  placed  in  a  warm 
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ruom;  they  then  unite,  inthout  disengagement  either  of  snlphnroiis  anhjdiidfl  or  of 
chlorine,  and  form  a  Teiy  dense  grcenish^jellow  s^rup,  the  excess  of  snlphurie  anhy- 
dride remaining  in  the  crystalline  form.  On  distilling  the  syrup  at  a  gentle  heat,  the 
excess  of  snlphurie  anhydride  pusses  over  first,  and  the  residue  in  the  retort  solidifies 
on  cooling  to  a  white  crystalline  mass.  This,  when  more  strongly  heated,  melts  to  a 
light-brown  liquid,  and  evolves  (with  disengagement  of  chlorine,  but  not  of  solphoroas 
anhydride)  a  roddish-yellow  vapour  resembling  nitric  peroxide,  which  condenses  to  a 
colourless  syrup,  and  finally  to  a  white  mass  resembling  wax.  The  latter  substance  is 
freed  from  adhering  chlorine  by  a  second  distillation.  After  this  treatment,  it  boils 
constantly  at  187°,  and  may  be  redistilled  without  leaving  any  residue  or  undergoing 
farther  decomposition.  It  contains,  on  the  average,  12'895per  cent  of  selenium  and 
36*885  of  chlorine ;  and,  according  to  H.  Rose,  may  be  regarded  as  2(SeCl*  SSO*)  -t- 
6(SeCl^SeO').  Berzelius,  on  the  other  hand,  regards  it  as  consisting  nuiinlj  of  the 
eompoimd  SeCl^.SO*,  analogous  to  the  compounds  of  sulphuric  anby&de  with  other 
chlorides.  It  deliquesces  rapidly  in  the  air,  exhaling  the  odour  of  hydrochloric  acid ; 
and  dissolves  readily  in  water,  without  first  sinking  to  the  bottom  in  oily  drops;  the 
solution,  which  is  generally  coloured  red,  firom  the  presence  of  a  small  quantitr  of  fires 
selenium,  contains  hydrochloric,  sulphuric,  and  selenious  adds  (no  aeleme  add). 
(H.  Rose,  Fogg.  Ann.  xliv.  315.) 

SBZiBJrzVM,  CTAinSBS  or.  Syn.  with  Sblenioctakic  Anhtdbidb  (p.  220). 

BMLMinUMf  BBTBCTIOW  AKB  BBTZBKATIOW  OV.  1.  Blowpipe- 
reactions. — Metallic  selenides  heated  in  the  outer  flame,  and  selenites  or  aelenatM 
heated  in  the  inner  flame,  on  charcoal,  give  off  a  characteristic  odour,  like  that  of  decayed 
horseradish.  When  a  metallic  selenide  is  heated  in  the  outer  flame  on  charcoal,  the 
charcoal  generally  becomes  covered,  at  some  distance  from  the  bead,  with  a  steel-grey, 
slightly  metallic  deposit  of  selenium,  which  may  be  easily  driven  by  the  oxidising 
flame  from  one  part  to  another.  Seleuium-compounds  heated  on  charcoal  with  carbo- 
nate of  sodium  yield  a  residue  of  selenide  of  sodium,  which  when  placed  on  a  dean 
silver  surface  and  moistened  with  a  drop  of  water,  produces  a  black  stain.  When  a 
metallic  selenide  is  heated  io  an  indinea  elass  tube  open  at  both  ends,  part  of  the 
selenium  is  volatilised  in  the  free  state,  and  forms  a  red  sublimate  on  the  upper  part  of 
the  tube,  the  metal  being  at  the  same  time  oxidised.  Sometimes  also  sdenious  oxide 
is  formed,  and  deposited  on  the  colder  part  of  the  tube  in  a  network  of  crystala. 

2.  Reactions  in  Solution, — Selenhydric  add  and  solutions  of  alkaline  selenides 
deposit  selenium  on  exposure  to  the  air,  uie  former  yielding  it  in  red  amorphous  flakes, 
the  latter  as  a  grey  crystalline  film  {p.  222).  Selenides  heated  with  acids,  give  off 
selenhydric  acid  gas,  which  is  inflammable,  has  a  peculiar  fetid  odour,  and  forms  dazk- 
coloured  precipitates  with  most  metallic  solutions  (iii.  202). 

Soluble  selenites  give  with  sidphuroHs  acid  and  other  redudng  agents,  a rad  pre- 
cipitate of  free  selenium,  and  with  suipht/dric  acid,  a  lemon-yellow  predpitate  of  sul- 
phide of  selenium.  Soluble  selenates  give  with  chloride  of  barium,  a  predpitate  ot 
barytic  selenate,  which  is  insoluble  in  cold  dilute  acids;  but  when  heated  with  hydro- 
chloric acid,  gives  off  chlorine  and  is  reduced  to  selenite  of  barium,  which  dissolves. 

3.  Estimation  and  Separation, — The  methods  adopted  for  the  quantitatiTs 
estimation  of  selenium  vary  according  to  the  nature  of  the  compound  to  be  analysed. 
When  the  selenium  is  contained  in  a  solution  in  the  form  of  selenious  aeidora 
selenite,  the  solution  is  addulated  with  hydrochloric  add,  and  mined  "with  KnaUkaUne 
sulphite.  The  selenium  is  thereby  reduced  and  precipitated  as  a  red  powder,  which,  on 
heating  the  liquid,  cakes  together  and  turns  black.  The  treatment  with  alkaline  sul- 
phite must  be  repeated  till  no  more  red  coloration  is  produced.  The  predpitate  is 
then  to  be  collected  on  a  weighed  fllter,  washed,  dried  at  a  gentle  heat,  and  weighed. 
If  the  solution  likewise  contains  nitric  acid,  this  add  must  be  decomposed  by  boiling 
with  hydrochloric  add  before  adding  the  alkaline  sulphite. 

When  selenium  is  present  in  solution  asselenicacid,  the  liquid  must  be  boiled 
with  hydrochloric  aetd  to  convert  the  selenic  into  selenious  add,  fh)m  which  the  sele- 
nium may  then  be  predpitated  by  an  alkaline  sulphite  as  above.  The  predpitation  of 
selenic  acid  as  a  banum-salt  does  not  give  very  exact  results,  because  selenate  of  barium 
is  not  quite  insoluble  in  dilute  adds,  and,  moreover,  has  even  a  greater  tendency  than 
the  sulphate  to  carry  down  other  salts,  which  cannot  be  separated  from  it  by  washing 
with  hot  water.  Insoluble  selenates,  like  selenate  of  ba^um,  which  are  but  slowly 
reduced  to  selenites  by  boiling  with  hydrochloric  add,  must  flrst  be  deoompo«ed  l^ 
digestion  with  a  solution  of  alkaline  carbonate.  If,  however,  the  selenate  of  Iwriura  be 
mixed  with  sulphate,  the  decomposition  of  the  former  by  aqueous  alkaline  carbonates 
is  never  complete ;  hence  sulphate  and  selenate  of  barium  cannot  be  separated  by  this 
method  (H.  Rose,  Pogg.  Ann.  cxiii.  472,  621 ;  Jahresb.  1861,  p.  828).  The  quantities 
of  these  two  salts  in  a  mixture  may,  however,  be  ascertained  by  an  indirect  method. 
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A  vdgbid  qnaDtitj  of  the  mixed  barium-salU  w  fused  with  a  miztnre  of  potassic  and 
•odie carboiiatM  in  equiralent  proportions;  the  soluble  salts  are  washed  out;  and  the 
midnal  barivm-earbonate  is  weighed.  If  now  the  weight  of  barium-sulphate  equiva- 
lent to  this  vaigfat  <rf  carbonate  be  subtracted  from  the  weight  of  the  miztnre  of  snl- 

280*5  280*6 

phate  and  telenate,  and  the  difference  be  multiplied  by  ^^     — ^^  ■■  -^_  .     (since 

2oO'o~-283  4il'o 

BaSeQ*  -  2805 and  BaSO*  «  233),  the  product  will  gire  the  quantity  of  barium 

•alenate  in  the  miztnre.    (W  o  h  I  w  i  11,  Handw,  d,  Chstn,  Tii.  800.) 

Sdanitea  and  lelenates  may  also  be  analysed  by  fusing  them  with  7  or  8  pts.  of 
potasditm-<jf€mide  in  an  atmosphere  of  hydrogen.  The  whole  of  the  selenium  is 
thereby  eoomted  into  seleniocyanate  of  potassium,  the  aqueous  solution  of  which 
when  boiled  for  some  sime  (to  convert  any  selenide  of  potassium  that  may  be  present 
into  lelenioeyanate),  and  supersaturated  when  cold  with  hydrochloric  acid,  deposits  the 
whole  of  the  seleninm  in  the  course  of  12  to  24  hours.  The  selenium  may  then  be 
dried  at  100^  and  weighed.  Free  selenious  or  selenic  acid  in  solution  may  be  neutra- 
fiaed  with  an  alkaline  carbonate,  the  solution  evaporated  to  dryness^  and  the  residue 
treated  at  jnat  deeeribed.  (Oppenheim,  J.  pr.  Chem.  Izz.  266;  H.  Bose,  loc, 
cJL) 

Selmiiim  may  aleo  be  aeparated  from  sulphur  and  tellurium  by  fusing  the  miz- 
■       the 


in  which  the  aeleninm  and  tellurium  may  both  ezist  as  ezygen-acids,  with  10  pts. 
of  ^janide  (d  potamnm  in  a  Ions-necked  flask  through  which  a  stream  of  hydrogen  is 
pUMd.  The  seleninm  and  snlpnur  are  thereby  converted  into  ssleniocyanate  ana  sul- 
phocjanate,  and  the  tellnrinm  mto  telluride  of  potassium ;  and  on  passing  a  stream 
of  air  thztm^  the  aqueous  solution  of  the  product,  the  whole  of  the  tellunum  is  pre- 
•qpHatodin  ue  firee  state,  and  the  filtrate,  treated  with  hydrochloric  add  as  above, 
dnpomto  the  selenium,  while  the  sulphur  remains  in  solution.  From  a  finely-pulverised 
Kiztvre  of  sn^nr  and  seleninm,  tne  whole  of  the  selenium  may  be  dissolved  out  by 
diflaotion  with  a  warm  solution  of  potassium-cyanide,  which  also  takes  up  part  of  the 
■iS^liiir.  TIm  nndissolred  sulphur  is  then  collected  and  weighed,  the  selenium  piecipi- 
tited  from  the  filtrate br hydrochloric  acid,  the  dissolved  sulphur  ozidised  by  chlorine  to 
■a^liiuieadd,andpreeipitatedby  abarium-salt(H.Ro  se).  Small  quantities  of  selenium 
maj  be  detected  in  sulphur  by  boiling  with  aqueous  potassium-cyanide,  the  solution,  if 
'    *        ia  pnaent^  eshibiting  a  reddish  turbidity  when  treated  with  hydrochloric 


Metallio  Selenides  are  best  analysed  by  heating  them  in  a  stream  o{ chlorine^, 
the  eslnniBm  thai  Tolatilising  as  di-  and  tetrachloride,  while  the  metallic  chloride  in 
■oot  eaaao  remains  behind.  The  chlorides  of  selenium  are  collected  in  water,  whereby 
a  oolntioD  of  selenious  and  selenic  acids  is  formed.  This  is  heated  with  hvdrochloric 
odd,  to  reduce  the  seleni?  to  selenious  acid,  and  the  selenium  is  precipitated  therefrom 
by  an  aJQnline  sulphite  as  above.  In  applying  this  method  to  the  selenides  of  lead  and 
nne,  eaie  must  be  taken  not  to  apply  too  strong  a  heat,  as  the  chlorides  of  these  metals 
■le  somewhat  volatile.  The  chlorides  of  mercunr,  arsenic,  and  antimony  pass  over 
into  tlie  receiver,  and  are  dissolved  tO|;ether  with  the  chlorides  of  selenium.  The 
pKesoce  of  areenicor  antimony  does  not  interfere  with  the  precipitation  of  the  seleninm 
U9  solphmnms  add ;  but  mercury  would  be  predpitated  at  the  same  time,  in  the  form 
of  ealomeL  In  this  case,  therefore,  the  whole  of  the  selenious  acid  must  be  converted 
iBto  oelettie  add  by  saturating  the  liquid  with  chlorine ;  the  selenic  acid  pr<H:ipitated 
hf  a  borinm-salt,  the  ezcess  of  barium  removed  by  sulphuric  add,  and  the  mercury 
yivcipitated  as  calomd  by  an  alkaline  formate. 

4.  Atomic  Weight  of  Selenium. — ^Numerous  attempts  have  been  made  to  de> 
temtne  the  atomic  weight  of  selenium  by  the  analysis  of  seleuites  and  selenates,  but 
the  lesnlta  are  by  no  means  accordant  (Handw.  d.  Chem.  2**  Auflage,  ii.  [2]  500). 
Benefios  found  that  100  parts  of  selenium  heated  in  a  current  of  chlorine  yielded 

279  pik  of  tetrachloride,  SeCl«:  whence  Se  -  J?  Ai^  =  79*32.   Dumas  (Ann 
■  179 

Ch.  Fharm.  cziiL  31),  by  a  umilar  method,  taking  care  to  condense  the  chloride  of 

■deninm  completely  by  passing  the  ezeess  of  chlorine  through  a  tube  cooled  to  —20^, 

■ad  then  through  another  filled  with  asbestos,  obtained,  as  a  mean  of  seven  ezporimeuts, 

8o  -  79^0. 


I  or.  Obtained,  aceordin|^  to  Xnoz,  by  heating 
fluoride  of  lead  in  eelenium-vapour,  selenide  of  lend  then  remaming,  while  the  fiuoride 
of  edeniimi  rablimea  in  crystals.  It  volatilises  undecomposed  at  higher  temperatnree, 
disoolvfe  in  stronff  h^drofiuoric  add,  but  is  immediately  decompMed  by  water  into 
bydroflnorie  and  sdeniooa  acida. 


JQVtOMM  or.   Not  known  with  certainty.  Equivalent  quantities 
Vol.  V.  Q 
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of  iodine  and  Belenium  melt  together  when  heated,  to  a  blackish-grey  maaa,  from  whiei 
the  whole  of  the  iodine;  is  extracted  by  absolute  alcohoL    (-Trommsdorfil) 

SB&BMIirM*  OZXBas  AWD  OmTOBV-^AOIDS  9T.  The  only  oxide  of 
selenium  whose  composition  is  exactly  known  is  the  dioxide  or  selenious  anhy- 
dride, SeO*,  the  hyarateof  which  is  selenious  acid,  H'SeO*.  A  lower  oxide  is 
produced  by  the  imperfect  combustion  of  selenium  in  air  or  oxygen,  but  its  oompositioo 
hafl  not  been  ascertained.  It  is  a  colourless  gas,  which  is  thn  source  of  the  peculiar  horse- 
radish odour  evolved  in  the  combustion  of  selenium ;  it  is  sparingly  soluble  in  water, 
bnt  has  no  acid  reaction.  The  tr  ioxide,  or  anhydride  of  selenic  acid,  HH>.SeO*,  has 
not  been  is^ilated. 

Bloslde  of  S^lealmn,  Selenioiui  Oxide  or  Anlijrdrlde,  SeO*. — This  eoaSpound, 
the  analogue  of  sulphurous  oxide,  SO*,  is  produced  by  burning  selenium  in  a  strmm  of 
oxygen ;  or  by  evaporating  the  solution  of  selenious  acid  to  dryness.  In  the  kittef 
case  it  is  obtained  as  a  white  mass  which  does  not  melt-,  but,  at  a  heat  somewhat  below 
redness,  volatilises  in  the  form  of  a  yellow  vapour,  which  condenses  in  white  fbiir*sided 
needles.    It  absorbs  water  rapidly,  producing  selenious  acid. 

Salealons  Aeld«  H^O*  »  ^^^'[  0*.— This  add  is  produced  by  the  hydzMioB 

of  selenious  oxide,  or  by  the  action  of  nitric  or  nitromuriatic  acid  on  selenium.  Fhmi 
its  hot  aqueous  solution,  it  is  deposited,  on  slow  cooling,  in  prismatic  crystala  like  tliosf' 
of  wiltpetre,  which  readily  absorb  water,  but  effloresce  in  dry  air.  vThen  heated  it 
splits  up  into  water  and  the  anhydride,  which  sublimes  at  a  higher  tempefatture.  Its 
solution  has  an  acid  taste,  and  is  reduced,  especially  at  the  boiling  heat,  by  nUphvroM 
ttcid  or  a  ndpkitff  with  deposition  of  rea  amorphous  selenium ;  also  by  gUMiums 
chloride,  and  by  all  metais,  except  gold,  palladium,  and  platinum,  but  not  by  ferrous 
sulphate.  Btdphydrie  acid  throws  oown  mm.  its  solution  a  yellow  precipitate,  usually 
regarded  as  disulphide  of  selenium,  but  consisting,  according  to  H.  itose  (Pogg.  Ann. 
cvii.  186),  merely  of  a  mixture  of  selenium  and  sulphur: 

fl«SeO«  +  2H»8    -r    SEPO  +  Se  +  8» 

Selenious  acid  is  not  decomposed  by  boiling  with  hydrochloric  acid.  It  is  oxidised  to 
solenic  acid  by  chlorine  in  presence  of  water,  by  potassic  chromate,  peroxide  qf  manga- 
nese, and  peroxide  qflead,  and  by  fusion  with  ealtpeire. 

Selenious  acid  is  a  very  powernil  acid,  approximating  to  sulphuric  add  in  the  energr 
of  its  reactions.  It  reddens  litmus,  neutralises  alkalis  completely,  eifervesoes  wiw 
carbonates,  and  being  non-volatile,  decomposes  chlorides  and  nitrates  with  aid  of  heat 
Its  aqueous  solution  precipitates  the  neutral  salts  of  lead  and  silver. 

Selenites, 

Belenious  acid  is  dibAc,  fbrming  neutral  salts,  M'SeO*  and  llf'SeO',  and  add  salt% 
HMSeO*  and  H^lTSeK)*.  The  acid  selenites  of  the  alkali-metals  also  form  double 
or  hypenidd  salts,  with  an  additional  quantity  of  selenious  add :  e,g.  HKSeO'.H^SeO'. 
The  neutral  selenites  have  a  purely  saline  taste.  They  are  decomposed  by  heatinff 
with  eharcoalf  yielding  selenides,  or  metallic  oxide  and  selenium.  When  heatea 
with  carbonate  of  sodium  in  the  inner  blowpipe-flame,  they  emit  the  characteristie 
horseradish  odour.  The  fused  mass  moistened  with  water  produces  a  brown  stain 
on  silver.  Heated  with  chloride  of  ammonium,  out  of  contact  with  the  air,  they  yield 
a  sublimate  of  metallic  selenium.  The  selenites  of  the  alkali-metals  are  solnble  in 
water,  and  their  solutions,  addulated  with  hydrochloric  acid,  behave  like  the  free 
acid  with  sulphurous  acid,  sulphydric  add,  &c  The  other  selenites  are  insoluUe  ia 
water,  but  soluble  in  nitric  acid ;  the  lead-  and  silver-salts,  however,  dissolve  bat 
slowly.  The  selenites  have  been  examined  chiefly  by  Beraelius  and  by  Muaprattt 
(Chem.  Soc.  Qu.  J.  ii.  52.) 

Sblbnitbs  of  Alvxixivx.— The  neutral  eaU^  Al*C)*.8SeO«    —    m^"  I  ^» 

obtained  by  precipitating  an  aluminium-salt  with  neutral  selenite  of  potassium,  is  a 
white  powder  iuBoluble  in  water,  and  decomposing  when  strongly  heated,  jg;iving  off 
first  water  and  then  the  whole  of  its  add  (Berzelius). — An  add  soli  is  fonaed 
by  dissolving  the  neutral  sa]#  or  aluminium-hydrate  in  selenious  add,  and  is  obtAined 
by  evaporation  as  a«  colourless,  gummy,  transparent  mass,  having  a  harsh  taste  and 
easily  soluble  in  water.    (Berzelius.) 

SxLBNiTEs  OF  Ammoniux. — The  neutral  salt,  (NH*)*SeO',  is  obtained  in  ahin* 
ins  deliquescent  crystals,  by  saturating  alcoholic  selenious  add  with  ammoniargas 
(Muspratt) ;  also  by  leaving  a  Holntion  of  the  acid  in  exoesR  of  .iqneous  ammonia  to 
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•TftpentA  IB  m  varm  pliee.  Wben  heated  it  gifves  off  water  and  ammonia,  and  after- 
w«nls  water  and  nitvogen,  together  with  a  amall  quantity  of  the  hyperadd  Balt»  and 
learca  a  restdne  of  ftued  nieninm : 

3(NH«)»SeO»     «     9HH)   +   2NH«  +   2N«  +  Be*. 

The  eeid  mlt,  prodooed,  with  erolation  of  ammonia,  b^  leaving  an  aqueous  solution  of 
the  nentral  salt  to  eranorate,  forms  needles  permanent  in  the  air  (Berzelius). — The 
kufperaeid  »alt,  obtained  bj  eraporatin^  a  solution  of  the  preceding,  with  aid  of  heat,  or 
with  addition  of  at'Ienious  add,  is  dehquescent  and  uncr}-stalH8aDle.    (Berzelius.) 

Sblbnitis  of  BAaiUH. — The  ntutral  salt,  Ba^SeO',  separates  from  a  mix^re  of 
bariam-ehloride  and  neutral  potuasium-selenit^  as  a  white  precipitate,  insolum  in 
wat^r,  eaailj  aoluble  in  acids.  It  does  not  fuse  even  at  the  melting-point  of  glass 
(Berselins).  According  to  Muspratt,  it  separates  from  a  mixture  or  barium-nitrate 
and  potaasinm-aelenite,  in  delicate,  shining,  feathery  cxystals. — The  acid  sdt  is  obtained 
by  disaolTing  barium-carbonate  in  selenions  acid,  and  leaving  the  solution  to  evaporate, 
in  crystalline  flrannles,  sparinflly  soluble  in  water.  Ammonia  added  to  the  solution 
thn>wi  down  the  neotial  salt  (Berzelius).  When  strongly  heated  it  gives  off  whito 
femes  of  aelenions  oxide.    (Muspratt.) 

Sblbxitb  of  Cadxium,  Cd'SeO*,  is  a- whito  predpitate,  which  becomes  orange- 
yrilow  on  expoanre  to  the  air,  and  yields  a  yeUowish  sublimate  when  heated  in  a  glass 
tnbcb    It  18  anhydrous,  and  soluble  in  selenions  acid.    (Muspratt) 

8bi;.bmitb8  of  Calcium. — The  n««lra/«a/^Ca"SeO*,  separates  us  a  soft  crystalline 
powder  from  a  solution  of  caldum-carbonato  in  selenious  acid.  It  is  sparinglv  soluble 
m  water,  and  melts  at  a  bright  red  heat  (Berzelius). — ^An  acid  salt  crysttllises  from 
a  aolation  of  the  neutral  s^t  in  excess  of  selenious  add,  in  very  small  prisms,  which 
an  parmanent  in  the  air  at  ordinary  temperatures,  but  give  off  half  their  acid  when 
heated,  or  in  contact  with  ammonia.    (Berzelius.) 

SBi;,BiriTB8  OF  Cbbium. — The  neutral  cerotts  salt  is  a  white  powder,  insoluble  in 
water,  •oluble  in  selenious  add. — The  neutral  eerie  salt  is  a  lemon-yellow  powder, 
whidi  when  heated  gives  off  its  acid  and  leaves  eerie  [?  ccroso-ceric]  oxide.  It 
disaolTfs  in  selenious  add,  fonning  an  acid  ealif  which  dries  up  on  evaporation  to  a 
yellow  Tsnuah,  and  when  heated  gives  off  water,  becoming  opaque  and  crystalline. 
(Berxeliaa.) 

Cmbomio  Sblbititb,  (VO'.SSeO'  »    (C^'y   (^>^^  obtained  by  precipitating 

ehroBue  chloride  with  selenite  of  ammonium,  as  a  green  amorphous  powder,  the  solu- 
tion of  which  in  selenious  add  leaves  a  green  varnish  on  evaporation.     (Muspratt.) 

Sblbititb  of  Cobalt. — The  neutral  salt,  Co^SeO*,  is  a  pale-red  powder,  in- 
•olvUo  in  water. — The  acid  salt  is  soluble,  and  remains  on  evaporation  as  a  purple-red 
varnish.    (Berxelius.) 

Sblbiiitbs  of  Copper. — The  neutral  cupric  salt^  Cu"SeO*,  is  predpitated  on 
adding  the  add  ammonium-salt  to  a  warm  solution  of  cupric  sulphato,  in  bulky,  curdy, 
yellowish  ilodra,  quickly  converted  by  heat  into  small,  silky,  greenish-blue  ciystals, 
whieh  at  a  higher  temperature  give  off  water  and  turn  liver-brown,  then  melt,  and 
BhiBBately  give  <^  all  their  add.  The  salt  is  insoluble  in  water  and  in  selenious 
add  (Berselina).  According  to  Muspratt,  it  turns  blue  over  oil  of  vitriol,  and  has 
the  coniposition  SCn'ISeO'.HK). — ^A  basic  cupric  selenite  is  predpitated  on  mixing 
eoprw  solphata  with  ammoninm-aelenite  containing  excess  of  ammonia,  as  a  pis- 
taduo-hnwn  powder,  insoluble  in  water  but  soluble  in  ammonia.  When  heated  it 
flnt  loass  water,  then  froths  np^  and  gives  off  all  its  add.    (B  erzel  ins.) 

Cuprous  Selenite  is  a  whito  insoluble  powder,  obtained  by  digesting  cuprous 
hydrate  with  selenions  add.    (Berxelius.) 

Sblbmitbi  of  Olucihux. — The  neutral  soft  is  a  white  insoluble  powder, 
whieh  leaTM  glndna  when  ignited.  The  add  salt  is  gummy  and  soluble  in  water. 
(Borssliva) 

Sblbhitbs  of  Ibok.— The  neutral  ferric  salt,  Fe'0>.3SeO*  -  ^nFe^)'(^''    °^' 

tained  \]j  double  decompodtion,  is  a  white  insoluble  powder,  which  becomes  somewhat 
yaOowish  on  drying,  gives  off  water  at  a  higher  tomperature,  then  turns  red,  and  gives 
off  aU  its  add  (Berzelius). — An  acid  ferric  selenite  crystallises  on  cooling  from  a 
sulaliou  of  iron  in  an  excess  of  mixed  selenions  and  nitric  adds,  in  pistachio-green 
laariBK.  When  heated  it  gives  off  water,  gradually  blackens  and  gives  off  its  aci<^  and 
Bhifliately  leaves  a  rendne  of  ferric  oxide.  It  is  insoluble  in  water,  but  dissolves  with 
oranae-jwow  ooloor  in  hydrochloric  acid  (Berzelius). — A  basic  ferric  selenite,  in- 
soInUe  in  water,  is  obtained  by  treating  dther  of  the  preceding  salts  with  ammonia. 
(Berselina.) 
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Neutral  ferroui  SeUriite^  Fe'*SK)'»  it  a  white  preciptate,  graduAllj  tnninff  grty,  and* 
ultimately  yellow,  on  exposure  to  the  air.    Its  aolution  in  seleniona  add  jpMda  Bnaad 
taltt  Fe"Se6'.SeO',  slightly  soluble  in  water;  the  solution,  wlMn  heated, yielda  a  brovn 
precipitate,  consisting  of  selenium  and  ferric  selenite.    (Berselius.) 

Srlbnxtbs  of  Lkad. — ^The  neutral  salt,  Fb''SeO*,  obtained  by  precipitating 
aqueous  chloride  of  lead  with  excess  of  ammonium-selenite,  is  a  white  heavy  powder, 
nearly  insoluble  in  water,  slightly  soluble  in  nitric  acid,  and  melting,  almost  as  easily  ss 
chbnde  of  lead,  to  a  yellowish  transparent  liquid,  which  solidifies  to  a  white  opaque 
mass  haying  a  crystalline  firacture.  By  exposure  to  a  strong  red  heat,  or  by  treatment 
withkjpiimonia^  it  is  converted  into  a  ba^ie  salt,  which  forms  a  translucent,  friabl«^ 
fuRible  mass,  also  baring  a  crystalline  fracture. —According  to  Kersten  (Pogg.  Ann. 
xlri.  277),  neutral  selenite  of  lead  occurs  native;  but^  according  to  H.  Bose,  th« 
mineral  thus  characterised  is  a  selenate  (p.  232). 

Sblxnitbs  op  Maonbsium. — The  neutral  salt,  Mg'SeO'.SHK)  (Muspratt), 
remiuns,  on  treating  carbonate  of  magnesixmi  with  selenious  add,  as  a  granular  powder, 
insoluble  in  cold,  slightly  soluble  in  hot  water,  and  separating  therefrom,  on  evapoiatioQ 
and  cooling,  in  smsll  four-sided  prisms  or  tables.  At  a  higher  tempenutnre  it  gives  off 
its  water,  and  acquires  a  fused  appearance,  but  without  actually  melting  or  ^ving  off 
add,  and  attacks  the  glass  strongly  fBerzelius). — The  acid  salt  is  predpitated  by 
alcohol  from  a  solution  of  the  neutral  salt  in  selenious  add,  as  a  czystallisable,  pasty, 
deliquescent  mass.    (B  e  r e  e  1  i  u  s.) 

Sblbnitbs  of  MANOA.NBSB. — The  Rfti^o/ #a/<  is, acoordiug  to  Berzslius,  s  soft. 
white,  easily  fbsible  powder,  which  melts  and  decomposes  when  heated,  and,  in  the 
fused  state,  attacks  glass  strongly.  It  is  insoluble  in  water.  Muspratt,  by  dissolving 
carbonate  of  manganese  in  selenious  add,  obtained  a  white  sandy  powder  having  the 
composition  Mn''&0'.2H'0,  which  formed  a  colourless  solution  wito  cold,  and  a  pale- 
red  solution  with  hydrochloric  add. — The  acid  salt  is  crystallisablc^  very  soluble  in 
water,  and  gives  off  half  its  add  when  heated  out  of  contact  with  the  air. 

Sblbnitbs  of  Mbboubt. — The  neutral  mercuric  salt,  He^SeO*,  obtained  by 
double  decomposition,  or  by  bringing  mercuric  oxide  m  contact  with  aqueous  seleniotu 
add,  is  a  white  powder,  insoluble  or  very  slightly  soluble  in  water.^The  acid  mercn- 
ric  salt,  formed  by  adding  mercuric  oxide  to  aqueous  selenious  add  till  the  neutral 
salt  begins  to  separate  out,  then  filtering  and  evaporatinff,  crystallises  in  large  prisma, 
longitudinally  striated,  having  the  taste  of  corrosive  sublimate,  and  containing  a  larg» 
quantity  of  water.  The  crystallised  salt  melts  in  its  water  of  crystallisation  when 
heated,  then  solidifies,  and  finally  sublimes  unaltered.  It  dissolves  easily  in  water, 
very  slightly  in  alcohol ;  the  aqueous  solution  is  not  precipitated  by  ammonia,  and  very 
slowly  by  alkaline  carbonates ;  potash  also  throws  aown  only  part  of  the  oxide.  Sal- 
phurous  acid  predpitates  white  mercurous  selenite,  which  soon  acquires  a  scarlet  colour, 
from  the  presence  of  reduced  selenium  (Berzelius). — A  basic  mlt,  3Hg''0.4Hg"8eO', 
is  obtained,  according  to  Kohler,  by  boiling  predpitated  mercuric  oxide  with  suenioos 
add.    It  is  pale-yellow  and  insoluble  in  water. 

Neutral  mercurous  Selenite,  Hp^'SeO',  obtained  by  predpitating  merenrons  nitrate 
with  selenite  of  sodium,  is  a  white  powder,  melting  when  heated  to  a  dark-brown  sub- 
stance, which  becomes  lemon -yellow  on  cooling ;  at  a  stronger  heat,  it  boils,  and  passes 
over  in  brown  drops,  which  become  amber-yellow  and  mosdy  transparent  on  cooling. 
Hydrochloric  acid  converts  it  into  mercuric  chloride,  the  selenious  acid  being  pArthr 
reduced  to  the  state  of  free  selenium,  and  partly  remaining  dissolved  in  the  fiqirid. 
The  salt  gives  up  all  its  add  to  caustic  potash.  It  is  not  soluble  either  in  water  or  in 
aqueous  selenious  add  (Berzelius). — A  mercurous  ankydro-salt,  3Hg'SeO*j3eO',  is 
obtained,  according  to  Kohler,  as  a  dark,  brick-red,  opaque,  crystalline  maaa,  by  meldng 
the  neutral  salt  at  180^,  and  raising  the  temperature  a  little  higher. 

Sblbmitb  of  Nioxbl. — The  neutral  salt,  obtained  by  predpitation,  is  insoluble 
in  water,  white  when  moist,  but  becomes  a^e-green  on  drying  (Berzelius).  Aeeoid- 
ing  to  Muspratt,  on  the  contrary,  it  is  precipitated,  on  adding  selenite  of  potassium  to 
sulphate  of  nickel,  as  a  greonish.  powder,  containing  Ni^SBO'.HK),  which  becomes 
white  when  dry. — The  acid  salt  is  a  green  gummy  mass,  soluble  in  water.  (Ber- 
zelius.) 

Sblbnitbs  of  Potassium. — Selenious  acid  and  potash  form  three  dififereot 
salts,  which  are  obtained  by  mixing  the  add  with  potash  or  potassium-carbonate  in  the 
required  proportions. — The  fisufr^  salt,  E^O*,  obtained  by  saturating  carbonate  of 
potassium  with  selenious  add,  separates  on  evaporation,  but  not  on  coohng,  in  etyatal* 
line  grains.  It  melts,  when  heated,  to  a  yellow  mass,  which  again  becomes  white  on 
cooling;  it  attracts  moisture  from  the  air,  and  dissolves  in  nearly  all  proportions  in  water, 
but  is  insoluble  in  alcohoL  It  has  a  disagreeable  taste,  and  strong  alkaline  action 
to  test-paper. — The  acid  salt,  KHSeO*,  crystallises  with  dif^culty  on  cooling  fsam  a 
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•vapontcd  to  the  oonnstenee  of  syrap,  or  from  a  slightly  acid  solutioD  hy  erapo- 
imtioa  of«r  oil  of  Titriol,  in  feathery  oyatala  (having  a  aatiny  lustre  according  to  Mur- 
pratt),  whieh  nnite  at  laat  to  a  compact  mass.  It  slowly  parta  with  the  half  of  its  acid 
when  ignited.  It  it  deliqneaoenti  alightly  soluble  in  alcohol. — The  kyptracid  sal/^ 
KHSeO'.H^SeO',  is  nncrystallisable  and  highly  deliquescent    (Berzelius.) 

Sklbiiitk  op  Siltbb,  Ag'SeO'. — Selenious  acid  added  to  nitrate  of  silrer,  throws 
down  this  salt  in  the  form  of  a  white  powder.  The  same  salt  crystallises  in  needles, 
from  a  nitric  acid  solntion  diluted  with  hot  water.  It  is  not  blackened  by  light. 
XelU  almost  as  easily  ss  horn-silver,  forming  a  clear  liquid,  which,  on  cooling,  solidifi^ 
in  a  white  opaque  mass,  friable,  and  havine  a  cxystalline  fracture.  When  more 
alionffly  ignited,  it  gives  off  selenious  oxide  and  oxygen  gas,  and  becomes  covered  with 
metafijc  niret.  Dissolves  ver^  sparingly  in  cold  water,  somewhat  more  freely  in  hot 
water,  and  eaai^  in  nitric  aad,  from  which  it  may  be  precipitated  by  cold  water. 
(Berxelins.) 

Sblbkitis  op  Sodium. — ^The  neutral  salt^  Na'SeO',  does  not  ciystallise  on 
cooling  but  only  by  evaporation  of  an  aqueous  solution  m  vacuo ;  it  then  forms  small 
grains,  which  are  permanent  in  the  air,  taste  like  borax,  and  dissolve  very  easilv  in 
water,  but  not  in  aloohoL  According  to  Muspratt,  it  forms  radiated  crystals,  which 
Ibse  without  decomposition. — The  add  aalt,  NaHSeO'.2H*0  (Muspratt),  crystallises 
duing  the  dow  cooling  of  a  syrupy  solution,  in  needles  united  together  in  tufts,  which 
do  not  effloresce  in  the  air,  but  melt  when  heated,  with  loss  of  their  water  of  crystalli- 
sation, to  a  liquid  which  is  yellow  while  hot,  and  solidifies,  on  cooling,  to  a  white  mass 
of  A  ftbions  texture.  At  a  red  heat,  the  salt  loses  half  its  acid. — The  hyperacid  salt, 
2NaH>Se*0>.HH)  or  Ka*SeO*.3H*SeO'.U*0  (Muspratt),  first  obtained  bv  Bene- 
lioa,  IB  prepared  by  dissolving  the  acid  salt  in  selenious  acid,  and  crystallises  by 
apOQtBBeons  ev^)oration  in  needles,  which  are  permanent  in  the  air.  It  melts  easily 
to  a  Trikrwiah-rra  liquid,  which  gives  off  selenious  oxide,  leaving  a  residue  of  neutral 
Bodnm-adenite  with  traces  of  selenate.    (Muspratt.) 

Sblbvitbs  of  Stbontium. — Thenm/ro/so/^Sr'^O'iisawhite  powder,  infusi 
Ue,  and  not  soluble  in  water. — The  acid  salt,  obtained  like  the  corresponding  barium- 
BalL  separates  as  a  milk-white  amorphous  crust,  on  evaporating  the  aqueous  solution. 
It  malta  in  the  fire ;  swells  up  and  evolves  water  at  first,  and  then  one  half  of  its  add, 
BO  that  the  neutral  selenite  remains  in  a  spongy  form.  It  is  nearly  insoluble  in  cold 
water,  and  dissolves  but  slowly  even  in  bouing  water.    (Berselius.) 

Sblbvitbs  OP  Thallium. — The  neutral  saltt  Tl^O*,  is  produced  by  oxidising 
^\tmiAm  of  thallium  with  nitric  acid,  or  mure  easily  by  treating  selenious  acid  with 
esccH  of  thallium-carbonate.  It  has  an  alkaline  reaction,  is  easily  soluble  in  water, 
iBBolnbla  in  alcohol  and  ether,  and  crystallises  in  verv  thin  micaceous  laminae  (Kuhl- 
Biann,  BoIL  8oc.  Chim.  [2]  i.  330).— The  acid  salt,  TlHSeO^  is  more  soluble  in  water 
than  the  neutral  salt,  and  crystallises  most  readily  from  a  solution  mixed  with  alcohol. 
(Knhlmann.) 

Sblbbitbs  op  Tin. — Stannic  selenite  is  a  white  powder,  insoluble  in  water,  solu- 
Ua  in  hydrochloric  acid,  and  precipitated  therefrom  by  water.  When  strongly  heated, 
it  fllTBt  gives  off  water,  uid  then  the  whole  of  its  acid. 

Sblbvitbs  op  Ubakium. — Neutral  uranic  sdenite  is  a  lemon-yellow  powder, 
wUdi  IB  decomposed  at  hiffh  temperatures,  giving  off  oxysen  and  Mlenious  oxide,  and 
Isaving  vnnoso-nranie  oxide.  It  dissolves  in  excess  of  selenious  acid,  forming  an 
«etfMtf<,  which  dries  up  to  a  white,  opaque,  crystalline  mass,  soluble  in  water  (Berse* 
lino).  Aoeoidingto  Muspratt,  the  crystalline  salt  thus  obtained  is  neutral  urafiic 
MdmiU^  UW.aSeO'. 

Sblbvitb  op  Yttbium  is  precipitated  in  curdy  white  flocks,  whichdry  up  to  % 
wUta  powder.  It  is  insoluble  in  water  and  in  selenious  acid,  and  when  strongly  heated, 
first  givBB  off  water,  and  then  the  whole  of  its  acid.    (Berxelius.) 

Bblbvitbb  op  ZfBC.^The  neutral  salt,  Zn"SeO*.H'0  (Muspratt),  is  awhile 
powder,  iaaolnble  in  wafer.  When  heated,  it  ^ves  off  water,  and  melts  to  a  yellow 
trBBBparmt  liquid,  which  on  cooling  forms  a  white  mass,  having  a  crystalline  fractura. 
At  aa  ineipiant  white  heat,  it  enters  into  ebullition,  and  is  converted,  with  sublimation 
of  BdmioBS  oodde,  into  an  infusible  basic  salt,  no  longer  decomposible  by  heat — ^Tha 
meid  mdi,  obtained  by  dissolving  the  neutral  salt  in  selenious  acid,  is  a  transparent, 
iasorsd,  gommy  mass,  easily  soluble  in  water.    (Berzelius.) 

Hyperacid  SJi,  Zn'Hnie^O'*  »  Zn'SeO'.SHSeO'.— When  clean  zinc-turnings  or  plates 
of  unc  are  immersed  in  a  somewhat  concentrated  aqueous  solution  of  selenious  acid 
tha  BMtal  suon  becomes  covered  with  a  thin  red  layer  of  reduced  selenium,  and  a  solu- 
tion is  formed  cuntaiuing  hyperacid  sinc-selenite,  which,  when  the  solution  is  evaporated 
IB  a  sympj  cuDslsteucc  in  eacuo  over  oil  of  vitriol,  and  then  left  at  rest  for  about  a 
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week,  separates  in  laige  yellow  cxystals,  very  imich  like  those  of  neatml  potassianr 
chromate.  They  are  oblique  rhombic  prisms,  having  their  terminal  edges,  and  frequently 
also  the  obtnse  lateral  edges,  replaced  by  planes :  generally  associated  in  twina.  The 
salt  is  permanent  in  the  air,  soluble  in  water.  The  solution  is  colourless ;  has  a  strong 
sour  taste;  is  not  decomposed  by  acids;  becomes  turbid  when  heated,  the  salt  being 
resolved  into  selenious  oxide  and  neutral  sino-selenite.  A  crystal  heated  to  80°  or 
40^  undeigoes  the  same  change,  becoming  white  and  opaque ;  on  increasing  the  he^ 
the  crystal  melts,  and  is  resmved  into  water  which  distils  over,  selenious  oxide  which 
sublimes,  and  a  neutral  or  basic  salt  which  remains  behind.  (Wohler,  Ann.  Ch. 
Fharm.  lix.  279.) 

SiLBNiTB  OF  Zirconium  is  a  white  powder,  insoluble  in  water,  soluble  in 
selenious  add,  decomposed  by  heat,  leaving  a  residue  of  fizoonia.     (B erselius.) 

Selenlo  Aeld«H*SeO«  «H*O.SeO'  «  (^)'|o«~ThiB  add,  the  analogue  of 

sulphuric  add,  was  discovered  in  1827  by  Mitscherlieh  (Pogg.  Ann.  ix.  623), 
and  has  been  further  examined  by  Wo  hi  will  (Ann.  Ch.  Phann.  cxiv.  162)  and 
v.  Hauer  (Wien.  Akad.  Ber.  xxxix.  299 ;  Jahresb.  1860,  p.  86). 

Selenic  add  (or  a  metallic  selenate)  is  formed :  1.  By  fusmg  selenium,  selenions 
oxide,  or  a  selenite  with  nitrate  of  potassium  or  sodium. — ^.  By  ue  action  of  dilorins 
and  water,  or  of  hypochlorous  add,  on  selenium,  selenious  acid,  or  salenitea.— 3.  By 
heating  selenious  acid  with  peroxide  of  lead,  peroxide  of  manganese,  or  chroniate  oif 
potassium.    (WohlwilL) 

iVfpara^ion.— Aqueous  selenic  add  is  usually  prepared  by  fusing  an  alkaline  selenite 
with  nitrate  of  potassium  or  sodium,  predpitating  tne  solution  of  the  rvsulting  alkaline 
selenate  with  a  lead-salt^  and  decomposing  the  predj^tated  selenate  of  lead  with  sal- 
phydric  add.  According  to  Wohlwill,  however,  this  pocess  is  not  advantageous, 
bttcanse  a  portion  of  the  selenate  of  lead  obstinately  resists  deoompoaition.  Thf 
following  is  more  convenient  and  productive,  Selenious  add  is  first  prepared  by 
dissolving  selenium  in  nitric  add ;  and  the  solution,  after  moderate  concentration,  is 
finally  evaporated  down  in  a  retort  provided  with  a  receiver,  whereupon,  after  the 
excess  of  nitric  add  and  the  water  have  been  driven  ofi^  the  liquid  sudaenly  becomes 
briskly  agitated,  and  a  considerable  quantity  of  the  selenious  add  volatilises  and  con- 
denses in  the  receiver  to  a  snowy  mass.  The  solution  of  this  sublimed  selenious  add, 
or  cupric  selenite  ([prepared  therefrom  with  cnpric  carbonate  suspended  in  water),  is 
treatfKl  with  chlorine  gas ;  the  excess  of  chlorme  is  allowed  to  evaporate  from  the 
liquid  by  exposure  to  the  air  at  the  ordinary  temperature;  the  liquid  is  saturated  with 
pure  cupric  carbonate ;  and  the  cupric  selenate  contained  in  the  liquid  (filtered  from 
unaltered  cupric  selenite)  is  separated  fixmi  cupric  chloride  by  prodpitntion  with 
alcohol  (which  leaves  the  chloriae  in  solution),  or  by  repe^^  crystallisation.  The 
cupric  selenate  is  then  suspended  in  a  small  quantity  of  water,  and  decomposed  by 
Bulphydric  acid ;  and  the  filtered  aqueous  add  is  concentrated  by  evaporation  over  the 
water-bath.  The  formation  of  selenic  add  by  oxidising  selenious  acid  with  chlorine 
may  be  used  for  the  preparation  of  selenates,  but  not  ior  the  direct  preparation  of  the 
aqueous  add,  because  tne  hydrochloric  add  formed  at  the  same  time  reconverts  the 
selenic  add,  unless  neutralised,  into  selenious  add,  slowly  in  the  eold,  quickly  whta 
heated.    (Wohlwill.) 

Von  Hauer  predpitates  a  solution  of  potassium-selenite  with  ealdum-nitrate ; 
purifies  the  resulting  caldum-selenate  by  solution  in  water  and  predpitatioB  by  best 
(it  is  less  soluble  in  hot  than  in  cold  water) ;  then  decomposes  it  by  boiling  with  excess 
of  cadmium-oxalate  and  water,  till  the  liquid  is  free  frnm  caldum ;  preeroitates  the 
cadmium  from  the  filtered  liquid  with  sulphydric  acid ;  expels  the  excess  of  that  add 
from  the  filtrate  by  heat^  and  concentrates  by  evaporation. 

ProperHes. — Selenic  acid  is  a  transparent  colourless  liquid,  which  in  the  most  eos- 
centrated  state  boils  at  280^,  and  has  a  spedfic  gravity  of  2*6.  The  liquid  in  this 
state  is  not  quite  pure  selenic  add,  H'SeO*,  but  contains  a  littla  water  ill  addition, 
which  cannot  be  driven  o£f  without  frurther  decomposition  of  the  add  into  asla&ioos 
oxide,  water,  and  oxygen.  The  concentrated  add  resembles  sulphuric  add  in  many  of 
its  properties.  It  is  very  hygroscopic,  and  its  admixture  with  water  ia  attended  with 
considerable  rise  of  temperature.  The  strong  or  dilute  add  boiled  with  h^drocldcric 
acid  eliminates  chlorine,  and  is  reduced  to  sel^ous  acid : 

H»SeO*  +   2Ha     -     a«  +  H«0   +  H^0«. 

On  the  other  hand,  it  resists  the  action  of  many  reducing  agents  which  decompose 
selenious  add.  Thus,  it  is  net  decomposed  by  sulphurous  or  sulphydric  add,  and  its 
solution  dissolves  zinc  and  trcm,  with  simple  substitution  of  the  metal  for  hydrom, 
not  with  precipitation  of  selenium,  as  is  the  case  with  selenious  acid  (p.  226).  The 
free  acid  predpitates  barium-aalts,  even  in  presence  of  other  mineral  adds.    B|y  this 
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psopoty,  taken  in  connection  with  iti  reduction  to  selemous  acid,  with  erolntion  of 
chlorine  bj  boiling  with  hjdrochloric  add,  selenic  acid  may  be  distinguished  from  all 
other  addL 

8$lenai€8. 

Selenic  acid  is  dibasic  like  vnlphnric  acid,  and  capable  of  forming  add  as  well  as 
nevtral  salts.  Onlj  one  acid  selenate  has,  however,  yet  been  prepared,  viz.  timt  of 
poUanam.  KHSeO*.  The  neutral  selenates  have  the  compodtion,  WQeO*  or  M  "8eO^ 
JfauT  doable  selenates  are  also  known,  represented  by  the  general  formulae,  M''X^&ti*0* 
and  ifTCSe'O*,  the  last  bein^  analogous  to  the  alums. 

The  selenates  of  the  alkali-metals  are  prepared  by  igniting  selenium,  selenides,  or 
•olenites  with  nitrate  of  potassium  or  sodium  ;  other  seSMiatee  by  dissolring  metallio 
oudes,  hydrates,  or  carbonates  in  selenic  add ;  the  selenates  of  barium,  strontium,  and 
lead,  which  are  insoluble  in  water,  and  even  in  nitric  acid,  by  precipitation.  The 
selenates  correspond  Tery  closely  in  their  properties  to  the  sulphates,  with  which  they 
are  isomoiphous.  Most  of  them  sustain  a  red  heat  without  decompodtion.  Heated 
in  a  cunent  of  kj^drogen,  they  are  readily  converted  into  selenides.  Heated  with 
ckmreoal  or  with  earlKmaU  qf  9odium  in  the  roducinf  flame,  they  are  also  reduced  to 
aalenidea,  emitting  the  characteriftie  horseradish  odour.  When  boiled  with  hydro* 
chloric  acid^  they  evolve  chloiina,  and  leave  sclenious  add,  from  which  selenium  may  be 
piredpitaced  by  sulphnroiis  add. 

Sblbxati  or  Alvminium  resembles  the  sulphate,  and  yields  corresponding 
bade  salts    nxidcr   dmikr   circumstances  (see    Sulphates). — Selenium-alums,  viz« 

Al*£aiW.12H*0  -  (^'^|0M2H'0,  and    the  corresponding   ammonium-  and 

■a^nm  aslta,  are  obtained,  by  dissolving  aluminium- hydrate  in  excess  of  selenic  acid 
andnentralidn^  with  an  alkaline  carbonate,  in  monometric  crystals  (0  with  ooOoo 
•ad  00  0\  which  effloresoe  sli^tly  in  the  air.  They  are  all  easily  soluble  in  cold 
water;  the  sodium-salt  crystallises  only  from  Tery  concentrated  solutions,  and  even  in 
presence  of  a  eondderable  excess  of  aluminium-selenate,  only  in  small  crystals  mixed 
vtth  selenate  of  sodium  (Wohlwill).  The  crystals  of  the  potassium-salt  have  a  specific 
grarity  of  1*971.    (Weber,  Pogg.  Ann.  cviii.  615.) 

SiLBHATB  OF  Babium,  Ba''SeO*,  obtained  by  precipitation,  is  a  white  powder 
inaoluUe  in  water  and  in  nitric  add,  but  converted  into  selenite  and  dissolved  by 
boiling  with  hydroehlorie  add,  bdns  thereby  distinguished  from  the  sulphate.  Spedfic 
giBTity  -  4*67  at  22^.     (Schafarik,  Jahresb.  1868,  p.  15.) 

Sblbitatb  op  CAPXiry,  Cd'So0^2H'0,  prepared  as  above  (p.  230),  crystallises 
by  eooUngor  spontaneous  evaporation  in  small  transparent  tables,  which  are  permanent 
in  the  air,  very  soluble  in  water,  give  off  half  their  water  at  100^,  and  the  rest  con- 
ddeiably  below  a  red  heat.    (v.  Hau er.) 

Sblbitatb  op  Calcium,  Ca"SeO*.2HH),  prepared  by  precipitation  (p.  230), 
■eparates  on  wanning  its  aqueous  solution,  in  transparent  cr>'stul8,  which  resemble 
thnwi  of  gypsnm,  and  may  be  obtained'of  considerable  size  by  slow  evaporation.  The 
dehydrated  salt  hardens  with  water,  like  burnt  gypsum,    (v.  Hauer.) 

Sblbhatb  or  Chbovivm  akd  Potassium,  or  Selenic  Chrotne-alumf  crystal- 
Hsee  after  some  time  from  the  liquid  obtained  by  tn-ating  a  concentrated  solution 
of  add  potasaium-chromate  with  sdenic  add  and  alcohol  at  a  moderate  heat. 
(WohlwilL) 

Sblbnatb  of  Cobalt,  Co''Se0^7H^O,  resembles  the  sulphate  (Mitschcrlich). 
•■^Maeeiihcobaltoui  eUenate,  Co"K^SeK)*,  resembles  the  corresponding  nickel-salt. 
(t.  Haner.) 

Sblbitatb  op  Coppbb,  Cu''SeO*.6H'0,  prepared  by  dissolving  copper  or  cupric 
coide  in  aelanic  add,  or  by  oxidation  of  the  selenite  (p.  230),  is  isomorphous  with  tho 
»iilphate  (Hitscherlich).  A  mixture  of  cupric  and  ferrous  selenates  yields,  ac- 
coiding  to  Wc^lwill,  in  a  number  of  successive  crystallisations,  nothing  but  different 
eombtnatMBUi  of  the  form  of  cupric  sulphate  (tridinic,  ii.  158) ;  crystals  having  the 
form  cf  ieiTous  sulphate  (monodinic^  are  obtained  only  when  the  latter  is  in  consider- 
able excess,  as  observed  by  Wohlwill  in  a  mixed  salt  containing  3  at  Fe  to  1  at  Cu. 
A  sdlntion  of  magnesium-selenate  mixed  with  comparatively  very  small  ouantities  of 
e^ric  selenate  yidda  crystals  having  the  form  of  ferrous  sulphate,  and  containing 

<VlIg^^0^.28H'0.    Selenate  of  zinc  yields  with  cupric  selenate  a  similar  salt, 

eootaining  Cn"Zn*Se<0'*  28H*0. 

Fbbbovs  Sblbvitb,  Fe"SeO*.7H»0  (or  SH^O).— This  salt,  obtained  by  dissolving 
ixon  wire  in  veleuic  add,  and  evaporating  in  an  atmosphere  of  hydrogen  or  carbonic 
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anhydride,  er^rstalliseB  witli  7  at  water  and  the  form  of  ferrous  sulphate,  only  at  ten* 
peratures  a  little  above  0^.  The  monodinic  crystals  thus  obtained  beeome  opaque, 
and  give  off  part  of  their  water  even  on  slight  rise  of  temperature ;  and  at  temperatures 
not  much  aoove  5^,  the  salt  crystalUses  with  only  6  at.  water,  and  in  the  form  of 
cupric  sulphate.    (Wo h  1  w i  1 1.) 

Selimati  of  Lbad,  Fb''SeO\  is  obtained  by  precipitating  selenate  of  sodium 
with  nitrate  of  lead,  as  a  white  powder  insoluble  in  nitnc  add.  Spedfie  grarity  « 
6'37  at  22^  (Schafa  rik).  This  salt  occurs  native,  with  selenide  of  iMd  and  antimonv, 
malachite,  &c.,  at  the  Friederichsgluck  mine,  near  Hildbuighausen,  and  at  Eisfeld,  m 
small,  brittle,  sulphur-vellow  spheres  and  botiyoidal  masses,  deaving  distinctly  in  ont 
direction.  This  mmend  was  regarded  by  Kersten  (Pogg.  Ann.  xlvi.  277)  as  a  selenite 
of  lead ;  but  according  to  H.  Rose's  analysis,  it  is  a  sdenate  of  lead  containing  a 
little  copper.    (Dana,  ii.  375.) 

Sblknatb  of  Maonbsiux,  Mg''Se0^7HK),  exactly  resembles  the  sulphate  in 
form  and  solubility. 

Sblbmatb  of  Nicxbl,  Ni'SeO^GHK),  obtsined  by  dissolving  the  carbonate  in 
selenic  acid,  forms  quadratic  crystals,  isomorphous  with  the  sulphate  containinff  the  same 
quantity  of  water  (Mitscherlicb).  According  to  v.  Hauer,  it  oiystaSises  fitom 
neutral  solutions  by  spontaneous  evaporation  in  quadratic  pyramids,  whidi  give  off  4  at 
water  at  100^,  but  cannot  be  completely  dehydrated  without  further  decompositioB. 
A  mixture  of  this  salt  and  cupric  selenate  in  nearly  equivalent  quantities,  yields  cfystab 
having  the  form  of  ferrous  sulphate.    (Wo h  Iw  i  1 1.) 

Nickd-potctssium  Selenate,  mK*8f^G*,6B.H)f  forms  monodinic  cnrstals,  isomorphons 
with  the  corresponding  double  sulphate.  It  cannot  be  dehydrated  without  decraipo- 
sition,  but  giv.es  off  nearly  4  at  water  at  100°,  whereas  the  sulphate  remains  unaltered 
at  that  temperature.  [Kespeeting  the  ciystallino  form,  see  also  G.  v.  Bath  (PpRg. 
Ann.  cxv.  487  ;  Jahreeb.  1862,  p.  216)].  The  corresponding  double  salts  formed  ^ 
combination  of  the  sdenates  of  cobalt,  magnesium,  and  copper  with  the  selenates  ol 
potassium  and  ammonium,  crystallises  in  tne  same  form,  are  permanent  in  the  air, 
more  soluble  than  the  corresponding  double  sulphates,  and  cannot  be  completdy  de- 
hydrated without  decomposition,    (v.  H  auer.) 

Sblbwatbs  op  Potasshth. — ^The  neutral  salt,  K*SeO\  is  prepared  br  fudng 
selenium  or  selenite  of  potassium,  or  native  selenide  of  lead,  with  saltpetre,  dissolving  the 
fused  mass  in  hot  water,  and  leaving  the  concentrated  solution  tocryi^allisa.  The  exeees 
of  nitrate  then  crystallises  out  firs^  and  afterwards  the  sdenate,  in  crystals  exactly 
resemblins  the  neutral  sulphate.  It  deflagrates  on  glowing  coals  like  saltpetre,  and  is 
equally  soluble  in  hot  and  in  cold  water  (Mitscherlich). — ^The  add  stutf  KHSeO^, 
exactly  resembles  the  acid  sulphate.    (Mitscherlich.) 

Sblexatb  of  Silvbb,  Ag'SeO*,  prepared  by  dissdving  silver  in  Bdeme  add» 
agrees  with  the  sulphate  in  form  and  properties. 

Sblbnatb  of  Sodium,  Na^SeO^,  is  prepared  like  the  potasnumHuJt,  and  oya- 
tallises  from  aqueous  solution  above  40^  in  annydrous  ciystais ;  at  lower  temperatiires, 
or  by  spontaneous  evaporation,  in  crystals  containing  Na^O^.lOHH),  exaetlv  re- 
sembling those  of  Olaub«>r^s  salt,  and  exhibiting^  like  the  latter,  a  maximmw  solubility 
at  about  33^.    (Mitscherlich.) 

Sblbnatb  of  Thallium,  Tl'SeOS  prepared  by  dissolving  the  metal  or  its 
carbonate  in  selenic  add,  crystallises  in  long,  white,  prismatic  needles,  isomorphous 
with  sulphate  of  potassium,  sparingly  soluble  in  cold  water,  insoluble  in  aleohd  ind  in 
ether.  (Kuhlmann,  BulL  Soc.  Chim.  1864,  i.  330. — Oettinger, Zdtschr.  Ch. PlianL 
1864,  p.  440.) 

Sblbnatb  op  Zinc,  Zn*Se0^7H*0,  is  isomorphous  with  the  sulphate.  Aeeord- 
ing  to  Mit«cherlich,  it  crystallises  also  with  2  at.  and  6  at  water,  the  dehydrated  salt 
separating  at  temperatnres  above  30^,  the  hex-hydrate  between  20**  and  16^.  Hie  aohi- 
tion  mixra  with  ferrous  sulphate  depodts,  according  to  Wohlwill,  crystals  having  the 
form  of  cupric  sulphate.  When  a  solution  of  dnc-selenate  is  mixed  with  enpiie 
selenate,  the  former  beine  in  considerable  excess,  the  crystals  which  first  separate 
have  the  form  of  cupric  sulphate ;  and  it  is  only  the  last  that  exhibit  the  quadratic 
form  of  zinc-selenate  (Wohlwin).^8elenate  of  sine  and  thaUium,  Zn'^^*0*.6H*0^ 
crystallises  in  monodinic  prisms,  isomorphous  with  magnesio-potaaBic  sulphateu 
(G.  Werther,  Bull  Soc.  Chmi.  1865,  L  60.) 

saitBWZUM,  OZTCnoSZBB  or.    SeClH)  »  Sea«.SeO'.    SelenaeidUorid, 

(K.  Weber,  Pogg.  Ann.  cviii.  615.) — Produced  by  distilling  tetrachloride  of  seleniutt 
over  selenious  oxide  gently  heated  in  a  sealed  tube :  also  in  the  decomposition  of  the 
tetrachloride  by  a  small  quantity  of  water,  and  is  therefore  always  present  in  the  liqaid 
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tcal«e,  more  stable  than  the  sulDh&te,  alightljr  eolable  in  water  and  in  aleobol,  ind 
Ciyetallising  therejErom  without  aJtemtion. 

The  oxalate  is  a  white  czystalline  powder,  slightly  soluble  in  water,  still  less  soluble 
in  alcohol  and  in  ether.  A  solution  prepared  at  the  boiling  heat  deposits  it  on  cocding, 
in  shining  scales. — The  tartrate  crystallises  in  radiate  groups  of  slender  needles,  mode- 
rately soluble  in  water  and  in  alcohol,  less  soluble  in  ether.  It  decomposes  ia 
solution,  but  is  more  permanent  in  the  dry  state. 

A  Tariety  of  opal,  translucent  at  the  edges  only  (iv.  204). 

The  monometrie  Tariety  of  antimonious  oxide,  SbK>'(i.  323), 
occurring  at  Sensa,  in  the  prorinee  of  Constantine,  Algeria,  and  at  Pemeck  near 
Malacksa  in  Hungary,  in  regular  unmodified  octahedrons,  and  in  masses  with  granoUr 
structure.  Hardness  »  2  to  2*6.  Specific  gravity  a  6*22  to  6*3.  It  has  a  grcyish  or 
yellowish  colour,  and  resinous  lustre  incHning  to  subadamantine ;  tranaparcnt  to 
translucent 

8BMSCA  OZZi.  American  petroleum,  so  called  because  it  was  collected  and  sold 
by  the  Seneca  Indians. 

See  GxTx  (ii.  964). 

Wfurm.    See  SiLFOxmr  (p.  193). 

A  purgative  drug  oonsistins  of  the  leaves  of  Ctota  acult{fotta,  a  shmb 
indigenous  in  £^i)t.  Nubia,  Arabia,  and  India,  and  Cania  obovUa,  iiidi^«Mi«s  in 
Egypt,  Tripoli,  and  Syria.  It  has  been  examined  by  several  chemists,  chiefly  with 
the  view  of  extracting  the  active  principle,  but  the  results  are  by  no  means  accordant. 
Lassaiffne  and  Feneulle  (J.  ^larm.  x.68)  attribute  the  mngative  aotiontoabitter 
nncrystaUisable  substance,  soluble  in  water  and  alcohol,  insoluble  in  etiinr,  whidi  they 
denominate  cathartin  (i.  817).  Bley  and  Diesel  (Arch.  Fharm.  [2]  Iv.  257),  ob- 
tained from  senna-leaves  a  similar  substance,  together  with  a  ^feUow  lesin,  eh ry so- 
re ti  n  (L  960),  soluble  in  ether,  and  resembling  ciirysophanic  acid,  probably  a  mixtnro 
of  that  acid  with  other  substances.  According  to  Martins  (MoiwgrapHe  der  Sennet-' 
bldttfTf  Leipzig,  1857),  senna  contains  chrysophanic  acid  (i.  258)  together  wilii  two 
brown  substances,  similar  to  or  identical  with  Uie  aporetin  and  phmnlift  4f  ihilisili ; 
alM  nuqipaaB ;  iie  «mids  the  chzyaophaBir  add  as  dM  sclive  pra  Sawicki, 

on  the  other  Irnnd  (Ih'ssrrfofM  twawy w  alt<,  Dorpati,  1857^,  doubts  the  correctness  ci 
this  view,  inasmuch  as  the  purgative  principle  of  senna  is  extracted  by  water  much 
more  easily  than  by  alcohol,  whereas  chrysophanic  acid  is  neariy  insoluble  in  water,  but 
dissolves  in  alcohol,  by  whiclx  indeed  it  is  extracted  fix)m  rhubarb.  W  i  gg  e  r  s  endearoars 
to  explain  this  contradiction  by  supposing  that  the  chrysophanic  acid  in  senna  is  for 
the  most  pait  combined  with  bases,  and  in  that  state  insoluble  in  alcohol,  iriiereas  in 
rhubarb  it  exists  chiefly  in  the  free  state. 

Martins  found  in  senna-leaves  from  Cassia  acutifolia  fW>m  9  to  12  per  cent  of  ash. 
The  composition  of  the  ash  in  100  pts.  is,  according  to  Martins  (a  and  b)  and 
Schreiber  (c),  as  follows : — 


K«0  Na'O  MgO    CaO  Fe'^PO^  F<0»    8I0«    CI       80>    CO* 
Akxandrian  (a)    16-68  108  7*46  86-92  032    .  .     200  036  295  2475   697 
East       Ub)    11-20  850  610  36*28  5*70    .  .     4-06  0*70  852  2110    3*69 
Indian      l{c)    13*47  1*24  0'8d  35*36  1*50  3-82  14*49  3*81  1*45  28*57 

or  SBPXXnrfl.    Syn.  with  SiFBBBZira. 

A  dark-brown  pigment  prepared  from  a  black  juice,  which  is  secreted  bj 
certain  glands  of  the  cuttle-fish  (Sepia  officinalis,  Sepia  Loliffo,  ifc),  and  i;^ected  l^  the 
animal  to  darken  the  water  when  it  is  pursued.  One  part  of  the  juice  |s  capable  o| 
making  1000  parts  of  water  nearly  opaque.  The  juice,  when  dried,  yields  a  bla^ 
mass,  which,  according  to  Front,  consists  of  78  per  cent  black  pigment  or 
melanin,  10*40  calcium-carbonate,  7*00 magnesium-carbonate,  2*16 alkaline tnlphates 
and  chlorides,  and  0*84  mucus.  The  black  pigment  may  be  isolated  by  boibng  the 
black  mass  successively  with  water,  hydrocnloric  add,  and  dilute  solution  of  am- 
monium-carbonate. It  is  a  black,  inodorous,  and  tasteless  substance,  quite  insoluble 
in  water,  alcohol,  and  ether,  but,  remaining  suspended  in  water  for  a  very  long  time, 
its  deposition  may,  however,  be  accelerated  bv  addition  of  acids  or  sat-ammoniaei 
It  dissolves  in  warm  caustic  potash  solution,  forming  a  dark-brown  solution,  fiom 
which  it  is  precipitated  by  sulphuric  and  hprdrochloric  acid,  but  not  by  nitne  add. 
It  dissolves  aluo  in  ammonia,  but  not  in  alkaline  carbonates. 

The  pigment  is  prepared  by  saturating  the  dried  native  sepia  with  a  little  oaustie 
lye,  thru  adding  more  lye,  boilixig  the  Lquid  for  half  an  hour,  filtering,  precipitating 
with  an  acid,  washing  the  precipitate,  and  drying  it  at  a  gentle  heat  It  is  of  a  darii- 
brown  colour  and  fine  grain. 
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Of  »epim,  Mmr$ekaMm,  or  White  Fisk-bone,  ia  the  cAlearrom  sliicld  or  sb<'l]  ob  tht 
back  of  the  euttl<t-flih.  It  oooiiiU  of  two  Imyers :  the  upper  thin,  but  Tery  compact,  while 
the  lower  is  thicker  but  porotu.  The  upper  lajer  contains,  according  to  John.  81)  p«*r 
eeot.  ealdum-earbonate  with  traces  of  phosphate,  9  gelatinous  snbfitance,  insoluble  in 
water  and  in  eold  lime-water,  4  water,  and  traces  of  magnesia.  The  lower  layer 
eoDtatns  85  ealeinm-carbonate,  with  traces  of  potash,  4  gelatinous  matter,  and  4  water, 
vith  traces  of  magnesia.  Forchhammer  found  in  Oa  sc/nm  0*10  per  cent,  magnesium- 
carbonate. 

(k  mpim  is  used  as  tooth-powder,  for  polishing,  and  for  modelling  for  fine  gold 
artidet ;  it  was  Ibnnerly  used  as  an  internal  rem^y  in  cases  of  goitre.  (Handw.  d. 
Cbem.  Tii.  889.) 

Syn.  with  Mebbschavm  (iii.  864). 

Syn.  with  SipauinrB. 

Caloareons  eobcretioos  intersected  by  veins  of  calcspar,  which,  when 
fakined  and  ground,  form  an  excellent  hydrauUe  cement. 

Syn.  with  Miloschix. 

Syn.  with  Hybistic  acid, 

(from  Strica^  silk).  A  name  proposed  by  Schlossberger  (Ann.  Ch. 
ex.  246)  for  the  fibroin  of  silk  and  of  gossamep-t breads  (ii.  644),  which,  ac- 
eoidiag  to  him,  are  identical,  but  different  firom  the  organic  matter  of  sponges,  fur  which 
be  retains  the  name  fibroin. 

Tbe  aaine  seriein  was  fonnerly  also  applied  to  myristin,  the  glyceride  of  myristic 
add  (iiu  1072),  on  account  of  its  silky  aspect. 

— MII'JMi  A  mineral  occurring  in  a  schist  of  the  TaunuB  range  in  Western 
Oemanj.  It  has  a  greenish  or  yellowish-white  colour,  silky  lustre ;  hardness  »  I ; 
specifie  gravity  «■  2'897.  Foliated  in  one  direction,  the  plates  being  vndnlated. 
xofcliates  strongly  before  the  blowpipe,  and  melts  on  the  edges  with  a  bright  Iight» 
ftnming  a  greyish  enamel.  Decompcmed  slowly  by  hydrocTiloric  acid.  Contains, 
•eeoiding  to  List  (Ann.  Ch.  Pharm.  Izzxi.  198),  1-22  per  cent,  fluorine,  0-31  phos- 
phoric anhydride,  1*59  titanic  anhydride,  60*00  silica,  23*65  alumina,  8*07  ferrous 
«oiide,  0*93  magnesia,  0*68  lime,  0*11  potash,  1*75  soda,  and  3-11  water.  It  is  dis- 
lingniibed  ftook  potssh-mica  by  its  small  amount  of  alumina.  List  regards  it  as 
idMtiflBl  with  Damourite  (ii  803). 


Satin  ipar,  Aifasspath.  A  mineral  from  Alston  Moor,  in 
Cumberland,  formerly  regarded  as  a  fibrous  arragonite,  but  belonfiring,  according  to 
O.  B*«e*a  latest  investigations,  not  to  arragonite.  but  to  calcspar.  (Handw.  d.  Chcni. 
rii.841.} 

SHMIUfa  This  name  was  given  by  Boudet  (J.  Pharm.  xiz.  291),  to  a  fat 
which  ha  obtained  by  treating  dried  olood-serum  with  ether  or  boiling  absolute  alcohol, 
and  evaporating  the  solution.  According  to  Boudet,  it  is  quite  destitute  of  oystalline 
■traetnre;  aee<»ding  to  Verdei  1  and  Marcet  (J.  Pharm.  [3],  xx.  89),  it  cr)'stalli8es 
fton  boiling  alcohol  in  nacreous  laminse.  When  once  separated  from  blood-serum,  it 
■o  longer  dusolves  in  that  liquid.  According  to  G ob  1  ey  (ibid. xxi.  241 ),  the  so-called 
•erolin  is  not  a  pure  substance,  but  a  mixture  of  several  fats  of  different  melting 
fmmtm, 

WMMUOmU  VSiUZB.  The  serous  cavities  of  the  body  (viz.,  peritoneal,  pleural, 
psricaidial,  &c.)  contain  a  small  qaantity  of  fluid,  called  serous  fluid,  from  its  general 
iCMmblancs  to  the  serum  of  blood.  A  similar  fluid,  found  in  blisters,  in  cuticular 
waidesk  and  in  the  interstices  of  conneetiTe  tissue,  is  more  generally  called  '  lymph.' 
Under  entain  morbid  conditions,  the  quantity  of  serous  fluid  m  various  parts  becomes 
WT  much  increased,  giving  rise  to  the  various  forms  of  dropsy. 

There  is  reason  to  believe  that  in  health,  and  during  life,  serous  fluid,  whether  from 
pcrimenB,  pericardium,  pleura,  or  vagina  testis,  possesses,  like  blood,  the  yrop^rtj 
of  eoagnlating  at  the  oxdiuary  temperature  when  removed  from  the  body ;  in  other 
watdm,  that  it  eontains  both  the  elements  necessaiy  for  the  formation  of  fibrin.  When, 
bowcver,  seious  fluid  is  not  removed  from  the  body  until  several  hours  after  death,  the 
power  of  spontaneous  coagulation  has  either  beoome  very  much  lessened  or  entirely 
atsappnaiea.  When  the  quantity  has  been  abnormally  Increased,  as  in  dropsies,  thye 
■pontaneous  coagulation  is  often  absent.  In  most  of  these  cases,  if  not  in  all,  coagula- 
tion (fionnation  of  fibrin)  can  be  brought  about  by  the  addition  of  blood,  or  of  a 
■ohUioo  of  globulin  (fibrinoplastin),  showing  that  oite  element  of  fibrin  (fibrinogen) 
•till  remains.  These  fibrinaiy  elements  may  be  separated  by  saturating  the  fluid  with 
sulphate  of  niuguesia  and  filttring,  in  which  process  they  are  retained  on  the  tiltiT,  nud 
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mitjbe  N«dil;  diiaolvsd  in  wat«c;  or  b/ diluting  the  fluid  with  SarlO  timaa  itabalk 
of  WBtcT,  uid  athei  puaing  carbraiic  ufaTdrido  throagli  it,  or  csntioM^  adding  a  itw 

driipi  of  dilute  acetic  acid,  coLlMting  tbo  pmdpitate,  and  diaanlTiBg  it  io  a  dilute  nlDliai 
of  ■  omtml  alkaline  ult,  or  b;  the  aid  of  a  few  diopa  of  an  extrenlelj  dilnta  lolntiiia 
of  caustic  alkali.     Seroui  Hnid,  when  freed  b;  31traCioD  from  fibrin  (if  it  hai  ben 


formed),  epitbolial  Kalsa,  &c.,  i>  dear,  ilightlj  flnoreKcnt,  of  a  yellow  or  goUta 
ntiur,  and  distinctl;  aUc^ine,  with  a  specific  gravih'  Tuyiag  from  liXM  to  I'OSS.  It 
SDtiuna,  beeidea  the  fibrinary  elements,  albumin,  &ta,  cbi^aterio  (pratagoB  1)  sngu 


D  nnfarmnntablr  subatance  reducing  euprie  aah*),  ntc*.  urie  acid,  mm  btqwoitlj 
xanthine,  Aocoiding  to  Naonyn  (Aich.  Anat.  Phja.  1866,  p.  IH),  i  iialllm,  cm- 
tinine,  and  hippnrii:  a^  are  nerer  fonnd  in  it.  The  inoiganic  salts  are  nearij  the  bbim 
as  those  of  blood-ermTn.  In  aanm*  fluid  which  had  beoome  purulent,  Kannjn  Inuid 
leucine,  ^nsiue  (guanine),  and  laotiiinr.  bat  no  tins  or  uric  acid.  In  1000  ee.  of 
peiitonnal  fluid  (ascites),  Planer  found  6fi'2  cc.  &«r,  and  48'S  cc  coobined,  eaibcaie 
anhjdiidc^  21'0  cc.  nitiogen,  and  0'14  et:.  ozjgen  (meaiured  at  0°  and  76  mm.).  Hm 
followii^  table  shows  the  ttunpoaitiaa  of  Mtoua  fluid  fiom  Ttriou  soaree*:^ — 


Hoppe  (Schmidt,  A.  Archi.  Anat  PhjB.  1861,  p.  718)  ertiniatsd,  bj  means  of  tbe 
polaHniion  apparatui,  thepereent^  of  albnmiu  in  S8  iMn  to  be  as  fbIlow« :— Hydro- 
cele: mean  of  17  cases  S'6;  pencwdium:  mean  uf  11  cases  3-0,  eaae  of  goieral 
drops;  0-7,  case  of  typhus  4*0;  peritoneum:  mean  of  6  cases  I'S,  cmse  of  general 
dropev  0-2;  pleun:  hydrothomx  1-6,  pleurisy  i-2.—Jfiitcmt  Immour,  irtiieh  maybe 
conaidaml  as  ■  serous  fluid,  contains  globulin  (flbrim^lastin)  and  bi««.  The  ttan 
contain  muciu  in  addition  to  albumin,  and  are  remHikabla  for  their  latgs  smonnt  of 
chloride  <ti  sodiiun.  H.  F. 

r,  or  JrittolocUm.  Thebittar  prindpleirftlienatof  .^riiAilKita 

CpltUe,    QfuUeNfr .-  including  PierolU*,    llarmoUif,    MelaaUe, 

WUiianuilt,  Botiettitf,  Ckn/»ota,  SparUing  AtbttUt,  Baltimorilt,  Atili^aritt.—A. 
ninara],  consistiBs  ee*''ntislly  of  hjilntad  nagnntam-ailieats,  the  magneainm  being 
l^laced,  to  a  ranable  but  usrer  very  connderBbla  amonnl,  by  iiuo  (feirosnm). 

Seipentiue  uauslljr  ocean  massive,  sometimes  foiming  entira  monnCoiD  masses;  also 
granolous,  impalpsblo,  flbrons,  or  foliated;  sometimes  in  erjstala,  appareally  tri- 
wetric ;  but  these  are  not  true  crystals  of  eerpeutine,  but  psendomoqihe  aJIrr  chiy- 
iwlite.    From  variations  in   the  proportions  of  its  constituents,  and   its   mods  af 
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tad  ftom  admixture  with  other  minmlfly  it  exhibits  nnmeRms  Tuieties, 
of  whidi  haTe  bfen  regarded  as  distinct  species :  t.g.  Picrolite,  WiUiamsite, 
Bowenite,  Antigorite,  Baltimorite,  &c 

Seipentiiie  has  usoally  a  leek-green  or  blackish-green  colour,  sometimes  nearly 
white,  beeomiag  jeUowish-grey  on  exposure ;  it  is  oft»n  spotted  or  veined,  as  in  Terd 
aDtknie  maible»  which  consists  of  serpentine  veined  with  calcic  carbonate.  Chrome- 
iron  IS  also  freooent^  disseminated  through  serpentine,  givinff  it  a  mottled  appearance 
like  the  skin  of  a  sniuLe,  whence  its  name.  Streak  white,  slisntly  shining.  Lustre  re- 
sinoos  or  gieasj,  bat  of  low  intensity :  the  fibrous  variety,  cnrysotil,  has  a  silky  lustre. 
Tranalncent  to  opaque.  Hardness  —  3  —  4.  Specific  gravity  «>  2*507  —  2*591. 
FVaetnre  eoncbroaalor  splintery.    Sectile.    Thin  fibres  flexible. 

Serpentine  hcnted  in  a  glass  tube  gives  off  water  and  often  blackens.  Before  the 
blowpipe  it  Mostly  bims  white,  and  melts  with  difficulty  on  the  sharpest  edges. 
When  polverised  it  dissolves  in  hydrochloric,  and  more  readily  in  sulphuric  acid. 

Some  aeipentines  contain  alumina,  others  are  free  from  it  In  the  following 
analyses  the  two  classes  are  distin^ished,  and  in  each  class  the  analyses  are  arranged 
aeeuiding  to  increasing  amount  of  iron : — 


L  Serpentines  not  containing  Alumina:— a.  Serpentine  from  Gulino  in 
Wennlana,  Sweden  (Mosander)*.— ^.  BowtniUy  from  Smithfleld,  Rhode  Isutnd: 
grsen ;  ine-grained;  spedfie  gravity  ■>  2*594  —  2*787  (Smith  and  Brush). — 
e.  Ssvpsntine  from  Sala,  in  Sweden  (Lychnell). — d.  WilliamsUe,  from  West- 
fheater,  Chester  County,  Pennsylvania :  green,  laminated  ;  specific  gravity  »  2*29  — 
i^  ;  aeoompanied  by  common  serpentine  and  chrome-iron  (Smitn  and  Brush). — 
«.  Ckrymitil^  from  iHewhaven,  Connecticut:  specific  gravity  «  2*49  (Brush). — 
jTPieroiite,  from  Reiehenstein,  in  Silesia:  greenish-grey  (List). — ^.  Marmolite,  from 
BUndford,  Masaachusetta  (Shepard). — h.  Serpentine,  fromWindish  Mattrey,  Kaiser- 
thnl,  in  the  Tyrol:  conchoidal;  specific  gravity  -■  2*59  (Gilm). — L  Serpentine, 
ftom  Kynaaee  Bay,  in  Cornwall  (Houghton) : 

a,           b,  c.  tf.          e»            /.           f .           A.             /. 

CarboQic  snhjrdride       0S9  lOS 

fHltca    .       .       .         4rS4  4»»  49-16  42-10  44*05  4461  40t)6  48*07  V('7i 

M^DtaiB     .                 44^  4S90  4<'26  41-.M)  39  94  39' 7A  41  40  88*04  84-^4 

F«n«MO«Me                               1*S1  9*08  9*43         9*.V8         9*63         9*70        5*71  13-AO 

NkkalMMe 0-4ft 

WalOT         •        •         19*88  19*96  19*33  19*70  13*49  12^  lft67  19_91^  19H)9 

9»1»t       98*76       99-81       99*18       99*81       99*M       99-86       99*74       98I'i 

n.  Serpentines  containing  Alumina: — a.  ChrysotU  \n  compact  serpentine, 
ffom  Abbotsville,  New  Jersey:  yellowish-white  (Reakirt). — h,  Marmolite  from  New 
JeiMj  (Garrett). — c.  WiUvamsUe  from  Westchester  (Hermann). — rf.  Chrymtil 
(itpaislinff  asbe^os)  from  Reichenstein  in  Silesia  (v.  K obeli). — r.  Noble  serpentine 
from  Fanlun  (Lychnell).—/.  Serpentine  from  the  Serpentine  Peak,  Ate  Chonire, 
between  Breona  and  Chombairain  the  Valais:  maraive:  blackish-green  (Schweizer). 
— ^.  JMtigoriU  from  the  Antignria  Valley  near  Dome  d'Oflola  (Brush). — h.  Radiated 
PieniiU  from  the  Tabeig,  Sw^en  (Lychnell). — t.  So-called  asbestos  from  the  corn- 
met  aerpentine  of  Zoblita  in  Saxony:  specific  gravity  »  2*60—  2*65  (C.  Schmidt). — 
i.  BaUtmorite  from  Bare  Hills,  Maryland  (Thomson): 

«.  ft.  c.  d.  e,  /.  f.  A.  i,  k» 

Cartmale  anhydride 8*49  .    .  1*73 

Mbea         •        .        .        .    49r»      49*82      44  AO      43*A0  41*95  44*29  41*A8  40-9i4  43*70  40*<iA 

AlnriM   ....      0-SS        006        n-75        0*40  037  l-»6  2^  0*73  2^6  I'M 

M^IBMia   ....    4»fi7      49*93      39*71      40(0  4064  86*41  36  HO  3344  29-96  34*7A 

r«iM<nlds  .                .0*97        1*28        I  39        2*06  999  4*90  7*22  A*D4  10*03  1U*05 

090 

..  ..  ..  ..  ..  1*98 

'       '.       *.    14*98      13^      irV'    Jll^P  l^'fi^  13*n  12  67  1?  «■«  1227  19*60 

V»(9    'm-jS    ITkHX)      99*7M  100*28  "iMrOO  lOU-87  Oh-CS  100  70  99*8^ 

JUl  tfaeae  analyses  may  be  approximately  represented  by  the  formula  8Mg''0.2SiO'.2H*Of 

or  ]Ii|'8iO'Jirff^iO'.2HK),  the  magnesium  being  more  or  less  replaced  by  iron,  and 
the  anica  in  the  serpentines  of  the  second  dass  partly  replaced  by  alumina.  The 
ealenlated  composition  of  a  non-aluminiferous  serpentine  is,  according  to  this  for- 
mvh^  44*14  per  cent  siHca,  42*97  magnesia,  and  12*89  water. 

Serpentine  is  frequently  a  result  of  pseudomorphic  changes.  Hornblende,  augite, 
doyaolite,  garnet^  spinel,  mica,  and  many  other  minerals  occur  thus  altered.  Rose 
kaa  fonnd  tnat  some  of  the  supposed  crystals  of  serpentine  are  partly  chrysolite,  the 
change  not  having  been  complete. 

Frscionaor  nolue  serpentines  come  from  Fahlun  and  Gulsjo  in  Sweden,  the  Isle  of  Man, 
Cfae  neighbourhood  of  rortsey  in  Aberdeenshire,  Corsica,  Saxony,  and  Siberia,  and  many 

*  For  rcfcrracrt,  tee  RatnmeUberg't  HiHeralchemie,  p.  •'•31. 
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Ipcalitios  itt  the  United  Stated  of  Amems.  SerpentuM  oate«  in  erjratala  al  Lakr 
Auschkal,  in  MiMk,  BoraoTka,  &c  Common  sezptBlUM  oocnis  at  Lbird'a  Point  in 
Cornwall,  and  many  other  places. 

Serpentine  admits  of  a  high  polish,  majr  he  tnmed  in  a  lathe,  and  is  used  for  making 
vases,  boxes,  and  yarious  ornamental  articles;  it  may  also  be  made  available  as  a 
source  of  magnesia.    (D  a  n  a,  iL  2S4.) 

ChrysotU.    (See  the  last  article.) 

Mixtures  of  serpentine  and  dolomite.  Fof 
these  and  similar  mixtures  of  serpentine  irith  calcspar,  magnesite,  A;e.,  T.  S.  Hunt 
(J.  pr.  CheoL  tsxiv.  150^  proposes  the  name  ophiolite,  di^bingnishing  them  aa  cal- 
citic,  doAoBitic,  magnetitic,  opniolitic,  &c. 

WMKfWM  *tMM  ITMf  from  Reichenstein  in  Silesia,  appears  to  be  a  soft^  somewbit 
■leatitic  alteration  of  serpentine. 

BMMMJLTUltJL  TZSTCTOSZA.  Sawwort.  A  composite  plant  of  common  oocur- 
r«*nee,  formerly  cultivated  for  its  yellow  dye,  which,  however,  is  now  seldom  used,  as  it 
\n  inferior  to  weld. 

saaVM  or  B&OOB.    See  Blood  (i.  608). 


8BTO1C  or  MX&X.     Whey.    The  opalescent  liquid  containing  milk-sugar  aad 
riotts  salts,  which  separates  when  milk  is  curdled  by  the  action  of  aeids^  renaet,  Ac 
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A  fattnr  oil  obtained  ^m  the  seeds  of  Sfsamum  oHeiUaU,  a 
plant  indigenous  in  India,  and  cultivated  in  other  warm  countries.  According  to  Lefort, 
it  has  the  composition  C'*H*'0*,  and  forms  with  bromine  and  chlorine  the  substitn- 
tion-producta  C'»H"BrO«  and  C"H"C10*.  It  is  a  non-drying  oil,  of  yeUowiah  colour, 
inodorous,  and  having  a  slight  taste  of  hemp.  Specific  gravity  »  0*9280  at  15^, 
diminishing,  with  rise  of  temperature,  by  0*00076  for  each  degree  centigrade.  At  —5° 
it  solidifies  to  the  consistence  of  palm-oil.  It  is  used  for  burning  in  uimpe,  for  soap- 
making,  and  for  adulterating  olive-oil ;  in  India  as  an  article  of  food. 

8B8&BBIA  OCBRVXAA.  Blue  Moor  Grass. — This  grats,  growing  on  the  moun- 
tains of  England  and  Scotland,  contains,  according  to  C.  Sprenger(J.  f.  techn. 
Chem.  z.  51)  in  100  pts.:  55  pts.  water,  10*1  matter  soluble  in  water,  19*0  soluble  in 
dilute  potash,  0*8  wax  and  resin,  14*9  (?)  iron.  100  pt^.  of  the  dried  plant  yield  6*67 
pts.  ash  (SprengelV,  4*6  pts.  (Hruschauer,  Ann.  Ch.  Pharm.  lix.  204).  The  ash 
contains  in  100  pts.,  after  deduction  of  carbonic  anhydride : 

I«0»    S^0«      NtG 
3*7    44*8    trace  (Sprengel) 
16-5    27*3      Z'S  (Hmschauer.) 

Preix,  denoting  one  and  a  half:  e.y,  FeK)*  or  FeO'^  sesqnioxide  of 

An  argillaceous  mineral  from  Saint^Sev^re  in  France,  where  it 
occurs  in  masses  below  tertiary  gypsum.  It  contains,  according  to  Pelletier,  50  per 
cent  silica,  22  alumina,  and  26  water,  and  appears  to  be  related  to  halloysite  and 
lenzin.  Bu^  it  is  very  difficult  to  determine  whether  a  mineral  of  this  character  is  a 
distinct  species  or  a  mixture.  Another  mineral  from  Saint-Sev6re,  exactly  resembliqg 
aeverite  in  physical  eharacters,  was  found  by  v.  Hauer  to  contain  .44*42  per  cent,  mliea 
36*00  alumina,  18*4  water,  and  0*65  lime.    (Handw.  d.  Chem.  vii.  844.) 

8BZAWO>1J]bZTB.  Breithaupt's  name  for  sulphide  of  lead)  oocurring  at  Bemeastd 
in  hexagonal  forms,  as  a  pseudomorph  after  pyromorphite.  (Jahresb.  1862,  p.  709; 
1863,  p.  796.) 

Syn.  with  Clintoiotb  (i.  1026). 

A  vegetable  £fit  obtained  in  West  Africa  from  the  nots  of 
BoMm  ParkiL  The  nuta  are  shelled,  and  the  kernels,  which  consist  almost  wholly  of  fat, 
are  beiled  with  water  and  pressed.  Shea-butter  is  greenish-white,  solid  at  common 
temperatures,  softens  at  35^,  melts  at  43° ;  dissolves  for  the  most  part  in  boiling 
alconol,  and  crystallises  on  cooling ;  also  in  ether,  and  crystallises  tnerefinom.  "Bf 
saponiiicatioD  and  decomposition  of  the  soap,  it  yields  an  acid  which  separates  in 

r)arlv  scales,  melts  at  61*1°,  and  forms  a  silver-salt  containing 54*71  percent,  carbon, 
98  hydrogen,  27*88  silver,  and  8*48  oxygen  (Thomson  and  Wood,  Phil.  Mag.  [3], 
xxxiv.  350).  According  to  Oudemanns  (J.  pr.  Chem.  Ixxxix.  205),  it  yields  29*7 
per  cent,  oleic  acid,  70*3  stearic  acid  (melting  at  69®),  but  no  palmitic  acid  or  any 
other  acid  of  the  series  C^H^O',  of  lower  atomic  weight.  Similar  results  have'^beeo 
obtained  by  Buff.    {Gmelin*M  Hajidbook,  xvl  334.) 
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<ff  SMSUb«&AO.  Lao  pnrifled  by  mehiDg  and  ftndnfaiff  (iii  451). 
Sead-lae  or  gmin-Iae  conUins,  according  to  John,  two  irains  soluble  in  alcohol,  and  an 
nuolnbl*  reau  (laecin),  beaidcs  colouring  matter,  a  bitter  principle,  and  impurities. 
Shrike  eoDtatna  two  resins  and  a  wax,  but  no  laccin.    It  is  of  yellowish-brown,  brown, 


CMility  IB  wood-spirit,  and  is  precipitated  therefrom  by  water.  It  is  perfectly  soluble 
in^  amylic  alcohol  and  valenanic  aldehyde,  moderately  soluble  in  ralerianic  acid, 
riightJy  in  aaiylie  valerate  (Trautwein).  It  dissolyea  partially  in  cold  creosote 
(Reiehenbach),  bat  slightly  in  boiling  rock-oil  (Suns sure)  and  in  benzene^ 
thmig^  benseDs  mixes  with  its  solution  in  methylic  or  ethylic  alcohol  (Mansfield)  ; 
in  14  pta.  of  aeetoae,  forming  a  thick  oily  ramish.    (Wiederhold.) 

The  blsachiag  of  nhellac  on  the  large  scale  is  effected  by  chlorine  or  its  compounds* 
but  the  beat  material  for  the  purpose  is  bone-charcoal  (Eisner),  especially  bone- 
black,  purified  by  means  of  hydrochloric  acid,  and  not  subsequently  dried  (Kraut).  A 
perfSsetiT  white  shellac,  having  a  silky  lustre,  and  completely  soluble  in  alcohol,  is 
obteined  hy^  the  following  process:  25  pts.  of  shellac  are  dissolved  in  600  pts.  of 
water  eontatning  10  pts.  of  soda ;  and  the  solution  is  mixed  with  dilute  hypoohlo- 
ffte  of  aodram  (prepared  from  30  pts.  chloride  of  lime),  and  then  with  hydrochloric 
ftdd,  M  IsBftm  the  precipitate  redissolves.  It  is  then  exposed  to  the  sun  for  a  day  or 
twiK  ikwad,  aixed  with  sulphite  of  sodium,  and  precipitated  by  hydrochloric  acid. 
{0tmiiw^s  mmdbMk,  xvii.  420.) 

■■■FABBXTB.  This  name  is  given  by  W.  Haidinger  to  the  small  brown 
seriated  prisms,  consisting  essentially  of  a  sulphide  of  chromiuin,  occurring  in  the 
netoorita  of  Biahopsville  in  South  Carolina  (iii.  981).  Shepard,  who  examined  this 
■uMtml,  eaOed  it  SckreihgrnU ;  but  this  name  belongs  to  the  phosphide  of  iron  and 
•ickel  ooeoning  in  meteoric  iron. 

8^  with  Bubellite  or  Bed  Tourmalin.    (See  TotntxAUK.) 

Varnishes  added  to  oil-paints  to  make  them  diy  quickly.  They 
art  prepand  by  boiling  linseed-oil  with  metallic  oxides,  or  salts.  Formerly  lithozse, 
■■■mm,  nrabefT,  aad  gyptum  were  employed  for  the  purpose,  but  more  recently  Uie 
«Bid«  and  salts  of  manganese  have  come  into  use  ;  they  produce  rapidly  drying  sic* 
oCivMh  tad  when  added  to  rinc-white,  do  not  introduce  any  substuce  that  can  be 
Haffcfntd  by  sulphuretted  hydrogen.  A  mixture  of  equal  parts  of  manganoua 
■ilphati^  and  acetate  with  an  eoual  quantity  of  zinc-sulphate  and  97  pta.  zinc-white- 
admd  in  the  proportion  of  one-naif  to  one  per  cent  to  the  zinc-oxide  with  which  the 
oQ-ooloiir  is  to  be  prepared,  is  said  to  efiect  the  drying  of  the  paint  in  12  hours.  A 
■iaular  mixture  is  the  siccative  rumatique  de  Barru^l,  which,  aeeording  to  Bo  Hey 
(DiagiL  poL  J.  cxli.  398\  is  made  by  mixing  from  6  to  6  pts.  of  borons  manganate 
with  06  pts.  of  zinc-white,  and  adding  to  ziuc-white  coloum  in  the  proportion  of 
2)  per  eent.    (flaadw.  d.  dhem.  vii.  846.) 

■IBA  CMMWTKTWOUULm  The  leaves  and  flowers  of  this  plant  are  used 
Medianally  in  Brazil  for  the  same  purposes  as  mallow. 


A  name  applied  to  native  ferroai  carbonate  or  spathic  iron-ore, 
to  pharmaeosiderite  or  cube-ore  (ferric  arsenate,  ii.  171 )»  and  to  a  blue  variety  of 
from  GoUing,  near  Salzbuig. 

Syn.  with  Abichite,  one  of  the  forms  of  native  cupric 

A  variety  of  calospar,  coloured  yellow  or  brewn  by  ferrio 
liydiatiL 

Breithaupf  s  name  for  a  calcareous  iron-spar  from  Radstadt  in 
Ic  gravity  «  8*41. 


This  name  is  given  by  Bahr  (J.  pr.  Chem.  liv.  194)  to 
iioa  fband  in  a  petrified  tree  on  a  fioating  inland  in  the  Ealanger  Lake  in 
ad,  Sweden.    He  tree  is  converted  into  ferrous  hydrate  (bog  iron-ore),  and  the 
IbtBS  small  grains,  probably  resulting  from  the  reduction  of  an  iron-salt^    The 
10  pOM«%  aadhaa  a  specifie  gravitv  of  6*248  to  6*497,  increased  by  hammering  to 
••#26. 


A  native  iron  from  North  America,  cont.iining  a  some- 
vkat  considerable  quantity  of  carbon.    (Tor rev,  Gfnckfrt  Grvudi^f,^  d,  Mitt.,  p.  342.) 
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titaiiie  oside  that  may  be  Dresent,  freed  from  the  strong  add  by  deeantation,  and  lastJj 
vaahed,  dried,  and  ignited:  it  ifl  then  quite  pure. 

Silica  may  likewise  be  obtained  nearly  pure  by  heatine  qnaita  or  flint  to  rednesa 
aod  qnenehing  it  in  water ;  it  is  tbna  rendered  friable,  and  may  easily  be  reduced  to  a 
flne  powder. 

Properiiea. — ^llie  physical  characters  of  natural  silica,  both  crystalline  and  amorphous, 
haTe  been  described  under  Opal  and  Quabti.  The  crystalline  variety  has  the  higher 
•pacific  graTity,  ranging  from  2*5  to  2*8,  that  of  amorphous  silica  being  between  1*9  and 
2*3.  Qnarts  is  also  very  hard,  being  capable  of  Mratching  ghiss ;  the  hardness  of 
opal  is  aomewhat  less. 

Silica,  whether  natural  or  artificial,  crystallised  or  amorphous,  requires  a  veiy  high 
temperature  to  fuse  it  In  the  flame  of  the  ozyhydrogen  blowpipe,  or  of  a  spirit-lamp 
fed  with  oiy^en  gaa,  it  melts  to  a  transnarent  glasa,  which  may  be  drawn  out  into  long 
threada.  It  is  not  voUtile  when  heated  alone,  but  it  is  said  to  Tolatilise  when  veiy 
■tiongly  beated  in  a  current  of  steam  (Gmelin's  Handbook^  iii.  355),  and  has 
been  feond  in  the  throats  of  iron-smelting  furnaces,  in  concretionary  nodules  having 
a  radio^biRraa  structure  (Scheerer;  H.  Rose,  Johresb.  1859,  p.  147).  Before  the 
blowpipe  silica  decomposes  carbonate  of  M>dium  with  effervescence,  and  melts  to  a 
^laas  which  is  perfectly  transparent^  provided  the  silica  is  pure.  In  microcosmic  salt 
itia  almoat  insoluble. 

Silica  ia  decomposed  by  potassium  at  a  red  heat,  yielding  silicide  and  silicate  of  po- 
tassium; by  carbon,  in  prt^sence  of  iron,  copper,  or  silver,  at  a  white  heat,  into  carbonic 
oxide  and  silicide  of  iron,  copper,  or  silver ;  by  hydrofluoric  acid  into  water  and  fluoride 
of  ailicon. 

Native  silica,  whether  cn-stalline  or  amorphous,  is  insoluble  in  water  and  in  all  acids 
«DDept  hydrofluoric  add ;  so  likewise  is  finely  divided  artificial  silica  after  ignition ; 
and  even  in  the  gelatinous  state,  as  separated  by  acids  from  alkaline  silicates,  it  ia 
nlmoct  insoluble  in  water  and  in  acids.  The  gelatinous  hydrate  obtained  in  the  de- 
coBpoaition  of  silicic  fluoride  by  water,  disHolves,  however,  in  a  considerable  quantity 
of  water  (Berselius).  In  alkalis  silica  dissolves  with  greater  facihty.  Freshly 
pvecipitated  unignited  silica  diasolves  in  aqueous  caustic  potash  or  soda  at  ordi- 
naiy  temperatures,  and  even  after  strong  ignition  it  dissolves  slowly  but  completely  in 
a  cold,  and  rapidly  in  a  boiling  solution  of  caustic  alkali.  The  different  kinds  of 
opal  which,  like  precipitated  sUica,  are  amorphous,  behave  in  the  same  manner  with 
alkalis.  Hyalite  aissolves  more  slowly  than  the  other  varieties  in  cold  aqueous  alkalis. 
Qnarts,  even  in  a  state  of  minute  division,  is  perfectly  insoluble  in  a  cold  solution,  and 
disBolves  but  slowly  in  a  boiling  solution,  of  caustic  alkali ;  but  under  pressure  it  dis- 
•olvea  more  easily,  forming  a  solution  of  an  alkaline  silicate. 

Finely  divided  amorphous  silica  and  gelatinous  silica  dissolve  also  to  a  slight  extent 
in  alkaline  carbonates,  which  are  only  partially  decomposed  thereby,  and  deposit  the 
nlica  again  on  cooling  in  the  form  of  an  opalescent  jelly,  containing  a  small  quantity  of 
the  alkalL  It  appears  to  be  owing  to  the  solubility  of  silica  in  alkaline  carbonates, 
that  almoat  all  spnng  and  river  waters  contain  minute  quantities  of  silica  in  solution. 
When  the  action  of  the  alkaline  liquid  is  aided  by  a  hieh  temperature,  as  in  the 
Gcjaera  of  Iceland, very  large  quantities  of  silica  are  dissolved ;  and  as  the  liquid  cools, 
the  silica  ia  deposited  on  the  sides  of  the  basin,  or  as  petrifications  on  bodies 
contained  therein. 

JfydraUa  of  Silica. — Silica  is  precipitated  from  solutions  of  alkaline  silicates  by 
adds,  in  the  form  of  a  gelatinous  hydrate,  which,  as  already  observed,  is  nearly  in- 
•olnUe  in  water  and  in  acids.  If,  however,  a  dilute  solution  of  an  alkaline  silicate  be 
poored  into  a  considerable  excess  of  hydrochloric  acid,  the  whole  of  the  silica  is 
retained  in  solution,  but  may  be  precipitated  by  gradually  neutralising  the  acid  with 


From  the  solution  of  alkaline  silicate  in  excess  of  hydrochloric  acid,  Graham  (PhiL 
TVnas.  1861,  p.  204)  obtains  a  pure  solution  of  hydrate  of  silica  by  subjecting  the 
Iiq[Qid  to  dialysis  in  a  hoop-dialyser  of  parchment-paper  (iii.  716).  If  a  stratum  of 
li^aid  A  of  an  inch  in  depth  be  subjected  for  fqur  or  five  days  to  dialysis,  changing  the 
water  u  the  outer  vessel  at  intervals  of  24  hours,  the  hydrochloric  acid  and  the 
aolnble  dilorides  difhse  so  completely  into  the  water,  that  the  liquid  in  the  dialyser  no 
longer  gi^ea  a  precipitate  with  nitrate  of  silver. 

A  sointion  may  be  thus  obtained,  containing  5  per  cent,  of  silica,  and  by  boiling  it 
down  in  a  flask,  it  may  be  concentrated  till  the  quantity  of  silica  reaches  14  per  cent. ; 
in  open  yessels  it  is  apt  to  gelatinise  on  the  edge,  and  the  whole  then  solidifies.  The 
sointion  is  tasteless,  limpid,  and  colourless,  with  a  feeble  acid  reaction,  rather  (rreator 
than  that  of  earbonic  acid;  100  pts.  of  silica  require  1-85  pts.  of  potash  (KK))  to 
aeuttalise  their  acid  reaction  upon  litmmt.  The  solution  is  not  easily  preserved  for 
nany  daya^  aa  it  becomes  converted  into  a  solid  transparent  jelly,  which  shrinks  and 
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gires  up  wnter  even  in  closed  reieeli.  The  coagulation  is  retarded  by  hjdrochlorie 
acid,  and  by  small  quantities  of  caustic  potash  or  soda.  Sulphuric,  nitric,  and  acetic 
acids  are  without  action  on  the  solution,  but  it  is  slowly  coagulated  by  a  few  bubblee 
of  carbonic  acid.  Its  coagulation  is  also  effected  in  a  few  minutes  by  the  addition  of 
T  i^  P'^  ^^  *^J  alkaline  or  earthy  carbonate  in  solution,  but  not  by  caustic  ammooii, 
or  by  its  salts,  either  neutral  or  acid.  Alcohol,  sugar,  gum,  and  caramel  are  without 
action  on  it,  l)ut  solutions  of  gelatin,  soluble  alumina,  and  soluble  ferric  oxide  (iii.  717) 
immediately  cause  a  gelatinous  precipitate :  when  solution  of  silica  is  gradually  added 
to  solution  of  gelatin  in  excess,  the  precipitate  formed  consists  of  100  pta.  silica  and 
92  pts.  gelatin. 

The  solution,  evaporated  at  15*5^  in  a  yacuum,  leaves  the  silica  in  the  form  of  a 
transparent  glassy,  very  lustrous  hydrate,  containing,  after  two  days'  exposure  over 
oil  of  vitriol,  21*99  per  cent  water,  which  agrees  neany  with  the  formula  H'O.SiO'  or 
H*SiO*.      (See  also  Addihonb,  p.  1088.) 

Other  hydrates  of  silica  have  also  been  obtained,  but  it  is  difficult  to  fix  their  com- 
position exactly,  as  silica  easily  loses  a  portion  of  its  water,  even  at  low  temperatures, 
and  is  moreover  very  hygroscopic  Ebelmen  (Ann.  Ch.  Phys.  [3]  xvi.  129),  b^  the 
action  of  moist  air  upon  silicic  ether,  obtained  a  transparent  glassy  hydrate,  contaming 
3HK).2SiO'.  Doveri  (ibid.  xxi.  40),  by  dr3ring  ordinary  gelatinous  silica  in  vacuo 
over  oil  of  vitriol  at  ordinary  temperatures,  obtained  a  hydrate,  which  had  the  compo- 
sition 2H>0.3SiO^  and  save  o£f  half  its  water  at  100^.  Fuchs  (Ann.  Ch.  Pbarm. 
Ixxxii.  1 19),  by  drying  gektinous  silica  (prepared  bv  passing  gaseous  fluoride  of  ailicium 
into  water)  over  oil  of  vitriol  for  30  days,  obtained  the  hydmte  H*0.3SiO',  containing 
9*1  to  9*6  p(^r  cent,  water ;  and  by  drying  it  at  100^  for  18  days  he  obtained  another 
hydrate  containing  6*6  to  6*7  per  cent,  water,  agreeing  with  the  formula  H'O.iSiO*. 

A  veiy  white  and  light  hydrate  of  silica  occurs  abundantly  in  certain  beds  situated 
at  the  base  of  the  chidk-formation,  between  the  upper  greensand  and  the  gault.  The 
proportion  of  hydrated  silica  in  these  deposits  vanes  greatly,  ranging  firom  6  to  as  much 
as  72  per  cent.,  and  being  most  abundant  in  the  upper  portion  of  the  deposit. 

SZ&ZCATB8,  A&COBO&ZC.    See  Snjcxc  Ethrbs. 

SZXiZCATXS,  MXTA&&ZC.  These  salts  occur  abundantly  as  natural  minerals, 
constitating  in  fact  the  greater  part  of  the  earth's  crust.  Many  silicates  may  also  l^e 
produced  artificially,  by  fusing  siHca  with  metallic  oxides,  or  with  carbonates,  sul- 
phates, and  other  salts  contaimng  volatile  acids.  Some  of  the  products  thus  obtained 
are  exactly  similar,  in  crystalline  form  and  other  characters,  to  natural  minerals  of  the 
same  composition.  Some  silicates,  as  those  of  potassium  and  sodium,  are  exclusively 
artificial  products.  (On  the  artificial  formation  of  silicates,  see  Lefort^  J.  Pharm. 
[3],  xxxix.  110 ;  Jahresb.  1861.  p.  205.  H.  Deville,  Oompt.  rend.  liv.  824  ;  Jahresb. 
1862,  p.  138.    6.  V.  Ammon,  Jahresb.  1862,  p.  138). 

The  silicates  exhibit  great  diversity  of  composition.  Those  which  occur  as  natural 
minerals  contain  proportions  of  metallic  oxide  and  silica^  included  between  the  follow- 
ing limits : 

«.  For  MiMts  oontaining  only  mon- )     4M*0  { g-Q,  ^     »P0  |  jgjQ, 
stomic  and  diatomic  metals  )  or  4M  0  (  or  M  0  ( 

fi.  For  silicates  containing  triatomic  metals:  2RH)*.Si0',  and  BK)*.6Si0*. 

Some  of  the  artificial  silicates  contain  larger  proportions  of  acid ;  thus  by  fusing 
silica  with  the  carbonates  of  potassium  and  sodium  in  the  proper  proportions,  tetra- 
silicates,  KK).4SiO^  and  NaK).4Si0*,  are  produced ;  potasn  is  also  said  to  form  an 
octo^ilicate,  K*0.8SiO*. 

The  following  table  exhibits  the  composition  of  the  several  groups  of  natural  sili- 
oates,  together  with  the  ratios  of  the  quantities  of  oxygen  contained  in  the  base  and 
acid  (SiO*)  in  each  case.  The  symbol  M  in  the  table  denotes  'x  monatomic  metal :  the 
substitution  of  equivalent  quantities  of  diatomic  and  triatomic  metals  is  eaaOj  made^ 
the  formula  in  the  latter  case  sometimes  requiring  to  be  multiplied  by  three:— 
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Tho  dibasic  silicateB  in  which  the  oxygen-ratio  is  1  :  1,  are  regarded  an  normal  or 
orthosilicates,  and  from  these  the  mono-  or  metasilicates  may  be  derived  bj  sbatractioii 
of  1  at  M'O.  These  two  groups,  together  with  the  sesqiiisilicates  (2  :  3),  include  the 
most  numerous  and  important  of  the  natural  silicates.  Many  of  the  ordinary  Tarietiet 
of  glass  may  be  approximately  represented  by  mixtures  of  silicates  of  potjuwriuin, 
sodium,  calcium,  &c.  belonging  to  the  group  of  disilicates. 

Hydrated  silicates  may  be  referred  to  one  or  other  of  the  preceding  groups,  aeoord- 
ing  as  more  or  less  of  their  water  is  r^:arded  as  ba8ic:  thus  dioptase  may  be 
formulated  either  as  a  hemisilicate,  Cu'W3iO\  or  as  a  hydrated  monosilicate, 
Cu"SiO'.H'0.  In  like  manner  okenite,  representeid  in  the  above  table  as  a  hydrated 
disilicate,  Ca^Si'O'.H'O,  may  also  be  formulated  as  a  monosilicate,  (Ca'B«)Si^. 

Most  silicates  are  fusible,  and  their  fusibility  is  increased  by  mixture  with 
each  ether :  those  which  contain  readily  fusible  oxides  melt  at  the  lowest  temperatures, 
and  in  general  the  most  easily  fusible  silicates  are  those  which  contain  tne  laigest 
proportion  of  base. 

All  silicates  are  insoluble  in  water,  excepting  the  silicates  of  the  alkali-metals,  which 
dissolve  with  greater  facility  in  proportion  as  they  contain  a  larger  quantity  of  base. 

Some  silicates  are  entirely  decomposed  when  pulverised  and  treated  widi  hydro- 
chloric or  nitric  acid,  the  bases  being  dissolved  and  the  silica  being  sometimes 
separated  in  a  pulverulent  or  gelatinous  form,  sometimes  dissolved  either  wholly  or  in 
part,  the  solution  then  yielding  a  jelly  on  evaporation.  Sulphuric  acid  diluted  with 
a  small  quantity  of  water,  likewise  decomposes  the  greater  number  of  silicates  when 
reduced  to  powder.  Some  silicates,  on  the  contrary,  resist  the  action  of  all  addi 
except  the  hydrofluoric.  In  general  silicates  are  more  easily  decomposed  by  acids ; 
the  stronger  the  bases  contained  in  them,  the  less  the  silica  predominates,  and  the 
larger  the  proportion  of  water  present:  on  this  account  many  silicates  containing 
water — zeolites  for  example— lose  their  solubilitv  in  hydrochloric  acid  after  i^ition. 
All  silicates  without  exception  become  soluble  m  dilute  hydrochloric  ornitneadd: 
after  fusion  with  from  3  to  5  times  their  weight  of  hydrate  or  carbonate  of  potassium 
or  sodium,  or  with  carbonate  of  barium,  strontium,  or  calcium,  or  with  oxide  of  lead; 
they  become  completely  disintegrated,  and  the  solution  yields  on  evaporation,  first  a  jelly 
and  then  a  drv  residue,  of  which  the  part  Which  is  insoluble  in  hot  hydrochloric  arid 
exhibits  the  characters  of  silica.  Anaalusite,  cyanite,  staurolite,  and  zircon,  require  a 
full  white  heat  to  disintegrate  them  perfectly  with  an  alkaline  carbonate,  and  are 
more  readily  acted  on  by  hydrate  of  potassium.  From  the  native  silicates,  whether 
simple  or  double,  which  contain  potash,  soda,  or  lithia,  the  alkali  may  be  separated 
by  igniting  them  with  lime,  and  treating  the  ignited  mass  with  water.  With  man^, 
however,  as  in  the  case  of  nepheline,  leucite,  natrolite,  analdme,  and  ehabasite,  it  u 
suflicient  even  to  ignite  them  by  themselves,  and  afterwards  boil  them  in  a  finely 
divided  state,  with  milk  of  lime,  or  to  digest  them  with  it  for  a  lonser  time  in  the 
cold.  Clays  treated  in  this  manner  likewise  give  up  to  water  the  smaU  proportion  of 
potash  or  soda  wliich  they  contain ;  and  if  they  nappen  to  be  rich  in  carbonate  of 
calcium,  they  merely  require  to  be  digested  in  water  after  ignition.  Volcanie  rocks, 
such  as  phooelitic  lava,  give  up  the  potash  or  soda  they  contain  by  digestion  with 
milk  of  lime,  even  without  previous  ignition. 

Silicates  heated  with  fiuor-spar  and  ail  of  vitriol  in  a  platinum  Teasel,  evolve 
gaseous  fluoride  of  silicon,  which,  when  the  vessel  is  covered  with  moistened  felt, 
deposits  upon  it  white  flakes  of  hydrate  of  silica. — ^The  same  gas  is  evolTed,  with 
effervescence,  when  a  silicate  in  the  state  of  powder  is  immersed  in  a  stronff  solution 
of  hydrofluoric  acid.  Microeosmic  salt  in  the  blowpipe-flame  withdraws  the  base  from 
the  silicates,  and  sets  the  silicic  acid  free.  The  product  is  a  translucent,  blistered 
mass.  When  a  small  quantity  only  of  the  microeosmic  salt  is  used,  the  mass  diflbses 
itself  through  the  silicious  crust;  when  the  quantity  of  flux  is  larger,  the  silica  fioats 
in  the  fused  bead.  When  only  a  small  quantity  of  silica  is  present,  the  glass  is  clear 
while  fused,  but  becomes  turbid  on  cooling :  with  still  less  silica  however  it  remains 
transparent  (Berzelius). — Silicates  heated  with  carbonate  of  sodium.  bef(Hre  the 
blowpipe,  expel  the  carbonic  acid  with  effervescence.  The  silicates  of  the  alkali-metals 
and  of  most  of  the  heavy  metals  3rield  a  transparent  glass ;  those  of  the  earth -metals 
yield  sometimes  a  cletir  and  sometimes  a  turbid  glass,  according  to  the  proportions  of 
silica  and  of  base.  If  the  silica  contains  at  least  twice  as  much  oxrgen  as  the  earthy 
I'ase,  the  latter  is  dissolved  in  the  glass  by  the  agency  of  the  silica,  and  the  glaoi 
remains  clear.  If  the  compound  contains  less  silica,  it  yields  a  clear  glass  with  a 
comparatively  small  proportion  of  sodic  carbonate ;  Imt  with  a  larger  proporti(»i,  it 
forms  a  turbid  glass,  and  with  a  still  larger  quantity  an  infusible  slag;  for  the  greatvr 
the  amount  of  soda,  the  greater  also  is  the  quantity  of  the  earthy  base  which  is  separated 
by  its  action.     (Berzelius.) 
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QMrnaUatHm  Analy&U  rf  Silicates,    EsHmation  of  Silica, 

For  the  umljmB  of  lilicatei  which  are  completely  deoompoeed  by  acids,  it  is  snfficient 
to  boil  the  finely  polTeriaed  minetal  with  strong  hydrocnloric  acid  as  long  as  any- 
thing oontinnes  to  diaeolye,  then  cTaporate  to  dryness,  and  boil  the  residue  with 
water  containing  hydrochloric  acid:  this  will  dissolre  ererything  excf^ptin^  the 
■ilica,  which  may  then  be  washed,  dried,  ignited,  and  weighed.  The  liquid  filtered 
from  the  silica  contains  the  basea  of  the  mineral,  which  may  be  separated  by  the  usual 
methoda. 

To  enanre  the  complete  separation  of  the  silica,  it  must  be  perfectly  dried  before 
boiling  it  with  the  acidulated  water.  Now  to  ensure  this  complete  drj'ness,  it  is 
neceeaary  to  heat  the  silica  somewhat  aboye  the  temperature  of  the  water-bath,  the 
desiccation  being  completed  over  a  sand-bath  or  a  lamp.  In  doin^  this  it  sometimes 
happena  that  too  much  heat  is  applied,  and  in  that  case  a  portion  of  the  bases,  especially 
alumina  and  ferric  oxide,  may  also  be  rendered  insoluble  in  the  dilute  acid.  To 
obnate  thia  sonrce  of  error,  the  dried  residue  must  be  moistenrd  all  over  with  strong 
bydxochloric  add,  then  left  to  stand  for  half  an  hour,  and  afterwards  boiled  with  water. 
Ererything  will  then  dissolve  excepting  the  silica. 

Silicates  which,  like  felspar,  resist  the  action  of  hydrochloric  acid,  are  decomposed 
by  Aiaion  with  an  alkaline  carbonate.  The  mineral,  very  finely  powdered,  is  mixed  in 
a  platinum  crucible  with  three  or  four  times  its  weight  of  ary  carbonates  of  sodium; 
or  Detter  with  a  mixture  of  the  carbonates  of  potassium  and  sodium  in  equivalent 
propoftions,  which  fuses  more  readily ;  the  platinum  crucible  is  heated  to  bright 
rednesa  ftir  about  twenty  minutes  in  a  gas  furnace  (ii.  784,  789),  or  placed  within  an 
cATthen  cracible  half  filled  with  carbonate  of  magn^ium,  and  neated  in  an  ordinary 
coke  ftamace ;  the  fused  maas,  when  cold,  is  removed  from  the  crucible  by  digestion  in 
dilute  hydrochloric  acid  with  the  aid  of  heat ;  the  whole  is  evaporated  to  dryness ; 
tiM  ailiea  separated ;  and  the  bases  are  determined  as  above. 

Some  native  ailicates,  as  zircon,  cyanite,  cymophane,  &c.,  are  decompos<>d  with  difficulty 
br  fnaion  with  alkaline  carbonates,  requiring  a  very  strong  heat  continued  for  a  long 
time.  In  these  cases  the  decomposition  may  be  facilitated  by  the  addition  of  a 
fragment  of  potassic  or  sodic  hydrate,  which  however,  to  avoid  injuring  the  crucible, 
must  be  introduced  into  a  cavity  made  in  the  middle  of  the  mixture  of  silicate  and 
carbonate,  after  it  has  been  heated  for  a  short  time,  not  sufficiently  to  melt  it,  and 
■olidly  pressed  down  into  the  crucible. 

By  these  processes,  not  only  the  silica,  but  all  the  bases  of  a  silicate  may  be  deter- 
mined, excepting  the  alkalis.  To  determine  these,  the  mineral,  reduced  to  an  almost 
impalpable  powder,  is  veiy  intimately  mixed  with  five  times  its  weight  of  pure 
tmirhtmate  ofcalcium^  and  the  mixture  exposed  in  a  platinum  crucible,  protect^  Sji 
above,  to  the  strongest  heat  of  an  air-fiimace  or  a  blast  gas-furnace  (ii.  785)  for  about 
half  an  hoar.  The  mass,  which  is  not  fused,  but  sintered  together,  is  then  digested 
m  dilate  hydrochloric  acid ;  the  silica  separated  as  before ;  the  greater  part  of  the 
Ume  and  likewise  the  bases  of  the  silicate  precipitated  by  carbonate  of  ammonium  and 
free  ammonia ;  the  filtrate  evaporated  to  dryne6.s,  and  the  emmoniaral  salts  expelled  by 
qmition;  the  residue  redissolved  in  water;  the  remainder  of  the  lime  precipitated 
hy  oxalate  of  ammonium;  and  the  ammoniacal  salts  again  expelled  by  evaporation 
and  lotion.  The  residue  then  contains  nothins  but  the  chlorides  of  the  alkali-metals 
SDti  magnesium,  if  that  substance  was  contained  in  the  mineral.  Carbtmate  of  barium 
may  also  be  used  instead  of  carbonate  of  calcium,  and  the  excess  of  barium  removed 
by  sulphuric  add. 

Another  method  of  obtaining  the  alkalis  in  a  silicate,  is  to  decompose  it  with 
kjfdrofiuorie  acid  aided  by  a  gentle  heat  The  acid  must  be  added  by  small  portions 
to  the  finely  pulverised  mineral  contained  in  a  platinum  dish,  till  the  action  ceases 
and  the  whole  is  reduced  to  a  pasty  mass.  This  mass  is  tlien  heated  with  strong 
aalphuric  add,  which  expels  fluoride  of  silicon  and  hydrofluoric  acid ;  the  residue  is 
beated  to  low  redness  to  expel  the  excess  of  sulphuric  acid ;  the  dry  mass,  when  cold, 
isBMnstened  with  strong  hydrochloric  acid,  and,  after  standing  for  about  half  an  hour, 
digested  with  water.  The  whole  then  dissolves,  provided  the  decomposition  by  the 
liydroflnoric  add  has  been  complete.  The  solution  contains  the  alkali  and  the  other 
bases  in  the  state  of  sulphates. 

ffuaride  of  ammonium  may  also  be  used  instead  of  hydrofluoric  acid:  it  acts  more 
•netgetically,  and  decomposes  certain  silicau>s  which  offer  considerable  resistance  to 
the  action  <rf  hydrofluoric  add.  The  finely  pulverised  mineral  is  mixed  in  a  platinum 
dish  with  seven  times  its  weight  of  the  ammonium-fluoride,  and  made  up  into  a  paste 
with  a  small  quantity  of  water.  The  mixture  is  gently  heated  fur  some  time  in  order 
to  diy  it  completely,  then  to  dull  redness  till  it  no  longer  gives  off  any  vapour.  The 
dry  mass  is  treated  with  sulphuric  acid,  the  excess  of  that  acid  oxpi'lk'd  hy  evaporation, 
■ad  ths  residao  digested  with  water.     The  whole  then  dissolves  if  the  decomposition 
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has  been  complete ;  in  the  contrary  case  a  residue  is  left,  which  must  be  again  treated 
with  fluoride  of  ammonium.  Nearly  all  silicates  yield  to  this  treatment;  sircou, 
however,  is  not  completely  decomposed  by  it,  and  must  be  treated  with  carbonate  and 
hydrate  of  sodinn  as  above  descrioed.  (H.  Rose,  TraiU  ds  Ckimie  analyHquetilSBT,) 

Estimation  of  Water  and  other  volatile  eubetancee  in  Silicates. — The  water  in  most 
hvdrated  silicates  is  easily  estimated  by  heating  the  pulverised  mineral  to  redness  in  a 
platinum  crucible,  the  whole  of  the  water  being  then  driven  o£f  without  any  further 
alteration  of  the  silicate.  Some  silicates,  however,  eudase  and  idocrase  for  example, 
retain  their  water  with  great  force,  parting  with  it  only  at  very  high  temperatures.  In 
such  cases  it  is  best  to  expose  the  miner^  to  au  intense  heat  in  a  current  of  pure  and 
dry  air.  Idocrase  gives  up  its  water  only  when  heated  nearly  to  its  meltiug-point,  and 
at  the  same  time  evolves  a  small  quantity  of  carbonic  acid,  sidficient  to  produce  a  consi- 
derable doud  in  baryta-water,  but  not  large  enough  for  quantitative  estimation.  Some 
silicates  contain  small  quantities  of  organic  matter  as  well  as  water,  and  when  strongly 
heated  in  a  current  of  hydrogen,  give  off  water  containing  empyreumatie  products  and 
ammonia :  this  is  especiallv  the  case  with  pitchstone.  ^e  quantity  of  carbon  may  be 
determined  bv  ignition  with  oxide  of  copper,  as  in  organic  analvsis,  and  the  amount  of 
hydrogen  at  the  same  time,  if  the  mineral  does  not  also  contain  water  ready  formed; 
but  if  water  is  also  present,  and  is  given  off  only  at  the  same  temperature  as  the 
organic  matter,  the  determination  becomes  very  difficult.  The  emerald  contains  water 
and  likewise  a  small  quantity  of  organic  matter,  to  which  its  colour  is  due. 

In  some  silicates  there  are  other  constituents  to  be  estimated  besides  water,  silica, 
and  metallic  bases.  Thus  datholite  and  botryolite  contain  boric  add;  tourmaline 
contains  boric  acid  and  fluorine ;  sodalite  and  ittnerite  contain  chlorine ;  cancrinita 
contains  carbonic  acid ;  haiiyne  and  ultramarine  contain  chlorine  and  sulpdinr ;  many 
silicates  contain  fluorine  and  phosphoric  add;  titanic  acid  also  is  of  freqnent  occur- 
rence in  silicates. 

1.  Boric  acid. — The  methods  of  analysing  borosilicates  have  been  already  given  nndar 
BoBON  (i.  631). 

2.  Chlorine. — Most  silicates  contuning  chlorine  are  easily  decomposed  by  adds.  To 
analyse  them  they  are  treated  with  cold  nitric  add  of  specific  gravity  1  '2,  whidi  either 
dissolves  them  completely  or  separates  a  portion  of  the  silica  in  the  gelatinous  form ; 
in  the  latter  case  more  water  must  be  added,  and  the  liquid  left  at  rest  till  the  separated 
silica  has  settled  down.  The  dear  solution  is  then  treated  with  nitrate  of  silver,  the 
predpitated  chloride  of  silver  is  left  to  settle  down  in  a  cool  place,  then  collected  on  a 
filter,  and  treated  in  the  usual  way  (i.  904).  The  excess  of  silver  is  predpitated 
by  hydrochloric  acid,  the  filtrate  evaporated  to  dr^ess  to  separate  the  sibca,  and  the 
analysis  completed  in  the  same  way  as  for  other  sihcates.  I^rrosmalite,  which  contains 
chlorine,  is  not  easily  decomposed  by  adds :  its  decomposition  may  however  be  effected 
by  digesting  it  for  several  days  with  dilute  nitric  ada,  at  a  moderate  heat,  the  flask 
being  corked  to  prevent  escape  of  chlorine ;  or,  better  perhaps,  by  fusion  with  an 
alkaline  carbonate.     (H.  B  o  s  e. ) 

3.  Fluorine. — A  great  number  of  silicates  contain  fluorine,  though  often  only  in 
small  quantity.  Such  silicates  which,  for  the  most  part,  are  not  decomposed,  or  onlj 
incompletely  decomposed  by  acids,  are  analysed  by  fusing  them  with  four  times  theff 
weight  of  alkaline  carbonate,  and  boiling  Uie  fused  mass  with  water.  The  whole  of 
the  fluorine  then  dissolves  in  the  form  of  alkaline  fluoride,  together  with  a  certain 
portion  of  the  silica  and  alumina  in  the  mineral.  The  insoluble  matter  is  collected  on 
a  filter  and  washed,  first  with  pure  water,  then  with  water  containing  carbonate  of 
ammonium.  To  separate  the  silica  dissolved  in  the  alkaline  filtrate, the  liquid  is  mixed 
with  an  alkaline  solution  of  zinc-carbonate,  which  is  added  as  long  as  a  predpitats 
continues  to  form;  then  evaporated  to  dryness,  and  the  dried  mass  treated  with  watei; 
which  leaves  the  whole  of  the  silica  undissolved,  together  with  oxide  of  sine  The 
insoluble  residue  is  then  to  be  treated  with  nitric  acid,  the  silica  separated  by  evapo- 
ration to  dryness,  &c.,  and  weighed.  The  liquid  filtered  from  the  silicate  of  one 
contains  the  whole  of  the  fiuorine,  as  fluoride  of  sodium.  The  fluorine  is  predpitated 
from  it  by  chloride  of  caldum,  and  estimated  as  fluoride  of  calcium  (iL  674). — ^Tha 
insoluble  residue  left  on  treating  the  original  fused  mass  with  water,  contains  the 
greater  part  of  the  silica,  together  with  the  bases.  It  is  treated  with  hydrochlotie 
arid,  the  silica  separated,  and  the  bases  determined  in  the  usual  way,  the  silica  thus 
obtained  being  of  course  added  to  the  quantity  predpitated  by  the  zinc-eolution.  (H. 
Kose,  Trait^  de  Chtmie  anal^ique,  ii.  890.) 

4.  Phosphoric  acid. — When  silicates  containing  phosphates  are  deoompoaed  dther 
by  acids,  or  fusion  with  alkaline  carbonates  and  subsequent  treatment  with  hydio- 
chloric  acid,  the  whole  of  the  phosphoric  acid  is  found  in  the  acid  liquor,  and  may  be 
separated  firom  the  bases  and  estimated  by  the  methods  already  given  (iv.  646). 

When  phosphoric  add  and  fiuorine  occur  together  in  a  silicate  which  is  easfly 
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dMonpodUe  hj  adds,  and  conUim  no  bnsei  except  the  alkalii,  the  mineral  is  decom- 
piled dt  ni*rieaeid,  the  liquid  ia  uturated  with  ammonia,  without  previous  sepii  rat  ion 
uf  the  ailiea,  an  ammoniacal  solution  of  sinc-oarbonate  is  added,  and  the  whole  is 
tnraporated  to  dnrneaa  orer  the  water-bath.  The  dried  mass  is  then  treated  with  water, 
which  diHiolTca  the  alkaline  fluoride  and  nitrate,  learint^  a  residue  of  phosphate  and 
silicate  o(  cine,  together  with  excess  of  zinc-oxide.  The  fluorine,  silica,  and  phosphoric 
•eid  are  then  determined  as  aboTe  described. 

Tf,  on  the  other  hand,  the  silicate  contains  alkaline  earths,  and  especially  lime, 
then,  whether  it  is  deoomposible  by  acids  or  not^  it  must  flrst  be  fused  with  four  times 
its  wvight  of  m  mixture  of  potaasic  and  sodic  carbonates.  The  fused  mass  is  treated 
with  water,  and  alter  complete  disintegration,  the  liquor  is  flltered.  The  filtrate  con- 
tains the  whole  of  the  fluorine  and  part,  of  the  phosphoric  add  and  silica  in  the  form 
of  alkaline  salts,  while  the  residue  is  composed  of  alkaline  silicate,  together  with  calcic 
silicate  and  phoaphate,  calcic  phosphate  nevsr  being  completely  decomposed  by  fusion 
with  i^lfci^lin*  carbonate.  The  filtrate  is  treated  wiUi  an  ammoniacal  solution  of  rinc- 
earbonata,  and  eraponted  to  dr^'uess,  and  the  residue  is  treated  with  water,  which 
diasolres  all  the  alkaline  fiuoride,  leaving  the  silica  and  phosphoric  acid  as  zinc-salta. 
The  remainder  of  the  analysis  is  the  same  as  above. 

5.  Sulpkur  mnd  Sulphuric  acid. — Silicates  containing  sulphates  are  decomposed  by 
hydrochloric  add,  or  by  fusion  with  alkaline  carbonate ;  and  from  the  acid  solution 
obtained,  in  the  former  case  directly,  in  the  latter  by  treating  the  fused  mass  with 
hydrochloric  acid,  the  sulphuric  acid  is  preduitatcd  by  chloride  of  barium. 

When  anlphur  is  present  in  a  silicate  in  combination  with  a  metal,  it  may  be 
Oixidised  to  sulphuric  add  by  the  action  of  fuming  nitric  acid,  or  of  hydrochloric  add  and 
chlorate  of  potassium,  or  by  fusion  with  a  mixture  of  alkaline  carbonate  and  nitrate. 
When  the  sulphur  is  present,  partly  as  sulphate,  partly  as  sulphide,  the  quantity 
cziMing  in  the  latter  form  may  sometimes  be  determined  by  heating  the  pulverised  mine- 
xal  witii  hydrochloric  add,  passing  the  sulphydric  acid  thereby  evolved  into  a  solution 
of  copper,  collecting  the  precipitated  sulphide  of  copper,  and  treating  it  as  described 
noder  CopFm  (ii.  67).  The  liquid  remaining  in  the  flask  is  then  filtered  to  separate 
the  silica,  and  the  sulphur  originally  existing  in  the  mineral  as  sulphuric  acid  is  dete^- 
Biiiied  by  precipitation  with  a  barium -salt. 

(L  Thntaie  and  Niobie  acids. — In  silicates  containing  these  adds  (which,  however, 
aio  of  very  rare  occurrence^,  the  quantity  of  silicon  may  be  estimated  by  treating  the 
compoand  with  hydiofluone  acid,  then  adding  sulphuric  acid,  and  heating  till  the 
whole  exceaa  of  the  latter  is  expelled.  The  quantity  of  silica  may  then  be  estimated 
by  loaa.  This  method  howevejr  is  not  very  exact,  because  small  quantities  of  tantalum 
And  niobinm  are  liable  to  be  also  driven  off  as  fluorides.  A  better  method  is  to  fuse 
the  mineral  in  a  silver  crudble  with. three  times  its  weight  of  sodium-hydrate,  and 
treat  the  fused  mass  with  water,  which  dihsolves  all  the  silicon  as  sodic  silicate, 
IcaTiaff  tantalate  or  niobate  of  sodium  undissolved.     (H.  Kose.) 

7.  Titamie  mcid. — The  best  method  of  treating  silioo-titanates  is  to  heat  them  with 
fluoride  of  ammonium,  and  afterwards  with  sulphuric  acid,  in  the  manner  alreiidy 
described  (p.  245).  The  whole  of  the  silicon  is  then  expelled  as  gafteous  fluoride,  and  a 
residue  is  obtained  completely  soluble  in  water,  containing  the  bases  as  sulphates, 
together  with  the  titanic  acid,  which  must  be  separated  and  estimated  by  proces^ser  to 
be  described  hereafter  (H.  Rose).    See  TrrANiuif. 

SUicaU»  eontaintHg  only  Monatomie  and  Diaiomie  Metals :  Silicates  of  Protoxides. 


of  tbm  AlkaU-metala. — Silicate  of  Ammonium  is  not  known  in  the 
•olid  state.  Aqueous  ammonia  dissolves  a  large  quantity  of  freshly  precipitated  silica. 
Carbonate  of  ammonia  dissolves  it  but  sparingly. 

The  silicates  of  potassium  and  sodium  resemble  each  other  so  closely  that  it 
will  be  convenient  to  describe  them  together.  They  contain  various  proportions  of 
add  and  base,  and  are  all  more  or  less  soluble  in  water,  those  which  contain  the  largest 
propoitions  of  alkali  dissolving  the  most  easily. 

^Hie  alkaline  ailicates  are  prepared  either  by  fusing  silica  with  the  hydrates,  carbo- 
nates, nitrates,  or  other  salts  of  the  alkali-metals  containing  volatile  adds,  or  by 
boiling  flint,  sand,  &&,  with  strong  solutions  of  the  caustic  alkalis  under  pressure. 
When  1  part  of  sib'ca  is  fused  with  2^  pts.  carbonate  of  potassium,  or  wiUi  1}  pt. 
anhydrous  carbonate  of  sodium,  a  transparent  glass  is  prodooed  consisting  of  an  alka- 
line monoailicate,  KH)J3iO^  or  NaH).SiO'.  These  salts  deliquesce  in  the  air  and 
diMoWe  readily  in  water,  forming  an  alkaline  solution  called  liquor  silicum.  When  a 
strong  solution  of  this  monoailicate  is  treated  with  hydrochloric  or  nitric  acid,  the 
greater  part  of  the  silica  is  precipitated  iu  gelatinous  flocks,  a  certain  quantity  however 
always  remaining  dissolved:  but  if  the  solution  of  the  silicate  be  largely  diluted,  and 


248  SILICATES  OF  ALKALI-METALS. 

a  quantity  of  hydrochloric  acid  added  sufficient  to  give  it  a  Btrong  acid  reaction,  no 
precipitate  is  formed,  but  the  whole  of  the  silica  renmins  dissolved. 

Alkaline  silicates  containing  a  larger  proportion  of  silica,  but  still  with  a  sufficient 
quantity  of  alkali  to  make  them  completely  soluble  in  water,  are  denominated  "  watn*- 
glasB."  These  salts  are  prepared  on  the  manufacturing  scale,  and  applied  to  lerend 
purposes  in  the  arts. 

Fuchsof  Munich,  who  first  proposed  them  for  economical  use,  adopts  the  following 
processes : — 

1.  To  prepare  potash  water-glass,  a  mixture  of  15  pts.  pulverised  quartz  or 
sand,  10  pts.  of  well  purifif^  pearksh,  and  1  pt.  of  powdered  charcoal,  is  ignited  for 
five  or  six  hours  at  a  temperature  equal  to  that  required  to  melt  common  glass.  The  pro- 
portions of  silica  and  alkali  used  are  about  sufficient  to  form  a  tetrasilicate,  K'0.43iO', 
allowing  for  impurities  in  the  pearlash.  The  use  of  the  charcoal  is  to  facilitate  the 
decomposition  of  the  alkaline  carbonate,  and  decompose  any  sulphuric  add  that  may 
be  present.  The  fused  mass  is  then  left  to  cool,  pulverised,  and  boiled  with  6  times 
its  weight  of  water  in  an  iron  pot  for  three  or  four  hours,  the  water  being  renewed  as 
it  evaporates.  After  the  whole  is  diiisolvi  d,  the  boiling  is  continued,  so  as  to  concen- 
trate the  solution  to  a  specific  gravity  of  1*24  to  1*26.  In  this  state  it  is  sufficiently 
liquid  to  be  used  in  many  operations,  but  in  some  cases  it  requires  to  be  diluted  and 
in  others  to  be  evaporated  to  a  syrupy  consistence.  If  it  contains  any  sulphide  of 
potassium  (arising  £rom  decomposition  of  the  sulphate  by  the  charcoal),  a  small  qnan* 
tity  of  oxide  of  copper  or  lithurge  must  be  added  to  convert  it  into  hydrate,  a  certain 
excess  of  which  renders  the  water-glass  better  adapted  for  many  purposes.  If,  however, 
a  perfectly  saturated  silicate  is  required,  the  saturation  may  be  ensured  by  boiling  ths 
liquid  with  recently  precipitated  silica.  The  solution,  purified  as  just  described,  is 
left  to  cool  and  darifv,  the  vessel  being  well  closed  to  prevent  access  of  air.  The 
clear  liquid  is  then  decanted  from  the  deposit  (which  makes  a  good  manure),  ai^ 
stored  in  carboys ;  or  it  may  be  evaporated  to  a  jelly  and  packed  in  tinned  iron 
vessels. 

Water-glass  may  be  obtained  in  the  solid  state  by  mixing  the  concentrated  solution 
with  about  one-fourth  of  its  volume  of  rectified  spirit;  a  gelatinous  precipitate  is 
thereby  formed,  which  contracts  strongly  in  a  few  days,  and  is  deposited  in  a  solid 
mass ;  and  if  tiie  supernatant  liquid  (containing  alkaline  carbonates,  chlorides,  and 
sulphides)  be  decanted,  and  the  deposit  slightly  washed  and  squeezed,  the  water-glass 
is  obtained  in  the  solid  state,  and  consisting,  according  to  Fucns,  of  potassic  tetrasili- 
cate,  K'0.4SiO',  perfectly  soluble  in  water.  According  to  Forchhammer,  however, 
the  alcohol,  even  in  the  act  of  precipitation,  and  still  more  during  the  subsequent 
washing,  withdraws  a  portion  of  the  alkali,  until  the  residue  consists  of  octosilicate, 
K'O.SSiO',  which  is  not  completely  soluble  in  water.  AccordingtoFr^my  (Jahresb. 
1856,  p.  353),  the  salt  precipitated  from  a  solution  of  potassic  silicate  by  alcohol,  has 
the  composition  2K'0.9SiO*.aq. ;  and  the  sodic  silicate  obtained  in  like  manner  if 
2NaK).9SiO^20aq.;  according  to  Lefort  (Und,  1861,  p.  206),  both  the  salts  thus  pre- 
dpitated  have  the  composition  2M*0.9SiO'.aq. 

2.  Soda  water-glass  is  prepared  in  a  similar  manner,  the  proportions  being 
45lbs.  of  quartz,  23rb9.  anhydrous  carbonate  of  sodium,  and  Slbs.  of  charcoal:  this 
gives  a  product  baring  nearly  the  composition  2Ka'0.5SiO*:  it  fuses  more  readily 
than  the  potash-glass.  Acooiding  to  Buchner,  soda  water-glass  may  be  prepared  mors 
economically  by  means  of  sodic  sulphate,  in  the  proportion  of  100  pts.  quarts,  60  pts. 
anhydrous  sodic  sulphate,  and  15  to  20  pts.  charcoal-aust. 

By  dissolving  the  product  obtained  by  either  of  these  processes  in  boiling  water,  and 
saturating  it  with  recently  precipitated  silica,  it  mav  be  converted  into  the  tetrasilicate 
Na^0.4SiO'.  Rectified  spirit  does  not  predpitate  uda  compound  so  completely  as  the 
potash-glass,  but  merely  converts  it  into  a  gelatinous  mass:  in  solutions  not  com* 
pleiely  saturated  with  sihca,  or  slightlv  diluted,  it  forms  a  predpitate. 

3.  Double  water-glass. — Potash  and  soda  water-glass  are  misdble  in  all  propor- 
tions. Normal  double  water-glass,  containing  equivsJent  quantities  of  potash  and 
soda,  may  be  obtained  bv  fusing  together  100  pts.  of  quartz  and  121  pts.  of  sodio- 
potassie  tartrate  (Bochelle  salt) ;  or  more  cheaply  by  ^sing  a  mixture  of  potassie 
and  sodic  nitrates  in  equivalent  proportions  with  the  corresponding  quantity  of  quartz, 
or  100  pts.  quartz,  28  pearlash,  22  anhydrous  carbonate  of  sodium,  and  6  powdered 
charcoal.  This  mixture  fuses  more  readily  than  any  of  the  preceding.  A  solution  of 
double  water-glass  suitable  for  all  practiod  applications,  may  likewise  be  prepared  by 
mixing  3  measures  of  concentrated  potash  water-glass  with  2  measures  of  oonoentrated 
soda  water-glass. 

Soluble  silicates  may  also  be  obtained  by  boiling  silica  with  solutions  of  caostie 
alkalis  lud^  pressure.  The  following  process,  patented  in  1844  by  Mr.  Ransome  of 
Ipswich,  is  essentially  the  same  as  that  adopted  by  Euhlmann  of  LiUe : — 100  lbs.  of 
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cryitiUiMd  lodie  euixmAte,  or  60  lbs.  of  pearlaah,  are  dissolved  in  about  50  gallons  of 
water,  and  the  solution,  after  being  rendered  caustic  by  means  of  lime,  is  reduced  to 
the  bulk  of  20  or  25  gallons  by  heat.  This  caustic  ley  is  then  introduced  together 
with  100  IbsL  of  finely  broken  flints  or  other  convenient  silicious  substance,  into  an 
iron  boiler  or  digester,  and  the  mixture  is  heated  with  frequent  sgitation  for  ten  or 
twelve  hours  up  to  a  pressure  of  about  60  lbs.  to  the  square  inch.  \Vlien  the  mixture 
is  sufficiently  inoorporated,  it  may  be  passed  through  a  sieve  to  separate  any  undis- 
solved matter. 

The  soluble  silicates  prepared  by  differont  manufEicturers  differ  considerably  in  com- 
position, seldom  exhibiting  that  of  a  tetrasilicate.  Of  the  following  samples—  a  is 
■oda  water-glass  from  the  manufiictory  of  Seibel  at  Liesing ;  6,  soda  water-^ass  from 
Munich ;  e,  potash  water-glass  from  Kuhlmann*s  fiictory  at  Lille : — 

Water  .        .    65-829  SS'eO  0'689 

Silica.  .        .     22-258  44*64  63000 

Soda  .  .     11-178  16*25 

Potash  ....  .     .  34-400 

a  has,  approximately,  the  composition  of  a  disilicate ;  5  that  of  a  |-silicato ;  c  that  of 
ft  trisilicate. 

Solid  or  ftised  water-glass,  when  pure,  has  the  appearance  of  ordinary  glass,  and 
disaolres  slowly,  but  completely,  in  boiling  water ;  it  becomes  insoluble  only  when  the 
proportion  of  silica  is  considerably  increased.  A  concentrated  solution,  containing 
28  per  cent,  of  the  alkaline  silicate,  is  syrupy,  somewhat  turbid,  and  has  a  density  of 
about  1*25.  After  evaporation  at  a  high  ti'mperature,  it  becomes  very  tenaciou-o,  and 
may  be  drawn  out  into  threads  like  melted  glass.  The  solution  is  decomposed  by 
aeuh,  even  by  carhonic  acidt  the  silica  being  separated  in  the  gelatinous  form.  On 
exposure  to  the  air,  it  becomes  covered  with  a  tough  skin,  which  disappears  when 
thrust  beneath  the  liquid.  During  evaporating  to  dryness,  it  must  be  kept  constantly 
boiling,  to  prevent  access  of  carbonic  acid.  Alkaline  carhonatett  and  chlorides,  especially 
sal-ammoniac  juvcipitate  silica  from  the  solution.  Baryta,  atrontia,  lime,  alumina,  and 
iokU  of  lead  decompose  it,  removing  the  whole  of  the  silica  and  a  portion  of  the  alkali 
IB  the  ftrm  of  a  double  silicate.  Nearly  all  the  soluble  salts  of  the  earth-metals  and 
hcftvy  metals  likewise  produce  precipitates  cousistine  of  double  silicates.  Phosphate  of 
tlummhtm^  tsAcarbonate,  phosphate,  and  sulphate  of  lead  triturated  with  a  solution  of 
water-f^sss,  yield  a  tenacious  mass,  which  acquires  a  stony  hardness  on  exposure  to 
the  sir.    Pkoephate  of  calcium  is  not  decomposed  by  it. 

UttM  ofJlkaline  Silieates. — 1.  As  cements,  and  for  hardening  and  preserving  stone. — 
The  soluble  silicates  may  be  applied  in  various  ways  for  imparting  solidity  to  loose 
structures.  This  effect  is  due  sometimes  to  a  chemical  action  between  the  soluble 
silicate  and  the  porous  material,  resulting  in  the  formation  of  an  insoluble  silicate  or 
doaUs  silicate — sometimes  to  the  gradual  decomposition  of  the  alkaline  silicate,  result- 
ing in  ^[rest  measure  from  the  action  of  atmospheric  carbonic  acid,  and  the  consequent 
deposition,  between  the  particles  of  the  porous  material,  of  a  mass  of  solid  silica  which 
binds  them  finnly  togetner.  Ransome,  in  1845,  patented  a  process  for  the  application 
of  a  soluble  siliote  Sa  combining  small  coal  into  blocks,  and  for  preserving  wood  from 
fire  and  decay. 

The  action  of  soluble  silicates  on  calcium-compounds  is  of  particular  importance. 
Water-glass  sets  rapidly  when  mixed  with  slaked  lime,  and  slowly  dries  up  to  a  hard 
Bass,  consisting  of  a  double  silicate  of  calcium  and  the  alkali-metal,  on  which  water 
has  DO  action.  A  piece  of  chalk  immersed  in  a  solution  of  alkaline  silicate,  absorbs  it, 
and  on  drying  becomes  nearly  as  hard  as  marble.  Pulverised  chalk  or  marble  is 
also  converted  by  water-glass  into  a  hard  compact  mass ;  magnesian  limestone  is 
rendered  still  harder.  This  effect  is  due  either  to  a  combination  of  the  alkaline  sili- 
cate with  the  calcic  carbonate,  resulting  in  the  formation  of  a  compound  similar  to  can- 
erinits  (i.  734),  or  to  a  double  decomposition  resulting  in  the  formation  of  calcic  silicate, 
which  then  unites  with  the  undecomposed  portion  of  the  carbonate;  perhaps  both  these 
aetioDS  take  place  together.  The  siliflcation  of  limestones  is  greatly  facilitated  by 
healing  them  with  the  silicious  solution  under  pressure.  Sulphate  of  calcium  is.acted 
upon  1^  soluble  silicates  in  the  same  manner  as  carbonate,  but  the  resulting  mass  is 
less  compact,  in  consequence,  chiefly,  of  the  greater  rapidity  of  the  action ;  a  more 
dilute  switaon  must  therefore  be  used,  so  as  to  render  the  action  slower. 

These  rasctions  of  the  soluble  silicates  have  been  successfully  applied  by  Ransome, 
KnUmann,  and  others,  to  the  production  of  artificial  stone  for  building  and  oma- 
BBental  purposes,  and  to  the  preservation  of  the  stone  of  buildings  actually  constructed. 
To  prepare  artificial  stone,  a  concentrated  solution  of  water-glass  is  mixed  with  sand, 
bcDften  fiiuts,  pieces  of  marble,  &c.,  sometimes  with  addition  of  cream  of  lime ;  the 


250  SILICATES. 

whole  being  sabjected  to  pressure  in  moulds,  and  afterwards  dried  in  an  OTen.  BjUiii 
means  stone  of  great  hardness  is  obtained,  and  in  some  cases  is  capable  of  reoeiTing  a 
fine  poIiHh. 

For  hardening  building  stones,  and  protecting  them  from  the  action  of  acid  Tapoon, 
Kuhlmann  employs  a  solution  of  silicate  of  potassium.  Silicate  of  sodium  produ(rei 
the  same  effect,  but  is  said  to  give  rise,  after  a  while,  to  unsightly  efBoiescences.  The 
solution  is  applied  with  a  brush,  or  sprinkled  on  the  walls  of  the  building  by  means  of 
large  syringes  with  rose  nozzles.  The  alkaline  sib'cate  being  gradually  decomposed 
by  the  action  of  the  carbonic  acid  in  the  air,  a  coating  of  silica  is  deposited  on  the 
stone,  which  protects  it  from  further  atmospheric  action.  This  procem  is  said  to  have 
been  successfully  applied  at  the  Louvre  ana  the  cathedral  of  Notre  Dame  in  Paris,  and 
to  several  buildings  in  other  towns  of  France.  In  the  moist  climate  of  England, 
however,  the  application  of  alkaline  silicates  in  this  manner  is  attended  with  very 
uncertain  results,  the  liquid  coating  being  liable  to  be  removed  from  the  surfiice 
by  rain,  or  even  by  the  ordinary  humidity  of  the  air,  before  it  has  time  to  absorb  suf- 
ficient carbonic  acid  to  precipitate  the  silica  in  an  insoluble  form.  This  inconvenience 
may  be  obviated,  and  a  mucn  more  compact  silicious  coating  obtained,  bjjr  washing  the 
suiface  of  the  building  first  with  a  solution  of  alkaline  silicate,  and  then  with  a  solution 
of  chloride  of  calcium,  whereby  an  insoluble  silicate  of  calcium  is  formed,  possessing 
strongly  cohesive  properties  and  perfectly  indestructible  by  atmospheric  influences. 
This  process  was  patented  by  Mr.  Kansome  in  1866,  and  is  said  to  have  been  applied 
with  good  effect  to  many  public  buildings. 

2.  Another  veiy  important  application  of  the  alkaline  silicates  is  to  the  art  of  Mural 
Painting.  In  ordinary  fresco-painting,  as  is  well  known,  the  picture  must  be 
executed  as  soon  as  the  coat  of  stucco  is  laid  upon  the  walls,  and  finished  before  th« 
stucco  is  drv ;  moreover,  it  cannot  be  afterwards  retouched.  Now  by  working  on  a 
surface  of  plaster  prepared  with  a  solution  of  water-glass,  it  is  found  that  this  incon- 
venience is  completely  obviated — that  the  painter  can  work  at  his  leisure,  and  retouch 
the  work  as  often  as  is  found  desirable.  The  first  experimenta  on  this  subject  were  made 
by  Fuchs,  who  designates  this  kind  of  mural  painting  bv  the  name  stereochromy. 

Two  methods  of  siUcious  painting  have  been  proposed:  one  by  Fuchs,  in  whidi 
the  colours,  ground  up  with  water,  are  laid  upon  a  prepared  suiface  and  afterwards 
fixed  with  a  silicious  solution ;  the  other  by  Kuhlmann,  in  which  the  oolours  are 
ground  up  with  the  alkaline  silicate.  In  Fuchs'  method  the  wall  is  first  coated  with 
a  layer  of  ordinary  lime-mortar  containing  a  rather  large  proportion  of  sand  of  medium 
fineness ;  and  on  this,  when  drv,  is  laid  a  second  coating  of  ume-mortar  prepared  with 
rain  or  distilled  water,  and  well-washed  sand  of  greater  fineness  than  that  used  for  the 
first  coating.  This  when  ^  is  impregnated  with  a  solution  of  double  water-g^ass 
clarified  with  liqrwr  aUieum  (p.  247),  and  diluted  with  an  equal  bulk  of  water.  This 
solution  is  applied  twice,  allowing  time  for  the  first  washing  to  dry. 

In  his  latest  essay  on  the  subject,  however,  Fuchs  reoommentu  the  preparation  of 
the  upper  layer  with  water-glass  cement — that  is  to  sav,  water-glass  intmiatelv  mixed 
with  pounded  marble  or  dolomite,  or  quartz-sand  mixea  with  alittie  dry  slakea  lime— 
the  water-glass  being  used  in  such  quantity  as  to  give  the  mass  the  consisteocs 
of  ordinary  mortar.  The  sur&oe  having  been  prepared,  the  painting  is  executed  upon 
it  with  mineral  colours  ground  up  with  pure  water ;  and  when  it  is  finished,  the 
oolours  are  fixed  by  washing  or  sprinkling  the  surfkce  with  "  fixing  water-fflass," 
consisting  of  a  mixture  of  4  or  5  measures  of  concentrated  water-glass  saturated  with 
silica,  and  1  measure  of  concentrated  liquor  nlicum  (monoeilicate  of  sodium),  the 
mixed  liquid  being  diluted  with  half  its  bulk  of  water.  Paintings  thus  executed  srs 
found  to  possess  great  durability  and  power  of  resisting  destructive  infiuences. 
Plates  of  earthenware,  tiles,  and  liUiographic  stone  impregnated  with  water*g^as8  may 
also  be  used  as  grounds  for  silicious  painting. 

In  Kuhlmann's  method,  the  colours  are  ground  up  with  the  silicious  solutiQii, 
and  consequentiy  do  not  require  so  much  preparation  of  the  painting  sround,  or  so 
much  care  in  fixing.  In  painting  upon  stone,  stucco,  glass,  &c.,  the  oolours,  sround 
with  water  and  kept  in  a  pasty  state,  are  immediately  mixed  with  a  suicionf 
solution  of  15^  to  20^  Bm.,  and  applield  exactiy  as  in  oil  or  distemper  painting^ 
except  when  the  stone  is  very  porous,  in  which  case  it  is  best  to  silicify  tne  stone 
before  applying  the  colours,  to  prevent  too  rapid  desiccation.  For  glass  and  earthen- 
ware the  silicious  solution  must  be  more  concentrated.  The  silicious  oolours  may 
also  be  used  for  painting  on  wood,  provided  it  is  not  impregnated  with  resin.* 

3.  The  alkaline  silicates  are  also  used  to  mix  with  soap,  forming  **  silicated  so^m,** 


•  For  a  more  detailed  account  of  the  preceding  appllcatloas  of  mluble  silfcatei,  we  a  paptr  br 
_  u  ch  •  in  Ka$tner*»  Archive*  ^  Natural  PhilowBhy.  r.  385—412  ;  Journal  (J  tke  Sodshi  itf  ArU,  vn. 
A3I — ^32 ;  mIoo  a  pamphlet  bjr  K  ii  h  I  m  an  n,  rntitfed  SiUcati$ation,ou  avplicatinns  deh  Silicate*  mtlmhte* 


mu  durcuaemeni  de*  pierre*  pomue*,  ttc.   Paris  loSS ;  alto  Richardson  and  Watt's  Ckemkmt  Ttehutlngg, 
Fart  iT.,  pp.  69—104  j  r.  pp.  348,  M'i 
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vhidi  poMH  Toinrivl  d«Cfligent  propnties,  and  are  ezteniiTely  manvfactiired  for 
the  deutfiiig  of  inooUeiis,  &e.    (See  Soap.) 

4.  A  tolatioii  of  silicate  of  sodium,  as  nearly  neutral  as  possible,  and  having  a 
specific  grantjof  1*53,  is  now  very  generally  used  as  a  substitute  for  cowdung  in 
|ttt|paring  moidanted  calico  for  dyeing. 

The  siDoates  of  potassium  and  sodium  unite  with  the  silicates  of  calcium,  lead,  and 
oth«r  mtiiila,  forming  the  several  varieties  of  glass.  These  double  silicates  are  more 
fusible  than  either  of  their  component  Himple  silicates,  and  require  a  smaller  quantity  of 
•ilica  to  render  them  capable  of  resisting  the  action  of  water  and  adds.  The  ordinary 
imrieties  of  glass  contain  2,  3,  or  sometimes  4  atoms  of  silica  in  proportion  to  1  atom 
of  bnae ;  common  bottle-glass,  prepared  with  impure  materials,  also  contains  alumina 
and  oxide  of  iron.  Bohemian  glass-tubing  consists  of  potassio-caldc  trisilicate, 
42fK«O.JSiO*)        .    .        ,  -       ,.       1  .    J.    r    4      <Na«0.2SiO«    ^    ,    i        r 

}3(CV0.3SiO-V'  ^      ^'^T2(KH)1^\'^)^''  '  1  Ca''0.2SiO« '  ^^^H^^of 

potaasio-plnmbie  diailicate,  j  3}pu''Q  oSiO^V  ^^*    ^^^  Qt>^Ba,  ii.  840.) 

The  alkaline  silicates  do  not  occur  alone  as  natural  minerals ;  neither  do  they  enter 
frequently  into  the  composition  of  silicates  containing  only  protoxides  without 
alamina  or  ferric  oxide :  in  fact,  there  are  only  two  such  minerals  into  which  the 
alkali -metals  can  be  said  to  enter  in  definite  proportions  —viz.,  apophyllite,  which 
in  a  potasno-calcie  silicate,  and  pectolite,  which  is  a  sodio-caldc  silicate  (iv.  i362). 
Some  varieties  of  augite  and  hornblende  contain  indeed  small  quantities  of  a  kali, 
but  its  presence  appears  to  be  due  to  alteration,  resulting  from  the  action  of  alkaline 
waters.  On  the  other  hand,  double  silicates  containing  sesquiozides  (alumina  and 
ferric  oxide)  and  alkalis  are  of  frequent  occurrence,  and  constitute  important  mineral 
•pecin,  the  Selspan  and  micas  for  example. 

gniaatea  of  Bmrlmii.  One  part  of  silica  heated  to  whiteness  forms,  with  3 
parte  of  baryta,  a  pale-green  solid  mass,  soluble  in  adds  (Vauquelin).  Lefort 
(Jahreeb.  1861,  p.  206),  by  precipitating  a  dilute  neutral  solution  of  a  barium- 
salt  with  a  dilute  solution  of  the  salt  2NaK).9SiO*  (p.  243),  obtained  a  trisilicate  of 
barium,  Ba'O.SSiO'.SH'O ;  v.  Ammon  (ibid,  1862,  p.  140),  by  precipitation  with  sodio 
Bionoailieats,  obtained  the  salt  Ba"O.SiO.* 

MMwitas  pf  CSalotnm.  The  compounds  2Ca''O.SiO*,  2Ca"0.3SiO*,  Ca''0.2SiO*, 
sad  Ga^CSSiO*,  are  produced  by  exposing  mixtures  of  quartz  and  marble,  in  the 
proper  proportions,  to  the  fbll  heat  of  a  smith's  force :  the  first  docs  not  fuse,  but 
merely  bakea  together ;  the  other  three  are  more  fusible.  A  silicate  of  calcium  is  pre- 
cipitated on  mixing  a  solution  of  any  calcium-salt  with  silicate  of  potassium  or 
■odiam  (p.  249).  Lefort  obtained  by  predpitation,  as  above,  the  salt  2Ca''0.9SiO*.3HK) ; 
▼.  Ammon  obtained  the  monosilicate  Ca'O.SiO'. 

Silicate  of  cairinm  forms  the  essential  constituent  of  hydraulic  mortars  which 
hsideo  onder  water.  This  kind  of  mortar  is  produced  by  mixing  pure  lime  slaked 
lo  a  paste  with  water  and  silica  or  silidous  materials  in  such  a  state  that  the  silica 
eaa  anite  with  the  lime  in  the  wet  way.  A  mixture  of  lime  with  pounded  quartz  or 
tae  sand  does  not  harden  under  water.  Such  a  mixture,  in  foct,  constitutes  ordinary 
mortar,  which  hardens  only  on  exposure  to  the  air,  partly  by  diying,  partly  from 
ahsoipdo&of  carbonic  acid.  But  if  pounded  opal  or  predpitated  silica  be  substituted 
te  tbiB  qaarts,  combination  takes  place,  and  the  mixture  hardens  under  water.  More 
esmplete  hatdening  is,  however,  obtained  by  mixing  lime  with  certain  silicious 
minefals,  called  natural  cements — viz.,  the  pozzolana  of  Naples  and  other  volcnnie 
difltricta  (it.  724),  the  tufa-stone  (called  trass  in  the  pulverised  state)  found  abun- 
daaftfy  in  Talleys  in  the  North  of  Ireland,  among  the  schistose  formations  on  the 
bankaof  the  Rhine,  and  at  Mooheim  in  Bavaria, — also  pumice,  basalt-tuff,  and  slate-clay. 
All  these  substances  consist  mainly  of  hydrated  silicates  of  aluminium  with  a  laif^e 
propofCion  of  silica  and  smaller  quantities  of  lime,  magnesia,  oxide  of  iron,  and 
*lfc*lMi  Tafa-fltone  contains  67*0  percent,  silica,  16*0  day,  2*6  lime,  1*0  magnesia,  7*0 
potash,  1*0  soda,  6  oxides  of  iron  and  titanium,  and  9*6  water.  When  any  of  these 
materials  aremixed  with  lime  and  water,  silicate  and  aluminate  of  calcium  are  formed — 
somedmes  also  silicates  of  magnesium  and  iron,  which  assume  a  stony  hardness,  ^farl, 
which  is  a  mixture  of  clay  with  carbonate  of  calcium,  furms  a  natural  hydraulic  lime- 
stone. It  is  beet  adapted  for  the  purpose  when  it  contains  1  pt^  of  clay  to  3  pts.  of 
calcic  carbonate.  When  such  a  mixture  is  ignited,  silicate  and  aluminate  of  calcium 
are  fanned,  and  the  pulverised  product  hardens  readily  under  water.  If  the  clay  is  in 
much  smaller  proportion  than  the  above,  a  cement  must  be  added  after  burning  and 
slaking  the  lime ;  if,  on  the  other  hand,  tlie  marl  contains  too  much  clay,  pure  dbked 
lime  must  be  added.  The  silidous  nodules,  or  se^taria,  found  in  the  Isle  of  Sheppey 
and  elsewhere  on  the  English  coast,  which  consist  of  silidous  day  intersected  by 
T«ins  of  calcspar,  also  yield  when  calcined  a  hydraulic  mortar,  known  as  Roman 
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eemtnt.  ArtificuJ  mixtures  of  chalk  or  lime  with  clay  or  pnlTeriaed  flint,  yield 
similar  products  when  burnt  in  a  kiln.  (See  GmelirCt  Handboox,  iii  890 ;  and  Uret 
Dictionary  of  ArU,  &c.  iii.  200.) 

Natural  Silicates  of  Calcium,— a.  Mononlicate  or  MetasUieate,  Ca*SiO*  »  Ca"O.SiO*, 
Wollastonite,  or  Tabular  Spar,  occurs  in  monodinic  crystals  (of  specific  grarity 
«3  2*78 — 2*9,  and  hardness  «>  4*5— >5)  in  the  Bannat,  at  Pargss  in  Finland, 
Konigsberg  in  Norway,  on  the  Castle  flock,  £dinburgh,  in  basalt,  and  in  laya  at  Capo 
di  Boye,  near  Rome. 

fi.  Sesquisilicate,  2Ca''0.3SiO*.!H*0.  This  is  essentially  the  composition  of 
gyrolite  or  gurolite  (ii.  963). 

Disilicate,  Ca:'SiH)K2mO  ^  Ca''0.2SiO«.2H»0.    Okenite  (iv.  191). 

Silieo-boraU  of  Calcium,  Ca^Si^CCa^E'C^,  occurs  witli  1  at  water  as  datholite 
(ii.  305),  and  with2at.  water  as  botryolite  (i.  651). 

mico-titanate  of  Calcium^  Ca"Si«0'.2Ca''TiO»,  occurs  as  sphene  {q.  ».) 

SiUeate  orCeriaiii«  2Ce''O.SiO'.  Cerite  (i.  831)  has  this  compontion,  the  cerium 
being  partly  replaced  by  lanthanum,  didymium,  calcium,  and  iron. 

SUloate  of  Cobalt.  The  aqueous  solution  of  potassic  or  sodic  disilicate  forms  a 
beautiful  blue  precipitate  with  cobalt-salts  (Fuchs).  The  solution  of  the  tetrasilicate 
forms  no  precipitate. 

SUioates  of  Copper,  a.  Monosilicate. — Two  cupric  minerals  are  known  having 
the  composition  of  cupric  monosilicate  with  different  proportions  of  water — viz.,  diop- 
tase,  Cu"SiOMI«0  (already  described,  ii.  335),  and  chrysocolla,  Cu''SiO».2HH). 
The  latter  occurs,  accompanying  other  copper  ores,  in  Cornwall,  Hungary,  and  oth<ur 
locadities,  in  botryo'idal  or  massive  forms,  also  encrusting  and  disseminated.  Hardness 
B  2—3.  Specific  gravihr  *>  2 — 2*238.  It  has  a  mountain-green  or  bluish-green 
colour,  passing  into  sky-olue,  with  vitreous  or  earthy  lustre,  and  is  translucent  in 
various  degrees,  or  opaque.  Fracture  conchoidaL  Bather  sectile ;  translucent  varie- 
ties brittle. 

Analyses  of  Chrysocolla, — a.  From  Stromsheien  in  Satersdalen,  Norway  (Scheerer, 
Fogg.  Ann.  Izv.  289). — b.  From  Lake  Superior  (Rammdsberifs  MineralcMemie,  p. 
351): 

SiO<.  CuO.  Fe*OS.  CaO.  MgO.  11*0. 

a,  3514         4307  1*09  .    .  20*36    -     9966 

b.  32-55         42-32  163  1*76  106  20*68    «   100 

The  formula  CuO  Si0^2H'0  requires  34*83  silica,  44*82  cupric  oxide,  and  20*35  water. 

Plattner's  KupferblaUy  from  the  Herrensegen  mine  in  Baden,  containing  45*5  per 
cent,  cupric  oxide,  also  belongs  to  this  place. — A  more  highly  hydrated  cupric  mono- 
silicate, containing  Cu"SiO'.4H'0  (according  to  N or d en skiold,  31*45  per.  cent.  SiO', 
37*31  CuO,  0*40  FeO,  and  3118  water),  occurs  at  Nischne-Tagilsk  in  Siberia:  it  gives 
off  about  three-fourths  of  its  water  at  100^. 

The  chrysocollas  of  Sie^en  and  of  Canaveilles  near  Prades  in  the  Pjrrenees,  also  the 
blue  copper  from  the  Tur)inian  mines  in  the  Ural,  are  mixtures  of  cupric  silicate  and 
carbonate. — Copper  pitchblends,  a  brown  scoriaceous  mineral  firom  the  same  mines, 
is  a  mixture  of  chrysocolla  and  brown  hematite ;  a  similar  mineral,  firom  Zomelahuacsn 
in  Mexico,  has  the  composition  of  a  hydrated  cupric  disilicate,  Cu0.2SiO'.4H'0,  mixed 
with  brown  haematite. 

fi.  Sesquisilicate,  2Cu''0.3SiO*.6H'0  ?— This  appears  to  be  the  oompo«ition  of  a 
mineral  from  Somerville,  New  Jersey,  analysed  by  Berthier,  and  from  Qiili,  analysed 
by  Kittredge : 

SiO*.  CuO.  FeO.       CaO.       MgO.  H>0. 

New  Jersey  35*4  85*  1 28*5     -    990 

ChiU  4009        27  97      4*94       1*49       0*78        24*73  -  100 

The  formula  requires  40*89  SiO*,  3508  CuO,  and  24*03  water. 

Among  cupric  silicates  must  also  be  enumerated  demidoffi  te,  a  mineral  occurring 
as  a  thin  blue  coating  on  malachite  at  Nischne-TagiUk,  and  containing,  according 
to  Nordenskiold,  10*22  per  cent.  P0»,  31*35  SiO»,  3314  CuO,  3*15  MgO,  0*5  AlK)*, 
and  2 3  03  water.     (Rammelsber^s  Miner alchemie,  p.  633.) 

Silloate  of  Dldymliim.    See  CBRm  (i.  831). 

Ferrous  SiUeatos.— a.  Fe-SiO^  -  2Fe''O.SiO*.— This  is  the  composition  of 
Fayalite  or  iron-chrysolite  (ii.617);  also,  approximately,  that  of  some  of  there- 
finery-slags  obtained  in  the  conversion  of  cast  into  malleable  iron  (iiL  361),  and 
in  the  refining  of  coarse  copper.     (Gmdv/Cs  Handbook,  v.  278.) 

/9.  Monosilicate,  Fe"SiO'    *  Fe"0.8iO'. — Grunerite,   an   asbestiform    mineral 
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from  CoUobritot,  haa  this  oompositioD. — ^A  black  angite  from  Axendal,  specifie 
graTity  «  3*467,  ia  a  ealdo-ferroua  monosilicate,  containing,  aocording  to  Wolff  (J. 
pr.  Ghem.  xzziT.  236).  47*78  per  cent.  SiO^  23-96  GaO,  and  2701  FeO,  agreeing  nearly 

with  the  fbrmnla  J^^Iq  i  SiO'. 

y,  TetratHioaii  f  A  solntion  of  ferrous  chloride  in  less  than  2,500  pts.  of  water 
giTea  a  grflyiah-green  precipitate  with  tetraailicate  of  sodium.    (Walker.) 

■meat—  of  XantHaimm      See  CsRin  (i.  381). 

Mtllif  t—  of  fcomd.  SilicA  inelta  with  lead-oxide  to  a  yellow  glass.  Silicafta  of 
lead  is  also  precipitated  on  adding  ammonia  to  silicofluoride  of  lead. — ^A  honmlicate 
rfltad  ia  obtained  by  fusing  112  pts.  lead-oxide  with  16  pts.  silica  and  24  boric 
anhydride,  as  a  yellow  glass,  which  melts  Iras  easily  than  borate  of  lead,  but  more 
easily  than  flint-glass,  and  is  ationgly  tarnished  by  immersion  in  snlphydrie  acid  gas. 
(Faraday.) 

StUeate  of  OhielBiitt*    tf«SiO<»2a''O.SiO*.    Phenacite  (ir.  387). 

■IMeot—  of  Mogvealiim.    a.  8Mg''0.3SiO*.— Chondrodite  (i.  930)  is  repr^ 
•anted  by  this  formula,  the  oxygen  being,  however,  partly  replaced  by  fluorine,  and  the 
in  most  cases  partly  by  ferrous  oxide. 


^  Mg^iO'  «>  2M^''O.SiO'. — This  is  the  composition  of  chrysolite  and  olifin 
(It.  201),  the  magnesium  being  alwaytf  more  or  less  replarad  by  iron.  Forsterite, 
mm  Monte  Somma,  exhibits  the  nearest  approach  to  a  pure  magnesic  orthosilicate, 
containing  only  2*33  ferrous  oxide.  In  the  other  varieties  of  olivin.  the  ferrous  oxide 
varies  ftoiak  3  to  about  20  per  cent — Monticellite,  a  rare  mineral  occarring  on 
Bomma  in  yellow-grey  crystals,  of  specific  gravity  3*119,  contains,  according  to  Ram- 
melaberg  (Mintralckemie,  p.  442),  37*89  per  cent  silica,  34*92  lime,  22*04  magnesia, 

wad  5-61  ferrous  oxide,  agreeing  with  the  formula  &^iO\|p  ^  |  SiO\    Batrachito, 

a  massive  mineral,  of  specific  gravity  3033,  from  the  Rizoniberg  in  the  Southern  Tyrol, 
appeals  to  have  the  same  composition. 

7.  3Mg''0.2SiO<.2aq.   »  Jfg^iO*.Mg''SiO'.2aq.— This  is  the  composition  of  ser- 

?  en  tine  (p.  236),  the  magnesia  being  replaced  by  ferrous  oxide  to  the  extent  of  0  to 
3*5  per  cent.  Pure  magnesian  serpentine  is  found  at  GhiUsjo,  in  Wermelaud,  Sweden. 
Small  quantities  of  soda,  manganous  oxide,  and  nickel-oxide  are  also  occasionally 
present,  and  in  many  varieties  the  sihca  is  replaced  to  a  small  amount  by  alumina. — 
Vorhauscrite  from  Blonzoni,  in  the  Tyrol,  is  a  serpentine  containing  3  at.  water. — 
Thermophyllite  from  Hopoovaara  in  Finland  appears,  from  Arppe*s  analysis,  to 
have  the  composition  2(3Mg0.2SiO').3aq. ;  but  other  analyses  give  dmerent  results. 
(See  Thsbmophtlutb.) 

1.  4Mg^0.8SiO«  -  ]rfiB»SiO*.2Mg''SiO«.— Tins  formula  with  6  at.  water  represents 
the  composition  of  gymnite  or  de  wey lite  (ii.  312).  Hydropbite  or  Jenkin- 
aite(iii.  212^  is  the  same  with  4  at  water,  and  {  of  the  magnesium  replaced  by  iron. 
ThermophvUite,  according  to  Northcote  (J.  pr.  Chem.  Ixxvi.  253),  is  also  a  {-silicate 
cf  maffneaiura  with  2  at.  water. 

e.  MgfO.SiO»  »  Mg'SiO". — This  formula,  with  the  magnesia  more  or  less  replaced 
liy  ferrous  oxide,  manganous  oxide,  and  lime,  and  the  silica  sometimes  by  alumina, 
xvprasents  the  composition  of  the  several  varieties  of  angite  and  hornblende  (i. 
476 ;  iii.  167).  These  two  mineral  species  differ  in  crystalline  form :  they  are  both 
monoclinic,  but  dififor  in  their  angles : 

«       s    *  :       c.  Anjrle  b  :  c.  Anfrl^  mV  :  odP. 

Angite  0*9136  :  1  :  0*5399  74^  1'  92<>  54 

Hornblende        1*837  :  1  :  0*5401  75^  10'  66^  30' 

^Die  replacement  of  silica  by  alumina  takes  place  more  fivquently  and  to  a  greater 
extant  in  hornblende  than  in  augite ;  many  aJuminiferous  hornblendes  also  contain 
lerric  oxide,  being,  according  to  Rammelsberg,  mixturesof  the  isomorphous  compounds 
M^CSiO",  FeH)».3SiO«,  and  3M''0.2A1«0«  (iii.  170). 

The  following  are  hydrated  monosilicates  of  magneitiam  : — 

Aphrodite,  4Mg'SiO».3H«0.  i    Picrosmin,  2>rg''SiO«.n«0. 

PicrophyU,  3(JMg.JFey'SiO«.2H»0  |     Monradite,  4(JMg.JFe)''SiO».H«0. 

Aphrodite  contains,  according  to  Berlin's  analysis,  51*56  per  cent.  SiO*,  0*17 
Al'O*,  33*90  MgO,  1-55  MnO,  0*57  MuO,  and  11*83  water.  The  analyses  of  the  other 
three  minerals  have  been  given  in  their  alphabetical  places. 

C  6Mg0.7SiO'. — This  appears  to  be  the  competition  of  an  anhydrous  tale  found 
in  the  valley  of  Chamounix.— Spadaite,  a  roJdidh  massive  miueral,  from  Ca^o  di 
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BoTe,  eontaimnff  56-00  SiO*,  0*66  AI*0*,  30*67  MgO,  0*66  FeO,  and  11-34  W9Ur,  wmj 
be  approximate^  representeid  by  the  same  IbrmuU  with  6  at.  water,  or  bj  6MgK).68iO' 
4-  4Bbq.     {BammeUoer^a  Mineralchemie,^'  620.) 

i|.  4Mg'0.6SiO*  -  4Mg'SiO*.SiO<.— This,  with  }  at  water,  is  the  compoaition  of 
talc,  a  small  portion  of  the  magnesia  being  replaced  by  ferrous  oxide. 

0.  2Mg''0.8SiO*  »  2Mg''SiO'.SiO'.— Thu,  with  2  at.  and  4  at.  water,  is  the  eompo- 
aition  of  meerschaum.  The  same  formula  with  12  at.  water,  and  f  of  the  magnedi 
replaced  by  ferrous  oxide,  gives  the  composition  of  chloroph»ite. 

autcataa  of  Manganaae.  a.  2Mn''O.SiO*  »  l£i*SiO«.— Tephroite,  horn 
Sparta,  New  Jersey,  has  this  composition,  with  a  small  portion  of  the  manganese  le- 
piaoed  by  iron. — Knebelite,  from  Umenau  and  firom  Dannemora  in  Sweden,  con> 
aists  of  (Mn''.Fe')'SiO*^ — Troostite,  from  Sterling,  New  Jersey,  is  an  ortboeilicate^ 
containing  manganese  and  zinc,  with  small  quantities  of  iron  and  magnesium. 

0.  Mn  O.SiO'  «>  Mn^lSiO*. — Rhodonite  is  a  manganous  augite,  containing  alie 
calcium,  iron,  and  magnesium  (p.  107). — Fowlerite  and  Jeffersonite  aia  similar 
in  composition,  but  also  contain  zinc. 

SUioataa  of  BKeroury.  Tetrasilicate  of  sodium  eives  a  white  precipitate  with 
mercurous  nitrate.  It  does  not  precipitate  mercuric  chK>ride,  but  the  mixed  solution 
yields  very  small  dark  crystals  on  evaporation,  or  even  without  evaporation  if  it  is 
concentrated.     (GmelitCs  Handbook^  v.  110.) 

Stliotaa  of  Molybdaimm.  Molybdous  and  molybdie  silioofluoride  yield  with 
ammonia,  dark-brown  flodu,  from  whicn  the  ammoniaoal  solution  gradually  removes 
the  oxide  of  molybdenum,  leaving  pure  silica.    (B e r s  el  i u  a.) 

SUioataa  of  MlolLaL    See  Pixeiitb  (iv.  647).   Nickel-gymnite  m  ahydrated 

JNi"0  )* 
l£^Q>  .3SiO*.6aq. 

SiUeatea  of  Vataaaivm  and  Sodlnm  (pp.  247-251). — Honosilicata  of  sodiua 
may  be  obtained  in  well-defined  monodinic  prisms  containing  Na^iO'.SH'O,  by  di- 
gesting ignited  silica  with  an  equivalent  quantity  of  crude  soda-ley,  evaporating  out 
of  contact  with  air,  till  small  ciystals  of  sodic  carbonate  separate,  cooling  the  remain- 
ing syrup  to  -22^,  stirring  with  a  glass  rod  till  it  solidifies  to  a  erjrstalline  pulp, 
redissolving  in  water,  and  leaving  the  solution  to  stand.  The  solution  of  this  sut 
yields,  with  barium  and  calcium-ralts,  precipitates  containing  Ba'^iO'  and  Ca'SiO* 
respectively,  and  with  magnesium-salts,  a  precipitate  containing  3Mg'^iO*.5HK).  (v. 
Ammon.) 

BUioata  af  Strontliim.  One  part  of 'silica  f^es,  with  an  equal  weicht  of  stron- 
tia,  pturtly  to  an  amber-coloured  glass,  and  partly  to  a  black  and  i^ite  enamel 
(Eirwan).  With  3  parts  of  strontia  it  forms  a  solid,  grey,  sonorous  mass,  which  is 
nearly  tasteless,  and  dissolves  but  sparinely  in  water,  though  readily  in  aqueous  adds 
rVauquelin).  Carbonate  of  strontium,  digested  in  solution  of  silica,  is  oooveited  into 
aense  hydrated  silicate  of  stax>ntium.    (Kuhlmann.) 

BUioata  of  Thorimuii,  3a9i*SiO\4H*0.    Thorite  (^.o.). 

SiUeata  of  Tttrinm.  Gadolinite  is  an  orthosilicate  of  yttrium,  ecriam,  and 
iron  (r',-Ce'';Fe'7SiO«. 

BUioata  of  Una.     The  orthoeilicate,  Zn%iO\  oceors  anhydrous  as  will  ami  te, 

hydrated  as  siliciouscalamineorzinc-g1ance,&'SiO^HH>(L  714).  Troostite 
firom  Sterling,  New  Jersey,  is  an  orthosilicate  of  zinc,  manganese,  maflnesinm,iron,  and 
calcium.  Fowlerite  and  jeffersonite  aro  augitic  minerals  containing  amaU  quan- 
tities of  sine. 

SUieatei  containing  Tri<Uomie  MeiaU  :  Bilieates  of  Se»quioxiiu, 

BiUeataa  of  Alamlnlwm,    a.  2Al*0*.SiO*.— This,  with  9  at  water,  is  the  com- 
position of  collyrite  (i.  1084),  from  Schemnits  in  Hungary  (Klaproth, 
I.  257),  and  from  Esquerra  in  Spain  (Berthier,  Ann.  Ch.  Phys.  [2]  ttxW  332): 

(MemlatUm.  SekemnUu,    Btpurra. 

SiO«      ...  60  13-85  14  15*0 

2A1'0>  ...  151  45*94  45  44-6 

9H«0^_      •        •  1^  40-21  42  40*5 

2^»0«.SiO«.9aq.  .           .  373  100*00  101  1000 

*  A  mineral  callfKl  collyrite,  from  Weissenfels  in  Saxony,  has  the  composition 
Al*0*.SiO'.5aq.  like  the  allophanee;  another,    occurring   in    alum-slate,    contains 
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SAPO'.SKO'.Maq.,  lOto  aome  yarieties  •of  staurolite  (t^Va).— Schrotterite  or 
opaline  allophane^  from  Freieniftein  in  Styria- having  a  density  of  1*985  to  2*015, 
greenish-white  colour,  Titreous  lustre,  and  conchoi'dal  6ucture— contains,  according 
to  Schrotter  (J.  pr.  Chem.  xi.  380),  11*94  SiO«,  46*29  A1«0«,  2*80  Fe«0»,  1*16 
CuO,  0*25  CnO,  0*63  80',  and  35*85  water,  agreeing  approximately  with  the  for- 
mula SAl'CJSiO'.SOaq.,  which  is  more  basic  than  that  of  coUyrite ;  but  the  mineral 
is  probably  a  mixture  containing  hj'drate  of  aluminium. 

h.  4AlH)*.SSiO'. — This  formula,  with  the  alumina  partly  replaced  by  ferric  oxide, 
representa  the  composition  of  some  varieties  of  staurolite  from  the  St  Ootbard, 
a  mineral  which  ciystallises  in  trimetric  prisms,  having  the  axes  a  :  b  :  c  «  1  :  2*1123 
:  1*4478,  and  the  angle  ooP  :ooP  -  129^  20'.  Observed  combination  ooP .  ooPoo  . 
.  odP«o  .  oP.  Cleavage  parallel  to  ooPoo ,  distinct  but  interrupted;  parallel  to  ooP,  in 
tncea.  The  ciystalt  ars  thick  and  often  cruciform,  translucent  or  opaque,  with  brown 
eoloor,  sabvitreous  lustre  inclining  to  resinous,  and  conchoidal  fracture.  Hardness 
»  7— 7-6,    Spedfic  gravity  -  8*6—3*75. 

Jnalyms, — a.  Bed  (Elaproth,  BtUr.  v.  80). — b.  Dark-red :  specific  gravity  »  3*737 
-^'741  (Lohmeyer,  s.  Jacobson). — o.  (Rosales,  ibid.}—<i,  Harij^nae  (Ann. 
Ch.  Phjs.  [3]  ziv.  9).— «,/,  y,  A.  Jacobson  (Pogg.  Ann.  IxiL  419 ;  Ixviii.  414) : 


tSiO>       .       .  .    180-00     99*15  27%0  2703  2^25  28*47  29*13  29*72  8031  So'si 

yaPO*   .        .  .    843*33      54*02  52*25  49^  56-39  53*84  52*01  5472  4680  4868 

|F«>0*     .       .  .    106-67      le'SI  18-50  20D7  19-37  17*41  17*68  15*60  1808  15-37 

iluguifc  oxide 0*25  0-28  0-31  .    .  0-18  M9 

MmTBOto.       .  .      .     .         .    .  .    .  _j_.  2-57  0-72  1*28  1*85  2-16  1-33 

pwnr — 

fF«H>*i  -*^^     *     *    ^"^"^     '^^^^^       ^^     ^^    '^^    '^^    '^^^^^    '^^'^     ^^     ^'^ 

Di Unite  (ii.  831)  is  a  hydrated  {-silicate  of  aluminium,  4AlK)'.3SiO*.9aq.,  con- 
taining small  quantities  of  lime  and  magnesia,  but  no  ferric  oxide. 

y.  10AlH)'.9SiO'.  Staurolite  fh>m  Airolo  on  the  St.  Ck>thard:  specific  gravity* 
3i{e_3-78. 

Cateulatiom,  Jaoobton. 

9810*  •        .        •        •  54000          3306  33*45  32*99 

VAIW  ....  858*33          5104  47.23  47*92 

|FeK)*  ....  171*67          1590  16*51  16*65 

Magnesia  .        .        .        .  .     .     .  ^ ^  1*99  1*66 

^^t'*.9SiO«         .        .        .     157000        10000  9918        99*22 

8.  Al'O'.SiO'. — Under  this  formula  are  included  andalusite(i.  291),  cyanite  or 
kyanite  (iii.  449),  sillimanite,  and  a  few  other  minerals,  apparently  produced  by 
•iteration  of  these.  Topas  (^.  i^.)  consists  of  the  same  silicate  in  isomorphous  mixture 
vith  alnminie  silicofiuonde.    Allophaneisthe  same  silicate  with  5  or  6  at  water. 

Analyaet. — 1.  Andalusite.— «.  Braznl  (Dam our). — b.  Kobschuts,  near  Meissen  in 
Baxonj:  reddish,  harder  than  quartz:  specific  gravity  s  3*11  (Pfingsten).  — 
s:  firinnadorf,  near  Freibeie:  reddish:  specific  mvity  »  3*07  (Pfingsten). — 
d.  liaens  in  the  Tyrol ;  specific  gravity  «>  8*401.    (Both.) 

S.  Granite. — e.  St.  Gothard  (Rosales).—/.  The  Sau  Alp  in  Cariathia  (Kohler). 
:  Eudal  in  Wennland :  ^)ecifie  gravity  «>  3*8  (I  gelstrom) : 

Aadalorit*,                                          CjwoAkt. 
*^ \      i ^ 

•iO> 60       87  5       87*08  86^84  87*57  36*74  36-67  87*92  4^*02 

APO* 101       62-5       6145  55-82  59-88  59*65  6311  61*60  5846 

1-17  3-22  1*33  2*80  119  104  2*04 
.    .  1-09  0*61  0*49  .    .  0-42 
_._^  1-14  _0*J7       

AP<0^J8L&  ....    168       100-0       99*65       98  if      99-66'       99^      100-97      lOO^      100-51 

In  andalosite  from  lisens,  Bunsen  found  40*17  per  cent,  silica  and  58*62  alumina ; 
▲.  Erdmann,  89*99  silica  and  58*60  alumina,  agreeing  more  nearly  with  8Al'0*.9SiO*, 
iHiick  leanires  40*3  silica  and  59*7  alumina. 

3b  Sillimanite. — k—m.  Saybrook,  Chester  County,  Connecticut:  h,  Thomson; 
I,  Bowen  ;i,  Hayea ;  k,B,  Silliman;  Z,  Staaf ;  m,  Connel;  n,  Fairfield,  New  York* 
(Norton.) 

*  For  refBTcncet,  lee  Rmmmelsber^s  Miner alekemie^  pp.  558,  560,  562. 


f  *^  \      t T~~^ T^     * 1  \ 
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4.  Talc-lithomarge;  o.Roehlitz  iiiSaxon7(Eenten).— 7.  M^^^^^^,i 
Tar  in  Hungary  (Kuss  in) : 

SUUmaiilla. 

f  *  »  /       *"      \ 

SiOti 45-66       43  00       42*60       87-65       87-86       86*75       87-70  87*6S      IS  01 

APO'        ....    49-50        54*21        54-90       62*41        5862       58^       ^275  60*50       Wn 
Ferric  oxide    .       .       .4-55         2*00         1*10                       8*17        0-99         8*28 

Mannnic  oxide 0*6S 

Magiietia 0  71         .    .  040 

Water      ....     .    .  0*51         .    .         .   .  0-48        .    .  .    .  0*82     

99*70       99*72       99*31      100*06       98-98       96*69      102*78       99-57       99-71 

Monrolite  from  Monroe,  New  York,  exhibits  the  same  characters  and  nearly  the 
same  composition  as  cyanite,  but  gives  off  from  1  to  2*5  per  cent,  water  when  heated; 
specific  gravity  »  3-04 — 3*09.  Worthite,  a  mineral  occniring  near  St.  Petenbu^ 
in  white  translncent  fragments,  infusible  before  the  blowpipe,  has  also  nearly  the 
same  composition.    Both  minerals  doubtless  result  from  the  alteration  of  cyanite. 

Buchoizite  from  Faltigl  in  the  Tyrol  and  Chester  County,  Pennsylvania,  Fibro- 
lite  from  the  Camatic  and  from  Delaware,  and  Xenolite,  found  near  St.  Petersburg, 
are  fibrous  minerals,  which  appear  also  to  have  been  produced  by  the  alteration  of 
cyanite,  sillimanite,  or  andalusite,  but  they  are  probably  sometimes  also  mixed  with 
quartz.  The  older  analyses  by  Thomson,  JSrandes,  and  others,  give  for  these  minerals 
from  40*05  to  47*44  per  cent,  silica,  and  58*88  to  50*0  alumina,  agreeing  approximately 
with  the  formula  2AlK)*.3SiO^  but  t^e  more  recent  analyses  by  B.  Siliiman  (Sill 
Am.  J.  [2]  viii.  10),  give  35*13—36*31  silica,  and  64*93—62*42  alumina,  which  is  the 
same  as  that  of  cyanite,  &c.  Xenolite  forms  prisms  of  91°,  which  seems  to  show  tlut 
it  has  been  formed  from  andalusite. 

Chiastolite  or  Hollow  spar  (i.  868)  is  an  andalusite  var3ring  greatly  in  hard- 
ness  and  composition,  and  usually  enclosing  masses  of  rock,  found  in  Spain,  at  Bona 
in  Algeria,  at  Lancaster  in  Massachusetts,  and  in  Bretagne. 

5.  Allophane. — a.  Friesdorf,  near  Bonn  (Bun sen). — 6.  New  Chadton,  near 
Woolwich  (Northcote). — o.  Bleiberg  in  the  Eifel  (Bersemann). — d.  Gerabach,  in 
the  Black  Forest  (Walchner). — e.  Richmond,  Massacmusetts  (B.  Siliiman).—/. 
New  Charlton  (Woolwich). — ^.  Ck>ldhansen,  near  Corbach,  Waldeck :  light-coloured. 
— A.  The  same,  dark-ooloured:  specific  gravity  »  2'02  (Schnabel). — i.  Schneeberg 
(Ficinus): 

Carbonic  anhydride         .    .  2-73  1*24  .    .  2*44  1*2 

Silica                        .        2-2*30  20  60  19*35  SMI  23*65  19*58  24*  19  19-41  30-0 

Alumina  .               .       3318  81-34  8275  88*76  88*77  87-30  25*80  96*77  1&7 

Ferric  oxide    .       .         290  0-31  030  .    .  0-11 

Cupric  oxide 2  57  2*83  .    .  1-36  13-71  18*97  19-1 

Manganic  oxide      •         ..  ..  ..  ..  ..  ..  ..  ..  |*f 

Lime 1*92  1*58  .    .         2*83* 1-5 

Water      .       .                4262  42*91  40*23  8575  85*34  39-19  85*49  84  72  39-9 

0-87t    

100-00  99*71  96-89  97*95  99*49  99*96  90-19  99*87  1004 

This  table  shows  that  the  name  allophane  has  been  applied  to  substances  differing 
greatly  in  constitution.  The  analyses  a,  5,  c  may  be  represented  approximately  by 
the  formula  Al»0'.SiO«.6aq.  (2214  SiO«,  38*01  A1«0»,  39*85  H«0);  d,  e,  /  hj 
Al*0«.SiO«.5aq.  (24*34  SiO«,  40*35  A1«0«,  35*31  H«0).  Both  varieries  are  aften 
mixed  with  calcic  carbonate  and  cupric  silicate ;  in  the  latter  case  they  have  a  bins 
colour.  The  more  highly  cupriferous  allophanet,  ff,  k,  t,  are  mixtures  of  hydrated 
aJuminic  silicate  and  cupric  silicate. 

Chrome-ochre,  Miloschin,  andWolchonskoite,arechromifeR>usclay8ofvny 
variable  composition.  The  first  contains  from  46  to  64  per  cent  silica,  22*5  to  30*6 
alumina,  4  to  10*5  chromic  oxide,  and  6*25  to  12*5  water;  the  second, fhmi Rudniak  in 
Servia,  27*5  per  cent,  silica,  45  01  alumina,  3*61  chromic  oxide,  and  22*30  water;  the 
third,  from  KreisOchansk,in  the  government  of  Perm,  Russia,  27  to  37  percent,  silica, 
about  6*5  alumina,  18  to  34  chromic  oxide,  7  to  10  ferric  oxide,  21*84  water,  with 
small  quantities  of  lime,  magnesia,  and  manganous  oxide. 

Colly  rite,  from  Weissenfels,  containing,  according  to  Kersten,  23*8  per  cent 
silica,  42*8  alumina,  and  34*7  water,  is  also  represented  most  nearly  by  the  formula 
Al*0».SiO«.6aq. 

f.  SATO'-OSiO*. — Staurolite,  from  Polewskoi,  in  the  Ural,  contains,  according  tA 
Jaoobson,  38*33—38*68  per  cent.  SiO«,  45*97—47*43  A1«0»,  14*60—15*06  Fe*0»,  and 

5  A  13Qa  k  S 

2*44 — 2-47  magnesia,  agreeing  nearly  with  the  formula  IpAtQaf  .9SiO*.  (Compara 
p.  255.) 

*  Hagnecia.  t  Quarts  and  Gjptum. 
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Collyrite,  oeenmng  in  alum-aliito,  contains,  according  to  Anthon  (Berz.  Jahresb. 
xziii.  280X  24*2  per  cent  SiO*,  84*6  APO',  and  41*3  water,  agreeing  approximately  with 
the  formiiU  8APO*.98iO*.Maq. 

C  6AI*0'.6SiO'.— Staurolite,  from  Bretagne  (specific  gravity  »  3*527 — 3*529), 
contains,  aeoording  to  Jacobson,  39*19—40*35  per  cent  SiO*,  44*87—44*22  A1*0\ 
1609— 16*77  FeK)*,  0*17 — 0*10  MnK)*,  and,  in  one  specimen,  0*32  magnesia,  which 

nay  be  repnaentedby  the  formula— f^,^,  |  .6SiO*. 

i|.  SAl'O'.SSiO*. — ^This,  with  Tarions  quantities  of  water,  represents  approximately 
the  composition  of  porcelain  clay,  from  Ontenbeig,  near  Halle  (Blev,  J.  pr.  Chem. 
▼.  813X  and  of  pholerite  (i.  496),  near  Fins,  Dept.  de  FAllier  (Gnillemin,  Ann. 
Xin.  a.  4S9X  and  from  Kaxos  (Smith,  ibid.  [4],  xriii.  299). 


■kj.  FhaUrUa.  GaniflBl*.    SnUh. 

r " »  I • 1 

S8lO>    •    •    180    40*91  89-63  8SiO«    .    .    IHO    9ShK  41-65  44*41 

IAPO> .    .    S06    46-St  46-QO  SAI«0>  .    .    306    44*96  4S-35  41-30 

tIIK>    .    •      M    13*37  10.00  4H«0    .    .      73    15*73  1500  13*14 

CaCQS 0*07  CaO.    .    .    .    .      .    .  .    .  1-21 

SfJ^ fS  3AlxO'JSiOC4aq'.  456  100*00     lOO^      99-96 

Mn^O*.    .     .    .    .    .  0*19 

aAlH>Q8IOCiaq.     440  100^      96*30 

Plinthita^  from  the  county  of  Antrim,  in  Ireland,  contains,  according  to  Tho  m- 
aoa  {OuilinsM,  i.  823),  80*88  per  cent  silica,  20*76  alumina,  26*16  feme  oxide,  26 
liBC^  and  19*96  water,  and  may  be  represented  by  the  formula  2(Al'0*;Fe'0*). 

sao'.aaq. 

Carpholite,  from  the  Schlacfcenwald,  in  Bohemia  (i.  806),  has  a  composition 
icpTCMntcd  by  the  formula  2(AlK)';MnH)';Fe«0*).3SiO*.3aq. 

f.  SAI*0'.6SiO'. — ^Lenzinite,  from  La  Vilate,  in  France  (iii.  571)»  and  that  from 
XoU,iB  theEifel,  containing,  according  to  John,  37*5  per  cent  silica,  37*5  alumina,  and 
26*0  water,  are  approximatcdy  represented  b^  the  formula  3Al'0*.5SiOM  laq. ;  the  same 
aame  ii^  howerer,  applied  to  a  day  containmg  a  much  larger  proportion  of  silica. 

I.  AIH)'.2SiO'. — This,  with  2  at  water,  represents  the  composition  of  nearly  all 
TiricCiasof  kaolin,  or  porcelain -clay.  The  numerous  analyses  of  this  substance 
▼ield  on  the  aTerage  about  47  per  cent  silica,  40  alumina,  and  13  water,  the  formula 
AI*0*.2^0*.2aq.  requiring  47*05  silica,  89*21  alumina,  and  13*74  water.  The  following 
are  eiamples : — 

a.  Ana  near  Schneeberg  (Forchhammer,  Fogg.  Ann.  xxxv.  331). — b,  Mori  near 
Halle  (Forchhammer). — c.  Altenbeig  in  the  Erzgebirge :  a  pseudomorph  after  pro- 
aopile  (Seheerer,  Pogg.  Ann.  d.  361).— <f.  St.  Yrieux  near  Limoges  (Forchhammer). 
— c.  St.  Trieox:  produced  by  weathering  of  beryl  (Dam our.  Bull,  geolog.  [2]  yii. 
224).—/.  Gomwali  (Brown,  J.  pr.  Chem.  xliv.  232). — ^.  Rio  Janeiro  (Kussin, 
Bamm.  Minerakh.  p.  574). — ^  t.  China :  h  from  Tonkang,  t  from  Sykang  (Ebelmen 
and  SaU^tatk  Ann.  Ch.  Phys.  [3]  xxxi.  257): 


m. 

b. 

f. 

If. 

e. 

/. 

K- 

A. 

t. 

filiea    .       • 

.    46-63 

46*80 

45*63 

48*68 

45*61 

46*29 

45*37 

60*5 

55*3 

Alnmina 

.    89-47 

36*83 

39*89 

36*92 

38-86 

4009 

84-27 

38*7 

30*3 

Fenie  Glide . 

8*11 

•    • 

•    . 

0*94 

0*30 

1*8 

2*0 

lime    . 

0*60 

.     • 

1*10* 

0*50 

• 

•           • 

Magnesia 

0*27 

•         • 

0*52 

•         • 

.     • 

0*8 

0-4 

Pofaih. 

•        • 

•         • 

•         • 

•         • 

•     . 

1*9 

1-1 

Soda    . 

•         • 

•         • 

0-68 

•         • 

•     . 

•          • 

27 

Water  . 

13*97 

12*44 

13*70 

13*13 

14*04 

12*67 

2001 

11*2 

8-2 

Caloe  earbonate  . 

0-31 
100*28 

0*55 
100*00 

99*83 

99-9 

99*82 

100-55 

99-85 

99*65 

1000 

K  aoli  n  is  prodooed  by  the  decomposition  of  orthoclase,  K'O.Al*0*.6SiO\  which  under 
the  iafliience  of  water  containing  carbonic  acid,  or  sulphuric  add  resulting  from  the 
iizidati<m-|yjritea»  loses  its  potash  and  two-thirds  (4  at)  of  its  silica,  and  at  the  same 
time  takes  up  2  at  water.  Some  yarieties  of  kaolin  have,  however,  a  different  com- 
position: thus  that  of  Gutenberg,  as  already  observed,  is  nearly  2Al-0'.3SiO*.3aq., 
and  that  of  Passan — ^which,  according  to  Fuchs,  is  produced  by  the  decomposition  of 
poreelun-spar — ^is,  according  to  Forchnammer,  4AlK)*.9SiO*.12aq.  [For  analyses  of 
fire-clays,  see  ii.  653.] 

Lithomarge  (i.  730)  is  a  name  applied  to  a  number  of  aluminous  silicates,  most 
of  which  have  nearly  the  oompoHition  of  porcelain-duy. 
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Analysee:  a.  RochlitE,  in  Saxony:  eompact  (Klaproth).* — b,  Bnchbetg  nm 
Landshut)  in  Silesia  (Ze  liner). — c.  Clauathal :  white,  phosphoreeoent ;  tmeoAc  gravitj 
a  1*59  (Dumenil). — d.  Rmnpelsberg,  near  Anerbacn :  ftom  topai  roes ;  ayfltallise 
under  the  microscope:  specific  grayitj  *  2*6  (Clark). — e.  Schlackenirald,  Bohemia: 
radiate ;  glolrs  brightly  before  the  blowpipe ;  not  deeomposible  by  hydrochloric  acid 
(Rammelsberg).— /  TWnYe,  from  the  Tweed  (1)  Thomson;  (2)  Richardson :— 

a.  k  c  A  ••  ^  g. 

Slllcii     .    .    .    4A-1S       49-3       43  00  47*8S  47-M  48*46  44  80       48*80 


Ferric  oxide  .      «-75        0-6         0«  .    .  .    .J  »»«^  .    .  o^ 

Lime 047  ..^jf  .    .             1*80  O-Tit  0-64 

MMoetU '**(  0«  0*87t  0^  QrbS 

Water  ...     1400       14*0        lA-fiO  1886  13-A5  18*49  1850  1481 


98*50        99*9       99-70         101*86        100*78         100-00  99*48     100-84 

The  following  varieties  are  distinguished  by  containing  a  oonsiderablo  amonnt  of 
potash : — A.  Gh^n  lithomaige,  from  St  Zorse  in  the  Harz :  specific  gravity  »  3*086 
(Rammelsberg). — t.  lithomarge  from  Schlackenwald  (Krieg) : — 

SiO<.      AISQS.    Fe^OS.    CaO.     MgO.    K<0.    Na«0.    HH>. 
A.  49*75    29*88    6*61     0*43     1*47     6*35      .  .      5-48     »     90-97 
».    62*40    81-94     1*23      .  .      1*44    5*41     1*78    600     «     99*15 

Ferruginous  lithomarge  from  Flanitz,  near  Zwickau  in  Saxony,  contains,  aooordisg 
to  Schuler,  41*66  per  cent  silica,  22*85  ahimina,  12*98  feme  oxide,  1*68  anangaiiie 
oxide,  3*04  lime,  2*55  magnesia,  0*93  potash,  and  14*20  water,  which  may  be  represented 
by  the  formuk  (A1*0« ;  FeK)»)  2SiO«. 

Halloysite  (iii.  7)  has  sometimes  the  eompositioQ  of  kaolin  or  Hthomarge ;  some 
varieties,  however,  contain  a  larger  quantity  of  water,  agreeing  with  the  fbrmnla 
AlK)'.2SiOHaq.  The  latter  formula  also  represents  nearly  the  composition  of  sods 
kinds  of  bole  (i.  618). 

le,  4AlK)*.9SiO*. — This  formula,  with  12  at  water,  represents  jporcelain-clay  from 
Passau,  containing,  according  to  Forchhammer,  45*14  per  cent  siuca,  85*00  alumina, 
2*70  ferric  oxide  and  Ume,  and  18*50  water.  The  same  formula,  with  18  at  water, 
and  the  alumina  partly  replaced  by  ferric  oxide,  gives  the  composition  of  most  varieties 
of  bole. 

A.  Al'6*.3SiO^ — This  formula,  with  3  at.  water,  represents  rasoumoffskin,  an 
argillaceous  mineral  from  Kosemiita  in  Silesia  (p.  78) ;  also  pyrophyllite  (iv.  769), 
if  the  small  quantity  of  protoxides  be  left  out  of  consideration. 

fi,  2AlH>'.9SiO*.— Cimolite  (I  964)  is  represented  by  this  formula,  ^nendly  with 
6  at.,  but  occasionally  with  4  at.  water.  A  n  a  u  x  i  te  (i.  288),  from  Bilin  in  Bohemia- 
containing,  according  to  Plattner,  55  per  cent,  silica,  a  large  quantity  of  alumina,  11*5 
per  cent,  water,  with  small  quantities  of  magnesia — is  probably  a  variety  of  cimoHte. 

r.  Al'0'.4SiO'. — a.  Montmorillonite  (iii.  104),  from  Montmorillon,  Bept  Hants- 
Vienne ;  5.  the  same,  from  Strumbuly  in  Transylvania ;  0.  H  alloy  si  te,  from  Confolert, 
DeptCharente;  <2»Lenzinite,fromStSevin,  Dept  Landes;  and f. Bole, from liCdiae, 
Dept.  Dordogne,  are  approximately  Al*0'.4SiO*  +  2  and  3  al.  water;  but  it  ia  voy 
probable  thiS  some  of  toem  contain  free  silica: — 

SiO«.  AIS03.  FeSO>.  CaO.  BIrO.  MnO.  K20,Na«0.  H>0. 

a.  49*40  19*70  0*80  1*50  0*27  .     .       1*50 

b.  50*04  20*16  0*68  1*46  0*23  .    .       1*27 

c.  52*40  21*80  .     .  2*50  4*28  .    .       1*34 

d.  49*5  18*0  .     .  2*1  2*1  .    . 

e.  50*0  22*0 

/.  50-55  19*15  .    .  0*63  .    .  4*40      .    . 

The  last  gives  off  14*03  per  cent  water  at  100°.    {Sammdsber^a  Mineralekemie, 
p.  1014.) 

I  A120'.6SiO*?~Malthacite,  from  Steindiirfel  in  the  Oberlausits— ^containing, 
according  to  Meissner  (J.  pr.  Chem.  x.  510),  50*2  per  cent  silica,  10'7  alumina,  8*1 
ferric  oxide,  0*2  lime,  and  35*8  water — may  be  approximately  represented  as  Al'O'.^O*. 
16aq.,  but  18  probably  a  mixture. 

0.  JIuminic Silicates ofindeUrminatecompoBiHon, — Dy s^ntribi te,  from Lstwreaoft 
County,  New  York  (ii.  368);  Nacrite,  ttom  Brunswicjc,  in  the  State  of  Maine,  and 
Talcite,  from  Wicklow  in  Ireland  (iv.  1);  Nenrolite,  from  Stamstead  in  Lower 
Canada  (iv.  32);  Portite  from  the  gabbro  of  Tuscany  (iv.  690);  Rhodalite,  ftom. 
Ireland,  containing,  according  to  Richardson,  55  9  per  cent  silica,  11*4  ferric  oxide,  8*3 

•  For  rererencef,  lee  RammtUherg'a  Mineralehemfe,  p.  576. 
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Kersten  to  contain  18*98  per  cent,  ailica,  25*01  manganic  oxide,  22*90  ferric  oxidft 

and  3300  water,  which  may  be  represented  by  the  formula  (MnK)';Fe'0^.8SiO'.6aq* 

Carpholite  (p.  257)  is  a  manganic  silicate  containing  alumina  and  ferrie  oxide. 

SUtcatee  containing  Monatomic,  Diaiomie,  and  Triatomie  Metals  :  DoMe  8Uieate$, 

These  compounds  being  specially  deseribed,  and  their  analyses  given  in  Be|wnte 
articles,  it  will  be  suffldent  to  give  in  this  place  a  tabular  view  of  the  composition  of 
those  whose  formuUe  may  be  considered  as  definitely  established.  In  the  preceding 
tables  j[pp.  260,  261),  to  avoid  the  continual  repetition  of  atomicity-marks,  a  monatomic 
metal  is  denoted  by  M,  a  diatomic  metal  by  m,  and  a  triatomie  metal  by  B. 

Compounds  or  Mixtures  of  Silicates  with  other  Salts, 

1.  WitiiAluminates. — It  has  already  been  mentioned  (p.  258),  that  certain  varieties 
of  augito  and  hornblende  may  be  regarded  as  mixtures  of  silicates  and  aluminates  of 
magnesia,  dec  A  similar  composition  is  also  assigned  to  the  following  minerals,  the 
alumina  being  more  or  less  replaced  by  ferric  oxi<M : 

Clintonite,  (2M0.3SiO»)  .  2{3MO  .  2AP0»). 
Xanthophyllito,  (M0.3SiO<)  •  8(3M0.2A1*0*)  .  8aq. 

^^d'fsitei  (2M0.8SiO«)  .  4(M0.A1W)  .  2.q. 

The  minerals  of  theehlorito  group  may  be  represented  either  as  doable  silieato 
of  magnesia  (ferrous  oxide)  and  alumina,  or  as  compounds  of  silicates  and  aluminates: 
thus—* 

Chlorite,  6MO.Al*0'.8SiO<.4aq.      -  2(3MO.SiO<)  .  (AlH)*.SiO*)  .  4aq. 

-  (4M0.8SiO«)  .  (2M0.A1«0«)  .  4aq. 

RipidoUte,  4MOJU«0».28iO«.3aq.  -  (4MO.SiO«)  .  (AlH)>J3iO») .  8aq. 

a  4(MO.SiO<)  .  (8M0.A1*0«)  .  8aq. 

2.  With  Borates, — ^The  native  calcic  borosilicates  have  already  been  mentiooedf 
vix.: — 

Batholite,  CaBH)^.CaSiO'.aq. 
Botryolite,  GaB*0\CaSiO'.2aq. 

Tourmalines  are  double  silicates,  containing  both  proCo-  and  sesquiozidesy  most  of 
which  may  be  included  in  the  general  formula, 

2(K«;at)0.8iO« .  n(B3)W.8iO«, 

the  boron  being  supposed  to  replace  a  portion  of  the  triatomie  metal  R. 
Axinite  is  a  bozosilicato  containing 

8[2Ca0.8iO«]  .  2[(R3)*0«.8Si01. 

8.  With  C7ardona^0«.—Cancrinite  consists  of  (CaO.G0^.8[Na*O.AIH)'.2SiO^ 

•r  CaCO».  3(Na«SiO».  Al«SiO»). 

4.  With  Chlorides, — Sodal  i te  consists  of  a  sodio-aluminie  silicate  combined  with 
chloride  of  sodium,  and  maybe  represented  by  the  formula  NaCLn(Na^O^JU^*0"). 
Porcelain -spar  contains,  according  to  Schafhautl,  a  small  quantity  of  potassie 
chloride. 

6.Vfith  Fluorides, — Lepidolite  consistsof  6or  12  at.  of  a  silicate  of  alununium 
and  alkali-metals,  including  fithium,  with  1  at.  of  a  fluoride ;  or  the  fluorine  may  be 
regarded  as  replacing  a  portion  of  the  oxygen  in  the  silica.  (For  the  formula,  see 
iii.  1011).  A  similar  replacement  of  oxygen  by  fluorine  takes  place  to  a  small  ei^tent 
in  many  other  silicates. 

6.  With  Sulphates. — This  diviraon  includes  hauyne,  nosean,  ittnerite,  and 
ultramarine.    The  composition  of  the  first  three  is  as  follows  :— 

Haiiyne,  (M«;M)SO*  +   n[(M«;M)SiO»JU«SiO*]. 
Nosean,    NaCl  +   3(Na»SiO«.Al»SiO») 

+   10rNa»SO*.8(Na«SiO»JU*SiO»]. 
Ittncrite,  Naa  +   3[Na»SiO».Al«SiO»).6aq. 

+  3[(Ca;Na«)SO*.3[(Ca;Na*)SiO«ja«Si01.6aq. 

Nosean  is  a  compound  of  1  at.  eodalite  and  10  at.  of  a  soda-hau^e;  ittnerito  of  1  st 
hydrated  sodalite  and  3  at  of  a  hydrated  hauyne.  Lapis-lasuli,  or  uUramariiM^  if  a 
mixture  of  variable  composition. 

7.  With  Titanates. — The  following  minerals  of  this  class  are  known:—* 

Titanite,  Ca«|^^    -    Ca''SiO».Ca'*tiO». 

Yttrotitanite^  M«R«0'M5M(Si;Ti)»0»;  [M=^Ca,Y;E-Al,Fe]. 
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T«cheiHdnit«,  Fe''(ii;Tiy^O' .  3(Ca;La;Di;Car.(Si;Ti)"0». 
Enceladite,  6(Mg;Fe;Ca)»(Si;Ti)0«  .  Al\Si;Ti)«0".6aq. 

Mosandrite  is  a  hydrated  silieotitanate,  containing  cerium,  lanthanum,  didy- 
■liiim,  iron,  calcium,  magnesiom,  potassium,  and  sodium ;  but  its  exact  composition  lias 
not  been  determined. 

8.  With  T^ng$tatfa.—1hen  are  no  native  minerals  consisting  of  silicates  und 
tnngBtatee;  but  Marignac  has  lately  obtained  a  series  of  such  compounds  artificially'. 

(See  TuHQflTATES.) 

9.  With  Zircon  ates. — Eudialyte,  from  Greenland,  consists  of  (Na*;Ca'';tV') 
(Si;Zr)'*0' ;  Konregian  eudialyte  contains  the  same  elements,  but  in  somewhat  difl'erent 
propoftious. 

C;atapleiite,  from  the  syenite  of  Lamo,  near  Brevig  in  Norway,  consists  of 
(Na»K:*'';Fe")(Si»';Zr")H>».2aq.  or  (Na«;Ca;Fe';XSi;Zr)^0».3(8i;Zr)«'0«.2aq. 

Oerstediteisa  hydrated silico-zirconio-titanate  of  calcium,  magnesium,  and  iron, 
the  fonnula  of  which  has  not  been  exactly  determined. 

10.  With  Zireonatea  and  Niobatea. — Wohlerite,  from  the  Langesund^ord, 
near  Brevig  in  Norway,  probably  consists  of  (Ca'';Na'XSi;Zr.Nb)'*0'.  In  the  same 
Beighboorhood  is  found  a  red-brown  mineral  of  similar  character,  but  containing  no 
nrooainm,  probably  formed  by  alteration  of  the  wohleiite. 

■nMnO  BTSSBO.  (Ebelmen,  Ann.  Ch.  Phys.  [3]  xvi.  144.— Friedel  and 
Crafts,  Ann.  Ch.  Phys.  [4]  ix.  5.) — Silicates  of  alcohol-radicles  produced  by  the 
action  of  alcohols  on  nlicic  chloride. 

Amylstlteie  atlMn.  Tetramylie  Silicate,  ((^W^SiO*  -  2(C*H")>O.SiO*. 
—Prepared  like  the  corresponding  ethyl-compound,  the  product,  which  passes  over 
between  820^  and  340®,  being  collected  apart  and  rectified.  It  is  a  colourless  limpid 
liquid,  having  a  faint  odour,  somewhat  like  that  of  amylic  alcohol.  Specific  gravity 
a  0-868  at  20®.  Boiling-point  between  322<>  and  326^'.  Vapour-density :  obs.  » 
lfi-2  ;  calc  -b  13*03.  It  bums  with  a  long  white  flame,  depositing  impalpable  silica. 
It  dissolves  freely  in  ethylic  alcohol,  ethylic  ether,  and  amylic  alcohol,  is  insoluble  in 
water,  and  is  decomposed  thereby  much  less  quickly  than  the  ethylic  silicates.  Alooholie 
ammonia  also  decomposes  it  with  difficulty.    (Ebelmen.) 

actaTlslltele  Btherik  Tttrethylie  Silicate,  (C*H')'Si9«  -  2(C^«yO.SiO*. 
^Wben  a  small  quantity  of  abeolute  alcohol  is  poured  upon  silicic  chloride,  a  brisk 
actkn  takes  place,  accompanied  by  copious  evolution  of  hydrochloric  add,  and  a  con- 
siderable  depression  of  temperature ;  and  on  distilling  the  resulting  transparent  and 
eolonrleM  liquid,  more  hydrochloric  acid  is  evolved,  then  towards  90^  a  strongly  acid 
product^  after  which  the  temperature  quickly  rises  to  160°,  at  which  point  tetrethylic 
•ilicale  passes  over,  and  must  be  collected  in  a  separate  receiver. 

Tetrethylic  silicate  is  a  colourless  liquid,  having  a  rather  pleasant  ethereal 
odour,  and  a  strong  peppery  taste.  Specific  gravity  »  0*933  at  20^  (Ebelmen); 
0-9676  (Fried el  and  Crafts).  It  boils  without  alteration  between  165®  and  166^. 
Vaponr-density :  obs.  ^  7*32;  calc.  ■»  7*207.  It  is  combustible  and  bums  with  a 
df>^^'**g  flame,  difiusing  a  white  smoke,  consisting  of  silica  in  a  state  of  extremMy 
minute  division.  It  is  insoluble  in  water,  which  however  decomposes  it  gradually, 
with  separation  of  gelatinous  silica.  Ammonia  and  the  fixed  alkalis  diraolve  ami 
deoompoee  it  with  facility.    (Ebelmen.) 

Aooordingto  Knop  and  Wolf  (Jahresb.  1861,  p.  207),  the  liquid  obtained  by  satu- 
rating  absolute  alcohol  (kept  cool)  with  fluoride  of  silicon,  is  a  mixture  of  tetrethylic 
nlieate  and  silicofluoric  acid  (p.  270). 

Diethf/lic  Silicate,  (C^*)*SiO*  -  (C^*)K).SiO^  is  produced  by  the  action  of 
■lieie  Aloride  on  aqueous  alcohol : 

Sia*  +  2CH«0  +  H«0     -     (C»H*)«SiO»  +  4HC1. 

It  is  a  eoloDiless  liquid,  having  a  faint  odour,  specific  gravity  »  1  -079,  and  boiling 
at  S<My^.  Water  decomposes  it  with  separation  of  silica.  When  it  is  left  in  contact 
with  moist  air,  the  silica  solidifies  to  a  transparent  mass,  which  contracts  more  and 
more,  and  acquires  in  two  or  three  months  the  lustre  and  vitreous  fracture  of  hyaline 
quarts,  and  becomes  hard  enough  to  scratch  glass.    (Ebelmen.) 

Diethylie  Diailieate,  (C'H»)«Si«0»  -  (C*H»)«0.2SiO«,  is  formed  by  distilling  the 
preceding  compound  with  a  small  quantity  of  aqueous  alcohol.  Diethylic  bilicate  then 
pHissee  over  first,  and  diethylic  disilicate  remains  in  the  retort.  If,  however,  too 
much  heat  is  applied,  mote  diethylic  silicate  is  given  ofi^,  and  fre^  silica  remains 
behind.    (Ebelmen.) 
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Diethylic  disilicate  diuolves  in  ether,  alcohol,  and  the  other  silieu*  ethers. 

Hexethylic Diailicate,(C*E*YSyOJ ^  3(C«H»)K).2SiO«.— Friedel  andCrafti 
were  not  able  to  obtain  the  two  ethylic  silicates  last  mentioned;  bnt  having  prepared  & 
considerable  quantity  of  ethylic  silicate  with  alcohol  that  was  not  quite  anhydrous, 
they  found  that  the  greater  part  of  the  product  distilled  oyer  towards  240^,  but  that  it 
was  not  possible,  by  distillation  under  the  ordinary  atmospheric  pressure,  to  obtain  a 
product  of  definite  boiling-point  By  distillation  in  vacuo,  however  (under  apresson 
of  3  to  5  mm.)  they  obtained,  after  eight  fractionations,  a  product  boiling  between 
125^  and  130^,  and  having  the  composition  of  hexethylicdisilicatew 

This  ether  is  a  slightly  ouy  liquid,  having  a  rather  fra^^ant  odour  like  that  of  normal 
silicic  ether.  Speafic  gravity  of  1*0196  at  0^,  and  1*0119  at  19^.  VapoarHlenaity: 
obs.  =   12025;  calc.  ->»  11*86. 

EthyUilicic  Chlorhydrini.— By  heating  chloride  of  silicon  with  tetrethylie 
silicate  in  various  proportions,  Friedel  and  Grafts  have  obtained  compounds  derived 
from  the  latter  by  substitution  of  1,2,  and  3  at.  chlorine  for  an  equivalent  quantity 
of  hydroxyl  (HO). 

EthyUilicic  monocMorhydrin,  (C^*)K71SiO',  is  produced:  1.  By  heating  1  at 
silicic  chloride  with  3  at.  tetrethyhc  silicate  to  160°  for  an  hour  in  a  closed  vessel : 

SiCJl*  +   3(C«H»)*8iO«  -  4(CJ«H»)K)lSi(>». 

2.  Together  with  ethylic  acetate,  by  heating  1  at.  tetrethylie  silicate  with  I  at.  chloride 
of  acetyl  to  170*>— 180°: 

(C«H»)«SiO*  +  (?H«0C1  -  (C«H»)KJlSiO«  +  (C«H«OXC*H»)0«. 

3.  By  distilling  tetrethylie  silicate  with  pentachloride  of  phosphorus.  It  is  a 
limpid  liquid,  of  specific  gravity  1*0483  at  0°.  Boils  at  157°.  Vapour-density :  obs.  « 
7*05 ;  calc  »  6*81.  It  does  not  fume  in  the  air,  but  is  ouickly  decGmposed  by  the 
action  of  moist  air  and  of  water,  gelding  hydrochloric  acia  and  silica.  It  bums  with 
a  green-edged  flame,  diffusing  white  fumes  of  silica. 

EthyMlicic  Dichlorhydnn,  (C;*H*)Hn*SiO*.— Produced  by  heating  1  at.  tetrethylit 
silicate  with  1  at  silicic  chlonde : 

8ia«  +  ((?H»)«SiO«  -  2(CJ«H»)KJ1^0«; 

or  1  at.  silicic  chloride  with  2  at  of  the  monochlorhydrin : 

Sia*  +  2(C«H»)«CaSiO»  -  3(C«H»)«Cl«SiO«. 

In  either  case  the  materials  must  be  heated  together  for  some  time,  and  the  proauei 
purified  by  repeated  fractional  distillation,  great  care  bein^  taken  to  prevent  access  of 
moisture.  It  is  a  liquid  resembling  the  preceiding,  and  having  a  specific  gravity  of  1*44 
atO°     Boiling-point  137*^.    Vapour-density :  obs.  =  6*76;  calc  =  6*545. 

Ethylmlicic  THchhrhydrvn,  (C^*)Cl>SiO.— Prepared  b^  heating  the  dichloxhydrin, 
mono<^orhydrin,  or  tetrethylie  silicate,  for  a  long  time  with  excess  of  silicic  chloride, 
and  fractionating  the  product  a  great  number  of  times  with  the  precautions  above 
indicated.  It  is  a  liquid  of  specific  gravity  1*291  at  0°,  boiling  at  104°.  Vapour- 
density:  obs.  »   6*378;  calc   -  6*216. 

Ethylamylio  Silicates. — ^These  ethers  are  produced  by  distilling  ethylsilicie 
mono-,  di-,  or  tri-chlorhydrin  with  an  equivalent  quantity  of  amylio  alcohol :  e.  y. — 

(C«H»)«CJlSiO«  +  (C»H")HO  =  (C«H*)«(C»H")SiO*  +  HCL 

EtbyUilidc  Amvlic  AmyUtiiethyUc 

monochlorhydrin.  alcohol.  silicate. 

The  mmamylio  compound,  (C*H*)*(C*H")SiO\  is  a  limpid  slightly  oUy  liquidr 
having  a  faint  odour,  like  that  of  amyl-compounds  in  general ;  boils  between  216^  and 

225® The  diamylic  compound,  (C«H»)*(C»H")«SiCH,  has  a  specific  gravity  of  0*915  at 

0«>,  and  boibi  between  245°  and  260O.— The  triamylic  compound,  ((3«H»)(C^»>)«iO«, 
has  a  specific  gravity  of  0*913  at  0^,  and  boils  between  280°  and  28IP.  Theae  mixed 
ethers,  like  tetramylic  silicate,  are  less  easily  decomposed  by  alcoholic  AirnnmnU  than 
tetrethylie  silicate.    (Friedel  and  Crafts.) 

Triethyl-acetyUilicio  Ether,  (C«H»)«(C«H*0)SiO«.  Ethylic  aUieo-aceiin,'^ 
Produced  by  heating  tetrethylie  silicate  with  acetic  anhydride  to  180°  for  fourteen 
hours,  and  separated  by  fractional  distillation.  It  is  a  umpid  slightly  oily  liquid, 
with  a  slightly  acetic  odour,  becoming  stronger  after  exposure  for  some  time  to  a  moist 
atmosphere.    Boils  at  about  190°.    Bums  with  emission  of  white  clouds  of  silica. 

Metbylallloio  Btlien.  (Friedel  and  Crafts,  Ann.  Ch.  Phys.  [4]  ix.  82.)-- 
Tktramethylio  silicate,  (CH')^SiO*,  is  prepared,  like  the  corresponding  ethyl-oompotuid, 
by  the  action  of  silicic  chloride  on  perfectly  pure  and  anhydrous  methylic  alcohol 
(obtained  by  distilling  ordinary  methylic  alcohol,  first  over  sodium,  and  then  over 
pliosphoric  anhydride).     It  is  a  colourless  limpid  liquid,  having  a  fragrant  ethereal 
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r,  and  a  tpaaie  gnntj  of  1-0589  at  0®.  Boils  at  121<>— 122^  Vapoar-detisity  : 
oba^  «-  5*380 ;  calc.  «  6*264.  It  in  moderate!/  solable  in  water,  the  solation  ro- 
Maiaing  dear,  and  not  depositing  gelatinous  silica  till  after  the  lapse  of  several  weeks. 
It  bams  with  enussioa  of  wlute  Aimes.  It  is  rapidl/  decom^^osed  by  exposure  to 
■aist  air.    Aqueous  alcohol  oonyerts  it  into  a  mixture  of  methyhc  polysilicates. 

BKxmHkyiie  DitUieaU,  (CH*)*SiK)'  -  d(CH«)H).2SiO«,  is  obtained  in  the  prepani- 
tion  of  tetramethylfc  ailioEtte  when  the  methyl-alcohol  used  is  not  quite  anhydrous : 
abo  by  heating  thetetramethylic  ether  with  wood'spirit  containing  the  quantity  of  water 
laqairadbytheoiyforits  production:  2(CH')«SiO«  -t-  HK>  -  (CH^)<SiH)'  +  2(CH*)HO. 
It  resembles  the  tetramethylic  ether,  has  a  specific  gravity  of  1*1441  at  0°,  and  boils 
between  201®  and  202*6.    Vapour-density :  obs.  -  9*19;  calc  »  8*93. 

M€tkyl»ili€ic  CklQrkydrina. — These  compounds  are  precisely  analogous  to 
tho  athylsilicic  ehlorhydrins  already  described,  and  are  obtained  in  like  manner. 
Tliay  are  limpid  liquid!,  having  an  ethereal  odour,  burning  with  a  green-edged  flame, 
and  diAisia^  white  cknids  of  silica ;  easily  decomposed  by  moisture ;  converted  by 
wood-flcirit  into  tetramethylic  silicate.  Their  densities  and  boiling-points  are  exhibited 
fm  tha  roUowing  table: — 


MoBochbrhydrin,  (CH')>ClSiO* 
Difhlorhydnn,  (CH»)«Cl«SiO^       ,    . 
MdJorhydziii,  (CH«)Cl>SiO  .    .    . 

BoUliif-polDl. 

Speeifle 
gravity  at  0^. 

Vapoiiv-deDfity. 

OlM. 

calc. 

114*60—116-00 
98®   —1030 
82©   —86° 

1*1954 
1-2595 

5*678 

5-66 

5*66 

5*42 
6-57 
5*73 

Mttkyl'tthyUilieie  Ether b, — ^These  compounds  are  produced  by  the  action  of 
athylic  aloc^l  on  the  methylsilicic  chloriiydrins. 

bkyl-4rimetkuUo  JSUieate,  (CH*)^C*H»)SiO«,  is  obtained,  together  with  a  small  quan- 
titf  of  the  foUowinff  compound,  by  treating  methylsilicic  monochlorhydrin  with 
aifinni  of  oommon  alcohol.    It  boils  lletwcen  133^  and  136^. 

IMJ^^dimetkylic  SUicaie,  (CH')^C*H*)^iO«,  is  obtained  by  the  action  of  ethylie 
alaabol  on  methylulicic  dichlorhydrin,  and  by  that  of  methylic  alcohol  on  tetrethylie 
vUeato.    It  is  a  liquid  of  specific  gravity  1*004  at  (P,  and  boiling  between  143® 

"  146®.    Vapour-density:  obs.  «  6*178;  calc.  «  6-238. 

TntOfl'm^/ie  SUicate,  (CH')(C«H*)>SiO«,  is  obtained  by  the  action  of  ethyl- 
monochlorhydrin  on  methylic  alcohol.  It  has  a  specific  gravity  of  0*981  at  0®, 
boils  between  Idd®  and  157®. 


Dimethyl 'diamylie  Silicate,  (CH'WC'H»)*SiO«.— Ffoduced  by  disUlling 
Msdiylsilieie  monochlorhydrin  with  two-thirds  of  its  weight  of  amylic  alcohol  Boils 
between  3250  and  2350.    Decomposed  by  alcoholic  potash,  but  not  easily  by  alcoholic 


Silicon  unites  readily  with  aluminium,  iron,  zinc, 
platinum,  and  some  other  metals,  but  not  with  sodium,  and  apparently  not  with  lead 
«r  pofaasinm  Towards  aluminium  and  zinc,  silicon  behaves  in  the  same  manner  as 
caitKm  to  east-iron,  dissolving  in  these  metals  when  melted,  and  separating  in  the 
CTjelalline  form  on  cooling. 

Silieide  of  Calcium,  probably  CaSi',  is  prepared  by  intimately  mixing  300  grains 
of  gn^hitoidsl  silicon  with  3,000  grains  of  chloride  of  calcium  in  a  hot  mortar,  briskly 
a^^tating  the  mixture  in  a  wide-mouthed  bottle  with  360  grains  of  sodium  cut  into 
•Ball  pieces,  and  introducing  the  whole  into  a  red-hot  crucib&,  into  which  a  little  fused 
common  salt  has  been  previously  thrown,  and  upon  this  a  mass  of  sodium  weiring 
S60  grains.  The  whole  is  then  covered  with  a  layer  of  fused  and  pulverised  chloride  of 
■odium,  the  cover  is  put  on,  and  the  fire  is  gradually  raised  to  a  temperature  sufiScient 
to  melt  cast-iron,  at  which  it  must  be  maintained  for  half  an  hour.  On  breaking  the 
cmeible  when  cold,  the  siliade  of  calcium  is  found  (if  the  operation  has  been  success- 
ful) in  a  well-fused  button,  which  must  be  preserved  in  tightly-closed  vessels. 

suicide  of  calcium  has  a  lead-^y  colour,  metallic  lustre,  and  scaly  crystalline 
atmcture  with  an  mdistinct  indication  of  hexagonal  plates.  When  exposed  to  the  air, 
cr  thrown  into  water,  it  slowly  crumbles  down  to  a  mass  of  graphite-tike  plates,  with 
evolution  of  hydrogen.  This  disintegration  is  due  to  the  hydration  and  oxidation  of 
part  of  the  calcium  and  silicon,  the  new  products  remaining  mixed  with  some  unaltered 
ailidde.  Fumine  nitric  acid  does  not  attack  silieide  of  calcium.  Hydrochloric,  acetic, 
«r  dilute  enlphune  add  converts  it  into  a  compound  of  silicon,  hydrogen,  and  oxygen, 
called  silicone  or  chryseone  (p.  275).    (Wohler,  Ann.  Ch.  Fharm.  cxxvii.  257.) 
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Silicide  of  Cerium^  CeSi. — ^When  a  mixture  of  fluoride  of  potassiiuii  and  oxidt 
of  cerium,  fused  in  a  porcelain  crucible,  is  suljected  to  electrolysis,  silicide  of  ceriun  is 
deposited  at  the  negatiye  pole  together  with  potassium ;  and  on  washing  the  deposit 
with  water  to  remove  the  latter,  the  silicide  of  cerium  remains  as  a  brown  powder, 
which  is  insoluble  in  acids,  and  bums  with  a  reddish  flame,  leaving  a  jellow  powder 
mixed  with  black  particles.    (Ulik,  Zeitschr.  f.  Chem.  [2]  ii.  60.) 

suicides  of  Copper. — ^Theee  compounds  possess  ^eat  hardness,  and  beoom« 
hairder  but  less  malleable  as  the  proportion  of  silicon  increases.  A  white  copper- 
silicide,  very  hard  to  the  file,  is  formed  in  the  preparation  of  silicon  by  passing  the  va- 
pour of  silicic  chloride  over  sodium  heated  in  copper  trsys.  A  copper  silicide  contain- 
ing 12  pts.  silicon  to  88  pts.  copper  is  obtained  by  fusing  3  pts.  of  potaasicsilicofluoride, 
1  pt.  sodium,  and  1  pt  copper-turnings,  at  such  a  temperature  that  the  melted  metal 
is  covered  by  a  very  fluid  slag.  The  compound  is  white,  brittle,  and  more  fusible  thaa 
silver.  By  fusing  this  silicide  with  a  larger  quantity  of  copper,  a  compound  may  be 
obtained  containmg  4*8  per  cent,  silicon :  it  has  a  fine  light  bronze  colour,  is  aa 
malleable  as  ordinary  bronze,  somewhat  less  hard  than  iron,  and  may  be  wroogfat  bka 
the  latter,  is  very  mtuleable,  and  may  be  drawn  out  into  wire  having  at  lea«t  as  amek 
tenacity  as  iron  wire.  (Deville  and  Caron,  Ann.  Ch.  Pharm.  civ.  232 ;  Ann.  Cb. 
Phys.  [3]  Ixvu.  466.) 

By  precipitating  cuprie  sulphate  with  siliciuretted  hvdrogen,  a  copper-silidde  is 
obtained,  as  a  dark  copper-coloured  film,  translucent  with  browxdsh  colour  when  very 
thin.  This  compound  is  easily  ozidisable,  being  quicklv  converted,  hj  ezpoeure  to  tht 
air  at  ordinary  temperatures,  into  lemon-yellow  cupnc  silicate.  IHlute  nitric  add 
decomposes  it  immediately,  separating  metallic  copper ;  hydrochloric  add  dissolves  it, 
with  evolution  of  hydrogen  and  separation,  of  silidc  oxide.  With  potash-lej  it  quiddy 
gives  off  hydrogen,  and  deposits  copper  firee  firom  silicon;  it  also  gives  off  nydrogen  ia 
contact  with  ammonia. 

Silicide  of  Iron.    See  Ibov  (iii.  334). 

Silicide  of  Magnesium. — ^The  mass  obtained  by  fusing  together  chloride  of 
magnesium,  chloride  of  sodium,  silicofiuoride  of  sodium,  and  metallic  fodium,  for  the 
preparation  of  siliciuretted  hydrogen,  contains,  besides  free  silicon,  two  siliddes  of 
magnesium,  one  of  which  gives  off  silidnretted  hydrogen  when  treated  with  •qneoni 
sal-ammoniac  or  hydrochloric  add ;  whereas  the  other,  when  treated  with  hydrocblone 
acid,  yields  free  hydrogen  and  hydrated  oxide  of  silicon.    (Wohler). 

Silicide  of  Manganese,    See  MAKOAMBfls  (iii.  816). 

Silicide  of  P/a^ tnt(m.>- Platinum  unites  readily  with  silicon,  forming  a  veiy 
fusible  compound :  hence,  on  f^ng  silicon  in  a  platinum  erudble  lined  with  lime,  ears 
must  be  taken  to  make  the  lining  very  dense,  as,  if  the  dlioon  comes  in  contact  with 
the  platinum,  the  crucible  will  be  perforated. 

Silicide  of  Potassium(?). — According  to  Berzelius,  silidde  of  potassium  ii 
formed  in  the  preparation  of  silicon  dj  heating  potassic  silicofiuoride  with 
potassium;  but,  according  to  Deville,  the  potassium  is  merely  mixed  with  the  free 
silicon. 


(Eriedel  and  Crafts,  Bull.  Soc  Chim.  1863,  p^ 
468;  1866,  i.  Zb^.y-SUicon^thyl,  tthylic  silicide,  or  tUioio  ethide,  Si(C*H*)\  and 
the  corresponding  Tnethyl-campound,  Si(CH*)*,  are  prepared  by  heating  dhdc  chloride 
with  zinc-ethyl  and  zinc-methyl  respectively  in  sealed  tubes.  Thev  are  limpid  liquids 
lighter  than  water,  and  burning  with  a  brieht  fiame,  emitting  white  clouds  of  sOica. 
They  are  not  attacked  by  potash  or  by  ordinary  nitric  add,  but  are  decomposed,  th« 
mnthyl-compound  with  great  difficulty,  by  heating  with  fuming  nitric  add  in  sealed 
tubes.    Their  boiling-points  and  vapour-densities  are  as  follows : — 

Vapour-deoaltT. 
Boillng-polnU.  Obt.  Calc. 

8i(CH»)«  30<>—  31°  8083  3-048 

Si(C»H»)*  1620—164°  613  4-99 

BlUCXmi.    Syn.  with  Silicon. 

8ZZ.ZCO.BO&ATB8.  {     See  Silicates  (p.  262). 

8ZXiZCOribVO&ZBB8.    See  Silicon,  Fluobidb  of  (p.  270). 

SlUCOir,  or  BXXiZCZUM.  Atomic  weighty  28 ;  Symbol,  Si. — ^This  element,  though 
very  abundant  in  nature,  is  never  found  in  the  free  state,  but  always  in  combination, 
either  with  oxygen  alone,  im  silica  (p.  240),  or  with  oxygen  and  metals,  forming  silicates. 

Silicon  is  obtained  in  the  free  btate  by  the  action  of  reducing  agents  on  the  chloridt 
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required  to  voktiUse  (he  zinc,  till  the  dag  is  completely  melted ;  then  left  to  «n1 
slowly.  The  mass  of  Eine  thus  obtained  contain!  long  needlee  of  nlioon  fonosd  of 
octahedrons  ( f  rhombic)  inserted  one  into  the  other.  Much  cft  the  buc  may  b« 
eztmcted  by  jpartial  fusion  at  a  low  temperatore^  and  the  sine  which  nns  from  tbi 
pasty  mass,  in  which  the  silicon  is  retained,  ma^  be  employed  again  in  a  Bmilu 
operation.  The  sine,  which  still  adhwea  to  the  sihcon,  may  be  remored  by  digwtioD, 
first  in  hydrochloric,  and  afterwards  in  boiling  nitric  add.  If  a  reiy  hig^  tempenton 
be  employed  in  the  operation,  the  whole  of  the  zinc  may  be  expelled,  and  the  siUeoo 
obtaixied  in  the  fused  state.  Deville  and  Caron  haye  in  uiis  way  fosed  sereral 
hundred  grammes  of  silicon  under  a  layer  of  potassio  silieofluorids^  at  n  temperature 
near  the  melting-point  of  cast-iron,  and  haye  cast  it  into  laige  ^lindriol  ban, 
without  sensible  loss  by  oxidation*  These  ban  exhibited  a  brilSant  snrfiue,  irioch 
was  not  altered  by  exposure  to  the  air  (Ann.  Ch.  Fhys.  [3]  Ixiii.  26 ;  Izrii.  441) ;  set 
also  Bobbins  (Vhem,  Netoa,  t.  102). 

8I&XOOV,  BSOMZDa  OV.  SiBr^.^This  compound,  disooTered  by  SemUas,  ii 
mduoed  by  passing  bromine-Tapour  over  an  intimate  mixture  of  silica  and  charooal, 
heated  to  reoness  in  a  porcelain  tube :  it  is  purified  by  agitation  with  mercuiy,  aai 
distillation.  Colourless  liquid,  of  specific  gravity  2*813,  and  haying  a  pungent  odour. 
It  solidifies  at  12^  to  16^  to  an  opaque,  white,  shghtly  nacreous  mass;  boils  at 
153'4°  (under  a  pressure  of  762  mm.X  fumes  yeiy  strongly  in  moist  air,  and  incoDtad 
with  water  is  immediately  resolved  into  hydrobromie  add  and  gelatinone  siUoSi 
Heated  with  potassium,  it  decomposes  with  detonation. 

Siiieohpdric  Bromide,  8i*H«Br>«  -  88iBi'.4HCl,  is  obtained  by  pasaiag 
h3rdrobromic  acid  gas  over  i^ted  oystalline  silicon,  and  pasdng  the  evc^Ted  yi^ovn 
through  a  U-tube,  cooled  with  ice  and  salt  When  purified  from  ftee  bromine  by 
agitation  with  mercuiy,  it  is  a  colourless  liquid,  of  specific  gravity  about  9*5;  it  fumes 
etron^y  in  the  air,  and  is  instantly  decomposed  by  water,  yielding  hydrobrnnic  add, 
and  the  corresponding  hydrated  oxide,  Si'HK)*,  which  forms  a  film  on  the  sniftce,  lod 
for  a  while  protects  the  remaining  bromine-compound  ftota.  ftntfasff  deoompositioBi 
(Wohler  and  Buff,  Ann.  Ch.  Pharm.  dv.  99.) 

exXJCOOlTv  OB&OBXBB  OV.  SiClS — ^This  compound  is  formed  when  nlicon  ii 
heated  in  chlorine  gas ;  but  the  best  mode  of  preparing  it  is  to  mix  findy-powdered 
silica  to  a  paste  with  oil  and  -charcoal,  heat  tne  mixture  in  a  covered  cnunbley  and 
ignite  the  charred  mass  in  a  porcelain  tube,  throuj^  which  a  current  of  chlorine  if 
passed: 

SiO«  +  2a«  +  C«  -  2C0  +  SiCl«. 

The  product  is  recdved  in  vessels  cooled  by  a  freering  mixture. 

Chloride  of  silicon,  or  silidc  chloride,  is  a  transparent  colourless  lignid,  of  spedfie 
gravis  1-6237  at  0^.  It  remains  liquid  at  -  20o,  boils  at  ft(P  (Serullas).  Yapcwr- 
density:  obs.  =»  6*939  (Dumas);  calc.  a  6*8906.  The  vapour  has  n  enflbcatiag 
odour,  and  reddens  litmus. 

^  Chloride  of  silicon  is  quickly  decomposed  by  footer^  yiddinp:  hydrocfaloirie  add  and 
silica,  a  considerable  quantity  of  which  remains  dissolved  if  we  water  is  in  kigi 
proportion.  Potassium^  heated  in  the  vapour,  decomposes  it  with  separatioo  of  silieoB. 
fused  potasdum  dropped  upon  the  liquid  chloride  causes  an  explodon. 

Silicohydric  chloride,  Si«H'Cl>*  «=  3Sia<.4HCl,  analogous  to  nlioohydrie 
bromide,  is  prepared  in  like  manner  by  passing  hydrodiloric  add  gas  over  oystaUised 
silicon  heated  to  barely  visible  redness,  and  condensing  the  product  in  a  U-tnbe  cookd 
to  0^.  It  is  a  colourless  very  mobile  liquid,  of  spedfic  ^vity  1*66,  boiling  at  about 
42®.  It  fumes  strongly  when  exposed  to  the  air,  depositing  a  white  film  on  sunousd- 
ing  bodies,  and  emitting  a  sufibcating  vapour.  It  is  highly  infiammable,  and  buna 
with  a  greenish  feebly  luminous  fiame,  depositing  silica  and  emitting  ^droofalorie 
acid.  The  vapour  mixed  with  oxygen  explodes  violently  on  tranemisdon  of  an  deetrie 
spark,  depositing  silica,  and  ^dding  hydrochloric  acid  and  tetrachloride  of  silicon.  It 
may  be  boiled  over  sodium  without  decompodtion — hence  it  does  not  appear  to  contain 
ready-formed  hydrochloric  add ;  a  similar  observation  applies  to  the  bromide.  Whea 
passed  through  a  red-hot  tube,  it  is  resolved  into  a  mixture  of  hydrochlorie  add  and 
the  tetrachloride,  whilst  half  the  silicon  is  deposited  in  the  form  of  a  brown,  anion>boDi^ 
metallic-shining  crust.  Water  decomposes  it  immediately,  with  great  rise  of  tem- 
perature, forming  hydrochloric  add  and  the  corresponding  hydrated  oxide,  oalkd 
leuconei  Si»H<a»»  +  6H«0  «  Si»H*0»  +  lOHCL  (Wohler  and  Buf^  Ann.  Oi. 
Pharm.  civ.  94.) 

SXUOOir,    BSTBCTZOW   AVB    S8TZBKATIOV    OV.     The  methods  of 

analysing  compounds,  in  which  silicon  occurs  as  silidc  acid,  have  been  alnidy 
detailed  (p.  245). 
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SXUOtnr,  rtXO»ntW  or.  SiF*.— a  gueoaa  compoiu  .  , 
tiirdn>flusrir  kdd  oomei  in  contact  with  ulica  or  bot  liliciooB  subitaiice.  nicb  u  fiat. 
•od  therefcra  alaa  whea  a  mixtore  of  b  flooridB  wiu  lUie*  or  a  liUeUa  ii  heatid  wiA 
vnlpbatie  aoid.    Hie  reoctioil  ii, 

*HF  +  SiO"     -     2HK)  +  SiP. 


■  dry  givfljarft.     If  the  receivera  are  coaled  with  a  film  of  mwjvtiira,  tluij  beoooi 
oomed  »ilh  an  op«qiiB  deposit  of  silica,  which  cannot  be  removed. 

Fluoride  of  altcon  is  a,  colonrleM  gas,  having  a  speciSc  gravity  of  3'60,  and  a  hi^j 
tHmgeat  atil  iniSieitiDg  odour,  like  that  of  hjdrochloric  acid.  According  to  J.  &tj. 
It  reddena  Ihona-paper  ereii  when  perfactlr  diy.  It  liqaeAes  oDdar  verj  atrcmf  fit*- 
sure  (Faraday^  and  aolidiflea  at  —  140°  (Katterer).  It  ia  not  JpflammaMe.  bU 
«itiiigiiidMa  a  lii^t«d  taper.  It  fames  Ufonglj  in  the  air,  and  ia  abaorbad  in  Uip 
quonlitjr  by  «at<r,  which  at  the  aune  time  decompoaea  it  into  ailiea  and  aiUoodliiicic 
acid: 

3SiF*  +  3H'0  -  aH^iP  +  8iO». 
Aqweena  alioMe  and  aliatint  tartlu  either  act  like  water,  predpilatiDg  out;  OM-thiid 
of  the  ailieoti  u  eilica,  aad  forming  a  ailicofitiorida,  ».  [  SSF*,  as  with  potaih ;  or 
thpj  precipitatn  the  whole  of  the  silica,  and  form  a  metallie  floarida,  aa  ii  the  caae  with 
Boda.  Manj  mutaUii!  oxida  in  the  anhjdrona  state  abaarb  gueoni  flnoride  of  ailisi^ 
prodaag  heat  aod  Bomatimea  even  flame,  and  appareDtlj  fbimiog  a  Duztom  of  aibta 
nnd  nebtlUe  teocida. — BoiBt  iiaai,  jnunijaud  in  the  gas,  becomaa  red-JLOt  thmogliaal 
ire  wluile  iinni  nifiim'iriri.  at  ordinarj  tmnperatareB,  acts  but  aliKhtly  on  the  gat; 
but  if  hrated  till  it  melta,  it  blackens,  and  boms  with  a  dark-red  £ime,  abaorbinc  a 
portioa  af  tfaegaa,  and  yielding  a  daik-brown  brittle  msaa  (G-aj-Laaaac  and  Thj- 
uard).    Sodium  acts  in  a  aimilar  numoer. 

Fhnride  of  silicon  combines  with  twice  its  ownToloma  of  amaumia-giu,  fivnunf  s 
volatile  erTitalliua  compound,  ZN'H'.SiF*,  irtiidi  ia  deeompoaed  br  -mtUt,  jielung 
■ilicaaiid  a  solntion  of  Booride  and  Bilieoflnoride  of  ammoninln  (J.  SaTy): 
S(2NH'.8iF*)  +  attO  -  SNH'F  +  (NH*)'8iF'  +  SO*. 
Abaoltiti  alcohol  absorbs  fluoride  of  silicon,  forming  a  liquid  called  aitice- 
fluoric  or  fluoailieic  alcohol,  coDBisting  of  ■  mixtnio  of  tetrethylio  silieata 
and  ailicofluoric  add.  To  obtain  s  Batuiated  solution,  the  alcohol  niut  be  kept  eooL 
<KDop  and  Wol^  Chem.  Centr.  1861,  p.  S23  ;  Jahicsb.  1861,  p.  307.) 

nuooBnorlo  mM,    SiB'F'  -  SHF.SiF<.— An  acid  produced  by  tlia  action  of 
water  on  gaaeosi  flnoride  of  ailicOQ.     To  piepare  it,  the  genetatinK  flask  ia  fitted  wiA 
a  wide  glaaa  tube,  dip[Hng  nudn 
Fig.  T43>  meicnty  at  the  bottom  of  a  g^iM 

jar,  aa  in  fig,  713.  Water  is 
then  poured  into  the  glass,  txA 
beat  applied  to  the  mixture  ia 
the  9aEk.  The  ol^cct  of  makii« 
the  end  of  the  tube  dip  nadtc 
mercury,  ia  to  prerettt  it  &IB 
being  atopped  np  by  the  dapoaitd 
■ilica.  Each  bubble  of  gaa,  m  it 
risea  through  the  water,  is  da- 
eompoaid,  as  abore  ex[dsin(d, 
into  ailicoflooiic  acid  and  frt* 
■ilica — the  former  diaaahni^ 
while  the  latter  is  Bet  five  il 
the  solid  atate,  and  lorwt 
a  siliciouB  envelope  nmnd  tin 
bubble  aa  it  liacs  abore  the 
aurihee  of  llw  mercoiy;  ll- 
timately,  the  liquid  sets  into  a 
gelatinous  maM.  Wbaa  sdt 
dently  situratad,  it  is  aapvatri 
from  the  silica  by  rnsaurs  be- 
tween linen,  and  finally  byUM- 
tion  Ihrou^  P*pcr- 
uantitica  is  lo  diBaolre  nlica  i> 
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A  ntanCed  nliittoii  of  Kiliooflnoric  acid  fonns  a  very  soar  fuming  liquid,  whieh 
gndually  eraporataf  at  40**  in  platinum  vessela  without  leaving  any  residue  It  do<« 
not  attack  glut  iKcent  vhen  evaporated  upon  it;  in  that  case  the  fluoride  of  silicon 
goes  offfiz^learing  nydiafluoric  acid,  which  corrodes  the  glass,  and  ultimately  erapo- 
imtM  aLo  as  fluoride  of  silicon. 

Aeconling  to  Stolba  (J.  jpr,  Chenu  xc  193),  the  specific  gravitj  of  the  aqueous 
add  iDCMaaM  icgolarly  with  its  strength,  as  shown  by  the  following  numbers: — 

PHraitage  of  H^SiF*         .        .       0*5  1  1-6  2  6  10 

SpeciflegraTltyatl7'5^     •        .    10040    1*0080    1*0120    1*0161     1*0407    1*0834 


21CF.SiF*,  or  MT'.SiF*.— These  salts  are  produced :— 1.  By 
diHiolving  a  metallic  oxide,  hydrate  or  carbonate  (or,  in  the  case  of  iron  or  one, 
tha  Bim|M6  metal)  in  silicofluone  acid  till  the  liquid  is  nearly  saturated, — when,  if  the 
aoBipoimd  ia  not  insoluble,  it  is  separated  on  evaporating  the  liquid  in  a  platinum- 
¥>asaL  If  it  gelatinises  firom  excess  of  silica,  a  small  (quantity  of  hydrofluoric  acid 
mut  be  added,  and  this»  on  further  evaporation,  volatilises  with  the  mlica  in  the 
fnrm  of  nUde  fluoride. — 2.  By  the  action  of  silidc  fluoride  on  metallic  fluorides  (either 
diy  or  in  tolntion),  which  readily  absorb  the  gas :  or  on  metallie  oxides  or  carbonates 
al%htly  moistened  with  water.  In  the  latter  case  a  portion  of  the  silicon  is  separated 
m  the  fi>rm  of  silica. 

Moat  filicoflnorides  are  easily  soluble  in  water ;  only  those  of  sodium,  lithium, 
barium,  oaldnm,  and  yttrium,  are  sparingly  soluble.  The  solutions  frequently  yield 
l^fdntod  crystals.  Many  of  these  oryst^s  lose  their  water  by  efflorescence  on  expo- 
BBTB  to  the  air,  and  all  of  them  undergo  this  change  when  heated. 

Tlia  silieoflBoridea  redden  litmus,  and  for  the  most  part  have  an  acid  and  bitter  tastp. 
Bf  piolooffed  ignition,  they  give  up  the  whole  of  the  fluoride  of  silicon,  the  metallic  fluo- 
ride remaining  belund  in  the  pure  state.  If  they  contain  water,  the  gaseous  fluoride  of 
silicon,  as  it  escapes,  is  accompanied  by  a  white  sublimate  in  the  form  of  minute  drops, 
which  CD  expoauze  to  moist  air  deposit  silica. 

The  ailiocjAnorides^  many  of  them  at  leasts  are  resolved  by  ignition  with  potassium 
into  silicon  and  fluoride  of  potassium,  whilst  the  metalMc  fluoride  previously  in  com- 
bination with  the  fluoride  oi  silicon,  either  remains  unaltered,  or  gives  up  its  fluorine 
alao  to  the  potasnum.  The  action  of  tron  at  a  red  heat  is  similar  to  that  of  potassium 
(Berielius).  With  oQqfviiriol,  the  silicofluurides  at  flrst  evolve  gaseous  fluoride  of 
■lioon  with  eflfervesoenoe ;  then,  at  a  temperature  which,  in  the  case  of  the  calcium  and 
bariom-eompomid,  exceeds  lOO*',  anhydrous  hydrofluoric  acid  is  evolved.  Hydro- 
liimm  and  niiric  acids  expel  only  a  part  of  the  hydrofluosilicic  add.  The  silicofluo- 
ridea  are  decomposed  bv  excess  of  alkali,  silica  being  predpitated,  and  a  metallie 
inorida  remaining  in  solution :  e.^. — 

2KF.SiF«  +  4KH0     -    SiO«  +   6KF  +  2H«0. 

8iiieofiuoride$  of  the  Alkali-metals. — The  amrnonhtm-salt,  (NH*)*SiF*  « 
SNH^FjSiF*,  is  produced  by  neutralising  silicofluoric  acid  with  ammonia,  avoiding  an 
sBasM.  The  filtered  liquid  yields  the  salt  by  spontaneous  evaporation,  in  large,  trans- 
paraat,  ahming,  four-  or  six-sided  prisms,  containing  water  of  crystallisation. 

The  HtkUim'-^tf  2LiF.Sif^,  czystaUises  from  solution  in  silicofluoric  acid  in  small 
tnnapnrent  srains,  which  under  the  microscope  present  the  appearance  of  six-sidf>d 
It  haa  a  slightly  add  and  bitter  taste,  melts  at  a  red  heat,  and  obstinately 
ita  fhiQiride  of  silicon.  Pure  water  dissolves  it  very  slowly ;  addulated  water 
fciMiily. 

The  potassiHm'Sait,  2KFJ3iF^,  is  obtained  as  a  transparent  gelatinous  predpitate, 
„  hen  njiieofluoric  add  b  added  to  any  salt  of  potassium  ;  when  drv  it  forms  an  earthv- 
hflfcr^g  powder.  It  is  one  of  the  least  soluble  of  the  potassium-salts,  and  consequently 
nilieoAnoric  add  ia  often  used  to  predpitate  potassium  from  the  solutions  of  its  salts; 
in  this  manner  chloric  acid  is  sometimes  prepared  from  chlorate  of  potassium. 
Aeeovding  to  Stolba  (J.  pr.  Cliem  xc  193),  it  has  a  spedflc  grarity  of  2-6649 — 
3-6tt66  at  17*6^  and  dissolves  in  883*1  pts.  of  water  at  that  temperaturp,  and  in 
104*9  pta.  at  the  boiling  heat  It  is  insoluole  in  alcohol.  The  salt  melts  at  a  low  red 
bent,  and  boila  at  a  hi^er  temperature,  slowly  evolving  gaseous  fluoride  of  silicon. 
Heated  with  potaadum,  it  yields  silicon  and  fluoride  of  potassium. 

The  §odimm-sa2tt  2NaF.SiF\  resembles  the  potaasnum-salt,  and  is  obtained  in  like 
Banner.  According  to  Stolba,  it  has  a  density  of  27647  at  17'5^,  dissolves  in 
15S*9  pCa.  water  at  that  temperature,  and  in  40*66  pts.  at  its  boiling  heat  (101^).  It 
haa  •  great  tendency  to  fionn  supersaturated  solutions,  and  mav  be  used  as  a  test  for 
petaanum-salts  when  the  solutions  of  the  latter  are  not  too  dilute.  The  solutions 
of  the  potaaaic  and  sodic  silicofluurides,  when  flowly  evaporated,  dei)r»f<it  the  salts  in 
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ring-ihaped  croBts  on  the  side  of  the  Tessel  (Stolba).    The  sodhtm-salt  is  inaoloblf 
in  alcohol,  whether  strong  or  dilate. 

Silxcofluorideiof  the  Eattk*metal», — TheAafttim-MZ^,Ba'7'.SiF',i8pfod«Nd 
on  adding  siliooflnoric  acid  to  a  ioluble  barium-ealty  and  is  quickly  deposited  io 
microscopic  ezTstals,  insoluble  in  excess  of  the  add.  It  is  deooinpoMd  "by  ignitioo, 
flnoride  of  silicon  soing  off  and  fluoride  of  barium  renutining. — A<scoimng  to 
Fresenins  (Ann.  Ch.  Pharm.  lix  117),  it  dissolves  in  Zfiffl  pt&  ^pure  irater,  ud 
in  733  pts.  of  water  acidulated  with  hydrochloric  acid. — ^The  ttromivtm-aalt  se^anttc* 
from  a  solution  of  strontium-carbonate  in  silioofluoric  add^  on  e?apoiration  or 
cooline,  in  short  hjdrated  rhombic  prisms,  with  dihedral  summits  resting  on  the  acntt 
lateral  edgfts.  It  is  milch  more  soluble  than  the  barhunnnlt^  so  that  siSooAuorie  add 
may  be  used  to  distinguish  barium  from  strontium  in  solution. — ^The  ctdeium'^t 
crystallises  in  four-sidf  d  obliquely  truncated  prisms,  which  are  deeomposed  by  water, 
yielding  on  the  one  hand  an  insoluble  residue  of  silicon  and  fluoride  of  calcium,  aod 
on  the  other  silicoflooric  add,  by  which  the  remainder  of  the  silieofluoride  is  dissolTed 
without  decomposition  (Berzelius). — ^The  ^lucinum^'aalt  is  easily  soluble  in  water, 
and  if  the  solution  contains  excess  of  add,  it  remains,  after  the  tx^tilisatioB  of  the 
latter,  in  hard  white  masses  resembling  porcelain  (Berselius). — The  maffnenmrn^Mlt, 
Mg*'F*.SiF^,  is  a  transparent,  yellowish,  gummy  mass,  easily  soluble  in  water  (Ber- 
zelius).— ^The  yitrium-sait  is  insoluble  in  pure  water,  but  soluble  in  water  eootsiniiig 
hydrochloric  add,  and  separates  on  eraporation  (Berselius);  deeoIImosedbJeY:^x)fl- 
tion  (Popp). — ^The  tirconium-^t  forms  white  peariy  crystals,  tenr  soluble  in  water;  the 
solution  becomes  turbid  on  boiling,  but  the  greater  part  of  the  salt  remaimi  dissolved. 

8ilicofluorid$8  of  Heavy  Metals, — AnHmony-mtJU,  Asolutimi  of  aotimonioos 
oxide  in  nlicofluoric  add  CtystalliseB  by  slow  evaporation  in  prisms,  which  crumble  to 
powder  when  dried  in  the  air,  and  dissolve  readily  in  excess  of  the  add  (Berselius). 
The  cadmum-doU  forms  long,  transparent,  efflorescent  prisnu,  very  soluble  in  wator. 
(Berzelius.) 

Chromic  salt, — ^A  solution  of  chromic  oxide  in  silicofluoric  add,  yields  b;^  evaporaticn 
a  transparent,  green,  amorphous,  deliquescent  mass,  which,  if  it  contains  excess  of 
acid,  swells  up  in  the  fire  like  alum,  and  again  deliquesces  on  esposu^  to  Uie  air. 
(Berzelius.) 

CobaU-eali,  CoT'.SiF.7H*0.— Pale-red  rhombohednms,  easily  sdtnblt  in  water. 
(Berzelius.) 

Copper-salts, —  The  cuprous  salt,  2CuF.SiF^,  is  copper-ooloured,  resembting 
cuprous  fluoride,  and  behaves  like  the  latter  when  exposea  in  the  moist  state  to  the 
air.  When  somewhat  strongly  heated,  it  melts,  and  gives  off  fluoride  of  silica  with 
ebullitions.  (Berzelius.) 

Cnpric  Silieofluoride  is  obtained  by  spontaneous  evaporation  of  a  scdution  of 
eupric  oxide  in  silicofluoric  add,  in  transparent  octahedrons  and  haxaponal  prisms, 
containing  CuT'.SiF^.7H*0,  which  effloresce  in  the  air,  becoming  li^t-blue  and 
opaque,  and  giving  off  2  at.  water,  and  are  easily  soluble  in  water.  (Berselius). 
Knop  and  Wolf  prepare  this  salt  by  adding  predpitated  eupric  oxide  in  slight  exeesi  to 
fluosilicic  alcohol  (p.  270),  dilutea  with  3  or  4  times  its  volume  of  absolute  aleohoL 
A  pale-blue  crystalline  powder  is  thereby  produced,  the  filtered  aqueous  solntioo  of 
which  contains  pure  eupric  silioofiuoride,  and  yields,  with  potasdum  and  bariiun-SBlts, 
precipitates  having  the  usual  composition  of  the  dlioofniorides,  M'IF.SiF*.  But  bf 
adding  predpitated  eupric  oxide  to  fiuosilidc  alcohol  diluted  with  ei^t  times  its 
volume  of  water,  and  neated  to  50^ — 60^,  a  solution  is  obtained,  wliieh  yidds  bf 
double  decomposition,  compounds  containing  silicon  and  finorine,  but  of  more  complex 
constitution  than  the  ordinary  silicofluorides. — Another  series  of  fluosilide  eompoudf 
is  obtained  by  decomposing  the  solution  of  eupric  dlicofluoride,  or  of  the  cof^er-edk 
last  described,  with  zinc  or  iron.  The  zinc  or  iron-salt  thus  obtained  yields,  1^  doable 
decomposition,  the  third  series  of  salts  just  mentioned.  (Knop  and  Wolf^  Jaluesk 
1861,  p.  207.) 

Silicofluorides  of  Iron. — ^The  ferrous  salt,  Ee^.SiFS  is  obtained  by  spontaneoas 
evaporation  of  a  solution  of  iron  in  silicofluoric  add,  in  pale  bluish-green  nx-sidfd 
prisms,  very  soluble  in  water. — ^The  f  err i  c  salt,  2Fe"'P.3SiF^,  remains  on  evapontiag 
a  solution  of  feiric  hydrate  in  silicofluoric  acid,  as  a  yellowish  jelly,  which  dries  up  to 
a  transparent  gummy  mass,  completely  soluble  in  water.    (Berzelius.) 

The  lead-salt^  PbT*.SiF^,  dries  up  to  a  translucent  gum,  which  tastes  like  othv 
lead-salts,  and  redissolves  completely  in  water.    (Berzelius.) 

The  manganons  salt,  MnT'.SiF\7HK),  crystallises  from  a  very  strong  solution  ia 
long  regular  six-sided  prisms,  or  by  slower  evaporation  in  shorter  prisms  and  ihombo* 
hodrons.  It  has  a  very  light-red  colour,  and  is  easily  soluble  in  water.  When 
distilled,  it  first  gives  off  its  7  at.  water,  and  then  gaseous  fluoride  of  silicon.  (Ber« 
zelius.) 
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SiNafiwoHd^M  of  Mercury,— Tho  mercuroua  salt^  2H^F.SiF\  formed  by  digfuting 
Kenitly  pi«ci|>itatBd  mercurous  ozidti  with  iiilieuiliiuric  acid,  separates  on  evaporation 
in  small  crysuUi  sparmglj  soluble  in  water. — The  mercuric  salt,  Hg'F-.SiF*, 
obhuned  hj  diatolTing  mercuric  oxide  in  the  acid,  forms  small  pale-yellow  needles, 
which  when  distilled  giye  off  first  gaseous  fluoride  of  silicon,  then  mercuric  fluoride. 
Thej  disfolTe  eompletely  in  acidulated  water,  but  are  deoompoaed  by  pure  water, 
yfalni^g  an  aeid  lolation  and  an  insoluble  basic  salt  (Berzelius.) 
^  SUieefiuoruUi  ef  Molyhdenum, — ^A  solution  of  molybdous  hydrate  in  excess  of 
ttlieoflvorie  add  drisfl  np  when  heated  to  a  black  neutral  compound,  which  redissoWes 
IB  the  aqiMOUB  acid. — ^A  solution  of  molybdie  hydrate  in  silicofluoric  acid  acquires 
•  Uiiish  tinge  when  left  to  evaporate,  and  yields  a  black  uncrystallisable  mass,  from 
which  water  diaaolTes  out  the  blue  salt,  leaving  the  neutral  compound  in  the  form  of  a 
jet*  Uack  powder. 

The  jellowiah  aolution  of  molybdie  trioxide  in  silicofluoric  acid  leayes,  when 
•fBponied,  a  lemon-yellow  opaque  substance^  which  redissolves  fur  the  most  part  in 
VBter.    (Beraelius.) 

PUtimie  SUioofuoriae, — ^The  yellow  solution  of  plaHnic  hydrate  in  silicofluoric  arid 
dries  np  to  a  yellowish-brown  gum,  which  partly  redissolves  in  water,  leaving  a  brown 
haneaut.    (Berzelins.) 

Siiver-mlt,  2AgF.SiF^. — A  solution  of  siWer^oxide  in  silicofluoric  acid  yields  deli- 
qineseent  granular  crystals.  Ammonia  added  to  the  solution  throws  down  a  light- 
jcUow  basic  salt,  which,  when  treated  with  excess  of  ammonia,  is  converted  into  silicate 
ofsilver.    (Berzelius.) 

Atenfite  SUieoJIuoride,  SnF*.2SiP,  ciystallises  in  long  prisms,  very  soluble  in  water. 
(Berselins.) 

Vrmnama  Silieq/lwfride  is  obtained  as  a  pale-green  gelatinous  predpitate  on  adding 
sQieoflnoric  acid  to  nranous  chloride.  When  heated  in  a  tube,  it  yields  water,  hydro- 
iioric  add,  and  sublimed  silica.    (Rammelsberg.) 

Vinutdie  SUieoJluorides. — ^The  blue  solution  ofvanadicdioxide  in  silicofluoric 
•flid  lesTCS,  when  quickly  evaporated,  a  blue  substance,  which,  at  a  moderate  heat, 
swells  up  to  a  pale-blue  porous  mass.  The  solution,  if  left  to  evaporate  spon- 
tMMOuslT,  turns  green,  ana  leavea  a  syrupy  liquid  containing  er^-stals. — Vanadic 
trioxide  forms  with  silicofluoric  add  a  red  solution,  which  leaves  on  evaporation  am 
onnge-yellow mass,  only  partially  soluble  in  water.    (Berzelius.) 

&lkK\fmo>ni€  ofZmo. — Asolution  of  dnc-oxide  in  silicofluoric  add  yields,  by  efapo- 
MkioD  at  a  hi^  temperature,  three-  and  six-sided  transparent  colourless  prisms, 
sinfsiiiing  Zn*F'J3iF\  permanent  in  the  air,  and  very  soluble  in  water.  (Berzelius.) 

TWOaw,  XraSXmi  of.  SiH  (?).  SUinc  Htfdnde,  Hydrie  Silieide,  BUici' 
mnHed  ^fdroaen,  (Wohler  and  Buff,  Ann.  Ch.  Pharm.  di.  128 ;  dii.  218  ;  dT.  94 ; 
era.  112;  Janresb.  1857,  p.  16fi;  1858.  p.  142.) — Silicon  forms  with  hydrogen  a 
gMfons  compound,  which  is  not  known  in  the  pure  state,  but  is  obtained,  mixed  with 
ft  Ifti^  quantity  of  free  hydrogen,  when  a  wire  or  plate  of  aluminium  containing 
silieon  is  connected  with  the  podtire  pole  of  a  Toltaic  battery  (a  Bunsen's  battel^  of  8 
to  12  cells),  and  made  to  decompose  a  solution  of  chloride  of  sodium.  The  aluminium 
tfasB  dissolves  as  chloride,  a  condderable  quantity  of  gas  is  evolved  at  its  surfiue,  and 
Many  of  the  gas-bubbles,  as  they  escape  into  the  air,  take  fire  spontaneously,  bumine 
with  ft  white  light-,  and  diffusing  a  white  fume.  The  formation  of  the  siliduretted 
hydrogen  appears  to  be  due  to  a  secondary  action  accompanying  the  electrolysis  of  the 
Sftline  lolntion.  The  aluminium  forming  the  positive  polo  of  the  battery  combines  with 
the  ehlorine  and  dissolves;  but  the  quantity  of  aluminium  removed  is  about  one-fourth 
gmter  than  that  which  is  equivalent  to  the  quantity  of  chlorine  eliminated  from  the 
■olntion.  This  excess  of  aluminium  is  found  to  be  removed  in  the  form  of  alumina, 
Ibnifd  by  the  combination  of  the  metal  with  oxygen  derived  from  the  water.  The 
eqmralent  quantity  of  hydro^n  is  of  course  set  free,  and  part  of  it  enters  into  combi- 
nfttion  with  the  silicon  contained  in  the  aluminium. 

Sliduretted  hydrogen  is  likewise  produced  in  the  decomposition  of  certain  metallic 
siliddee  by  hydrochloric  add,  and  by  the  action  of  heat  on  the  hydrates  of  silicon. 
The  best  alloy  for  preparing  it  is  a  silicide  of  magnesium,  obtained  by  intimately 
mixing  40  pts.  of  fused  chloride  of  magnenum,  35  pts.  dried  silicofluoride  of  sodium,  and 
10  pts.  fused  chloride  of  sodium,  stirrine  the  mixture  in  a  warm  dry  tube  with  20  pts.  of 
sodium  in  small  fragments,  throwing  the  whole  into  a  red-hot  hessian  crudble,  whicli 
is  to  be  immediately  co\'ered,  and  heating  it  till  the  vapours  of  sodium  cease  to  bum. 
The  greyish-black  scoriaceons  mass  thus  produced  contains,  according  to  Wohler,  two 
■ilicides  of  magnesium,  one  of  which,  when  treated  with  hydrochloric  acid  or  solutioL 
of  sal-ammoniac,  gives  off  silicinretted  hydrogen,  while  the  uther  yields  with  hydro 
chloric  add  nothing  but  free  hydrogen  and  hy<lrated  oxide  of  silicon. 

Vol.  V.  T 
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To  obtain  the  gas,  the  ooarsoly  pulvenBed  duum  is  introduced  into  a  two-nedud 
bottle,  one  tubalure  of  which  iei  fitted  with  a  straight  fonnel-tube  reaching  tx>  the  bottom, 
while  the  other  is  provided  with  a  gas-delhreiy-tnbe.  The  bottle  is  filled  np  with  de- 
aerated  water,  and  thedelivery-tube  is  made  to  dip  underwater  in  the  pneumatic  troo^ 
care  being  taken  that  nut  a  bubble  of  air  shall  remain  either  in  the  bottle  or  in  3ie 
tube.  Strong  hydrochloric  acid  is  then  poured  in  through  the  funnel-tube,  and  the 
gas,  which  in  rapidly  evolved,  is  coUectea  in  a  glass  jar  filled  with  de-aerated  water. 
The  froth  which  passes  over  with  it  quickly  siH)sides,  so  that  the  pure  gas  may  be 
transferred  into  another  receiver,  and  dried,  if  necessary,  over  chloride  <^  calcium. 

Siliciuretted  hydrogen  mixed  with  free  hydrogen  is  a  colourless  gas,  inaoluble  ia 
pure  de-aerated  water  and  in  salt  water ;  but  over  water  containing  air  it  is  deoom- 
pused,  forming  white  clouds  of  silica,  and  losing  its  spontanoous  inflammability.  If  it 
be  passed  into  the  air  in  sin^rle  bubbles,  eeu:h  bubble  takes  fire  spontaneously,  and  with 
explosion,  burning  with  a  white  flame  and  separation  of  sih'ca.  which  rises  in  beautiful 
rings,  often  coloured  brownish  by  admixture  of  amorphous  silicon.  When  set  on  iln, 
us  it  issues  from  a  tube,  it  bums  with  a  brilliant  white  flame.  On  opening  a  glass 
jar  fllled  with  it  in  the  air,  it  takes  fire,  the  flame  gradually  passing  down  the  jar,  the 
inner  surfkce  of  which  becomes  coated  with  brown  silicon. 

The  gas,  when  heated  bv  itself,  is  decomposed  into  amorphous  silicon  and  free  hv- 
drogen,  and  at  the  same  time  increases  in  volume,  showing  that  the  hydrogen  in  the 
compound  is  in  a  condensed  state.  It  has  not  been  analysed  quantitativelv.  A 
piece  of  porcelain  introduced  into  the  flame  becomes  coated  with  brown  adieoo; 
and,  on  passing  the  gas  through  a  glass  tube  heated  to  low  xedness,  the  interior 
becomes  coated  with  a  dark-brown  opaque  mirror.  Tlie  gas  is  easily  decomposed  by  chlo- 
rine. It  is  not  altered  by  dilute  hydrochloric  or  sulphuric  acids.  When  shaken  up  with 
potash-ley,  it  is  decomposed  with  increase  of  volume ;  soda  and  ammonia  do  not  appear 
to  act  upon  it.  From  a  solution  of  cupric  sulphate,  siliciuretted  Irvdiogen  imm^ 
diately  precipitates  silicide  of  copper  (p.  265);  from  nitrat«  of  silver  it  throws  down 
grey  metallic  silver  mixed  with  a  black  substance,  probablv  silicide  of  silver ;  from 
ehloride  of  palladium  it  throws  down  black-grey  metallic  paUadiom,  fieee  from  ailiooa. 
It  does  not  precipitate  acetate  of  lead  or  chloride  of  platinum. 

8X&ZCOir,  ZOBZBS8  OF.  The  iodide  of  silicon,  corresponding  to  the  tetra- 
chloride, has  not  been  obtained:  silicon  does  not  nnite  directly  with  iomna. 

Iodide  of  Silicon  and  Hydrogffiy  8i*H*I'*,  is  obtained,  like  the  corresponding  chlorine 
and  bromine  compounds  (pp.  267, 268),  by  passing  hydriodic  acid  gas  over  heated  ciys- 
talline  silicon,  ana  collects  ai  the  colder  end  of  the  condensing-tabeas  a  dark-red  brittle 
mass,  which  fiiiscvs  readily,  and  solidifies  in  the  crystalline  form  on  cooling.  At  a  ttwnger 
heat  it  boils,  and  distils  without  decomposition.  It  fumes  strongly  in  toe  air,  aasnming 
at  flrst  a  bright  Vermillion  colour,  but  ultimately  becoming  snow-white.  Li  water  it 
immediately  becomes  vermillion-colonred,  but  is  only  slowly  decomposed.  Sulj^ide 
of  carbon  dissolves  it  in  large  quantity,  farming  a  blood-rad  solution,  which,  when 
concentrated  in  a  retort,  deposits  the  compound  on  cooling  in  daik-red  cz^tela. 
CauNtic  soda-solution  dissolves  it>  with  evolution  of  hydrogen.  (Wohleir  and  ^aff^ 
Ann.  Ch.  Pharm.  civ.  99.) 

BZZJECOV,  VZT&ZBB  OF.    (Devil le  and  Wohler,  Ann.  Ch.  Pharm.  dr. 

266  ;  ex.  248.) — Obtained  by  the  action  of  ammonia  on  silicic  chloride,  and  by  ezpoang 
crystalline  silicon  to  an  intense  heat  in  nitrogen  gas  or  atmospheric  air.  Its  eomposi- 
tion  has  not  boen  ascertiiued.  It  is  a  white  amorphous  mass,  infusible  and  nnaltembls 
at  the  highest  temperatures,  and  not  oxidised  even  by  ignition  in  contact  with  the  air. 
It  is  not  acted  on  by  any  acid  except  hydrofluoric  acid,  which  dissolves  it  with  forma- 
tion of  silicofluoride  of  ammonium.  When  strongly  ignited  in  a  stream  of  aqneoos 
vapour  and  carbonic  anhvdride,  it  is  decomposed,  yielding  carbonate  of  ammonium ;  it 
likewise  decomposes  slowly  in  moist  air,  as  indicated  by  the  odour  of  ammonia  which  it 
evolves.  Aqueous  alkalis  do  not  act  upon  it,  but  when  fused  with  hydrate  of  potassium, 
it  forms  silicate  of  potassium,  with  evolution  of  ammonia.  When  fused  with  carbonate 
of  potassium,  it  yields  silicate  and  cvanate  of  potassium;  also  e3ranide,  if  the  nitride 
of  silicon  is  in  excess.  When  heated  with  red  oxide  of  lead,  it  reduces  the  lead  with 
incandescence,  and  forms  nitrons  anhydride. 

BXXiZCOir,  OZZBB8  AKB  BTBRA.TB8  OF.  The  only  known  anhydrous 
oxide  of  silicon  is  the  dioxide  or  si  I ica,  SiO^  already  described  (p.  240).  There  is, 
however,  a  compound  of  silicon,  hydrogen,  and  oxygen,  Si'H^O*,  which  may  be  sup- 
poHed  to  contain  the  protoxide  of  silicon,  SiO,  and  two  others  (p.  275),  which  may  be 
formulated  as  h\-Hmtes  of  a  tetrasilicic  oxide — viz.,  Si^HH)"  —  Si*0.2HH),  and 
8i*H*0»  =  Si*0.4H20. 

fi.  Leucone,  Si*H<0*  »  3Si0.2H<0.  (Wohler  and  Buff,  Ann.  Ch.  Pharm.  m 
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101. — ^WdhUr,  iML  cnrii.  257.)— Produced  by  the  action  of  water  on  the  corre> 
•ponding  chlorini  or  bromine  oompoond  (pp.  267,  268),  also  by  the  action  of  water  on 
cnryaeona  (irfrm)  under  the  influence  of  light.  The  beet  mode  of  preparing  it  is  to  heut 

SftiUiiie  nUew  to  ndncsa  in  a  stream  of  chlorine,  and  pass  the  resulting  vaponr  of  sili- 
ydrie  chloride  into  water.  It  must  be  waslitKl  with  ice*cold  water,  stronffly  prpcised 
between  filteting^pmr,  and  dried  over  oil  of  Titriol.  As  thus  obtained,  it  is  a  snow- 
iriiitc,  balJ[j,  amorpaons  substance,  whidi  floats  on  water,  but  sinks  in  ether ;  by  the 
nctioD  of  water  on  cnzyseone,  it  is  obtained  in  laminsB  baring  the  form  of  the  latter.  It 
is  pemanent  at  ordinaiy  temperatures,  and  ma^  bo  heated  to  300°  without  alteration  ; 
but  when  more  stronglv  heated  out  of  contact  with  air,  it  gives  off  hydrogeo,  sometimes 
mixed  with  ailidnrettedhydrogen.  When  heated  in  the  air,  or  in  ozvgen  gas,  it  glows 
with  a  bright  h^t,  and  leaves  silica  coloured  brown  by  amorphous  silicon,  if  the  supply 
of  ozygan  b  limited.  It  is  slightly  soluble  in  water,  but  the  solution  gradually  decom- 
poeei,  giviw  off  l^ydrogen  gas.  Caustic  alkalis,  even  ammonia,  and  alkaline  carbo- 
Botoih  £mo^  it,  with  rapid  evolution  of  hydrogen  and  formation  of  alkaline  silicates. 
"When  recently  prepared,  it  acta  as  a  powerful  reducing  agent,  separating  gold  and 
rm^Tt4*'"n  from  the  solutions  of  their  chlorides,  selenium  and  tellurium  from  eelenious 
and  tellnrons  acid,  &&  In  solution  of  silver-nitrate  it  immediately  turns  light- 
brown,  and,  on  subsequent  addition  of  ammonia,  is  converted  into  black  silicate  of  silver. 

iL  Ckr$$€on€,  Si«HH)*  (?).  Silicone*  (Wohler,  Ann.  Ch.  Pharm.  cxxvii.  257  ; 
Jahrsab.  1863,  p.  206.)— IVoduoed  by  the  action  of  strong  hydrochloric  acid  on 
ailicide  of  caldom  (p.  265).  The  finely  divided  silicide  is  digested  with  fuming 
hydiocbloric  add  in  a  cooled  vessel  and  in  a  dark  place  for  several  hours,  till  hydrogen 
is  BO  longer  evolved ;  the  liquid  is  diluted  with  6  or  8  volumes  of  water,  and  filtered ; 
and  the  washed  residue  is  dried  over  sulphuric  add  in  a  vacuum,  and  in  the  dark.  If 
the  l^ydiodiloric  add  is  not  qnite  concentrated,  the  product  is  mixed  with  the  following 
eompoujid,  y. 

CluTseone  forms  bright  orange-coloured  lamins,  which  are  pseudomorphs  after  the 
cmtaUiiie  silicidie  of  c&ium.  ft  is  insoluble  in  water,  alcohol,  tetrachloride  of  silicon, 
tnrhkwido  of  phosphorus,  and  sulphide  of  carbon.  When  heated  it  becomes 
tiBiuaontlydaricer,  and  at  a  higher  temperature  bums  with  a  slight  detonation  and  with 
■ninttillafinda^  leaving  silica  coloured  brown  by  amorphous  silicon.  When  heated  in  a 
doM  vwmI,  It  gives  off  hydrogen,  likewise  leaaring  silica  and  silicon.  If  mixed  with 
the  oompoond  y,  it  detonates  even  when  heated  in  a  tube,  and  gives  off  spon- 
tonofwisly  inflammable  ailiduretted  hydrogen.  Heated  to  100°,  by  itself  or  with  water, 
it  alowly  giTea  off  hydrogen  and  becomes  palter;  heated  to  190°  with  water,  in  a  sealed 
lobe,  it  in  quickly  and  completely  converted  into  Imru'way  silica,  while  the  tube  contains 
comprisoaa  hydrogen  gas.  In  the  dark  it  remains  unaltered  even  when  moist,  in 
diflbwd  delight  it  becomes  continually  paler,  and  in  direct  sunshine,  even  underwater. 
it  ia  oniddj  converted  into  leucoae,  with  evolution  of  hydrogeo.  It  is  not  attacked 
by  eUoriiie^  fhming  nitric  add,  or  strong  sulphuric  acid,  even  when  heated.  With 
hydfoflaoric  acid  it  becomes  hot,  turns  white,  and  finally  dissolves.  By  alkalis,  even 
bj  T9itY  dilate  ammonia,  and  more  slowly  by  alkaline  carbonates,  it  is  converted,  with 
nse  of  tomperature  and  violent  evolution  of  hydrogen,  into  silica.  In  presence  of 
alkali  it  rednceo  the  salts  of  several  metals.  In  the  solution  of  a  copper  or  silver-salt 
H  qnieklT  turns  black;  in  chloride  of  gold,  brown;  from  chloride  of  palladium,  osmic 
add,  And  chloride  of  gold,  on  addition  of  alkali,  it  throws  down  black  or  violet-black 
powden,  probably  silicates  containing  lower  oxides  of  those  metals.  From  a  solution 
of  lead-oxide  in  soda-ley,  it  instantly  precipitates  the  lead  as  a  grey  mass. 

ThA  rsanlts  of  the  ansJysis  of  rhrj-scone  corrrspond  partly  with  the  formula  Si^H^O', 
putly  with  8i*H*0^  According  to  the  first  formula,  its  formation  from  silicide  of  cal* 
dnm  may  be  vspresented  by  the  equation  : 

2CaSi*  +  4HC1  +  3HK)  -  Si*H*0«  +   3IP  +  2CaCl». 

y.  8i^*0*. — This  compound,  containing  2HK)  more  than  the  preceding,  is  produced 
by  tbe  action  of  cold  dilute  hydrochloric  acid  on  ililidde  of  caldum.  It  forms  colour- 
leaa,  fransparent,  nacreous  laminae,  which,  after  washiug  and  drying  in  a  vacuum,  take 
flre  spontaneooily  in  contact  with  the  air,  and  bum  with  fiame,  leaving  brown 
■iliea. 


B  OV.    The  selenide  of  silicon,  analogous  to  silica,  is  not 
Dfwn.    A  silicohvdric  selenide,  analogous  to  the  oxy^n-compound  last  de- 
ibed,  is  produced  by  treating  silidde  of  cddum  with  a  mixture  of  selenious  and 
fajdiochlonc  adds.  It  u  a  cinnabar-coloured  substance,  which  smells  of  hydric  selenide 


it  Um  Bsmc  orMiuIIy  tlron  to  thlt  compound  bj  WShler,  but  it  <»  oMectionab1«  In  Rnft- 

Hi^h  ee  aeeount  of  Its  si mtUmy  to  silicon.    The  name  ekryieone.  Indicating  the  colour  of  the  compound, 
raa  propotad  bj  Dr.  Millar. 
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vhen  dry,  gives  off  hydrogen  in  contact  with  ammonia,  and  when  heated  by  itself 
evolves  hydric  selenide  and  selenium,  without  explosion.    (Wohler.) 

SZXJtCOVy  SUZiPBZBBS  OF.  The  disulphide,  SiS*,  is  produced  by  the 
action  of  carl>onic  disulphide  on  silica  at  high  temperatures,  or  more  easily  by  passing 
the  vapour  of  carbonic  disulphide  over  a  heated  mixture  of  sib'ca  and  carl>on,  prepared 
by  moulding  a  mixture  of  silica  and  lampblack  with  oil  into  balls  and  igniting  thf^m. 
The  sulphide  of  silicon  is  deposited  in  the  colder  parts  of  the  tube,  in  long,  white, 
silky,  flexible,  asbestiform  needles,  which  may  be  volatilised  in  a  stream  of  gas.  In 
contact  with  moist  air,  or  when  heated  in  aqueous  vapour,  it  decomposes  quickly  into 
sulphydrio  acid  and  amorphous  anhydrous  silica,  which  remains  in  the  form  of  the 
sulphide.  In  water  it  dissolves  coilipletely,  with  evolution  of  sulphydric  acid,  and  the 
solution,  loft  to  evaporate  in  the  air,  deposits  the  silica  as  a  transparent  vitreous 
hydrate  resembling  opal.  Alcohol  and  ether  act  upon  sulphide  of  silicon  even  in  the 
cold,  forming  sulpnuretted  organic  compounds.  It  is  not  decomposed  by  heating  in 
hydrogen  gas.  Nitric  acid  decomposes  it,  with  separation  of  sulphur,  and  fbrmation  of 
sulphuric  acid  and  silica.    (Fr^my,  Ann.  Ch.  Phys.  [3]  xxxviii.  Sli.) 

Silicohydric  sulphide^  Si*H*0*,  analogous  to  the  oxygen-compound  7,  is  pro- 
duced by  the  action  of  excess  of  aqueous  sulphurous  acid,  mixed  with  a  little  hydro- 
chloric acid,  on  silicide  of  calcium,  and  separates  in  reddish-brown  laminse,  while  the 
liquid,  which  is  brownish  at  first,  suddenly  becomes  milky  firom  separated  sulpbnr. 
AVlien  dried  in  a  vacuum  and  freed  from  sulphur  by  sulphide  of  carbon,  it  forms  a  ligfat- 
brown  powder  with  a  greenish  tinge.  It  smells  persistently  of  sulphydric  add,  boms 
like  ffunpowder  when  heated  in  the  air,  and  explodes  violently  when  heated  in  a  tnhe, 
with  incandescence  and  evolution  of  sulphydric  add.  When  cautiously  heated  it  givee 
off  sulphydric  acid,  and  the  residue,  which  is  no  longer  explosive,  evolves  more  sulphy- 
dric acid  in  contact  with  water.  With  ammonia  it  rapidly  fives  off  hydrogen,  and  ii 
converted  into  a  white  mixture  of  silica  and  sulphur.    (Wohler.) 

8Z&ZCOV,  snVBOCB&OBZBa  or.  Si%*a*?  (Pierre,  Ann.  Ch.  Pharm. 
Ixix.  73.) — Obtained  by  passing  a  mixture  of  silidc  chloride  vapour  and  perfectly 
dry  sulphydric  acid  gas  through  a  red-hot  porcelain  tube,  collecting  the  prodnct 
in  a  cooled  U-tube,  leaving  the  liquid  to  clarify,  then  distilling  it,  and  colleetiog 
apart  that  which  passes  over  between  90^  and  100^.  It  is  a  colourless,  transpaieat, 
mobile  liquid,  having  a  pungent  odour,  boiling  at  100^,  and  distilling  without  xendue. 
Specific  gravity  >»  1*46.  It  is  decomposed  by  water,  yielding  sulphydric  and  hydro- 
chloric adds,  silica,  and  free  sulphur. 

VUtlCOIKr,  TWIAJTRXD'MS  OV.  A  silicohydric  t el luride,  analogous  to 
the  sulphur-compound  above  described,  is  produced  by  treating  silidde  of  caldnm  with 
a  dilute  solution  of  tellurous  acid  in  hydrochloric  add.  It  is  a  greyish-black  powdtf, 
inodorous  after  drying.  When  heated  it  gives  off  hydrogen  and  teUurinm,  withovt 
explosion,  and  leaves  a  shining  black  residue,  probably  teliuride  of  silicon,  which 
when  treated  with  ammonia  or  soda-ley,  gives  off  hydrogen  and  forma  a  pnrple-rBd 
solution  of  alkaline  teliuride.    (W  o  h  1  e  r.) 

8X&IQVA  BVXCZS,  the  so-called  St.  JohtCs-hread,  consists  of  the  poda  of  Circ* 
tonia  QUigua  (L.),  a  tree  indigenous  in  the  South  of  Europe  and  the  Levant  The 
kernels  are  enveloped  in  a  sweet  marrow-like  substance,  which  has  been  analysed  by 
Beinsch  f  Jahrb.  pr.  Pharm.  v.  201)  and  Mercer  (Pharm.  J.  Trans.  1867,  p.  4Mj^ 
with  the  following  results : — 


RelnMh. 

Glucose 41-2  47*6 

Albumin 20*8  8*3 

Mucus 4'7 

Gum .....         10'4 

Pectin 7-2 

Tannin 2*0 

Fibrin 6*2  and  starch  21*6 

Water 120  21*0 

Chlorophyll,  Oil,  Starch,  and  Ash         20  2*0 

By  fermenting  the  pods,  Mercer  obtained  a  quantity  of  brandy,  amounting  to 
fourth  of  their  weight.  Kedtenbacher  found  butyric  acid  in  the  pods.  Beinsdi  found, 
in  160  pts.  of  the  kernels,  8  pts.  starch,  2  sugar,  1*5  fatty  oil,  together  with  albumiai, 
fibrin,  wax,  colouring  matter,  woody  fibre,  and  other  substances. 

The  fibrous  substance  in  which  the  silkworm  (the  larva  of  Pkal^na  Sombfx 
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McH)  fVTtiiapm  itmii  pteviooBto  pasBiiig  into  the  chiysalis  state.  These  insects  possess 
a  ^UndQlir  appumtna  called  the  Smeterium^  serving  for  the  secretion  of  a  peculiar 
jwoa,  idiich  IS  discharged  in  fine  threads,  through  two  small  apertures  near  the  lower 
Up,  and  quickly  aoUdines  in  contact  with  the  air.  The  solidified  fibre  consists  of  a 
fhrRad  of  sericin  or  fibroin  (ii.  645  ;  v.  235),  coated  with  a  yellowish  waxy  8ub- 
•liance,  the  remond  «*f  which  constitutes  an  important  part  of  the  process  of  silk-dyeing 
(L  603 :  ii.  S52). 

Silk  may  be  distinguished  firom  cotton  and  linen : — 1.  By  its  reaction  with  a  concen- 
tzated  ammomacal  Muiion  of  niekel- oxide,  which  dissolves  it  completely,  forming  a 
browniah-yello'w  solution,  not  precipitated  by  alkaUne  salts,  sugar,  or  gum  ;  acids, 
bowerer,  precipitate  the  silk  completely  in  colourless  flocks.  Cotton,  linen,  and  other 
forms  of  cellulose,  on  the  contrary,  are  not  altered  even  by  several  days'  immersion  in 
the  nickel  solution.  Silk  likewise  dissolves  in  a  concentrated  ammoniacal  solution  of 
€uyne  oxide,  and  is  but  incompletely  or  not  at  all  precipitated  therefrom  by  alkali-salts, 
■agar,  gum,  or  acids :  celluloee,  on  tha  other  hand,  is  completely  precipitated  from  the 
■ame  solutiDO  l^  theae  reagents  (Schlossberger,  Ann.  CIl  Pharm.  cvii.  21). — 2.  By 
immersing  the  mbrie,  for  a  few  minutes,  in  a  somewhat  dilute  solution  of  pierie  acid 
and  then  washing  it  carefully  with  water.  Silk  and  other  animal  fibres  are  thereby 
tamed  yellow,  whereas  vegetable  fibres  remain  white  (Pohl,  Wien,  Akad.  Ber.  ix. 
S86).  Sizong  nitric  acid  albo  turns  animal  fibres  yellow,  and  does  not  produce  that 
sAact  on  vegetable  fibres. — 8.  A  solution  of  stannic  chloride  heated  to  130^—150^ 
tarns  linen  and  cotton  black,  but  does  not  alter  the  colour  of  silk  or  wool.  This 
lest  is  of  couiae  applicable  only  to  light-coloured  fabrics  (M  a  u  m  e  n  ^,  Cbmpt.  rend.  xxx. 
447X — On  the  silk  manufacture,  see  Ur^t  Dictionary  of  Arts,  &c.,  iii.  664. 

■n&IKAmm  a  silicate  of  aluminium,  Al'O'JSiO',  identical  in  composition 
with  cyanite  and  andalusite,  occurring  in  veins  in  the  gneiss  of  Saybrook,  in  Chester 
Coontj,  Connecticnt,  also  at  Fairfield,  in  New  York.  It  forms  triclinic  crystals, 
usaally  indistinct,  but  cleaving  perfectly  parallel  to  the  macrodiagonal ;  occurs  also 
eompact  or  loose,  fibrous  and  columnar  massive.  It  is  brown,  yellowish-grey,  or 
cobmrieas^  with  waxy  lustre,  vitreous  on  the  cleavage-faces.  Transparent  to  translu- 
eent  on  the  edges  only.  Brittle.  Hardness  «>  6—7.  Specific  gravity  =  3*2 — 3*3. 
Inftuible  before  the  blowpipe.  Insoluble  in  acids  (Dana,  li.  265).  For  analyses  see 
flaJCATBB  (p.  256). 

AicAolrite,  from  Chester  County,  Pennsylvania,  and  other  localities  in  the  United 
Butea,  and  Fihrolite,  from  the  Carnatic,  are  fibrous  varieties  of  sillimanite,  of  greyish, 
whitish,  and  pale-brown  colour,  with  lustre  approaching  to  adamantine. 

WEMi^nau    Argent;  Silber,    Symbol,  Ag;  Atomic  weight,  108. 

Thia  metal  is  remarkable  for  its  whiteness ;  hence  its  Greek  name  fyyvpos  from 
C^yat,  trAite.  It  is  harder  than  gold  and  softer  than  copper.  Its  lustre,  when  polished, 
ia  nearly  as  great  as  that  of  steel.  Its  malleability  is  inferior  only  to  that  of  gold 
ABKNig  tha  heavy  metals ;  it  may  be  hammered  into  extremely  thin  sheet  or  silver-leaf, 

which  is  not  more  than  f^^flSo  ^^  ^^  ^^^  thick.  It  is  also  highly  ductile,  and  may  be 
drawn  into  very  fine  wire,  400  feet  of  which  weigh  only  one  grain.  By  hammering 
and  drawing,  however,  it  readily  becomes  brittle,  and  requires  to  be  more  frequently 
annealed  in  working  Uian  gold  does. 

Silver  has  great  tenacity,  a  wire  two  millimetres  (0*0787  inclO  in  diameter  being 
capable  of  snppoiting  a  load  of  nearly  85  kilogrammes  (187  lbs.),  that  being  the 
breaking  weight.     (S^  Baudrimont,  Ann.  Ch.  Pbys.  [3]  xzx.  304.) 

The  specific  gravity  of  silver  is  10*5,  after  being  molted.  (G.  Rose.)  Its  density 
is  increased  to  10*57  by  the  coining  process.  The  specific  gravity  of  the  finely  divided 
metal,  obtained  by  precipitation,  is  10-62. 

Silver  crystallises  in  forms  belonging  to  the  regular  system,  generally  in  cubes, 
aometimea  with  fStces  of  the  octahedron. 

The  conductivity  of  silver  for  electricity  and  heat  is  greater  than  that  of  any  other 
metal.  (See  Euktbicitt,  ii.  466 ;  Metals  iii.  936 ;  and  ante,  p.  71).  It  decreases  with 
the  temperature.  (See  Wiedemann  and  Franz,  Pogs.  Ann.  Ixxxix.  497  ;  Buff, 
Jahresb.  1847,  p.  286;  Becquerel,  Ann.  Ch.  Phys.  [3]  xvil  242;  Langsdorff; 
Ann.  Ch.  Pharm.  Ixxxv.  155;  Matthiesen,  Pogg.  Ann.  ciii.  428;  Benedict, 
Wien.  Akad.  Ber.  xxv.  590;  Jacobi,  Petersb.  Acad.  Bull.  xvii.  321;  Arndtsen, 
Pogg.  Ann.  civ.  I;  Clausius,  ibid.  p.  650).  The  specific  heat  of  silver  is  0*05701 
(Regnault);  0*05507  (Dulong  and  Petit).  The  latent  heat  of  fusion  is  21*07 
(Person,  aVti  Ch.  Phys.  [3]  xxiv.  265).  Silver  melts  at  a  white  heat;  the  tem- 
IMratare  of  ftision  has  been  estimated  at  1000^  (Pouillet),  999^  (Prinsep),  and 
1034^  (Guyton  Morveau).  The  melted  metal  gives  off  vapour  to  some  extent  at 
Tvry  high  temp«ratures  (Lampadius,  J.  pr.  Chem.  xvi.  204 ;  Despretz,  Comptes 
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rend.  Ixviii.  362).    The  metal  is  Yolatilised  more  readily  in  the  preMnoe  of  aneaied 
and  other  Tapoors  than  when  heated  alone. 

Silver  does  not  combine  with  oxygen  at  the  ordinary  temperature,  or,  under  ordinuy 
circumstances,  when  heated  in  contact  with  atmospheric  air.  When  the  metal  ii 
melted  upon  ignited  charcoal  under  a  jet  of  oacygen,  it  bums  with  a  conical  flame, 
yellow  below,  purple  at  the  middle,  and  blue  above,  while  Tapoors  of  sUvar  oxide  are 
produced  (Vauquelin).  Silver  is  also  oxidised  under  the  influence  of  the  electric 
spark;  and  when  pulverulent,  it  is  converted  into  peroxide  by  ozonised  oxygen 
(Schonbei  n).  When  silver  is  melted  in  contact  with  alkaline  or  earthy  silicates,  it  ii 
oxidised  to  some  extent  and  dissolved  by  the  melted  silicate.  This  is  also  the  caw 
when  the  finely  divided  metal  is  i^ited  with  cupric  oxide,  or  with  arsenic  or  antimoaj: 
in  the  former  case,  cuprous  oxide  is  formed;  in  the  latter  case,  the  silver-oxide  com- 
bines with  some  arsenic  or  antimonic  acid,  and  the  moru  minutdy  the  silver  is  divided 
the  more  readily  does  this  oxidation  take  place.  It  is  probable  that  silver  is  alio 
oxidised  to  some  extent  in  cupellation,  and  that  the  loss  of  silver  experienced  in  that 
operation  is  mainly  due  to  oxidation,  the  silver-oxide  being  in  part  volatilised,  together 
with  the  lead  fumes,  and  in  part  dissolved  by  the  melted  lead-oxide,  and  absorbed  by 
the  cupel. 

Silver  undergoes  no  change  when  heated  in  contact  with  melted  alkaline  nitrates  or 
caustic  alkalis,  and  for  this  reason  silver  crucibles  are  very  useftil  in  chemical  opera- 
tions with  those  substances  which  react  with  platinum  under  similar  eonditiona. 

When  silver  is  kept  melted  for  some  time,  at  a  high  temperature,  in  contact  with 
atmospheric  air,  it  absorbs  oxygen  gas,  and  holds  it  in  sdution  until  just  before  the  metal 
begins  to  solidify  on  cooling.  The  gas  is  then  suddenly  disengaged  with  effervescence, 
and  particles  of  the  metal  are  liable  to  be  spirted  or  projectKl  out  of  the  crodble. 
The  presence  of  a  small  amount  of  copper  in  the  melted  metal  prevents  the 
absorption  of  oxygen.  Silver  is  capable  of  dissolving  in  this  way  22  times  its  volume 
of  oxygen. 

Silver  combines  readily  with  nUphur^  gelenitm,  phaaphorus,  and  araenie.  It  de- 
composes sulphuretted  hydrogen  even  at  the  ordinary  temperature^  and  the  surface  of 
the  metal  becomes  covered  with  a  brown  or  black  film  Ot  silver-sulphide.  The  dis- 
coloration of  silver  utensils  and  ornaments  by  exposure  to  the  atmosphere  ffenerallj 
consists  in  the  formation  of  such  a  film  of  sulphide  or,  in  some  instances,  of  pEorohide. 
Such  stains  may  be  removed  by  moistening  the  surface  with  a  solution  5i  alkaliDS 
cyanide  and  then  washing  well  with  water.  When  the  discoloration  is  very  consider- 
able, it  may  be  removed  by  immersing  the  metal  in  a  boiling  saturated  solution  of 
borax  or  strong  caustic  aUUli,  and  placing  a  plate  of  zinc  in  contact  with  it  for  sons 
time  (Bottger,  Dingl.  polyt.  Joum.  cxliii.  464).  When  heat  can  be  Applied  to 
the  discoloured  metal,  the  silver-sulphide  may  be  decomposed  by  heating  it  to  redncsib 
The  best  mode  of  preventing  such  discoloration  of  silver  articles  when  not  in  use,  is  te 
wrap  them  in  paper  coated  with  white  lead. 

Chlorinef  brominej  and  iodine  combine  with  silver,  even  at  the  ordinary  temperature. 
Hydrochloric  acid  in  solution  has  but  little  action  on  metallic  silver,  unless  it  be  heated 
to  the  boiling-point  with  the  veipr  finely  divided  metal ;  the  gas  is  decomposed  by  silver 
at  a  red  heat,  silver-chloride  being  formed.  Under  similar  conditions  the  vapours  or 
other  chlorides  are  decomposed  by  metallic  silver.  Sodtum- chloride  isnited  with  pre- 
cipitated silver  is  decomposed,  and  the  silver  almost  entirely  converted  into  ehlonde; 
hut  when  the  metal  is  in  large  pieces,  the  formation  of  silver-chloride  is  merely  sup»- 
fidal,  unless  the  salt  is  melted,  and,  by  the  consequent  solution  of  the  chloride,  a  tnth 
sur&ce  becomes  exposed.  Silver  keptmelted  under  sodium-chloride,fl;iadually decreases 
in  weight,  owing  to  the  formation  of  silver-chloride,  and  in  two  or  three  hours  the  lots 
may  amount  to  2  or  3  per  cent.  (G-.  Rose).  If  alkaline  carbonate  be  mixed  with  the 
sodium-chloride,  this  reaction  is  prevented.  Aoueous  solutions  of  alkaline  chlorides 
gradually  react  with  silver,  producing  silver*  chloride,  which  dissolves  in  the  liBrm  of 
a  double  chloride.  Solutions  of  cupric  chloride  and  other  chloridee  etrnntt  sher 
into  chloride. 

Dilute  stdphuric  acid  does  not  react  with  silver,  but  strong  sulphuric  acid  is  deeon- 
posed  when  heated  with  it,  yielding  silver-sulphate  and  sulphurous  acid  gas.  SUriemii 
reacts  with  silver,  even  at  the  or£nary  temperature,  dissolving  it  and  yielding  iiher 
nitrate  and  nitric  oxide.    It  is  the  best  solvent  of  silver. 

The  saline  compounds  of  silver  are  mostly  colourless,  except  when  the  electro-negativa 
constituent  they  contain  is  coloured.  Both  the  soluble  and  insoluble  compounds  of  thii 
metal  are  blackened  by  sunlight  and  decomposed,  some  silver  being  redueed.  Xoit 
silver  compounds  are  decompmed,  with  reduction  of  the  metal,  by  tl^  action  of  beat 

Occurrence. — Silver  occurs  both  in  the  metallic  state,  and  in  eombinatioB,  chiefly 
with  sulphur,  also  with  chlorine,  other  metals,  &c.  Ores  of  other  metals  frequently 
contain  silver  (Malaguti  and  Drrocher,  Compt*  rend.  xxiz.  689;  Ann.  Id. 
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H]  ZTiL  846).    It  btf  ftlio  been  detected  in  lea-water.    (Ann.  Ch.  PhjB.  [3]  izrii. 

JVSLyw  Stiver  is  sometimes  erystalUsed  in  cubes,  octahedrons,  and  related  furms ; 
•osMCimes  in  laminated  or  filamentoos  masses,  and  sometimes  very  minutely  dist>emi- 
Batad  thiongbont  other  minerals.  It  is  very  rarely  pure,  containing  either  gold,  copper, 
or  other  metals. 

8Uver-9tJpkii£  ooenn  as  silrer-glance,  sometimes  crystalliBed,  but  more  frequently 
MSI  re.    It  hfts  a  dark  lead-grey  colour,  and  may  be  cut  with  a  knite.    Its  speoitlc 

Evity  is  7*196.    It  contains  87  per  cent  silver.    Silver-sulphide  iilso  occurs  in  com- 
■tion  with  Tarious  other  metaUic  sulphides,  constituting  a  great  number  of  minerals, 
ID  whidi  the  amount  of  silver  varies  from  10  to  upwards  of  60  per  cent. 

SUmr^Uoride  occurs  as  horn-silver,  both  massive  and  earthy ;  sometimes  crystallised. 
It  has  a  pearl-grey  colour,  sometimes  passing  into  lavender ;  it  is  translucent,  and  very 
■oft.     Its  specific  gravity  is  5*55*2. 

Am^ng  the  other  silver-compounds  which  occur  as  minerals,  the  iodide^  hromide, 
tdentdtt  tetlnride,  atiUmonide,  arsenide,  and  inercuride  are  met  with  le»<8  abimdantly. 

Ai/t«r-ore«occQralmost  exclusively  in  lodes  traversing  gneiss,  mica-schist,  grauwacke, 
dayslate,  6ec  They  consist  chiefly  of  metallic  silver,  silver-sulphide,  and  its  various 
compoonds  (silver-chloride,  arseniae,  and  antimonide),  associated  with  lead  and  copper 
ORO,  blende,  pyrites,  spathic  iron,  brown  haematite,  earthy  cnrbonates,  heavy  spar, 
qoartx,  jfcc 

Beeidee  what  may  be  properly  called  silver-ores,  galena  and  the  different 
virietieo  of  grey  oopper-ore  {euivre  grU;  foJdtrz)^  often  contain  such  an  amount  of 
silver,  that,  from  the  greater  value  of  this  metal,  they  must  be  regarded  as  ores  of 
■Irer  as  much  as,  or  even  more  than,  load  or  copper.  Such  ores  frequently  contain, 
ID  the  ton,  from  2  to  10  ounces  of  silver,  sometimes  upwards  of  100  uimces.  I^ritic 
Mid  earthy  minerals  also  frequently  contain  a  small  amount  of  silver,  sufficient  to 
TCDder  its  extraction  profitable. 

iVrptfni^*04i. — Pnre  silver  is  best  obtained  by  decomposing  the  chloride,  the  in> 
■ohibility  of  which  admits  of  other  metals  being  easily  separated  from  it  by  washing 
with  dilute  acid  and  water.  One  of  the  moec  convenient  methods  is  to  cover  the 
■Miist  freshly  precipitated  chloride  with  dilute  sulphuric  or  hydrochloric  acid,  and  then 
to  place  upon  it  pieces  of  sheet  zinc  or  iron,  leaving  the  whole  at  rest  until  the  silver 
b  ivduced  to  the  metallic  state.  With  zinc  the  reaction  is  represented  by  the 
•qVBtion: 

2.AgCl   +   Zn     =     ZnCl»   +   Ag. 

When  the  reduction  is  complete,  the  spongy  silver  should  be  thoroiiglily  washed 
with  dilute  acid  and  boiling  water;  then  dried,  and  melted  with  sufficient  alkaline  car- 
VoDate  to  cover  the  surface  of  the  metal,  and  prevent  contact  with  atmospheric  air.  The 
dkloride  may  be  mixed  with  about  70  per  cent,  of  chalk  and  4  per  cent,  of  carbon,  and 
gndoftllj  heated  to  a  sufficient  temperatore  for  melting  the  rcduce<l  metal. 

PRODrcnoxf  of  Silted  om  thx  labob  scale. 

Although  silver-compounds  are  generally  decomposible  without  difficulty  by  heat, 
with  reduction  of  the  metal,  the  extraction  of  this  metal  from  its  ores  is  not  by  any 
^iiiif  so  simple  a  matter  as  might  be  expected.  This  is  chiefly  owing  to  the  circuiii- 
■iDDCOtbat  argentiferous  minends,  and  even  native  silver  itself,  often  occur  minutely 
diflseDiinatAd  throughout  a  matrix  of  earthy  minerals,  or  intimately  mixed  with  com- 
ponndit  of  Other  metals. 

Very  rich  silver-ores,  containing  from  90  to  50  per  cent  of  silver,  may  be  smelted 
in  crucibles  with  lead  or  litharge,  and  proper  fluxes  for  converting  the  earthy 
■doiixtures  into  slag.  Ores  containing  40  per  cent,  and  less  may  be  smelted  with 
gruulDted  lead,  litharge,  or  lead-ores  in  a  small  blast-furnace,  or  in  a  reverberatory 
fcnace  with  a  concave  hearth  forming  a  kind  of  crucible.  Metallic  iron  is  sometimes 
tdded  when  the  ore  contains  sulphides.  This  method  is  practised  to  some  extent  in 
California  and  Nerada. 

Rich  silver-ores  are  sometimes  smelted  by  adding  them  in  small  successive  portions 
to  lead  which  is  undergoing  cupelUtion. 

Poor  argentiferous  ores  which  do  not  contain  any  large  amount  of  other  easily 
ledocxlde  metals,  are  smelted  with  iron  pyrites  so  as  to  obtain  a  matt, consisting  chiefly 
of  iitm-solphide  with  some  copper-  ana  lead-sulphides,  and  containing  from  40  to  60 
ouDoes  of  silver  in  the  ton.  Such  ores  often  contain  pyrites  :  if  they  contain  too  much 
they  must  be  partially  roasted,  and  earthy  ores  require  pyrites  to  be  added.     The 


pniportiuD  oT  pjritM  (I 
to  50  p«r  csDt.  of  Uie  oi 
ducU  uf  this  lund : — 


ODnpatitian  of  Argattifimit  MatU. 


A-'J** 

«.«■>«. 

C<m»d. 

M.^ 

S7-333 

£4-268 

S7-781 

ei-041 

66-620 

8-828 

4-096 

8-660 

6-460 

Copper.        .        .        . 

3273 

S128 

4'4ie 

3-326 

6-B8T 

4-000 

1-381 

S-833 

2-818 

0667 

4-77* 

8-000 

SilTar   .... 

0151 

0-088 

0-086 

0-068 

0-300 

0-117 

Nickel  .... 

061S 

1-101 

1-312 

0-624 

0-82ft 

)SSr  :    : 

019* 
1-243 

0-274 
0-387 

b-aio 

1  o-ess 

0-0S3 

Sulphur        .        .        . 

28-487 

27-042 

28-702 

27-6S2 

22-489 

ISMS 

3-6«9 

The  lUvar  is  aftemrdi  extracted  ftom  tbwe  ouitta  b;  (uaUiei  opentioD. 

Lrad-onfl  cont&iuiog  ailver  ure  smelted  in  the  lutul  miuuier(ne  IJu>,  itt.  481 — G38), 
tmd  the  lilTBr  is  leparatel  from  the  lead,  either  by  cupellaCiim,  or  bj  OM  <d  tlM  otha 
methodi  alicadj  deacribed  under  the  bemd  of  ImxD. 

AigentiftiKiiia  coppeiHjr^a  axr  ftleo  smelted  in  the  wine  vkj  u  other  eopper-om  (in 
CoFPEB,  ii.  24 — 32^  sod  the  ailver  is  extracted  either  fioni  the  nutt  oifroai  theiegaltt 
b;  uDe  of  the  methods  dwi^ribed  below. 


Separation  of  SUorr/n/m  Copper  bgEliquation{tiquatia*;  BageiyKg). — TIih  method 
IB  bued  opon  the  fact  that  wbvn  srgeiitiferoDa  comwr  ia  melted  with  ratbn-  ntora  thu 
three  timea  its  veifrht  of  lead,  the  niTer  unitea  wilh  the  Irad,  itnd  thii  alk^  seinnte* 


ntoalda  ao  aa  to  cool  it  tapidl;.    A  nnmber  of  theae  akn  are  placed  aide  tr, 

thiir  edgtiintheeli(]uation-hearth(dir«(i«K$tiit(wii;Sa^trAwnf).  |^.  7t4,«bid  hu 

two  loog  eait-  iroDpUiM 

'''•S-  '**■  fixed  abort    the   opea 

apace  H,  and  at  a  liltla 

diitanoe    apart      Tba 


Tered  with  iruo  cbtti 

(FF)  and  daroMX  and 

beaUdflw  aoowtiDatii 

the  malting  point  of  bad. 

The   alli^  of  had  and 

•ilrer  ia  thtM   melMi 

and     ndnaUy    flan 

aw^Arongh  uiaMW- 

ing  between  tha  (daM 

from  the  coppot,  wfaidt 

reqnirea  a  modi  hi^ 

tempemtora  for  melting,  and  rem^na  behind  ut  a  poroua  maia.    The  argoititeaai 

lead  folia  into  a  gnttfr  (a)  on  the  floor  of  the  open  apace  H,  and  ocdlocU  is  tht 

veil  I'.    It  ia  aft^rwaida  aubtnitted  to  cupellallon  to  aepaiste  the  tilTer. 

The  amount  of  nilTsr  in  the  copper  to  be  treated  by  thia  method  mnit  not  be  Ita 
than  from  30  1o  SO  omicca  per  ton,  nor  more  than  200  ounces  per  too.  A  BbiIIk 
amountofaQTer  would  not  repay  the  coat  of  the  opomtion,  andalaimr  ainoimtwtrid 
be  only  partially  aeparated  from  the  copper.  The  proportion  of  wad  ahoold  lot  !■ 
leaa  than  from  30  to  32  Ibe.  lo  the  ounce  of  aiker. 

Thia  method  ia  veiy  imperfect,  aince  the  oopper  alwaya  retaJni  from  10  to  10  ^ 
cimt.  of  silTer,  and  a  nnmber  of  bye-pioducta  are  fbrmed  contuning  lead,  tagfa  aid 
ailver,  which  ratjuitfl  l^trther  treatmant. 

ExtractioJt  of  Sillier  bj/  AiuilgBvi'itioii, 

Th^  eitraffion  of  aiker  from  ile  or™  and  from  argBntiferona  prodncta  of  «*!« 
inc'allu:;t''<^'  opemtiona,  ia  rery  frequently  effected  by  a  method  bawod  upon  tba  f«9 
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•oliibility  of  «her  in  mneuy.  This  method  was  invented  in  Mexira  by  Bartholo- 
moo  de  Xedins  about  the  ^ear  1667 ;  and  being  specially  suited  to  that  country,  by 
raaffon  of  its  reqniring  Teiy  little  tael,  it  soon  came  into  general  use,  and  is  now  exten- 
sivply  practised, with  rarious  modifications  and  improTcments,  in  all  the  silyer-pioducing 
countries  of  the  Western  Continent. 

The  amaljgamation  of  silyer-ores  differs  from  the  amalgamation  of  gold-ores,  which 
eontain  gold  in  the  metallic  state,  in  requiring  a  preliminary  treatment  of  the  ores  for 
the  purpose  of  bringing  the  silver  they  contain  into  such  a  condition  that  it  can  be 
dissoived  by  mercuiy.  Silver- ores  contain  not  only  metallic  silver,  but  silver-sulphide 
and  other  compounds  which  are  not  acted  upon  by  mercury.  Silver-chloride,  however, 
is  decomposed  oy  mercury  with  formation  of  mercurous  chloride : 

Aga  +  Hg     -     Hga  +   Ag. 

Consequently  the  first  step  in  the  operation  is  to  convert  all  the  silver-compounds 
into  chloride. 

1.  Mtxkan  method, — ^In  the  treatment  of  silver-ores  by  this  method,  silver-chloride 
is  produced  in  the  wet  way  by  the  reaction  of  cuprie  and  ferric  or  ferrous  salts  with 
•ilver-salphide^  in  the  presence  of  sodium-chloride  in  excess.  The  precise  nature  of 
the  reactions  which  take  place  is  not  well  understood.  When  silver-sulphide  is  digested 
with  solution  of  cuprie  or  ferric  chloride,  no  reaction  takes  place ;  but  when  it  is  mixed 
with  cuprie  sulphate  or  ferrous  sulphate  and  sodium-chlonde  in  the  moist  state,  some 
■ilver-Gnloride  is  formed  after  a  time  (K  are  ten).  A  solution  of  cuprie  diloride  with 
excess  of  sodium-chloride,  digested  with  silver-sulphide  for  bome  days  at  the  ordinary 
temperature,  is  gradually  decolorised,  and  the  products  of  the  reaction  are  cuprie 
sulpnide  with  silver-chloride  and  cuprous  chloride,  which  are  partly  dissolved  by  the 
exceaa  of  aodinm-chloride.  Sulphur  is  also  said  to  be  separated  (Bou  ss  ingault).  In 
this  ease  the  reaction  is  probably  as  follows : 

6a  Sft6«  648  128  \W..  33 

8Ag%  +   4CuCl«  -  6AgCl  -t-  2CuCl  -i-  2CuS  +  S. 

Thm  raptooi  chloride  produced  would,  in  the  presence  of  sodium-chloride,  be  capable 
of  converting  a  fiirther  quantity  of  silver-sulphide  into  chloride  as  follows,  being  itself 
eonvierted  into  ciipiroos  sulphide : 

116  128  216  1S8 

Ag^  +    2CuCl     -     2AgCl  +   Cu»S. 

The  pfoduction  of  cuprous  chloride  may  also  be  determined  by  the  presence  of 
mHmmc  silver  in  the  ore  by  the  following  reaction  : 

CuCl*  -I-  Ag     -     AgCl  +  Cua. 

Heat  fiKilitates  the  production  of  chloride,  and  the  silver-sulphide  is  more  readily 
eoovaried  into  chloride  when  it  is  combined  with  antimonial  sidpnide. 

In  <»der  to  submit  the  ores  to  this  preliminary  treatment,  they  are  ground  very  fine 
with  water  in  a  mill  resembling  a  porcelain  mill.  The  sludgy  mass  is  laid  out  on  a 
fKftd  floor  in  heaps  called  torta  or  numtonet  upon  which  from  1  to  6  per  cent,  of 
common  salt  ia  sprinkled,  and  the  whole  well  stirred  together  either  witn  shovels  or 
by  trtading  under  the  fiMt  of  mules.  Some  days  afterwards  it  is  mixed  with  from  0*6 
to  1  per  cent,  of  magistral,  consisting  essentially  of  cuprie  and  ferrous  or  ferric 
■al^^hatca,  and  prepared  by  roasting  cuprous  pyrites.  Sometimes  roasted  iron-pyrites 
ii  used,  but  a  magistral  containing  copper  is  preferred.  At  this  stage  of  the  process 
cheaucal  action  takes  place;  part  of  the  sodium-chloride,  reacting  with  the  sulphates 
of  the  magistral,  yields  sodium-sulphate,  with  cuprie  and  ferric  ur  ferrous  chlorides, 
which  give  rise  to  the  formation  of  silver-chloride  as  above  described. 

The  dscomposition  of  the  silver-chloride  is  effected  by  means  of  mercury.  The 
quantity  employed  for  this  purpose  and  for  the  actual  amalgamation  of  the  silver 
cencraUy  amounts  to  about  six  times  the  weight  of  the  silver  in  the  ore.  It  is  added 
m  three  equal  portions  at  intervals  of  16  or  20  days,  and  is  thoroughly  incoiporated 
with  the  mass  of  ore.  The  day  after  the  first  portion  of  mereury  has  been  added,  the 
BaM  is  tested  by  washing  a  portion  of  it  with  water,  to  ascertain  from  the  appearance 
of  the  amalgam  whether  the  process  is  going  on  properly.  It  is  essential  to  the 
•nccess  of  the  operation  that  there  should  not  be  any  cuprie  chloride  remaining  when 
the  mercury  is  added  to  the  heap,  because  the  reaction  which  would  take  place  between 
it  and  the  mercury,  resulting  in  production  of  mercurous  chloride,  would  unnecessarily 
aogment  the  waste  of  mereury.  If  the  mereury  appeara  very  grey  and  much  sub- 
divided, too  much  magistral  has  been  used,  and  consequently  the  mass  contains  a 
large  amount  of  mereurous  chloride :  in  that  case  chalk  is  added.  If,  on  the  contrary,  the 
mereniy  is  very  brilliant  and  liquid,  there  is  not  enough  mHgistral,  and  more  has  to  be 
added.  When  the  mercury  separated  in  the  test  presents  a  slightly  pT^y  dull  appearance, 
and  runs  together  rapidly  when  separdted  iuto  globules,  the  process  b  gobg  on  well. 
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About  fifteen  days  after  the  first  portion  of  mercraj  has  bsMi  added,  it  will  ha?i 
combined  with  enough  silver  to  form  a  pasty  amalgam ;  then  a  ftuther  quaati^  ii 
added,  and  after  another  internal  of  rest,  the  third  portioii  is  added.  This  openokm 
lasts  altogether  two  or  three  months,  according  to  the  nature  of  the  ore,  the  tempera* 
ture,  jcc  If  the  amalgam  is  pasty  at  the  end  of  the  operation,  a  further  quantity  of 
mercury  is  added  to  uquefV  it,  and  the  whole  mass  is  washed  with  water  in  laige 
wooden  vats  fitted  with  paddles  on  vertical  shafts.  The  amalgam  thus  separated  is 
pressed  in  sacks  to  strain  off  excess  of  mercury,  and  then  distilled. 

At  some  places  this  method  of  treatment  is  practised  without  the  use  of  magistnl, 
and  merely  with  salt  and  mercury.  In  those  instances  it  is  probable  that  the  aim 
contain  sidficient  sulphides  for  the  production  of  cuprio  or  feorous  sulphates  by  the 
action  of  atmospheric  oxygen  during  the  mechanical  preparation  of  the  ore. 

The  ores  worked  in  this  way  in  &>uth  America  and  Mexico  are  generally  sorted,  so 
as  to  contain  from  20  to  40  ounces  of  silver  to  the  ton,  the  richer  parts  being  picked 
out  and  smelted. 

The  consumption  of  mercury  in  decomposing  silver-chloride,  and  the  waste  attending 
the  several  operations,  are  said  to  amount,  in  the  Mexican  method,  to  about  twice  the 
weight  of  the  silver  obtained.  It  has  been  proposed  to  recover  the  mercury  left  in  the 
washed  residue  as  mercurous  chloride  by  treating  it  with  hypochlorite  of  calcium  or 
nitrate  of  sodium,  and  then  adding  excess  of  hydrochloric  acid  so  as  to  convert  the 
mercurous  chloride  into  mercuric  cMoride,  which  could  be  washed  out,  and  the  mercury 
precipitated  by  copper,  while  the  solution  of  cupric  chloride  thus  obtained  would  serve 
in  the  place  of  magistral  for  subsequent  working. 

Since  the  decomposition  of  silver-chloride  may  be  effected  in  the  wet  way  by  contact 
with  other  metals  besides  mercury,  the  consumption  of  mercury  in  that  way  might  be 
prevented.  With  this  object  De  Lecca  proposed,  in  1586,  to  modify  the  treatment  by 
using  iron  plates  together  with  the  mercury,  but  this  suggestion  was  little  regarded  at 
the  time. 

For  the  amalgamation  of  rich  ores,  Alonso  Barba  devised  a  method  with  the 
same  object,  which  consisted  in  grinding  the  ores  in  copper  pans  with  sncceesifi 
additions  of  salt,  magistral,  and  mercury.  The  silver-chloride  being  in  this  ease 
decomposed  by  copper,  less  mercury  was  requisite ;  but  the  extraction  of  the  silver 
was  incomplete. 

2.  European  Amalaamation. — The  method  of  extractins  silver  from  its  ores  by  mfani 
of  mercury  was  made  known  in  Europe  about  the  midiUe  of  the  seventeenth  century, 
and  Barba*s  modification  of  it  was  the  startinff-point  from  which  it  came  to  be 
adopted.  The  first  attempts  to  work  silver-ores  by  amalgamation  were  made  in  the 
Austrian  States  by  v.  B  or  n,  and  after  successive  improvements,  works  were  also  erected 
at  Freiberg,  Neusohl,  and  other  places  on  the  Continent^  where  it  was  extensively 
practised. 

The  principal  points  of  difference  from  the  Mexican  method  are : — 1.  The  convertioo 
of  the  silver-compounds  in  the  ore  into  chloride  by  treatment  in  the  dry  way  hj 
roasting  with  salt ;  2.  The  decomposition  of  the  silver-chloride  by  copper  or  iron 
instead  of  mercury. 

The  silver  ores  which  are  treated  by  amalgamation  in  Saxony  contain  ■nTer^solphidc 
combined  or  mixed  with  arsenical  and  antimonial  sulphides,  pyrites,  blende,  fte: 
Both  rich  and  poor  ores  can  be  worked  by  this  method  with  equal  advantage ;  but 
since  the  proportion  of  salt  and  mercurr  to  be  used  would  depoid  upon  the  amount  of 
silver  in  the  ores,  and  since  this  vanes  from  20  to  600  ounces  per  ton,  the  ore  ia 
sorted,  so  that  the  mass  to  be  operated  upon  may  contain  from  60  to  70  ounces  of 
silver  per  ton,  and  a  uniform  mode  of  treatment  may  be  adopted. 

It  is  neoessary  that  the  ore  should  contain  sulphides  in  sufficient  amovint  to  prodaee 
the  requisite  chemical  reactions  during  the  roasting,  and  to  ascertain  wbethw  this  is 
the  case,  a  portion  is  melted  with  glass,  borax,  and  resin  in  an  assay-crudble  under  a 
cover  of  sodium -chloride.  It  should  yield  about  30  per  cent,  of  matt  When  there  is 
A  deficiency  of  sulphides,  iron-pyrites  or  ferrous  sulphate  is  to  be  mixed  with  the  ore. 

In  the  preparatoiy  treatment,  the  finely-ground  ore  is  roasted  with  10  or  12  per  oeaL 
of  common  salt  in  a  reverberatory  furnace.  The  charge  is  put  into  the  furnace  moisti 
gently  heated  at  first,  and  stirred  continually  until  it  is  dry,  so  as  to  prevent  its 
caking ;  it  is  then  raked  up  into  a  heap  along  the  hearth,  and  after  the  lumps  have 
been  broken,  it  is  spread  out  evenly,  and  stirred  about  while  the  heat  is  being  increased 
to  redness.  This  stage  of  the  operation  {Anfeucm)  generally  occupies  about  two 
hours.  Meanwhile  steam  and  some  vapours  of  arsenic  and  antimony  are  given  otL 
As  the  temperature  rises  to  redness,  the  sulphides  begin  to  be  decomposed  by  reaedng 
with  atmospheric  oxygen,  and  then  the  combustion  of  the  sulphur  generates  so  mucE 
boat  that  no  frt«h  fuel  is  required  to  keep  up  the  tempemiurc  during  this  stage  of  the 
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cent,  silver,  vith  varying  amoants  of  copper,  lead,  antimony,  Ac    The  ■traisMl  oo^ 
curj  contains  about  one  ounce  of  silver  in  the  hundredweight. 

The  sludgy  maiss  (tailings)  remaining  in  the  amalgamating  emka  still  coataiin 
disseminated  particles  of  amalgam  and  mercury.  It  is  run  into  m  wash-tun  {agttakr, 
Wa9chbottiget  cuve)t  mixed  with  a  large  quantity  of  water  and  stbied  with  paddles. 
The  amalgam  which  collects  at  the  bottom  of  the  agitator  is  mu^  more  imffors  thu 
that  taken  direct  from  the  casks.  The  lighter  portion  of  the  tailaiBB  ia  ran  off  from 
sideH)pening8  at  different  levels  of  the  agitator,  and  the  heavier  portion  is  again  treated 
with  mercury  in  the  casks,  or  dried,  ignited,  and  used  in  the  smelting-works.  It 
sometimes  contains  140  ounces  of  silver  per  ton.  The  finer  portfcn  of  the  tailingi 
also  contains  some  silver,  from  2  to  5  ounces  per  ton. 

The  mother-liquor  from  the  tailings  contiuns  sodinm-chloridr  and  sulphate,  vhh 
other  salts,  such  as  ferrous  and  manganous  sulphates,  small  qnautrties  of  phosphatci, 
arsenates,  and  fluorides,  &c.  It  is  concentrated  in  leaden  pans,  or  frozen  in  winter  to 
obtain  the  sodium-sulphate. 

The  loss  of  silver  and  mercury  in  this  operation  is  subject  to  great  variation ;  the 
former  amounts  to  about  5  or  10  per  cent,  of  the  quantity  contained  in  tha  ore.  Of 
this  from  2  to  4  per  cent,  is  either  volatilised  in  the  roasting,  or  lost  in  the  gxindiog 
and  sifting  of  the  ore,  and  in  melting  the  metaL  From  3  to  6  per  cent,  of  the  silrer 
generally  remains  in  the  tailings.  A  small  portion  of  the  meremry  is  oonverted  into 
mercurous  chloride,  which  is  not  decomposible  by  iron.  Much  more  remains  mediani- 
cally  disseminated  among  the  tailings,  and  is  washed  away  in  the  mother-liqnor.  Tin 
presence  of  lead,  arsenic,  and  other  metals,  which  are  easily  reduced  tuad,  mnalgamated, 
augments  considerably  the  waste  of  mercury.  At  Freiberg  it  amount*  to  about  fifteen 
ounces  per  ton  of  ore,  and  87  per  cent  of  that  is  washed  away  in  the  methar-liqnon^  sr 
remains  in  the  tailings. 

The  advantages  of  the  amalyimation  method  over  smelting,  consist  in  the  smaller 
loss  of  silver,  the  greater  simphcity  of  the  operations,  the  more  rapid  extraction  of  the 
metal,  savins  in  fHiel,  and  the  absence  of  injurious  vapours.  On  Uke  olher  band,  it  is 
not  applicable  to  ores  containing  lead  or  copper.  iUthough  lead  ft*!*alg^"*wW  veiy 
readily  when  in  the  metallic  state,  still  in  the  treatment  of  ores  coutadinng  lead,  ooly  a 
small  part  of  this  metal  is  amalgamated.  This  is  probably  because  very  little  of  the 
lead  is  reduced,  the  greater  part  remaining  in  the  state  of  chloride  or  sulphate^  iriiieh 
are  not  decomposed  unless  there  is  a  very  large  excess  of  iron  ia  tiie  amalgnaatii| 
casks.  Copper  is  partly  taken  up  by  the  mercury,  and  part  remains  m  the  tauacs.  U 
these  are  not  sufficiently  rich  to  be  worked,  that  portion  of  the  copper  is  lost.  Coase 
quently,  ores  containing  more  than  7  per  cent  of  lead  or  1  per  cent,  af  o^per  areaot 
treated  by  the  amalgamation  method. 

Auriferous  silver-ores  likewise  cannot  be  advantageously  worked  bj  this  msthsd, 
because  the  greater  part  of  the  gold  remains  in  the  tailines  after  amalgjamatian,  and  it 
lost  Comparative  trials  have  shown  that  silver  obtained  from  sneh  ores  bj  smelting, 
contained  more  than  twice  as  much  gold  as  that  obtained  by  amalgamatioD.  Tht 
reason  of  this  is,  that  though  ^Id  amalgamates  very  readily  with  aMKCiiry,  still  in  the 
treatment  of  silver-ores  by  this  method,  it  is  less  rapidly  acted  vpon  thaa  the  sQver, 
which  is  reduced  from  the  silver-chloride  in  a  finely-mvided  spongy  states  fsvoaiaUe  to 
its  amalgamation. 

The  nature  of  the  earthy  ingredients  of  the  ore  has  also  some  inftasBce  aa  the 
working :  thus  day  renders  the  mass  tenacious  in  the  amalgamatioii ;  keavy  ^tr 
makes  it  dense;  calcareous  substances  reduce  the  consumption  of  iron  and  of  ■eremy 
by  decomposing  the  chlorides,  but  they  also  lessen  the  yield  of  silver.  Jm  this  VHpeet 
a  judicious  admixture  of  quartzose  and  calcareous  ores  is  most  advantaffoeas. 

The  method  of  amalgamation  is  applied  not  only  to  silver-ores  but  ^so  to  tha  matt 
(Kupferstein)  and  the  coarse  copper  (Schwartzkup/er)  obtained  in  ameltiBg  aigsnti- 
ferous  copper-ores.    (See  Coffer,  ii.  31.) 

In  the  Mansfield  district,  silver  was  formerly  extracted  in  this  way  froncopmr' 
matt,  after  it  had  been  roasted  with  salt  to  convert  the  silw  into  chloride.  The 
tailings  were  afterwards  smelted  with  quartz,  fluor-spar,  and  slag  to  obtain  tbt 
copper. 

At  Schmollnitz,  in  Hungary,  black  copper,  containing  from  86  to  89  per  cent  of 
copper,  and  200  or  300  ounces  of  silver  per  ton,  is  worked  by  amalgamation.  Tht 
metal  is  reduced  to  powder  by  stamping  while  red-hot  and  then  grinding.  Itii 
mixed  with  from  7  to  9  per  cent,  of  salt,  and  roasted  in  a  reverberatoiy  fornace.  The 
amount  of  sulphur  in  the  metal,  being  no  more  than  from  0*5  to  1  per  cent,  would  he 
insufficient  in  this  case  to  determine  evolution  of  chlorine  by  its  oxidation  to  anlj^nrie 
acid  ;  consequently  the  production  of  silver-chloride  in  the  roasting  miist^  esfoctcd 
chiefly  by  the  reaction  of  sodium-chloride  with  the  metal. 

The  silver-chloride  is  decomposed  by  means  of  copper,  and  the  amilgsmsl^^ 
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<kherwiw  euud^drf ••  already  dgtcribed  (p.  282).    If  iron  were  tued  mstead  of  copper 
to  decompose  the  chloride,  the  metal  obtained  wonld  contain  a  large  amount  of  copper. 

The  lose  of  mUmr  is  said  to  be  less  than  6  per  cent.,  and  the  waste  of  copper  about 
S  per  cent.  The  waste  of  mercury,  however,  amounts  to  40  ounces  per  ton  of  coarse 
oc^per. 

At  CnUowa,  ia  Che  Bannat,  coarse  copper  containing  16  ounces  of  silyer  per  too  is 
voasted  with  10  per  eent.  of  salt  and  3  or  4  per  cent  of  pyrites. 

At  Offeobanya,  ia  Transylyania,  coarse  copper  containing  10  per  cent  of  lead  is 
roasted  for  six  hoars  with  18  oer  cent,  of  salt  and  3  per  cent  of  nitre,  to  facilitate  the 
prodoction  of  lead-aalphate,  wnich  is  not  decomposed  in  the  amalgamation. 

The  compound  of  arsenic  and  antimony  with  nickel,  cobalt,  iron,  and  other  metals, 
which  is  tensed  sjMit,  produced  in  lead-smelting,  and  especially  in  the  preparation  of 
inalt  from  nicheliferous  oobalt-ores,  often  contains  silver  which  is  extracted  by 
amalgamatien. 

Tba  speis  from  the  Saxon  smaltworks  at  Schneeberg  contains  from  10  to  100  ounces 
«f  ttlrer  per  tan.  It  also  contains  bismuth  and  sulphur.  The  powdered  material  is 
roastoA  to  oxidise  the  metals:  part  of  the  arsenic  is  volatilised  as  arsenions  acid;  a 
great  part,  however,  remains  in  the  state  of  arsenic  acid  combined  with  the  basic 
llw  roasted  product  is  sifted,  to  separate  any  melted  or  unoxidised  particles, 
groond  ftne,  mixed  with  8  per  cent,  of  salt  and  2  per  cent  of  ferrous  sulphate, 
again  roasted  to  convert  the  silver  into  chloride.  More  arsenious  acid  is  volatilised, 
and  probably  some  arsenic  as  chloride.  The  product  of  this  roasting  is  ground  very 
flae,  and  treated  with  mercury  in  casks. 

Thb  amalgam  requires  to  be  well  washed  with  water  to  remove  bismuth-oxide. 
Ae  tailings  contain  H  ounces  of  silver  per  ton,  and  are  smelted  for  nickel.  The  total 
loss  «f  silver  is  said  to  be  about  16  per  cent ;  the  waste  of  mercuzy  amounts  to  10  or 
15  ooBccs  per  ton. 

At  Poaliaoiien,  in  Brittany,  some  of  the  ores  from  the  Huelgoet  mines,  consisting  of 
awitallir  silver,  antimonial  silver,  and  silver-chloride  disseminated  through  quartz, 
ochre,  and  day,  are  treated  in  a  manner  which  combines  both  the  Mexican  and 
Earopean  metmds.  After  the  mechanical  preparation  of  the  ore,  containiog  about  20 
ooness  of  silver  per  ton,  it  is  mixed  with  water  and  10  per  cent,  of  magistral,  consisting 
chiefly  of  ■odium-chloride,  with  some  ferrous  solphate,  alam,  and  a  venr  small  amount 
«f  eoprie  sulphate.  This  mixture  is  left  for  about  16  days  in  tubs,  to  sllow  of  the  pro- 
daelion  of  simr-chloride,  and  the  subsequent  treatment  conducted  as  already  described. 

The  «xtiactioB  of  silver  is  effected  to  within  3  ounces  to  the  too. 

The  waste  of  mercury  amounts  to  from  10  to  80  ounces  per  ton  of  ore. 

The  amalgamation  method  is  now  largely  practised  in  California  and  Nevada  in 
walking  silver-ores,  and  great  improvements  have  been  made  in  connection  with  it. 
Iron  pans  with  mullers,  for  grinding  the  ore  either  in  the  raw  or  roasted  state,  have 
been  mibstituted  for  the  banels  with  great  advantage^  By  this  means  the  silver  or 
silver-compounds  of  the  ore  are  more  effectively  brought  in  contact  with  the  chemicals 
and  mercuxy,  and  the  amalgamation  is  much  faciliti^ed.  The  application  of  heat  by 
■team-pipes  has  also  been  found  very  advantageous. 

One  ox  the  most  troublesome  circumstances  connected  with  the  extraction  of  silver 
by  amalgamation  is  the  conversion  of  the  mercury  into  a  pulverulent  condition, 
Vaoarn  as  "  flouring,**  when  it  is  liable  to  be  washed  away  in  the  tailings,  together  with 
■tlmr  it  has  combined  with.  Considerable  loss  may  be  caused  in  this  way ;  and  as 
this  sAset  is  due  to  the  combination  of  sulphur,  oxygen,  &c.  with  a  portion  of  the 
awreory,  it  has  been  proponed  to  introduce  a  small  amount  of  sodium  into  the  mercury 
asad  fi>r  amalgamation.  From  the  great  chemical  affinity  of  thi«i  metal  for  Bulphur  and 
oxygen,  it  prevents  the  mercury  from  becoming  "  floured,"  and  materially  reduces  the 
waste  of  this  metal  and  the  loss  of  silver.  An  amalgam  containing  about  30  per 
esnt  of  sodium  is  used  for  the  purpose,  and  added  to  the  mercury  so  as  to  make  the 
proportion  of  sodium  about  1  or  2  per  cent  The  presence  of  sodium  in  the  mercury 
also  appears  to  facilitate  very  considerably  the  amalgamation  of  the  silver.  (See 
Crooke's  Spedflcations,  Nos.  391  and  2229,  dated  11th  February  and  30th  August, 
1865.) 

The  ase  of  caustic  alkali  for  the  same  purpose  has  also  been  tried  and  found 
adrantageons,  though  probably  in  a  less  degree  than  the  sodium-amalgam. 

Extraction  of  Silver  as  Chloride  and  Suiphate. 

The  sdlability  of  silver-chloride  in  a  strong  solution  of  sodium-chloride  has  been 
taken  advantage  of  for  the  purpose  of  extracting  silver  from  copper  matte  and  ores 
without  the  aid  of  mercury.  The  silver  is  converted  into  chloride  by  roasting 
with  salt  and  the  roasted  product  is  digested  with  a  concentmted  solution  of  salt  in 
«i«xl»-n  vats.      The  silver-solution  is  drawn  off   and   passed   tlirough   a  series  of 
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yats  containing  predpitated  copper,  which  separatee  the  silver,  wfaOe  a  soloHot  6f 
copper  is  prodnced,  from  which  the  copper  is  recovered  in  a  state  fit  to  be  used  again,  bj 
passing  torongfa  another  series  of  vats  containing  iron.  The  liquor  from  whidi  the 
copper  has  been  precipitated,  is  left  for  some  time  exposed  to  the  air,  till  a  great  part 
of  the  iron  has  been  deposited  as  a  basic  ferric  salt;  it  then  contains  some  sodHun- 
sulphate  produced  in  the  roasting,  and  is  either  evaporated  to  obtain  that  salt,  <v 
treated  with  calcium*chloride  to  furnish  sodium-chloride  for  future  use.  (Augustin.) 

A  still  more  simple  and  inexpensive  method  of  extracting  silver  is  based  upon  the 
facts  that  silver-sulphate  is  soluble  in  water,  and  that  it  requires  a  higher  temperatue 
for  decomposition  than  any  of  the  other  soluble  sulphat<«  containing  heavy  metali 
which  are  produced  durinff  the  roasting  of  oopper-matt  or  of  silver-orea  with  pjri(«a 
The  success  of  this  method  of  treatment  depends  mainly  on  the  prefer  rtrairtfng  of  the 
material  from  which  silver  has  to  be  extracted,  so  that  the  whole  of  the  silver  may  be 
obtained  in  the  state  of  sulphate,  while  the  cnpric  and  ferrous  or  ferric  milpliatea  set 
decomposed.  In  the  roasting  the  heat  is  to  l]«  gradually  raised  during  thie  ^laee  ef 
three  or  four  hours  to  dull  redness,  and  lastly  increased  within  about  two  hoon  to  cfacnj- 
red.  The  progress  of  the  roasting  is  ascertained  from  time  to  time  by  testing  a 
portion  of  the  charge  with  water.  It  should  give  a  &intly  bluish  solation,  and  liis 
amount  of  silver  rendered  soluble  may  be  estimated  volumetrically  with  a  salt-solutaBa 
•f  known  value.  When  the  proper  condition  has  been  readied,  the  chaige  is  dr««» 
from  the  furnace  and  digested  with  water,  and  the  silver  is  precipitated  from  thaaolutioft 
bycopper.    (ZiervogeL) 

The  average  loss  of  silver  by  this  method  is  said  to  be  only  8  per  cent. 

The  use  of  alkaline  hyposulphite  has  been  proposed  as  a  solvent  for  ■Dv«^lorid» 
in  the  working  of  ores,  &c.,  the  silver  bein^  precipitated  from  the  soluftioo  as  ailvw- 
Bulphide  by  means  of  alkaline  sulphide,  while  a  solution  of  hyposulphite  is  rBpn>> 
dueed.    (i'ercy.) 

.  In  the  case  of  very  poor  argentiferous  materials,  such  as  the  residue  from  the- 
burning  of  pyrites  in  the  manufacture  of  sulphuric  acid,  it  has  been  proposed  to 
volatilise  the  silver  as  chloride,  and  collect  it  in  condensers. 

When  the  silver  obtained  by  this  method  is  very  impure,  it  is  sometimes  purified  hr 
cupellation  with  lead.  Attempts  have  been  made  to  separate  the  metals  with  which 
the  silver  is  alloyed,  by  digesting  with  dilute  sulphuric  add  in  leaden  pans^  the  reddos 
left  by  distillation  after  it  has  been  heated  to  redness  in  contact  with  atmospheric  air. 
By  repeating  this  treatment  several  times,  a  large  portion  of  the  foreign  metals  are 
separated,  but  the  purification  is  incomplete  and  the  cost  is  considerable.  More  fre> 
quently  the  silver  is  refined  by  melting  in  cast-iron  crudbles.  By  this  means  the 
foreign  metals  are  oxidised  and  form  a  slag,  which  fioats  on  the  sur&oe  of  the  mdted 
silver  and  is  skimmed  off.  Some  charcoal-powder  is  then  sprinkled  on  the  metal,  the 
crucible  covered,  and  the  heat  kept  up  for  a  time,  the  metal  being  stirred  in  themean- 
trhile  with  an  iron  rod.  When  the  charcoal  is  consumed,  this  operation  is  repeated 
until  the  metal  exhibits  the  required  degree  of  purity.  It  is  then  east  into  ingots. 
This  refined  metal  ought  not  to  contain  less  than  70  per  cent  silver,  and  ths  alloy 
should  consist  entirely  of  copper. 

llie  refuse  of  the  refining  is  melted  with  potash  and  some  nitre  under  sodiom-chlo- 
ride,  and  a  diver  regulus  is  obtained,  together  with  s  rich  matt,  which  is  mixed  with 
the  ore  for  amalgamation,  and  a  slag  which  is  sent  to  the  smdting-works.     B.  H.  P. 

BCLVBS  JLltJaOTB,    For  most  of  the  useful  purposes  to  which  silver  is  applied, 

the  pure  metal  would  be  too  soft  to  resist  suffidently  the  wearing-away  of  the  soifhee 
by  friction.  The  presence  of  a  small  amount  of  copper  in  the  metal  very  oondderably 
increafles  its  hardness,  without  much  affecting  the  colour,  and  consequently  silver  is 
generally  used  in  the  state  of  an  alloy  with  copper. 

Silver  may  be  alloyed  with  most  other  metals.  None  of  the  alloys  are  so  soft  sod 
ductile  as  pure  silver,  though  generally  more  so  than  the  metal  with  which  it  is  alloyed. 
The  presence  of  small  quantities  of  other  metals — such  as  antimony,  arsenie,  bismuth, 
tin,  and  anc— renders  silver  brittle  and  liable  to  crack  when  rolled,  but  to  a  less  extent 
than  is  the  case  with  gold  or  even  with  copper. 

1.  With  Aluminium. — The  alloys  of  these  metals  are  much  harder  than  pore 
aluminium,  and  when  the  aluminium  amounts  to  twice  as  much  as  the  silver,  they  are 
even  more  fusible  than  aluminium,  and  may  therefore  be  used  for  soldering  that 
metal.  The  alloy  containing  3  per  cent,  of  silver  is  not  acted  upon  by  sulphimttsd 
hydrogen :  that  containing  6  per  cent  of  silver  has  a  fine  white  colour,  takes  a  good 
polish,  has  about  the  same  degree  of  hardness  as  British  standard-silver,  and  is  tole- 
rably malleable.     Equal  parts  of  aluminium  and  diver  give  a  brittle  alloy. 

2.  With  Antimony. — A  very  small  proportion  of  antimony  alloved  with  silver  is 
snfBeient  to  render  the  metal  liable  to  crack  in  rolling.  Alloys  of  silver  and  antimosy 
occur  as  minerals. 
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5.  'With  Biimnth. — Eqmal  parts  of  mlrer  and  bismoth  form  a  eiyBtalluie  britUa 
alloy,  «f  10*709  apeeUle  graviey.  Bismuth-oxide  beiDg  fusible,  this  metal  can  be 
■aparated  from  tilTer  by  cupelUtion  in  the  same  way  as  lead. 

4.  With  Copper. — Silver  and  copper  may  be  melted  together  in  any  proportion. 
The  alloya  are  almost  as  ductile  as  silver;  and  they  have  much  greater  hardness  and 
elaaticitj,  and  an  capable  of  taking  a  much  higher  polish  than  pure  silver.  Those 
containing  less  than  half  their  weight  of  silver  are  white. 

The  moat  important  alloys  of  silver  and  copper  are  those  employed  for  coinage,  and 
lor  the  mftnn&cture  of  silver  utensils  and  omiiments,  &c.  The  standard  value  of  the 
alloy  used  for  these  purposes  varies  in  different  countries.  In  England  "  ttandard 
sit^T**  enntains  7*6  per  cent,  copper :  its  sp«>cific  gravity  is  10'20. 

In  France  thero  are  three  standard  alloys :  one,  containing  05  per  cent,  of  silver,  for 
medals  and  plate ;  the  second,  containing  90  per  cent.,  for  coin ;  and  the  third,  containing 
80  per  cent.,  for  jewelry-work. 

In  Qennany  and  Austna  there  are  two  standards  for  coin,  of  different  values — one 
eontaininj^  90  per  cent,  the  other  87*6  per  cent,  silver.  The  alloy  used  for  silver- 
plate  vanes  froai  70  to  81  per  cent. 

Siitur-Mlder  contains  about  66  per  cent,  silver  with  zinc  and  copper. 

When  alloTS  of  silver  and  copper  solidify  gradually,  they  do  not  remain  homoge- 
nsoos  tluonshoat.  According  lo  the  amount  of  silver  they  contain,  the  inner  or  outer 
poitioos  of  the  mass  contain  a  larger  proportion  of  silver  than  the  remainder.  Lerol 
states  that  this  separation  does  not  take  place  with  the  alloy  consisting  of  71 '9  per  cent 
silver  mad  28*1  copper.    (Ann.  Ch.  Phys.  [3]  xzxvi.  220.) 

Althongfa  the  aUoys  of  silver  with  copper  are  white,  even  when  containing  a  large 
amoont  of  copper,  still  the  colour  is  not  so  fine  as  that  of  pure  sOver.  Such  alloys, 
alter  being  manufoctored,  are  therefore  submitted  to  an  operation  by  which  the  copper 
is  superftsiaUy  oxidised,  and  dissolved  out,  so  as  to  leave  a  film  of  pure  silver.  This  is 
termetl  wkHmina  {blanckiment ;  Anneden), 

A.  With  Gold.  This  metal  may  be  alloyed  with  silver  in  all  proportions.  Level 
refiards  the  alloys  of  these  metals  in  equivalent  proport'ons  us  being  incapable  of 
eepeumting  by  gradual  cooling.    (Ann.  Ch.  Phys.  [3]  zzxix.  163.) 

AUoys  of  gold  and  silver  in  various  proportions  occur  native.  (G.  Rose,  Pogg. 
Ann.  zxiii.  161.— Awdejew,  Und.  liii.  153. — Boussingault,  Ann.  Ch.  Phys. 
12]  xxziv.  408 ;  zlv.  UO.—Gmelina  Handbook,  vi.  247.) 

6.  With  Lead. — Silver  may  be  melted  with  lead  in  all  proportions.  These  alloys 
whra  slowly  cooled,  separate,  so  that  the  interior  of  the  mass  contains  a  much  larger 
fcoportion  of  silver  than  the  outside.    (Levol,  Ann  Ch.  Phys.  [3]  xxxix.  163.) 

7.  With  Mercury. — This  metal  combines  with  silver  at  the  ordinary  temperature, 
f  lining  one  of  the  soft  alloys  called  amalgams,  which  mixes  with  an  excess  of  mercuzy, 
but  may  be  separated  as  a  pasty  mass  by  squeezing  in  wash^eather.  Silver-amalgam 
ocniz*  native,  sometimes  crystallised  (iii.  889). 

8.  With  Nickel — The  alloy  containing?  iS^per  cent,  of  nickel,  is  greyish-white,  and 
tak'^  m  good  polish.  It  is  highly  magnetic.  The  alloy  used  for  coin  in  Switzerland 
rontftins  10  per  cent,  of  nickel.  It  is  very  hard,  and  not  so  white  as  the  alloys  com- 
monly used  for  coin. 

9.  'With  Platinum. — Alloys  of  silver  with  platinum  are  much  less  ductile  than  pure 
»llrer.  The  «Hoy  containing  64*3  per  cent,  platinum,  has  a  colour  intermediate 
l^w««i  those  of  the  two  metals.  It  cannot  be  rolled  without  cracking.  Silver  cx>n- 
taining  only  0i>7  of  platinum  is  very  brittle,  and  cannot  be  cupelled  ;  even  as  little  as 
0*05  gKStly  impedes  tne  cnpollation.  Sulphuric  acid  diHsolveg  tho  silver  from  these 
alloys.  Nitric  acid  dissolves  part  or  all  of  the  platinum  as  well  as  the  silver,  according 
to  the  pranortioii  of  the  two  metals. 

10.  Wii  Tin. — ^Alloys  of  this  metal  with  silver  are  nearly  as  white  as  pure  silver. 
They  SM  brittle  and  generally  hard,  that  containing  20  per  cent,  of  tin  being  about  as 
hani  as  bronse. 

1 1.  With  Z  i  nc. — ^These  alloys  are  of  a  bluish-white  colour.  Boppler^s  refiector  metal 
consists  of  80  pts.  silver  and  20  pis.  zinc 

mOiTMaL  ASSAT.  The  estimation  of  the  amonnt  of  silver  in  coin,  alloys,  ores, 
&c..  for  pnctical  purposes.  This  operation  may  be  conducted  either  in  the  wet  way, 
by  precipitating  tne  silver  as  chloride  from  the  solution  of  a  known  weight  of  the 
snbsUDCQ  to  be  assayed  (see  vSilvrr,  Dktbction  ant>  Estuiatioh  of,  p.  298),  or  in 
the  dry  way  by  cupellation  with  lead,  so  as  to  obtain  the  pure  silver. 

In  oponting  upon  ores  containing  meUllic  silver  and  oxidised  silver-compounds, 
thev  are  mixed  with  eight  or  ten  times  as  much  litharge,  and  twice  sh  much  black  fiux, 
anrf  melted  in  earthen  crucibles.  The  lead  reduced  by  the  carbon  of  the  black  flux 
di:>sulves  the  nlver,  and  collects  as  a  button  at  the  bottom  of  the  crucible,  while  the 
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remainder  of  the  litharge  and  the  alkaline  carbonate  combine  with  the  ailidoot  ud 
earthy  ingredients  of  the  ore,  forming  a  alag. 

Ores  containing  sulphur  or  arsenic  may  be  melted  with  lithaiee  alone  in  snlBeiiot 
proportion  to  oxidise  those  substances,  and  the  lead  reduced  at  the  same  time  will  be 
sufficient  to  dissolve  the  silver.  If  the  amount  of  sulphide  should  be  very  large  in 
proportion  to  the  silver,  it  is  better  to  separate  some  of  the  sulphur  by  roasting  ths 
ore,  or  to  oxidise  it  by  melting  it  with  nitre  before  the  treatment  with  litbaiga 

Argentiferous  galena  may  be  assayed  by  melting  it  with  one-and-a-half  times  its 
weight  of  blade  flux,  and  about  one-fourth  its  weight  of  small  iron  nails,  to  obtain  t 
button  of  metivl.  Or  it  may  be  melted  with  three  or  four-tenths  of  its  weight  of  nitn, 
which  oxidises  the  sulphur,  forming  potassium-sulphate,  while  the  lead  aM  alvsr  arr 
reduced.  The  addition  of  sodium-carbonate  or  litharj^e  as  a  flux  is  often  necewsiy  and 
eonvenient  in  moderating  the  reaction  between  the  nitre  and  sulphides. 

The  button  of  metal  obtained  by  any  of  these  operations  consists  of  sa  alloy  of 
silver  and  lead.  The  separation  of  these  metals  is  effected  by  eupellaticn  (eeuptUalioti; 
Abtreiben),  Hiis  operation  is  founded  on  the  fact  that  when  such  an  alloy  is  melted 
and  exposed  to  a  current  of  atmospheric  air,  the  lead  is  oxidised,  while  the  siher 
remains  unaltered.  The  separation  of  the  lead  is  fiidlitated  by  melting  tlie  sUoy  upon 
a  cupH  {coupelU  ;  Capdle\  made  of  bone-earth  powder  compressed  so  as  to  be  sdB- 
cienUy  porous  to  absorb  about  its  own  weight  of  melted  utad-oxide,  wfaidi  is  thu 
removed  from  the  metal  as  the  oxidation  advances,  until  at  last  there  remaina  only  ths 
pure  silver. 

In  the  assay  of  argentiferous  copper-ores,  the  first  step  is  to  obtain  a  button  coo* 
tuning  the  entire  quantity  of  both  metals.  For  this  purpose  ores  which  do  not  contain 
sulphur,  arsenic,  or  antimony,  but  consist  chiefly  of  oxygen-compounds  of  copper  witli 
earthy  admixtures,  may  be  melted  at  once  with  black  flux  suiBeient  to  reduce  the  metal, 
and  with  a  flux  to  convert  the  earthy  ingredients  into  liquid  slag.  Borax  or  Uthaijge 
may  be  used  as  the  flux,  care  being  taken  to  avoid,  in  the  one  cass^  loss  bj  intumes- 
cence, and,  in  the  other,  the  reduction  of  much  lead  in  proportion  to  the  silver  and 
copper. 

Argentiferous  coppeiM>res  containing  sulphides  must  be  first  roasted  by  gndttally 
heating  the  powdered  ore  in  a  shallow  capsule,  until  sulphurous  acid  is  no  longer  gim 
ofil  Chreat  care  must  be  taken  at  first  to  prevent  any  partial  fbsion  of  the  ore,  and, 
when  arsenic  is  present,  it  must  be  very  slowly  volatilised-— otherwiee  the  vapour  may 
carry  away  some  silver.  After  the  ore  is  fully  oxidised,  the  heat  is  to  be  mitcd 
sufficiently  to  decompose  the  sulphates  produced.  The  roasted  ore  may  then  be  melted 
with  three  or  four  times  its  weight  of  black  flux.  The  button  of  copper  and  silrcr 
thus  obtained  is  cupelled  with  lead,  to  separate  the  copper  from  the  nlver,  and  the 
silver  is  weighed. 

1 .  Silver  Assay  in  the  dry  way :  Cupellation. — The  assay  of  alloys  of  silver  and 
copper  by  cupellation  is  of  considerable  practical  importance.  When  such  alloys  ue 
melted  in  contact  with  atmospheric  air,  the  copper  is  oxidised,  as  in  the  ease  of  aa 
alloy  of  silver  and  lead :  but  the  copper-oxide  oeing  infusible  at  the  temperature,  it 
cannot  be  absorbed  by  the  cupel,  and  its  separation  requires  a  solvents  For  thii 
reason  lead  is  added  in  the  cupellation  of  silver  alloys  containing  copper :  it  aenres  a 
twofold  purpose — facilitating  the  fusion  of  the  alloy  by  acting  the  part  of  a  aolvwt  ts 
it  at  a  temperature  much  below  the  melting-point  of  either  suver  or  oopper,  while  tb« 
oxide  it  yields  during  the  cupellation  melts,  and  dissolves  the  oopperKndde  prodaeed 
at  the  same  time. 

Kar stents  TahU{i^  289). 
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quuiiitiM  of  tbft  tlloyt  to  be  unjei,  wrapped  id   Uiin  p^er,  an  qoicUy  bd 

gmtlj  slipped  iDlo  tbe  melted  lead,  great  can  being  takra  to  piennt  any  portioa  rf 

ffjg_  j45_  the  contents  of  the  copeb  being 

After  the  cnpeU  an  chuged, 
the  mofRe  U  cloeed  fbr  a  (n 
aecoDdi,  tiiat,  the  piwef  of 
aUor  maj  mdt  and  diaaeln 
in  tbe  leui  At  the  moucot 
the  door  ii  remoTed,  the  coi- 
tenti  of  each  cnpel  iboiild  pe- 
lent  the  appearaoce  of  bnjta 
liquid   metal  vith    a  odutci 

Ai  eooQ  ai  air  ia  adniittej 
into  the  muffle,  oxidation  com- 
meneee ;  white  fomn  ef  leed- 
oiide  are  giTea  off;  and  tbt 
bright  (ui&ce  of  the  mrtal 
becomee  sorered  with  a  Ihli 
irideecent  film  of  melted  oxide, 
preeentiog  briUieot  epoU,  wliicli 
moierundl^ebautoTerit-  As 
the  oiidBtion  adTxncce,  tbt 
melted  oxide  is  absorbsd  bjr  the 
cupel,  prododn^rDutid  the  mrtil 
a  dark  pateh,  which  gndoaUj  u- 
tcnilt,  while  them     "  ' 


in  bulk  and  becomes  muro  globular.  At  the  end  of  the  proceai,  irtien  the  last  poitieo  of 
oxide  ii  being  furmi'J.  tlie  metal  appenn  to  be  rorolving  npidlj,  and  itM  mrba 
becomee  rn;  bright  and  irideeceiit ;  iben  the  motion  euddenl;  eeaiee,  acd  the  iridn- 


:e  dieappeare  with  a  kisii  of  Raxh,  di 
after  a  few  aeconde  it  prewnte  the  Rppei 
proceaa  is  called  the  brighSming  {klair 

Owing  to  the  tact  that  mplted  aiWer  ,  „      „    . 

the  copete  containing  the  bultona  of  Bilrer  rer;  gradiuillj  from  the  muffle,  in  order  tliK 
thej  may  cool  elowi;  ami  not  spit  {rocher  ,■  rpTat:ai),wiDeB  this  might  occasion  somelaH. 

When  this  operation  has  been  well  performed,  tbe  button  of  silver  sboold  sepante 
easily  from  tbe  cupel ;  its  uppec  snrftice  should  be  bright  and  smooth  ;  the  under-aiu- 
fiice,  dull  and  crjsljUiup.  but  clean  and  compact.  When  the  button  ts  bluish 
store  and  bright  undernexth.  without  adhering  at  all  to  tbe  cupel,  it  mntiuDa  lead. 
When  the  U|>per  surface  of  tlie  buttoa  ia  flaltancd,  dull,  and  wrinkled,  it  haa  nther 
■pit,  or  too  little  lead  has  been  used  and  the  oxidation  has  not  been  complete. 

The  temperature  at  whii^h  eupellation  is  conducted  has  a  great  influence  OD  the 
result.  Since  silver  is  sensibly  Tolatilisable,  it  is  on  this  account  emential  that  tbt 
temperature  should  not  be  too  high.  On  the  other  band,  the  beat  must  be  snfBcientto 
complete  the  oxidation  of  the  copper  and  lead,  and  to  render  the  oxides  perfectly  liquid 
and  capable  of  being  nbeorbed  bj  the  cupel.  From  the  gieater  lengtb  ta  time  occupied 
bj  the  process  at  a  Tow  temperature,  the  loss  of  silver  b;  Tolatiluation  mjglit  be  as 
great  as  if  it  took  place  more  rspidlj  at  an  eiceesive  heat.  Biperience  hat  shon 
that  the  heat  ia  loo  great  when  the  copeli  are  nearlj  white  hot  and  acanelj  diitis- 
gaiflbable  from  the  metal  they  contain,  and  when  the  fume*  appear  slight  and  lite 
quicklj  to  tlie  crown  of  the  muSle.  In  this  case  the  oxide  would  be  too  liquid,  and 
wiuld  carry  with  it  into  the  cupels  some  minute  particles  of  silrer.  On  the  coDtiaiy, 
the  heat  is  too  low  when  the  fumi:s  appear  dense,  creeping  along  the  aole  of  tlie  mnlb^ 
andwhen  tbe  oxide,  being  insufficienUj  liquid  (o  be  absorbed,  collect*  in  a  ridge  losnd 
the  metal.  In  this  case  the  los-.  of  ailvrr  is  less  ;  but  tbe  oiidation  is  incomplete,  and  Iha 
button  is  likely  to  cuntuiu  mine  leid.  Thiso  two  sources  of  error  always  obtain  umol- 
taocously,  and  they  componseie  each  other  more  or  Ipbs  according  to  the  temporattue 
at  which  the  operation  is  comlucted.  The  htst  results  are  obtained  when  the  eipsla 
ire  only  red-hot.  and  when  tJi,'  melted  melal  is  distinctly  vInTiIo  and  much  moielmni. 
Bous  than  the  capel. 

The  rapidity  of  the  current  of  air  passing  through  the  muffle  also  influNice*  tha 
result.  Too  quick  a  current  might  cause  the  formation  of  oxide  more  rapidly  thas  the 
eupel  .ruld  absorb  it,  or,  by  lowering  the  temperature,  it  might  render  the  caids 
insufficiently  liquiil  to  be  abiorhod  by  thr  cupi'l :  and  in  either  case  the  proceea  would 
be  intcrfer«i  with  in  the  came  roaiiuer  as  if  the  proportion  of  lead  to  copper  wet*  toe 
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WUh  too  9km  •  current  of  air,  the  process  would  go  on  veiy  slowly,  and  there 
would  be  a  Iom  of  silTer  in  consequence  of  the  operation  lasting  too  long. 

The  most  oxidisable  of  the  Tarioos  metals  which  ma^  be  present  in  an  alloy  are 
chie^  separated  duzing  the  first  stage  of  the  cupellation,  and  towards  the  end,  the 
lead-oizide  formed  may  be  almost  pure,  or  contain  only  cupric  oxide.  Iron,  tin,  and 
ABC  are  oxidised  with  such  rapidity,  that  alloys  containing  any  large  amount  of  these 
laerils  cannot  be  cupelled  without  the  assay  becoming  chilled,  or  incrusted  in  the  cupeL 

TIm  appearance  of  the  cupels  after  the  operation  i^ords  some  indication  of  the  kind 
of  metal  alloyed  with  the  silver.  Lead  fpves  the  cupel  a  pale-yellow  colour;  bismuth 
^es  a  slightly  orange-yellow ;  copper  gives  a  grey,  dirty  red,  or  brown  colour,  accoid- 
ug  to  the  quantity.  Iron  produces  black  scoriae,  which  collect  at  the  commencement 
of  the  oxidation  about  the  edge  of  the  cupel.  Tin  gives  grey  scoriae,  and  causes  incrus- 
tatioa  when  present  in  large  amount.  Zinc  produces  a  very  luminous  flame,  and 
Jsavies  a  yellowish  ridge  on  the  cupel ;  its  presence  causes  loss  of  silver,  by  augmenting 
the  volatilisafion,  or  by  spitting.  Antimony  gives  a  yellow  scoria,  and  makes  the  cupel 
cnck  when  present  in  any  laise  amount. 

When  the  buttons  of  silver  nave  solidified,  they  are  detached  from  the  cupels  with 
plien,  famsbed  to  daan  off  fragments  of  bone-earth  or  oxide  adhering  to  the  under- 
Mds^  %nd  then  weighed.  The  results  thus  obtained  give  the  amount  of  silver  in  the 
alloy  too  low,  because  there  is  always  a  loss  of  silver  in  cupellation,  which  in  the  case 
of  oiduiaiT  idloys  may  amount  to  as  much  as  0*005.  In  the  cupellation  of  alloys  con- 
taining a  uxgt  amount  of  olver,  this  loss  is  proportionately  less  than  in  the  cupellation 
of  aUosja  containing  but  a  small  amount  of  silver.  Consequently  it  is  necessary  to 
■pphr  a  correction  to  the  actual  results  of  the  assays,  according  to  the  value  of  the  alloy 
in  flUTor,  ns  shown  in  the  following  table : — 


ACBMl 

AmooDt 

Correction 

Actual 

Amount 

Correction 

MMNIU 

found  by 

for  loti 

amount 

found  by 

for  loM 

*A  Ml««r. 

Cupel  btloD. 

of  Silver. 

of  Silrer. 

Cupellation. 

of  Silrer. 

1000 

998-97 

1-03 

500 

495-32 

4-68 

»75 

973-24 

1-76 

475 

470-60 

4-60 

950 

947-50 

2-50 

450 

44669 

4-31 

926 

921-75 

3-25 

425 

420-87 

4-13 

900 

896-00 

4-00 

400 

39605 

3-95 

875 

870-93 

407 

375 

371-39 

8-61 

850 

845*85 

4-13 

350 

346-73 

3-27 

825 

820-78 

4-22 

325 

322-06 

2-94 

800 

795-70 

4-30 

300 

297-40 

2-60 

775 

770-59 

4-41 

275 

272-42 

2-68 

750 

745-48 

452 

250 

247-44 

2-56 

725 

720-36 

4-64 

225 

222  45 

2-55 

700 

695-25 

4-75 

200 

197-47 

2-55 

675 

670-27 

473 

175 

173-88 

2-12 

650 

645-29 

4-71 

150 

148-30 

1-70 

625 

620-30 

4-70 

125 

123-71 

1-29 

600 

595-82 

4-68 

100 

9912 

-88 

575 

570-32 

4-68 

75 

74-34 

-66 

550 

545-32 

4-68 

50 

49-.56 

-44 

525 

520-32 

4-68 

25 

2478 

-22 

This  loss  of  silver,  however,  is  not  constant  even  for  the  same  alloys,  but  varies 
neooiding  to  the  mode  in  which  the  operation  is  conducted.  For  the  sake  of  greater 
certainty,  therefore,  a  proof  assay  with  pure  silver,  or  with  an  alloy  of  known  value, 
abonld  be  made  with  each  batcn  of  assays,  in  order  to  ascertain  whether  the  lose  of 
silver  be  really  the  same  as  that  indicated  in  the  table  for  that  alloy  or  for  pure 
silver.  The  correction  to  be  applied  to  the  results  of  the  assays  made  at  the  same  time 
is  then  to  be  regulated  according  to  the  result  obtained  with  the  proof-assay.  When 
iiie  operation  is  conducted  with  proper  care,  the  corrected  results  may  iudicate  the 
aatoant  of  silver  in  the  i^oys  to  within  2  or  3  pts.  in  a  thousand. 

In  many  instances,  cupellation  is  a  very  convenient  method  of  estimating,  approxi- 
Biately,  the  amount  of  silver  in  alloys  and  ores,  but  when  great  accuracy  is  required 
it  is  better  to  employ  the  wet  method  of  assay  devised  by  Gay-Lussac. 

2.  Silver  Assay  by  the  wet  proceht. — This  method  of  estimating  silver  consists  in  pre- 
dpitaticg  the  metal  as  chloride  from  the  solution  of  a  known  weight  of  the  alloy,  and 
in  nsini?  for  that  purpose  a  solution  of  common  salt  containing  a  known  amount  of 
nlL    By  weighing  or  measuring  the  quantity  of  this  solution  which  is  just  sufficient 

u  2 
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observed  with  grest  preciaion,  tu 
'waj  than  b;  cupellalioa. 

The  normal  ^nlionit  madeof  mch  &  MreogUi  tlut  1000  gnun-nuMiuea m aqidn- 
lent  to  10  erajiu  of  silver,  or  IM  enbie  centimetiaeqnivalBntto  1  gnnune.  In  na^ 
initances  the  normal  eolatioo  maj  be  nstd  in  thn  nme  mf  u  aaj  othar  ToInmttiK 
Teasent,  bj  simply  oburving  lb»  Tolnme  nqoind  for  perfect  prec]pitati<Hi,  and  tbca 
multipljin?  the  qnontitj  of  BiUer  nprsMOtal  bj  1  gram-meunre  or  In  1  catHC  eeoti- 
metre  by  the  number  of  graio-meaaoraB  or  cmtimetrae  of  iolnlioa  u»ei      The  mdouU 


of  silvar  in  ores  and  other  aabstonrag  m&j  often  be  atnTemsntl/  ei 

For  ths  poiTKtse  of  attaining  a  greater  degree  of  accuracy  in  tne  raotta,  anouw 
Bolation,  contjuning  onlj  ons-tanth  as  much  i^t  as  ths  nomial  aolnlloii,  msj  b«  nnd 
for  oompleting  the  precipilation.  For  sreaUr  conreDieace,  in  ahakiDg  ths  liquid  to 
fiicilitate  the  separation  of  the  lilTsr-cfaloiida,  the  dlTar-solation  itunud  be  winttjad 
d  bottle. 


In  the  TKlnation  of  aUoys  contuningatalaTablf  constant  and  approiimatiTrljknawi 

■monnt  of  nlrer,  mch  as  silver  win  and  the  bun  af  alloy  prepared  for  coining,  it  is  &r 

inferable  to  take  a  qtiantit;  of  the  alloy  irtiieli will  contain  rathar  more  than  lOgniM 

gif.  ■J^^  or  I  gramme  of  silTor,  and  tt 

^'  add  to  ths  solntion  of  it  in  ni- 

tiie  add  1000  paiB-meaMni 

or  100  enUe  oMirinwftui  tl 

the  normal  tdntiaii  at  vaa. 

Then  will  than  zMUtiaiaij 

m>  nneh  lilTar  is  nlnlien  ■• 

there  ham  been  in  eiesa  at 

10  grain*  or  1  gramma.    Ths 

predpitalJon  of  this  portica 

of  the  rilrer,  wbicfa  ilxnld  oat 

amoont  to  more  than  S  or  1 

thonaandlh    parta,  ii  to  be 

eSectadwith  the  decimal  sola- 

The  appatatna  requinte  fbi 
this  operation,  when  a  lane 
nombra  of  aeia;*  haTe  to  lit 
mad^  IB  shown  tq  fy.  TM. 
A  is  th«  leeervoir  far  holii- 
ing  a  laiKO  supply  of  (bl 
normal  loIatiOD,  which  can  bs 
drawn  off  as  mjnirad  bj  Ih* 
■topoock  «.  The  tnb*  ft,  ops 
at  both  end*,  pasaea  to  lbs 
bottom  of  th«  rewTToii.aDdi* 
tightljflttediDtoth*  neckvith 
a  co^  M)  that  then  cannM  be 
any  loB*  by  arapontuw,  aal 
air  can  enter  the  reaanoir  only 
through  the  tnbe  k 

The  gauge  d  ahowi  tin 
qnanti^  Of  Kiliition    IB  ths 

The  pipette  J,  for  meawriag 

the  noimal  solnliaa.  ha*  a  hot 

narrow  neck  and  a  Tny  imBll 

aperlmro   at    thn  lower   ead, 

which  can  be  do«ed  with  lbs 

finger.    It  is  sopportod  oaa 

wcxxlen  (rame  flnnly  Hud  Is 

the  wall,  and  Ou  nppar  sad 

i>  fitted  with  a  collM  haring  a  conical  valve  (f)  at  the  side.   ,^_^«  *|r™^^V^ 

fbrming  one  piece  with  it,  is  an  ordinary  atopcoek  t,  ihe  tube  of  which  eitonds  tkwn- 

wards  thmogh  the  collar  into  the  neck  ol  Uie  pipette,  as  ahown  on  a  larger  scale  a 

jiff.  74T.     To  the  upper  ride  of  th<^  stopcock  i  is  fittei  a  glM*  ^oo  contauuog  a 

thsrmomstor,  and  communicating  with  the  ttopcock  e. 
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_  , „Jt  ia  placed  on  the  beftk  of  the  pipeUe,  and  the  coekBeand  < 

mti,  the  nlatioa  eumot  flov  into  the  pipette  nnleu  the  ralre  /  ii  opeDed  to 
tt>  air  to  eactn  from  the  pipette.    As  loon  tu  the  pipetta  ju.  1^7 

d  to  ■  liule  abore  the  mark  n  od  ite  neck,  iBdicatiog  the       ^^m' 
to  idnma,  the  cock  e  ii  eloeed;  then  the  valre/ia  cweed, 

■  Imii  liini 1  &Qin  the  beak  of  the  pipette. 

hotUa  oootaining  the  aolntioa  from  which  silTer  is  to  be 

totod  ii  pot  into  the  holder  *,  vhich  ia  fitted  to  a  metal 
■HUgalao  a  receptacle  t  for  waste  ■olution,  and  a  lapport 
ftoaa  of  tponge  i.    This  metal  plal«  elidee  freelj  between 

■  fttai  i  to  M,  in  mch  a  wa;  that  the  >poiwe  or  the  moath 
kittU  containing  the  ailTcii-iolntion  may  be  brought  eiactly 
tta  beak  rf  the  pipette.  To  roa  ofT  from  the  pipette  the 
•(■atntion,  the  receptacle  i  ie  plwed  below  the  beak,  and  the 
f  ■  cantional;  opened  just  enough  to  let  the  lerel  of  the 

■  rink  to  the  maA  ob  the  neck  at  the  pipette.  Than  the 
t  doaad  and  ib.*  elide  moT«d,  so  that  the  aponge  ia  bron^ht 
I  diB  beak  of  the  pipette,  to  wipe  off  the  drop  of  aolotion 
(  to  it.  Aa  lOon  a>  that  ta  done,  the  elide  ia  mored  back 
iBoath  of  the  bottle  ia  nnder  the  beak  of  the  pipette,  and 
Aig  Iha  TalTe/tiw  mManrcd  aolntiou  ia  allowed  to  fall  into  the  bottle. 

■  MMjt  are  generallj  made  in  aerica  of  tea,  the  battles  and  atoppoa  belonging 

■  hdlifl  nombered  and  placed  in  a  atand,  which  can  be  immeraed  m  hot  «>t«r  t* 
to  the  aohition  of  tha 

■  mtrie  add.     After  Fig.  7*8. 
tol  hat  oomplalelT  dia- 

tbabottlea  an  allowed 
md  the  nitiona  npmr 
bead  b;  blowing  into 
dt*  tlinngb  a  piece  of 
iba.  ^M  prapat  qnan- 

lad  into  each  bottle 
w  siprtte ;  the  atoppcn 
t  Wo  the  bottle*;  and 


rOb.T48),iriiiel!h<Ma 
tmm,    and    It    Btia- 


le  fpnnga,  ao 
of  tbebotUea 
t  Aakan  at  once. 
(  ifaaking  the  botllM 
SbiI»  or  two,  they  are 
Mt  and  langed  upon  » 
M(  with  ten  compart- 


*  an  tak«n  oat  and 
IBOb  wiree  attadied  to 
qartment,  and  acnbia 
Mm  of  the  decimal 
1  ianin  into  each  bottle 
Mof  a  email  tobnlar 
,  «Udi  it  fitted  throagh 
Bto  the  botUe,  A  ify. 
Witoining  the  decimal 
a.  b  ^ding  the  de- 
ttelMi  it  abo^d  be  al- 
io flow  gent^  down  tha 
jMbotue,anj>r  pladog 

ik  el  the  pipette,  b,  agunat  the  neck  of  the  bottle.  By  thia  Bwana  tha  dlve^ 
B  in  the  bottle  ia  not  dtatnrbed,  and  if  the  liquid  containa  ailTer  it  ia  at  onca 
ti  tnrbid. 

•aeii  of  the  bottlet  in  which  a  precipitate  is  produced  bjtbeaeaanteof  denmal 
S,a  mark  ia  made  on  itt  compailiseDl  of  the  shelf;  the  bottlea  are  again  abaken. 
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fsftbar  pndpittte  ■*  prohetd.  SapfflKnf  oiJi  eobie  cmtiMetM  of  dacmal  k>1bI 
b*  iqainlcU  to  1  Biblignamc  iJ  ■uTcr,  >^  100  ntie  eoi  tinctm  «f  tk«  son 
_  u>  I      'i  ■-»-  czBcttr  1  anBrne  of  Bh^,  X 

nt.li».  of  nlTCTVoaldbeitad^ 

of  cdM  MMiB* 

!(•  Ibe  pndpitMiaa.  IC  te  ii 
t;afalk7(f)  nnina,oparaDdalioTetlM  lOOnbiF 
Mmo  of  iiiiiiiiif  lolnixii  t  mbje  eentimetm  cf 
J  oalilion,  th«a  tbrqwtiqr  (*)^Bil*(S'*nili!li 
l-OOSgfM.  Th«puuii>ifc»(»)<if  whrm  tlM»lky»j 


d  bj  a  riBple  i 
^  1  1000  ■ 

And  riun,  M  u  tba  waj  of  aHpj*  tlwt  an  nt^iaMl  k 
ts  toldablr  amfim  ia  Tdne,  9  U ' — ''~- 


The  qiuati^(9)  of  alloj  containing  I  giB.of  lilnrvillatea 
tlis  (ilTer  Taloa  trf  tba  >Uci  j,  and  thr  ublm  will  nlit*  oth  to  putiBalar  alloja.  ~  la 
thii  oiimtr;  the  itaiulaid  of  cilnr  coin  ii  936  paita  of  ^nr  ia  1000  paiti  cf 
■Hoy,  and  cmueqnciitlj  1081  gnn.  ahonld  contain  1  grta.  of  alne.  The  naatiQ  rf 
allu;  ttkta  tor  tho  uaj  is  1085  erm^  vbich  at  t£s  aMCt  rtaadaid  woaii  «MUi 
1003625  gim.  of  lilnr,  and  would  tlieo  nqnire  3'S  c  ' ' 


B  1085 
•olatioD  to  completo  ttis  pncipi 


■ilvei  in  tlie  alloj  were  below  or  abora  th<  itandud.  Tba  tbUovii^  labia  111(11 —n 
ihr  ralne  of  the  alloj,  according  to  qnaoUtj  of  decimal  nlatisa  aaa^  mthin  ttw  lisile 
of  Tarialioo  allowed  for  ■taudud-aibor : 


Qiuxntifgo/JOof/orAu^lMar 

ramwm. 

0 

» 

3 

3 

4 

B 

e 

0 

0-2* 
OW 
OTi 

821  ■« 

921S 
822-1 
032-3 

922-6 
922-8 
9280 

«23'6 

823-« 

923-7 
023-9 

B24-2 

024-4 
92*S 

92*-S 
925-1 

»2fi-3 
92&-S 
925-8 
926-0 

036-3 
9Sa-fi 
926-7 
936-9 

BST-a 
•37-* 
»aT-« 

927-B 

0 

0-U 

0-H 

frT» 

"nMi  nnmber*  io  the  flntand  lait  colonial  eipnei  fnctions  of  Iboiusndtlu;  wldilit 
ia  qoiCe  posnbleto  e«ti  main,  after  •omepmctice,  fcom  thedeiuitj  of  tba  laatpree^ittfi 
proclucHJ  bj  the  decimal  lolation. 

Snppoeing,  M  in  the  example  abore  giren,  the  ^uantily  of  derinuJ  aolntioB  and 
were  6  mrasum,  tben  tbe  eiWer  Tilua  of  th«  aUov  m  thonaandtbi  woald  be  Ibnnd  at 
tho  lop  of  the  column  under  5,  or  926-2,  If  Ibe  fifth  meainu«  of  dadmal  •olntkagiT* 
a  precipitato  equnl  to  onlj  '0005  instead  of  001  gnn.  silrer,  then  the  nlta  nh* 
of  the  alloj  wonld  bn  rather  teu,  end  it  wooldbe  fonnd  in  tbe  third  line  of  tbe  eohu 
unclar  4,  correapoaditig  to  4'SO  or  925'S  thoiuaiidthB. 

If  the  amount  of  nicer  is  onj  one  of  the  allo^  it  to  mnrli  below  ttw  etandatd  thtf 
(he  meaantr  of  normal  lotutiou  ie  nthvr  mom  th&n  mffldent  10  ptedpilata  all  tbe 
ailrer,  the  firat  meaeure  of  decimal  aolntion  will  cot  of  conrae  gin  May  pndptau. 
It  is  ouatomBry  in  Boch  eaaee  to  add  two  or  three  measurea  of  a  aolntion  of  Hhw. 
whii'ti  ia  eiactlj  eqmTalenL  meaaure  fiv  meonue,  to  the  dedmal  aolDtian  of  alt; 
markinj!  the  number  on  ihe  boald  with  a 
Dial  unit  iolnlion.  A  bolter  p' 
ofalloj. 

Sini-o  it  ia  difflcult,  by  reaaon  of  oraporation  and  change  of  t<  , 
ttie  ooDntant  equivalence  of  the  maanre  of  normal  aolution  to  the  qoanti^  of  litnc 
wliich  it  in  prvpartd  to  predpilale,  it  h  best  sever  to  attempt  doing  so,  and  aoeanti 
rexiilw  may  be  obtained  with  grcstar  certainlj  otherwise.  For  thii  pnrpOM  tba  out 
rslue  of  the  mmisiu'e  of  nornial  solution  ia  eatimated  from  time  to  tune  with  Mch  Ml 
of  aaaajM  by  mi-ane  of  pure  silver,  of  vhich  1001  grm.  ia  disaolred  al^  treated  wilh  a 
mi-iifcure  rif  normal  solution  na  aprw/asaay. 

If  H  nir<Hi>nre  of  the  normal  aolution  ahnuld  happen  to  be  snetly  eqoinlent  I* 
1  grm.  of  siivrr,  then  the  first  meuurt  of  decimal  solulion  vill  produM  s  ^svdpiuie  ii 


in  the  boaid  with  a  nmui  sign  before  it,  and  then  addi^  ^a- 
better  plan  it  to  npoat  the  assay  with  a  rstitet  laiga  qnaalitj 
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hom-ftilver  or  kerargyriUy  sometimes  in  cubes,  octahedrons,  rpgnlar  dodecahedrooi, 
and  uther  monometric  forms,  but  more  frequently  in  waxy  masses,  sometimes  coltunnw; 
no  cleavage.  Hardness  =  1 — 1*6.  Specific  gravity  =  6'31 — 6-43  (Domeyko).  It 
has  a  pearl-grey,  greenish,  or  whitish  colour,  turning  brown  on  exposure,  and  a  resinous 
lustre  passing  into  adamantine.  Streak  shinine.  Translucent  in  various  degne& 
Fracture  somewhat  concho'idal,  sectile.  Klaproth  found,  in  spedmens  from  vaiioia 
localities,  73*6  to  76  per  cent  silver:  the  formula  requires  75*25  per  cent.  Horn- 
silver  occurs  in  veins  of  clay-slate,  accompanying  other  ores  of  silver;  also  witii  seven! 
copper  ores,  calcspar,  heavy  spar,  &c.  It  is  most  abundant  in  Peru,  Chile,  and 
Mexico ;  it  was  formerly  obtained  in  the  Saxon  mining  district,  but  is  now  rare ;  it  also 
occurs  in  Siberia,  at  Kongsberg  in  Norway,  in  Alsace,  in  Cornwall,  and  at  Hnelgoet  in 
Bretagne.  At  Andreasberg.  in  the  Hartz,  an  earthy  variety  is  met  with  called  butt^rmUk 
ore,  which,  according  to  Klaproth,  contains  24*64  per  cent,  silver,  8*28  hydrochlorie 
acid,  and  67*08  alumina. 

Argentic  chloride  is  thrown  down  as  a  white  precipitate,  at  first  very  bulky  and 
curdy,  when  hydrochloric  acid  or  a  soluble  chloride  is  added  to  any  soluble  salt  of 
silver  except  the  hyposulphite ;  also,  together  with  argentic  hypochlorite,  by  passing 
chlorine  gas  into  a  solution  of  argentic  nitrate.     (Naquet,  Jahresber.  1860,  p.  201.) 

Precipitated  argentic  chloride  has  a  specific  gravity  of  6*7  (F.  Mohr,  Pogg.  Ann. 
cxiii.  655).  It  is  wholly  insoluble  in  water,  so  that  the  minutest  quantity  of  a  soluble 
chloride  in  aqueous  solution  may  be  detected  by  adding  to  it  a  drop  oi  solution  of 
silver-nitrate.  The  precipitate  is  likewise  quite  insmuble  in  nitrie  acid^  even  oo 
boiling,  also  in  dilute  hydrochloric  acid.  Strong  hydrochloric  acid,  however,  dissolves 
it,  and  the  solution,  when  left  to  evaporate,  deposits  the  argentic  chloride  in  octa- 
hedrons. The  chloride  dissolves  easily  in  ammoniOf  and  ciystallises  therefrom  as  the 
ammonia  evaporates.  According  to  Pohl  (Wien.  Akad.  Ber.  zli  627),  100  pts.  of 
aqueous  ammonia  of  specific  gravity  0*986,  dissolve  1*492  pts.  argentic  chloride  at  80°. 
Argentic  chloride  dissolves  in  strong  solutions  of  alkaline  chlorides,  forming  crystallis- 
able  double  salts,  which  are  decomposed  by  water,  the  silver-chloride  being  then 
precipitated.  It  dissolves  easily  also  in  sodie  hypondphite,  and  is  not  prediMtated 
therefrom  by  chloride  of  potassium ;  but  bromide  or  iodide  of  potassium  aaded  to  the 
solution,  throws  down  bromide  or  iodide  of  silver  (Field,  Zeitschr.  Ch.  Pharm.  1861, 
p.  126).  The  chloride  is  likewise  converted  into  iodide  or  bromide  of  silver  by 
digestion  with  solution  of  bromide  or  iodide  of  potassium,  and  on  this  reaction  Field 
has  founded  a  method  of  determining  the  proportions  of  chlorine,  bromine,  and  iodine 
when  they  occur  together  in  a  mixture  (see  BROMuns,  Estimation  of,  L  678).  Cyanide 
of  potoAsium  dissolves  chloride  of  silver,  forming  chloride  of  potassium  and  aigento- 
potassic  cyanide.     SoluMe  sulphites  also  dissolve  argentic  chloride. 

Argentic  chloride  melts  at  about  260^,  forming  a  transparent  yellowish  liquid, 
which,  on  cooling,  solidifies  to  a  homy,  translucent,  sectile  mass.  It  is  not  decomposed 
by  heating  with  charcoal,  but  is  easily  reduced  by  heating  in  a  current  of  hydrogen, 
hydrochloric  acid  being  evolved,  and  metallic  silver  separated ;  also  by  ignition  with 
alkaline  carbonates,  an  alkaline  chloride  being  then  formed,  and  a  mixture  of  oxygen 
and  carbonic  anhydride  evolved  :  e.g. — 

4Aga  +   2Na«C0«     =     4NaCl   +   2C0«  +   0«   +   2Ag« 

Zinc,  iron,  and  other  easily  oxidisable  metals,  in  contact  with  water,  quickly  reduce 
precipitated  argentic  chloride  to  the  metallic  state,  still  more  quickly  u  the  water  » 
acidulated  with  sulphuric  acid.  Even  the  fused  chloride  laid  upon  a  plate  of  sine  or 
iron,  and  covered  with  acidulated  water,  is  converted  after  a  few  days  into  a  spongy 
mass  of  metallic  silver.  Weak  alkaline  leys  do  not  act  upon  argentic  chloride,  bat 
when  it  is  boiled  with  a  strong  solution  of  potash,  chloride  of  potassium  is  fonned, 
and  dense  black  silver-oxide  is  produced;  the  addition  of  glucose  to  the  mixture 
quickly  reduces  the  oxide  to  the  metallic  state.  A  similar  reduction  takes  plaoe  when 
the  chloride  is  boiled  with  glucose  and  aqueous  carbonate  of  sodium ;  and  this  process 
w  recommended  by  Bottger  (Compt.  rend.  xl.  969)  for  obtaining  pure  silver  from 
the  chloride,  instead  of  the  reduction  by  zinc  above  mentioned,  inasmuch  as,  if  the  zine 
contiiins  lead,  which  is  frequently  the  case,  that  metal,  being  insoluble  in  dilute 
sulphuric  acid,  will  remain  mixed  with  the  silver.  B runner  (J.  pr.  Chem.  xci.  264) 
adds  chloride  of  silver  di.ssolved  in  ammonia,  by  drops  or  in  a  fine  stream,  to  a  clear 
boiling  solution  of  1  pt.  glucose  and  3  pts.  crystallised  sodic  carbonate  in  40  pts. 
water,  keeping  up  the  boiling  without  intermission.  C.  A.  Miiller  (Jahresber.  1864, 
p.  285)  effects  the  reduction : — a.  By  boiling  6  pts.  silver-chloride  for  half  to 
hour  with  9  pts.  soda-ley,  of  1*333  specific  gravity,  1 J  pts.  clarified  honey,  and  8  ptB» 
water;  h.  By  digesting  6  pts.  silver-chloride  in  the  cola  with  9  pts.  soda-ley,  4^  pts. 
honey,  and  4^  pts.  ammonia  (specific  gravity  0*925) ;  or  c.  By  digesting  6  cr  6  pts^ 
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sQTer-cihloride  si  VP  for  a  month  with  60  pts.  ammoDia  and  9  pts.  honey.  (See  also 
H.  Vogel,  J.  pr  Chem.  Ixzzri.  321 ;  Jahresb.  1862,  p.  223.) 

Aigv^ntic  chloride  quickly  acquires  a  dark  groyisn-violet  colour  when  exposed  to 
light,  the  change  being  due  to  a  partial  or,  according  to  some  authorities,  a  total  separa- 
tion of  the  chlorine.  The  most  probable  yiew,  first  propounded  by  Wetzlar  {G^mUjCh 
Hamd6t>ok,  ti.  161),  is  that  the  reduction  is  only  partial,  resulting  in  the  formation  of 
A  rabehloride  of  ailTer.  According  to  H.  Vogel  (Po^.  Ann.  cxiz.  497  ;  Jahresb.  1861, 
p.  285),  the  dari[-coloured  compound  is  the  hemichloridn,  AgKll,  and  is  exactly 
rimilar  to  the  product  obtained  by  treating  argentous  oxide,  Ag*0,  with  hydrochloric 
acid.  The  reduction  is  retarded  by  strong  sulphuric  or  nitric  acid,  and  by  ferrous  salts 
(which  abaorb  the  chemical  rays),  and  completely  arrcstod  by  fuming  sulphuric  acid  or 
merairic  chloride.  In  a  solution  of  aigentic  nitrate,  on  the  contraiy,  it  takes  place 
nore  quickly  than  in  the  air  or  under  pure  water,  and  the  reduced  chloride  is  mixed 
with  a  amall  quantity  of  metallic  silver,  resulting  from  reduction  of  the  aqueous  nitrate. 
J^par  charged  with  argentic  chloride  is  very  sensitiye  to  light,  and  is  the  material  used 
fbr  poaitiTe  photographa,  the  unaltered  chloride  being  afterwards  removed  by  a  solution 
of  aodic  hyposulphite  (iii.  693 ;  iv.  625). 

AmmoniihcAioride  of  Silver, — ^Diy  chloride  of  silver  slowly  absorbs  ammonia-gaa  to  the 
aBKMint  of  17  per  cent,  forming  the  compound  3NH*.2AgCl,  which  easily  gives  off  its 
ammoDia  wiien  heated,  and  may  therefore  be  used  for  the  preparation  of  pure  am- 
monia-gas— or  of  liquid  ammonui,  if  heated  in  a  sealed  tube.  Fufied  chloride  of  silver 
takes  op  only  a  very  small  quantity  of  ammonia  (H.  Rose). — ^A  saturated  solution  of 
aignitic  chloride  in  ammonia,  left  to  stand  in  a  vessel  not  perfectly  closed,  depoeits 
riiODilnc  crystals  of  the  ammonio-chloride,  often  a  quarter  of  an  inch  long.  A  dilute 
solution  deposits  pure  aigentic  chloride  (Faraday).  The  ammoniacu  solution  is 
quickly  reduced  by  sine  and  copper,  the  silver  separating  as  a  grey  mossy  powder. 
Lead  acta  in  the  same  manner,  but  slowly ;  antimony  and  cadmium  imperfectly ;  iron, 
iHsmnth.  and  mercury,  not  at  all.  (Fischer.) 

Oktoride<if8iiver  and  Ammonium,  or  Ammonuhargmtic  Chloride,  (NH*)Cl»AgCl,  may 
bs  obtained  in  crystals  by  placing  a  solution  of  sal-ammoniac  in  one  arm  of  a  U-tube, 
a  Mlution  of  aigentic  nitrate  in  the  other,  the  two  being  prevented  from  mixing  by  a 
plig  of  asbestos  in  the  bend  of  the  tube,  and  connecting  them  by  an  arc  of  silver  plate 
or  wire ;  the  end  dipping  into  the  sal-ammoniac  becomes  covei^d  after  a  while  with 
tetimhedral  crystals  of  the  double  salt  (Becquerel,  Crmelin*8  Handbook,  i.  401).  A 
Bolntion  of  aigentic  chloride  in  boiling  aqueous  sal-ammoniac  depoeits,  on  cooling, 
BOthing  but  argentic  chloride. 

SariO'  and  PoUusio^argtntic  Chlorides  are  likewise  obtained  in  tetrahedral  crystals 
bj  the  electrolytic  methoa  just  described.    (BecquereL) 

8odio-argentie  Chloride  separates  on  cooling  from  a  solution  of  argentic  chloride  in  a 
hot  saturated  solution  of  common  salt,  in  cubes,  having  the  same  form  and  aspect  as 
those  of  common  salt,  but  blackening  when  exposed  to  light.  A  more  dilute  salt-solu- 
tkm  likewise  dissolves  chloride  of  silver  when  not,  but  deposits  it  unchanged  on  cooling. 
The  crystals  of  the  double  salt  are  reeolved  by  a  sufficient  quantity  of  water  into  ar- 
gentic chloride,  and  a  sol  ut  ion  of  sodic  chloride.     (W  e  t  z  1  a  r.^ 

Otmiihargentie  chloride,  2A£C1.0sCl\  is  produced  on  adding  silver-nitrate  or  an 
■nmoniacaf  solution  of  silver-^oride  to  a  solution  of  sodio-osmic  chloride  (iv.  243),  as 
a  ding^  greyish-green  precipitate,  which,  in  contact  with  ammonia,  is  converted  into 
the  mimum-coloured  compound  2Ag€1.0sCl\2NII'.  (Clans,  Jahresb.  1860,  p.  216; 
1863,  p.  299.) 

■smrteMaiidn  of  BUrnr,  or  Arg^Btons  cniloride,  Ag^Cl.— -This  compound  is 
most  readily  formed  by  treating  argentous  oxide  with  hydrochloric  acid,  or  by  precipi- 
tating a  soluble  argentous  salt  (the  citrate,  for  example)  with  common  salt.  Its  for- 
mation by  the  action  of  light  on  aigentic  chloride  has  been  already  mentioned. 
According  to  Wetdar,  silver-leaf  immersed  in  solution  of  ferric  or  cupric  chloride  is 
qni^y  converted  into  brown  lamins  of  argentous  chloride,  which  must  oe  immediately 
taken  out  of  the  liquid  and  washed  with  water,  as  otherwise  they  will  be  converted 
into  aigentic  chloride.  Argentous  chloride  is  also  formed  on  bringing  silver  in 
contact  with  solution  of  sal-ammoniac,  or  of  cupric  chloride  containing  that  salt. 

Argentous  chloride  heated  to  the  temperature  at  which  aigentic  chloride  melts,  is 
resolved  into  the  latter  compound  and  metallic  silver ;  the  same  decomposition  is 
qnickly  produced  by  the  action  of  ammonia. 

■X&VBBv  CX&OXOBSOBKZBB  OTm  The  chloride  and  bromide  of  silver  occur 
OTStallised  together,  in  various  proportions,  in  cubes  and  cubo-octaliedrons,  also 
massive.  The  miniTals  thus  constituted  va^  in  hardness  from  1  to  16  ;  in  specific 
gravity  from  about  bib  to  6*2 ;  and  have  an  olive  or  greyish-green  colour,  with  resinous 
somewliut  adamantine  lustre. 
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AncJyBfs. — a.  Embolite  from Chanareillo,  in  Chile  (Field,  Chem.  Soc.  Qn.  J. x. 239).^ 
b.  The  same  (Field). — c.  The  same,  from  the  Colorado  mine, near  Copiapo :  regulariT 
crystallised;  specific  gravity  =  6*8  (Flattnex,  Fogg.  Ann.  Izxvii.  134;  Izzriii. 
417). — d.  Chanareillo  (Field). — e.  Megabromitet  from  Chile :  crystallised  in  cubes  tad 
octahedrons ;  green ;  specific  gravity  »  6*284  (Richter,  Ramm.  Mineralch.  p.  989).— 
/.  Microbromite,  from  Copiapo ;  grey-green,  becoming  darker  on  expoeure  to  lig^t  j 
specific  gravity  «  6'76 — 676  : — 

a«  b,  e,  if«  0»  J, 

-  - 

Ag^rCP  Ag»Br»a«  Ag^BrKJl  Ag^BrKJl*  Ag*Bra« 

16-84  19-82      2009  33*82  26*49  12*40 

14*92  1318       13-05  600  9*32  17'56 

68*22  66*94      66*86  61*07  6419  7004 

99*98  99*94     100*00  99*89  10<H)0  10000 

BXXiVn,  BBTSCTXOV  AITB  B8TZMATXOW  Ol*.  1.  Reactions  in  iU 
dry  way. — Silver  compounds  mixed  with  aodiccarbonatef^siA  heated  upon  chareoalhj 
the  inner  fiame  of  the  blowpipe,  are  reduced,  yielding  brilliant  white  metallic  globoles, 
without  any  incrustption  of  the  charooaL  Heated  with  borax  in  the  outer  flame  od 
platinum-wire,  they  are  partly  reduced  and  partly  dissolved,  yielding  a  white  opaline 
glass.  With  microoosmic  salt  they  yield  in  the  outer  flame  a  yellowish  fflaas,  which 
becomes  opaline  when  the  amount  of  silver  is  large.  By  daylight  tlus  ^asa  appetn 
yellowish,  and  by  candlelight  reddish. 

2.  Reactions  in  Solution. — The  most  characteristic  reaction  of  saline  silver- 
compounds  in  solution,  is  the  formation  of  silver-chloride.  Silver^salts  which  an 
insoluble  in  water  may  generally  be  dissolved  by  nitric  acid,  and  the  solution  gives  the 
same  reactions  as  the  soluble  salts. 

Hydrochloric  acid  and  soluble  chlorides  produce  a  white  curdy  precipitate  of  silver- 
chloride,  which  is  insoluble  in  boiling  water  and  in  dilute  nitric  acid,  but  is  readily 
dissolved  by  ammonia.  On  exposure  to  light  it  gradually  acquires  a  violet  tinee,  and 
eventually  becomes  black.    The  admixture  of  a  small  proportion  of  mercurous  chloride 

Srevents  or  retards  the  coloration  of  silver-chloride  on  exposure  to  light.  In  very 
ilute  solutions  of  silver,  the  separation  of  the  chloride  precipitate  takes  plMse  but  slowly, 
and  they  present  for  some  time  a  whitish  opalescent  appearance. 

A  precipitate  of  lead-chloride  is  distinguishable  m>m  silver-chloride  by  its  solu- 
bility in  lx)iLiDg  water;  a  precipitate  of  mercurous  chloride  is  distinguishable  by  in 
insolubility  in  ammonia,  and  by  turning  black  with  that  reagent. 

Potassium-iodide  produces  a  slightly  yellowish-white  precipitate  of  silver-iodide,  which 
is  soluble  in  excess  of  the  reagent,  very  sparingly  soluble  in  ammonia,  and  insoluble  in 
dilute  nitric  acid. 

Potassium-cyanide  produces  a  white  curdy  precipitate  of  silver-cyanide,  which  it 
readily  soluble  in  excess  of  the  reagent,  and  insoluble  in  dilute  adds. 

Sulphydric  acid  and  ammonium-sulphide  produce  a  black  precipitate  of  sOver- 
siilphide,  which  is  insoluble  in  ammonium-sulphide,  in  dilute  adds,  and  in  am- 
monia. 

Ammonia  or  potash  produces  in  neutral  silver-solutions  a  brown  predpitate  of  silver- 
oxide,  which  dissolves  very  readily  in  ammonia  and  in  ammoniacaf  salts. 

Alkaline  carbonates  proauce  a  white  precipitate  of  silver-carbonate,  which  is  sofaiblA 
in  ammonia  and  carbonate  of  ammonium. 

Sodic  phosphate  produces  in  neutral  solutions  a  yellow  predpitate  of  tribasie  silvw- 
phosphate,  which  is  soluble  in  ammonia  and  nitric  add. 

Oxalic  acid  produces  in  neutral  solutions  a  white  predpitate  of  silver^oxalate^  irfueh 
is  soluble  in  ammonia,  and  sparingly  in  nitric  add. 

Potassium-chronuUe  produces  a  dark-brown  precipitate  of  silver-chroin«tc^  wfaidi  is 
f»lightly  soluble  in  water,  and  soluble  in  ammonia  and  dilute  nitric  add. 

Stannous  chloride  in  excess  produces  a  brownish-black  predpitate  of  metallie 
silver. 

Ferrous  sulphate  produces  in  neutral  solutions  a  white  predpitate  of  metallie 
silver. 

Zinc  produces  a  precipitate  of  metallic  silver;  it  also  separates  silver  ftceat  silver- 
chloride  in  presence  of  water, 

3.  Estimation  and  Separation. — Silver  maybe  separated  ftom  most  other 
metals,  and  estimated  with  great  precision  as  chloride.  For  this  purpose  the  snb- 
Btance  is  to  be  dissolved  either  in  water  or  nitric  acid ;  the  solution  mix«i  with  a  slight 
excess  of  nitric  acid,  and  with  hydrochloric  acid,  as  long  as  any  precipitate  or  miDdiMM 
is  produced,  then  warmed  in  a  dark  place  until  the  predpitate  nas  separated,  and  the 
liquid  has  become  perfectly  clear.    The  chloride  is  then  collected  upon  a  filter  of  knovi 
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irn^t,  WMhed  vitfa  addnLitad  water,  dried,  and  weighed.  This  is  the  moet  acearata 
but  alio  the  moat  tronhlesome  phin  of  weighing.  The  filter  may  be  burnt,  bat  in  that 
ease  it  if  necesparf  to  bum  it  after  having  separated  the  precipitate  from  it,  so  as  to 
pffwrent  as  much  as  possible  the  redaction  of  silver.  The  small  portion  of  chloride 
which  cannot  be  detached  from  the  paper  is  decomposed,  and  remains  as  silver  in  the 
ftlter-aah.  The  slight  error  which  would  be  causea  by  weighing  this  as  chloride  can 
be  rectified  by  warming  the  ash  in  a  porcelain  crucible  with  a  few  drops  of  nitric  acid 
fir  sooie  minutes,  then  adding  hydrochloric  acid,  and  evaporating  to  dr^ess.  The 
itmainder  of  the  chloride  ma^  then  be  added,  the  whole  heated  tiO  it  begins  to  melt» 
and  then  weighed.  (Compare  i.  904.) 

SilFer  may  also  be  estimated  as  cyanide  by  adding  potassium-cyanide  to  the 
■dhition,  until  the  precipitate,  which  is  at  first  produced,  is  redissolved ;  then  addine 
nitiie  add  in  slight  excess,  and  warming.  The  precipitati-d  silver-cyanide  is  collected 
OB  a  weighed  filter,  dried  at  100^,  and  weighed. 

Eiiiwuiiitm  at  Meialiie  Silver, — ^In  the  case  of  silver-salts  from  which  the  metal  ia 
ndaeed  by  simply  heating  them,  this  method  of  estimation  may  be  conveniently 
adopted.  The  substance  should  be  gradually  heated  in  a  porcelain  crucible  till  the 
wfaMo  of  the  carbon  is  burnt 

Vpiumtirie  EaHmaUon  oj  Silver, — The  readiness  with  which  silver-chloride  subsides 
in  a  Uqiiid  from  which  it  is  precipitated  admits  of  the  point  of  perfect  precipitation 
bamff  ooaerved  with  great  precision.    (See  SrLVBs  Assay.) 

T£e  separation  of  silver  from  other  metals  and  their  salts  is  generally  unattended 
with  any  difficulty.  From  solutions  containing  rtnc,  mavganese^  iron,  nickel ^  cohalty 
oofprr,  knmUk,  cmdmium,  gofd^  p'oitnum^  it  may  easily  be  separated  by  precipitation 
•0  chloride.  From  lead  it  may  be  separated  in  the  same  way,  when  the  proportion  of 
lead  to  ailver  is  not  large.  Or  both  metals  may  be  precipitated  as  cyanides,  the  silver- 
CTuude  disKdved  by  an  excess  of  the  reagent,  the  insoluble  lead-cyanide  separated 
iMf  filtration,  and  the  silver-cyanide  precipitated  from  the  solution  by  nitric  acid.  Or 
too  neatnl  solution  may  be  heated  with  an  allcaline  formiate,  until  there  is  no  longer 
any  orolntion  of  carbonic  acid.  Silver  only  is  reduced,  and  may  be  collected  by 
ihntioii,  ^iiited,  and  weighed. 

F^om  wureury  in  the  state  of  menmric  salts,  silver  may  be  easily  separated  as 
cUoffide.  When  silver  is  associated  with  mercurous  compounds,  it  is  best  to  convert 
fhem,  by  beating  with  nitric  add,  into  mercuric  compounds,  and  then  predpitate  the 
■l?«r  aa  chloride. 

F^pom  ti*f  antimony,  artenie,  or  mercury,  the  best  method  of  separation  is  to  pre* 
apitate  the  metals  as  sulphides,  and  heat  the  predpitate  carefully  in  an  atmosphere 
of  chlorine  gas,  gradually  raising  the  temperature  to  dull  redness,  so  as  to  distil  off 
the  Tolatile  chlorides.  The  silver-chloride  remaining  may  be  weighed,  or  the  silver 
lodneed  by  heating  it  in  a  current  of  hydrogen  gas. 

4.  The  atomic  weight  of  silver  has  been  determined  in  connection  with  those  of 
diloirine  and  potassium  (i.  906).  Stas  obtained,  as  the  mean  of  a  great  number  of 
aiperimenta  conducted  by  different  processes,  the  number  107*943  (i  456).    B.  H.  P. 

■S&VXBv  7ABli-OSB.    8e^  TaTBAHBDRrnL 

■l&Vniv  VXiVmUDDB  0T»  Argentic  Fluoride,  AgF.  Produced  by  dissolring 
ngentie  oxide  or  carbonate  in  aqueous  hydrofluoric  add.  The  solution  when  evsporated 
ia  a  vacuum,  or  concentrated  over  the  water-bath,  and  then  left  to  stand,  deposits  large, 
tnasparent,  colouriess,  hard  prisms,  moeUy  aggregated  lengthwise,  consisting  of  the 
hjydnlted  fluoride,  AgF.2HK)  (Fr^my,  Jahresber.  1856,  p.  87.— Pfaundler.  ibid. 
1862,  p.  805).  Marignac,  on  the  other  hand  {ibid.  1857,  p.  129),  obtained  the 
flnoride  in  quadratic  octahedrons,  containing  AgF.HH).  The  dehydrated  crystals  are 
ddiqneaeent,  and  when  left  over  oil  of  vitriol,  espedally  in  a  vacuum,  give  off  water 
and  hTdrofluoric  add,  and  are  converted  on  the  surfitce  into  a  yellow  oxyfluoride 
(tf|/^).  When  fhsed,  they  give  (^  their  water  and  leave  the  anhydrous  fluoride  AgF — 
■oC,  however,  quite  pure,  inasmuch  as  hydrofluoric  add  and  oxygen  are  given  off  at 
iSbt  same  time  (Pfaundler).  When  chlorine  gas  is  passed  over  fused  silver-fluoride, 
chloride  of  silver  is  formed,  and  fluorine  is  set  free  (ii.  673).  The  aqueous  solution  of 
■ilvcr-flnoride  gives  with  hydrochloric  add  a  precipitate  of  chloride,  and  with  potash  a 
pfodpitute  of  oxide  of  silver.  It  is  easily  decomposed  also  by  organic  acids,  yielding 
prodpitatee  of  the  conraeponding  silver-salts,  which  are  in  this  way  more  eanly  pre- 
aaiad  than  from  the  ordinary  solution  of  argentic  nitrate,  inaHmuch  as  they  are  much 
leoi  soluble  in  fi«e  hydrofluoric  than  in  nitric  acid.    (Pfaundler.) 

Argentic  Oxyfiuonde,  Ag*FH).H=0  or  AgF. AgHO.— This  compound  is  formed 
when  a  solution  of  the  fluoride  is  strongly  concentrated  over  the  water-bath ;  also,  as 
ahaady  oboerved,  when  the  crystals  of  the  hydrated  fluoride  are  left  to  stand  over  oil 
of  litrioL    It  forms  brass-yellow  crystalline  spangles,  which  dissolve  in  water  witb 
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separation  of  argentic  oxide.  The  s9lation  gives  with  carbonic  acid  a  preciiHtate  of 
argentic  carbonate,  whereas  a  solution  of  the  flnoride  is  not  precipitated  hj  a  stnua 
of  the  gas.    (Pfanndler.) 


,  A  detonating  compound,  discovered  by  Bet- 

thollet.  To  prepare  it,  silver-oxide  recently  precipitatea  from  the  nitrate  by  lime- 
water,  and  freed  from  excess  of  moisture  by  pressure  between  filtering-paper,  is  treated 
with  strong  aqueous  ammonia,  and  left  to  itself  for  twelve  hours ;  more  ammonia  ii 
then  poured  upon  it,  to  dissolve  the  film  which  has  formed  on  its  surface;  the  liquid  if 
decanted ;  and  the  still  moist  fulminating  silver  is  divided  into  very  small  pOTtiona, 
and  left  to  dry  (Berthollet).  Faraday  prepares  the  compound  by  treating  silyfr- 
oxide  with  a  mixture  of  caustic  potash  and  ammonia.  It  is  also  said  to  be  obtained 
by  precipitating  a  saturated  ammoniacal  solution  of  silver-chloride  with  caostie  potasli 
It  is  an  exceedmgly  dangerous  compound,  exploding  with  the  greatest  violence,  when 
dry,  on  the  slightest  friction,  and  often  even  in  the  moist  state,  from  unknown  causet. 
Hence  its  composition  has  not  been  ascertained  with  certainty.  By  some  it  is  rap- 
posed  to  be  a  compound  of  argentic  oxide  and  ammonia,  while  others  regard  it  as  an 
amide  or  a  nitride  of  silver. 

The  ammoniacal  liquid  decanted  firom  fulminating  silver  sometimes  depoeits  black, 
metallic-shining,  explosive  crystals.  These  are,  perhaps,  the  pure  fulminating  silrer, 
the  ordinary  piuverulent  product  containing  also  aomixed  silver-oxide  or  metalbc  silfcr, 
(Handw.  d.  Uhem.  vii.  961.) 

Native  chloride  of  silver. 


8Z&VBS«  ZOBZDB8  OTm  There  appears  to  be  but  one  compound  of  silver  and 
iodine,  viz.  argentic  iodide,  Agl.  Tnis  compound  occurs  native  as  lioc^ar^iyrito  or 
iodyrite^  in  hexagonal  crystals,  e^biting  the  combination  oP  .  ooP  .  4P  .  ^ .  |P. 
Length  of  princiml  axis  «  0*81438.  Angle  oP  :  P  »  136<>  46'.  Cleavage  basal, 
higUy  perfect.  It  occurs  also  in  thin  flexible  plates,  with  lamellar  stmctore.  It  ii 
soft  and  sectile ;  has  a  specific  gravity  of  5*504 ;  yellow  or  yellowiah-green  colour, 
yellow  streak  and  resinous  to  adamantine  lustre ;  translucent.  It  melts  eaaily  befoie 
the  blowpipe  to  a  greyish-yellow  mass,  colouring  the  fiame  red,  and  on  ^har^!^  leaves 
a  bead  of  silver.     (Descloizeaux,  Ann.  Ch.  Phys.  [3]  xL) 

lodjrrite  is  found  at  Abarradon  in  Mexico,  at  Los  Algodones  in  Coquimbo  and  tt 
Chanareillo,  Chile,  and  at  Ghiadiy'ara  in  Spain.  The  following  are  analyses  of 
specimens  from  Los  Algodones:  a.  by  Domeyko  (Ann.  Min.  [4]  vi.  153);  6.  bj 
Damour  {ibid,  [5]  iv.  329);  c.  and  d,  by  Smith  (J.  pr.  Chem.  IxiiL  457): 

a. 
Iodine      ...  — 

Silver       .        .        .         46*25 


b. 

c. 

tf. 

eale. 

64*03 

52*93 

5311 

5403 

45*72 

46*52 

46*38 

45*97 

99*75        99*45        99*49       100*00 

Argentic  iodide  is  produced  by  heating  silver  with  iodine,  and  as  a  precipitate  on 
mixing  .a  solution  of  argentic  nitrate  with  hydriodic  acid  or  a  soluble  iodide ;  *lfft  by 
the  action  of  iodine  on  a  solution  of  argentic  nitrate. 

When  strong  hydriodic  acid  is  poured  upon  silver,  the  metal  dissolves,  with  evolutioiB 
of  hydrogen,  till  the  acid  is  saturated  :  on  heating  the  liquid  the  action  begins  again, 
and  the  solution  on  cooling  deposits  large  colourless  crystalline  lamina  of  hydio- 
argentic  iodide,  AgLHI,  which  however  quickly  decompose  on  exposure  to  the  air. 
The  decanted  mother-liquor  yields,  on  standing,  hexagonal  prisms  of  argentic  iodide 
very  much  like  the  native  compound.  When  silver  is  inmiersed  in  a  mixture  of 
hydriodic  and  hydrochloric  acid,  nothing  but  argentic  iodide  is  formed ;  the  same 
compound  is  also  formed,  with  rise  of  temperature  and  evolution  of  hydiochloiic  add, 
when  argentic  chloride  is  immersed  in  concentrated  hydriodic  acid.  When  silver  is 
plunged  into  iodide  of  potassium  melted  in  a  porcelain  crucible,  argentic  iodide  is 
formed;  and  the  potassium  is  partly  oxidised,  and  dissolves  a  portion  of  silica 
from  the  crucible ;  sometimes  also  the  potassium  reduces  a  small  quantity  of  siliooo. 
(H.  St.  Claire  Devi  lie,  Compt  rend.  xlii.  894.) 

Precipitated  argentic  iodide  has  a  specific  gravity  »  5*02  (Karsten)  ;  5*61 
(Boullay).  When  precipitated  with  exce^  of  potassium-iodide,  it  has  a  pale> 
yellow  colour,  and  is  scarcely  affected  by  light ;  but  when  precipitated  with  excess  of 
silver-nitrate,  its  colour  is  darker,  and  is  changed  by  light  to  a  pale-grey,  or,  in 
presence  of  silver-solution,  to  a  deep  greenish-bl^^ck  grey.  This  change  of  colour  is 
not  attended  with  liberation  of  iodine,  and  does  not  indeed  appear  to  dcnpend  oo  a 
chemical  action.  It  is  retarded  by  acids  ;  and  nitric  acid  restores  tne  original  odour  tA 
the  iodide  without  dissolving  out  any  silver:  the  colour  is  also  restored  by  iodide  of 
potassium  (Vopel,  Jabrcsb.  1863,  p.  28  5).  On  the  use  of  argentic  iodide  in  photo- 
graphy,  see  Light,  Cuemical  Acttiow  of  (iii.  693),  and  Puotoorapht  (iv.  625)t 
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Many  other  minerals— as  lead,  copper,  iron-ores,  &c — aro  also  regarded  as  nlf«> 
ores,  when  they  contain  a  sufficient  qoautity  of  silver  for  profitable  extraction  (p.  279). 

SZXiVBSt  OZXBB8  OT,  Silver  forms  three  oxides,  represented  hj  the  fbmnila 
Ag^O,  Ag«0,  and  AgK)\ 

Bemlozide  of  Silver,  or  Arirontons  Oxide,  Ag^O.  Suboxide  or  Quadranioxidt  of 
Silver, — This  oxide,  discovered  by  Wohler  in  1839  (Ann.  Ch.  Pharm.  xxx.  1),  is  ob- 
taioed  by  passing  hydrogen-gas  over  argentic  oxalate,  mellitate,  or  dtrate  heated  to 
100*',  half  the  acid  being  then  set  free,  and  a  dark-brown  aigentons  salt  remainiDg. 
The  free  acid  may  be  removed  by  water,  which  dissolvcvg  only  a  small  quantity  of  the 
argentous  salt,  but  forms  a  brown-red  or  portwine-coloured  solution.  Aigentons  sslti 
arc  also  produced  in  some  instances  by  passing  hydrogen  into  ammoniacal  aolntioiis 
•f  argentic  salts  (Wohler,  Ann.  Ch.  Pharm.  cxiv.  119).  From  the  solid  salts  or  thor 
solutions,  the  argentous  oxide  is  separated  by  caustic  potash  as  a  black  precipitate. 
Accordin^^  to  Geuther  {ibid,  cxiv.  121),  argentous  oxide  is  formed  by  the  action  of 
cuprous  hydrate  on  solution  of  argentic  nitrate.  Wohler  (ibid.  ci.  363)  has  also 
obtained  it,  mixed  with  metallic  silver,  by  repeatedly  boiling  aigentie  arsenite  with 
soda-ley. 

Argentous  oxide,  when  pure,  does  not  change  colour  in  drying,  and  does  not  acquin 
metallic  lustre  under  the  burnisher.  Hydrochloric  acid  and  hydrobromic  add  convert 
it  into  argentous  chloride  and  bromide  respectively.  By  oxygen-acids  and  by  ammonia 
it  is  resolved  into  argentic  oxide  and  metallic  silver. 

According  to  Faraday  (Ann.  Ck  Phys.  [21  ix.  107),  a  solution  of  aigentie  oxide  in 
ammonia  deposits,  on  exposure  to  the  air,  a  body  which  is  grey  by  reflected  lights  biig^ 
yellow  in  thin  layers  by  transmitted  light,  and  melts  when  heatiBd,  giving  off  oxygto, 
and  leaving  metallic  silver. 

Protoxide  of  BUwer  or  Arirentlo  Ozida,  AgH).    This  oxide  is  obtained  in  the 

pure  state — 

1.  By  heating  argentic  carbonate  to  200°. 

2.  By  decomposing  a  solution  of  silver-nitrate  with  caustic  alkalis,  certain  precantioBS 
being,  however,  necessary  to  prevent  the  simultaneous  formation  of  carbonate,  a.  The 
silver-solution  is  poured  into  a  hot  saturated  solution  of  baryta^  in  soch  quantity  as  to 
leave  the  liquid  with  a  distinct  alkaline  reaction ;  and  t^e  precipitate  is  1^  to  settle  in 
a  corked  flask,  then  drenched  with  cooled  de-aerated  water,  m  dosed  vessels.  Hm 
oxidt*  thus  obtained  is  a  brown  powder,  becoming  black  when  dried  at  60^  or  70^.— 
/3.  By  mixing  concentrated  hot  solutions  of  potash  and  argentic  nitrate,  the  oxide  is 
at  once  obtained  in  the  form  of  a  black  powder,  which  settles  down  quickly  and  is  eaiy 
to  wash. 

3.  By  precipitating  a  cold  solution  of  argentic  nitrate  with  hydrochloric  add,  waduqg 
the  precipitated  chloride  with  cold  water — then  levigating  it  witii  a  small  quantity  i 
water,  and  pouring  it  into  boiling  potash-ley  of  specific  gravity  1*25  to  1*8,  so  sloviy 
as  not  to  int«>rrupt  the  boiling,  the  argentic  chloride  is  decomposed,  and  the  pure  oxidt 
is  obtained  as  a  soft  bluish-black  powder.  If  it  be  not  completely  soluble  in  wtik 
acid,  it  must  be  triturated  in  a  porcelain  mortar  with  fresh  potaah-ley  and  agua 
boiled. 

4.  Argentic  oxide  is  also  formed  when  silver  is  very  strongly  heated  in  the  o^- 
hydrogen  flame,  or  in  the  electric  arc. 

Aigentie  oxide  is  a  brown  or  black  powder  of  spedflc  gravity  7*143  (Herapath), 
7*250  (Boullay).  According  to  Bineau  (Compt.  rend.  xB.  509),  it  dissolves  in 3,000 
pts.  of  water,  forming  a  solution  whidi  yields  a  predpitate  with  chlorides  and  plioq»hatei, 
nas  a  faint  alkaline  reaction,  and  a  nauseous  metallic  taste.  Argentic  oxide  is  a  slienf 
base,  and  neutralises  acids  completely,  forming  the  argentic  salts.  According  to  H. 
Rose  (Po^.  Ann.  Ixxxv.  304),  the  recently  precipitated  and  still  moist  oxide  abtorfai 
carbonic  acid  from  the  air.  After  drying  at  60*^  or  70°,  it  is  anhydrous.  It  gives  off 
a  certain  quantity  of  oxygen  at  100^-',  also  when  exposed  to  sunshine;  but  whether 
argentous  oxide  or  metallic  silver  is  thereby  produced  is  not  exactly  known.  At  t 
stronger  heat  it  is  quickly  resolved  into  metallic  silver  and  oxygen. 

Argentic  oxide  is  easily  reduced  by  oxidable  substances.  According  to  Bottser 
(J.  pr.  Chem.  xc.  32),  the  following  substances  are  set  on  fire  when  triturated  with  it 
in  the  dry  state,  even  on  paper :— sulphide  of  gold,  black  sulphide  of  antimony,  realgir, 
orpiment-,  milk  of  sulphur,  selenium,  amorphous  phosphorus,  and  tannic  acid.  Creosott 
also  bums  with  scintillation  when  dropped  on  dry  argentic  oxide.  The  oxide  is  ledottd 
to  metallic  silver  completely  by  aqueous  phosphorous  acid,  partially  by  aqneous  isl- 
phurous  acid,  with  simultaneous  formation  of  argentic  phosphate  or  sulphate.  Under 
water  it  is  reduced  to  metal  by  contact  with  zinc,  tin,  or  copper,  but  not  by  iron  of 
mercury  (Fischer).    Aqueous  hypochlorous  acid  converts  it  into  sii^entic  chlondc^ 
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phosphoras,  agreeing  nearly  with  the  formula  AgT*.    According  to  H.  Boee,  hovefir. 
It  coDsista  of  pure  silver.    (Handw.  d.  Chem.  vii.  966.) 


U  or  SUBT.  This  name  includes  two  silyer-ores,  both  conaitiAg 
of  argentic  sulphantimonites — viz.,  dark-red  silver-ore,  or  pyrargyrite,  2Ag=S.Sb^, 
(iv.  740),  and  light  red  silver-ore  or  proustite,  2Ag=SJ5b«S«  (iv.  764). 

SZ&VSSy  SB&8WZ9B  OT9  Ag'Se.  Silver  acquires  a  black  tarnish  bj  contact 
with  the  vapour  of  selenium,  selenious  acid,  or  selenhydric  acid.  The  compouDd  is 
easily  formed  by  melting  silver  and  selenium  together.  Selenhydric  acid  passed  into  a 
solution  of  silver,  forms  a  black  precipitate,  which  becomes  dark-grey  when  dxy,  ud 
melts  without  decomposition  at  a  red  heat,  forming,  when  cold,  a  8ilver-whit«  someiHist 
malleable  mass.  It  is  not  completely  deprived  of  its  selenium  by  roasting,  or  even  hj 
fusion  with  alkalis  or  borax ;  iron  unites  with  it,  forming  a  dark-grey  compound. 
Selenide  of  silver  dissolves  in  boiling  nitric  acid,  the  solution  containing  argentic  sdenite. 
On  fusing  the  precipitated  selenide  with  more  selenium,  it  is  converted  into  the 
diselenide,  Ag'^S',  which  melts  to  a  specular  mass,  retaining  its  selenium  on  ignition, 
but  giving  it  up  when  roasted. 

Sdeni^  of  Silver  and  Lead. — ^The  mineral  naumannite,  found  at  Tilkerode  in  the 
Hartz,  consists  of  isomorphous  mixtures  of  the  selenides  of  lead  and  silver.  It  oocnn 
in  cubes,  with  perfect  cubic  cleavage ;  also  massive,  granular,  and  in  thin  plates ;  hard- 
ness «2'5  ;  specific  gravity  ^S'O  ;  lustre  metallic,  splendent;  colour  and  stzvak  inn- 
black.  A  specimen,  analysed  by  G.  Bose,  contained  23*53  per  cent.  Se,  65'56  Ag,  sod 
4'91  Pb ;  another,  analysed  by  Bam  m  els  berg,  gave  26*52  Se,  11*67  Ag,  and  60*15 
Pb  (  =  9834V    The  first  is  nearly  PbSe.l3Ag*Se ;  the  second  (4— 5)FbSe.Ag*Se. 

Sdenide  0/  Silver  and  Copper,  AgCu'Se  or  Ag^Se.Cu'Se. — ^This  is  the  composition  of 
eukairite  from  Sm&land,  Sweden  (ii.  605). 

8X&VBK,  SBUnrZOCTAVATB  Ol*.    See  Selenioctahatbs  (p.  220). 

SZXiVBB,  SV&PBZDB  Ol*.  Argentic  Sulphide,  Ac^.— This,  which  is  the  only 
known  compound  of  silver  and  sulphur,  occurs  native  as  s  ilver  -gl  an  ce  or  argy  rose, 
in  cubes,  octahedrons,  rhombic  dodecahedrons,  and  intermediate  forms,  occasionally  al») 
with  faces  of  the  trapezohedron  and  triakis-octahedron  (ii.  125,  126).  The  czystals 
are  often  distorted  and  irregularly  developed,  or  aggregated  in  tooth-sh^ted,  step- 
shaped,  dendritic,  striated,  filiform,  or  capillary  groups ;  it  also  occurs  in  amorphous 
masses,  and  as  an  earthy  deposit.  The  crystals  exhibit  cubic  and  dodecahedral 
cleavage.  Hardness  «  2*6.  Specific  gravity  =  7*196 — 7*365.  Lustre  metallic; 
colour  and  streak  blackish  lead-grey ;  opaque ;  fracture  small,  conchoi'dal,  uneven. 
Before  the  blowpipe,  on  charcoal,  it  melts,  swells  up  strongly,  gives  off  sulphuroos 
anhydride,  and  finally  leaves  a  fused  button  of  silver.  Silver-glance  occurs  b 
veins  traversing  gneiss,  granite,  mica-slate,  &c.,  and  often  in  very  large  masses,  in 
Saixuny,  Bohemia,  Hungary,  Norway,  Siberia,  Mexico,  Peru,  Chile,  and  other  localities 
It  is  seldom  found  quite  pure,  being  usually  more  or  less  mixed  with  the  sulphides  of 
lead,  copper,  and  iron.  Pure  argentic  sulphide  contains  87*1  per  cent  silver. 
Klaproth  found  in  a  crystallised  specimen  from  Freiberg  85*3,  and  in  a  massive  variety 
from  Joachimsthal  85  per  cent,  silver.  Lindaker  found  in  a  crystallised  Tariety  from 
the  same  locality,  14*46  per  cent,  sulphur,  77*58  silver,  3*68  lead,  1*63  copper,  and  2*02 
iron  (=  99*27). 

Acanthiteisa  trimetric  variety  of  argentic  sulphide  occurring  at  Joachimsthal  in 
the  Erzgebirge,  in  small  crystals  of  specific  gravity  7*31 — 7*36,  isomorphous  with  copper^ 
glance  (ii.  76). 

Argentic  sulphide  is  formed  artificially  by  fusing  silver  with  excess  of  sidphnr. 
According  to  Durocher  (Compt.  rend,  xxxii.  823),  it  mav  be  obtained  in  the  crystalline 
6tat«  by  mixing  sulphydric  acid  gas  with  the  vapour  of  ai^ntic  chloride.    Beoquerel 
al»o  obtained  it  crystallised  by  filling  one  arm  of  a  U-tube  with  solution  of  potsssie 
Rulphydratc,  the  other  with  argentic  nitrate,  and  connecting  the  two  liqiiids  by  an  are 
of  silver.     The  end  dipping  into  the  alkaline  sulphydrate  then  became  covered  vitii 
beautiful  prisms  of  sulphide  of  silver  and  potassium,  which  were  gradually  decomposed 
by  the  nitric  acid  carried  over  to  them,  yielding  sulphate  of  potastium  and  octahedni 
crystals  uf  argentic  sulphide.     The  compound  is  likewise  formed  by  the  action  of  sol* 
phydric  acid  on  metallic  silver  (p.  278),  and  as  a  brown  or  blac^  precipitate  whes 
sulphydric  acid  gas  is  passed  into  silver-solutions. 

Artificial  argentic  sulphide  has  a  density  of  6*85  (Karsten).  After  fusion,  it 
solidifies  to  a  lead-grer,  metallic-shininc:,  malleable  mass,  soft  enough  to  be  cut  with 
a  knife,  and  to  be  used  for  forming  medallions  with  the  die.  Faraday  supposed  that 
argentic  sulphide  conducts  electricity,  like  a  metal,  without  d(NX>mpoeitioD,  its  oat- 
ducting  power  however  increasing  with  rise  of  temperature,  like  that  of  an  electrolyte; 
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Ritt  ori^  howttTV,  Iim  ihowii  (Ppgg.  Ann.  Ixxxiv.  1)  that  when  free  from  mekallie  nlvw 
it  oondnet*  only  in  proportion  as  it  is  decomposed. 

^  Argentic  sulphide  is  insoluble  in  water,  ammonia,  cyanide  of  potassinm,  and  dilntA 
nitric  add ;  strong  nitric  acid  however  dissolves  it,  with  separation  of  sulphur.  It  is 
TeiT  slowly  decomposed  by  ignition  in  the  air,  and  if  the  temperature  is  not  very 
hign,  argentic  sulphate  is  produced,  which  requires  a  very  strong  heat  to  decompose  it 
When  ignited  in  hydrogen,  it  gives  off  sulphydric  acid,  but  it  is  difficult  to  remove  the 
whole  of  the  sulpnor  even  in  this  way.  Chlorine  gas  does  not  decompose  it  in  the 
oold,  and  acta  bat  slowly  upon  it  when  heated  (H.  Kose).  It  is  not  decomposed  by 
■olation  of  cnpric  chloride,  unless  chloride  of  sodium  is  also  present,  in  which  case 
argentic  diloride  and  caprous  sulphide  are  produced. 

Ar|^;entic  anlphide  may  be  fused  in  all  proportions  with  metallic  silver.  The  fused 
anlphide  is  quickly  decomjposed  by  iron,  with  formation  of  ferrous  sulphide  and 
separation  of  metallic  silver  containing  iron.  Lead  acta  in  like  manner,  the 
tMOM  of  lead,  however,  taking  up  the  whole  of  the  silver. 

Argentic  sulphide  is  used,  in  conjunction  with  other  metallic  sulphides,  for  producing 
black  deiigns  on  engraved  silver ;  this  art  is  called  niello.  It  has  also  been  used  as 
a  hair-dye,  the  hair  being  washed  first  with  a  silver-solution  (generally  anunoniacal), 
and  then  with  a  solution  of  monosulphide  of  potassium. 

ArgentO'Cuprous  Sulphide,  AgCuS  or  Ag'S.Cu*S.  Argentiferous  Copper^ 
yfaiicn.  StromefferiU. — ^A  mineral  intermediate  in  composition  between  argentic 
sulphide  and  oopper-glance,  and  eiystallising  in  trimetric  forms,  isomorphous  with  the 
latter;  also  occurring  massive  and  embedded.  Hardness  »  2*5  to  3*0.  Specific 
gravity  ■>  6*2  to  6*3.  It  is  sectile,  has  a  dark  steel-grey  colour,  shining  streak, 
and  suboonchoidal  fracture.  It  melts  before  the  blowpipe  to  a  grey  semi-malleable 
bead,  gives  with  fluxes  the  reactions  of  copper,  and  when  cupelled  with  lead,  leaves  a 
button  of  silver. 

Analyses:  a.  From  Schlangenbei^  in  the  Altai:  massive  (Stromeyer,  Schw.  J.  xiz. 
825).—%.  From  Rudelstadt  in  Silesia:  ciystallised  (Sander,  Pogg.  Ann.  xL  313): 


a. 

ft. 

Calculated. 

Sulphur    • 

16-78 

16-92 

S 

320       16-73 

Silver       . 

62-27 

62-71 

Ag 

108-0       63-08 

Copper     . 

30-48 

30-96 

Cu 

63-4       31-19 

Iron 

0-33 
98-86 

0-24 
99-82 

203-4     100-00 

Sereval  massive  grey  silver  and  copper  ores  occurring  in  Chile  appear,  from  tha 
fiiDowing  analysis  of  Domeyko,  to  consist  of  this  mineral  mixed  with  oopper-glance : 


San  Pedro. 

Cajiema. 

S.  Pedro. 

Ag^.3Cu«S    Ag«S.4Cu«S 

Ag«S.6Cu«S    Ag«a9Cu«S 

Sulphur 

17-83              19-93 

20-63              21-41 

20-79 

SUtw 

28-79              24-04 

16-68              12-08 

2-96 

Goj^er 

53*38              6394 

60-68              63-98 

76-61 

Ixoa 

.      .                209 

2-31                2-63 

0-74 

100-00  100-00  100-00  100-00  100-00 

Azgentie sulphide  occurs  in  combination  with  the  trisulphidesof  arsenic  and  antimony, 
m  serenl  varieties  of  frhl-ore, — viz.,  brongniardite,  freibergite,  freieslebenite,  poly- 
proustite,  pyrargyrite,  stephanite,  and  xanthocone.    (See  Silvkb-obes,  p.  301.) 

Sir&VBOCTAWATa  or.    See  Sulphoctanatbs, 

BU&FBO-BTPOPBOSPBZTB  and  SV&PBOPBOSPBZTB  Ol*. 

See  PluMiPHOBUS,  Sulfhidbs  of  (iv.  601,  602). 

niMiWMMt,  TBK&inUBB  OTf  AgTe. — This  compound  occurs  native  as  Hessite 
or  TtUune  Silvar,  in  coarse-grained  masses  apparently  monometric  and  granular. 
Hardness  »  2 — 3*6.  Specific  gravity  »  8-3 — 8-9.  It  is  slightly  malleable,  has  a 
Iflad-gTey  or  steel-grey  colour,  and  metallic  lustre.  Heated  in  an  open  tube,  it  melts 
but  £ea  not  fume.  Before  the  blowpipe  on  charcoal,  it  melts  at  a  bright-red  heat, 
leavinff  a  somewhat  brittle  button  of  silver.  With  fiuxes  it  forms  in  the  outer  flame  a 
veUoinah,  in  the  inner  flame  a  dark-red  glass,  becoming  grey  on  cooling.  It  dissolves 
m  nitzie  acid,  the  solution  depositing  crystallised  argentic  tellurite. 

Afiaiyiet'  a,  "From  the  Savodinskoi  mine  in  the  Altai  (G.  Rose,  Pogg>  Ann.  xviii. 
•4).—^.  Nagyag  in  Transylvania:  specific  gravity  -  8-31—8-45  (Petx,  ibid,  Ivii, 

Vol.  V.  X 
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470).— c.  ReiBbanjA    in  Hungary;  a.  maaeiTi;  fi.  granular*  with  green  depoal 
(Bammelaberg): 

a.  b,  e. 

^ ^ ) 

TfOlnrinm        .        86*96        86*89        87*76  18*0 

Silyer      .         .        62*42        62*32        61*55    66*28    64*6 

Gold 0-69 

Iron         .        .  0*24  0*50 


99*62        99-71      10000  97*5 

The  formnla  Ag*Te  requires  37*27  per  eent.  tellurium  and  62*78  silver. 

Argenio^ufie  TeUuride,  4A^e.Au*Te,  of  spedfic  grayitj  8*72 — 8*88,  foood  it 
Kagyag,  contains,  according  to  Fets,  31*98  per  cent  tellurium,  46*76  silTsr,  and  18*26 
gold. 

Svlvanite  (q.  v.)  or  Graphic  Tellurium^  and  NagyagiU  or  Foliated  Tellurium  (ir.  l\ 
are  likewise  tellurides  of  gold  and  silver,  but  contain  lead  and  antimony  in  addition. 


Native  argentic  sulphide. 

C*Ag>H.  (Berthelot,  Bull.  8oc.  Chim.  1866,  L  180.)-Aa 
organic  radicle,  the  compounds  of  which  are  obtained  by  the  action  of  acetylene  oa 
ammooiacal  solutions  of  silver  salt8.t 

The  chloride^  C'Ag^HCl,  is  a  white  curdy  precipitate,  decomposed  by  boiling  nitrio 
acid,  with  formation  of  argf»ntic  chloride.  Boiling  hydrochloric  acid  decomposes  it,  re- 
producing acetylene.    It  does  not  dissolve  perceptibly  in  ammonio-iixgentic  chloride. 

The  an<2f,  (C'Ag'H)*0. — This  compound  (hitherto  regarded  as  acetylide  of  silver  or 
silver-acetylene,  C-Ag')  is  produced  by  the  action  of  acetylene  on  an  ammoniacal 
solution  of  the  nitrate  or  other  ozysalt  of  silver,  washing  the  precipitate  with  ammonia, 
then  with  'distilled  water,  &c. 

Phodphate  of  Silver-aoetyl  is  a  yellow  curdy  precipitate,  decomposed  by  hrdzodilorie 
acid,  with  formation  of  acetylene  and  argentic  chloride ;  nitric  acid  reproduces  phos- 
phoric acid.  The  sulphate  is  a  greyish-white  precipitate,  exhibitinff  analogous  reactioML 
An  ammoniacal  solution  of  areentic  benzoate  treated  with  acetylene  yielda  a  yellow 
precipitate  which  turns  white  during  washing,  and  is  found  to  consist  entirely  of  oxide 
ofsilver-acetyL 

Native  argentic  sulphide  (p.  804). 

A  dilute  neutral  solution  of  argentic  nitrate  mixed  with 
stanuous  uitrate,  or  an  ammoniacal  solution  of  argentic  nitrate  mixed  with  atannoni 
chloride,  yields  a  brown  or  purple-brown  precipitate,  the  so-called  **  nlver-pnipk^*  the 
colour  of  which  varies  acoor^g  to  the  mode  of  preparation.  It  contains  tin,  siher, 
and  oxygen,  and  is  perhaps  an  argentous  stannate.  (Handw.  d.  Chem.  vii.  966.) 

Argentic  sulphate. 

The  bark  of  Simaruba  officinaliSy  Dec.  (Quaagia  Simaruba,  L.)  has 
long  been  used  in  medicine.  It  contains  a  bitter  principle,  like  that  of  qnaseia^Mric, 
and  a  trace  of  essential  oiL  According  to  Buchner,  the  alcoholic  extract  la  poisonous, 
and  acts  in  the  same  manner  as  the  extract  of  quassia-bark :  two  grains  killed  a 
rabbit  in  twenty-four  hours. 

SZBRXiOX.  An  obsolete  name  for  an  alloy  of  sine  and  copper  coataimiig  froa 
6  to  9  pts.  copper  to  1  pt.  zinc  (ii.  4B). 

CN) 

BZSrAMZwa*    C«H*N*  «  C^»  VN.— A  basic  compound  discoversdhyRobiqaet 

H  ) 
and  Bussy  in  1839  (Ann.  Ch.  Phys.  [31  Ixxii.  828),  and  ftirther  examined  bj  Will 
(Ann.  Ch.  Pharm.  lii.  1 ).  It  contains  the  elements  of  thiosinamine  twtnus  1  atom  of 
sulphydric  acid,  (C*H'N*S  —  H'S),  and  may  be  regarded  as  ammonia,  NH*,  m  whidi 
1  at.  H  is  replaced  by  cyanogen,  and  another  by  aUyl.  It  is  produced  in  the  deooBipOB- 
tion  of  thiosinamine  by  various  metallic  oxides :  e^, — 

C*H«N«S  +  PbO     -     C*H»N»  +  PbS  +  HK). 

Thiosinamine.  Sinunlne. 

Preparation, — 1.  One  part  of  thiosinamine  and  5  pts.  of  mercuric  oodde  aw  nbbsi 
together,  without  application  of  heat;  the  mass  when  cold  is  exhausted  with  ether; 
the  filtrate  evaporated;  the  viscid  residue  dissolved  in  hot  water;  and  the  soh- 
tion  left  to  crystallise  (Robiquet  and  Bussy).— 2.  Pulverised 


*  Aftar  deduction  of  1525  pfT  cent,  insoluble  matter. 

t  Ammoniacal  solutioni  of  cuprous  salts  treated  with  acetylene,  yield  In  like  TWfmiHff  nits  of  c  a  pros- 
see  tyi,  CxCuaH. 
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•  tritormtcd  wiUi  xwentlf  preeipitnted  and  well-washf^d  hydnto  *of  lead ;  the  miztiin 
is  heated  in  the  water-bath,  till  a  sample  diluted  with  water  and  filtered  no  longer 
piodnoeB  a  Uack  colour  with  freeb  oxide  of  lead  and  potash ;  the  entire  mass  is  then 
repeatedly  boiled,  first  with  water  and  then  with  alcohol,  because  the  sinamine  is  obsti- 
nately retained  by  the  sulphide  of  lead ;  the  whole  of  the  decoctions  are  eyapomted 
to  a  symp;  and  the  crystals,  which  foira  aft^r  seyeral  months,  are  taken  out,  and  freed 
from  the  s^rnp  by  gentle  pressure  between  paper  (Will).  The  syrup  is  distinguished 
from  the  crystals  by  its  smaller  amount  of  water ;  if  the  hydrate  of  lead  obtain^  from 
the  acetate  was  not  well  washed,  the  syrup  contains  also  basic  acetate  of  lead.  (Will) 
IVoper^tss. — ^The  crystals  of  sinamine  contain  2C*H'N^HK);  they  pre  white,  shining 
tridinic  prisma,  which  lose  their  lustre  in  vacuo  oyer  sulphuric  acid.  At  100^  they  melt, 
and  giye  off  two-thirds  of  their  water,  the  melted  mass  forming  when  cold  a  syrup, 
whi<m  slowly  recryBtallises.  By  longer  exposure  to  100°,  the  whole  of  the  water  13 
driyen  ofl^  and  on  cooling,  anhydrous  sinamine  remains,  as  a  white,  opaque,  slightly 
eiyitaUiiie  mass.  It  is  inodorous,  but  tastes  strongly  and  persistently  bitter.  It 
diflBoWes  in  water,  alcohol,  and  ether.  The  aqueous  solution  has  a  strong  alkaline 
reaction,  and  is  precipitated  by  tannin. 

Ifeeompasitums. — 1.  Sinamine  heated  in  a  retort  in  the  oil-bath,  giyes  off  ammonia 
ftom  160^  to  200^,  without  blackening,  and  leayes  a  yellow  resinous  body  almost  in- 
•<dnble  in  water,  but  dissolying  sparingly  in  alcohol,  and  forming  an  alkaline 
nlntioii.  Its  solution  in  hydrochloric  acid  becomes  milky  when  mixed  with  am- 
moDia,  and  if  subsequently  heated,  again  deposits  resinous  matter ;  the  hydrochloric 
add  tolution  forma  a  white  precipitate  with  mercuric  chloride,  and  yellow  with  platinio 
chloride  (Will). — 2.  A  cold  mixture  of  aqueous  sinamine  and  hydrochloric  acid  does 
BOi  giye  off  ammonia,  or  become  turbid  on  the  addition  of  potash ;  but  after  the  hydro- 
dilork  add  has  been  boiled,  potash  eliminates  ammonia  from  it,  and  throws  down  a 
banc  aabatance,  which  behayes  like  the  resinous  body  remaining  when  sinamine  is 
heated  (Will).  Hydrochloric  acid  gas  passed  oyer  the  ciystab  is  absorbed  without 
ftiiioD ;  the  resulting  mass,  when  gently  heated,  suddenly  emits  thick  white  fumes  of  sal- 
ammoniac^  and  leayes  a  tumefied  residue  (Will). — 4.  The  hydrated  cxystals,  exposed  to 
a  stream  oinUphydric  acid  gaa^  ouickly  assume  a  sulphur-yellow  colour,  without  losing 
water ;  and  if  then  gently  heateo,  melt  to  a  transparent  liquid,  which  takes  up  an  ad- 
ditional quantity  of  sulphydric  acid,  and  becomes  liyer-coloured ;  but  if  still  subjected 
to  the  action  of  heat,  not  howeyer  rising  to  100°,  giyes  off  the  water  of  ciystallisation, 
together  with  sulphydrate  of  ammonium.  Ultimately  there  remains  a  transparent, 
liTer-ecdoared,  inodorous  mass,  amounting  in  weight  to  94*88  per  cent  of  the  crystals. 
This  mass  forms,  with  water  or  alcohol,  a  solution  which  colours  lead-salts  light-red, 
and  does  not  precipitate  sulphide  of  lead  till  it  is  boiled.  (WilL) 

Sinamine-  salts. — Sinamine  expels  ammonia  from  ammoniacal  salts ;  it  also  preci- 
pitates the  salts  of  lead,  iron,  and  copper.  Nevertheless,  it  does  not  form  solid  salts 
with  any  acid  except  oxalic  acid,  with  which  it  slowly  yields  crystals  (Will).  The 
add  solutions  impart  a  yellow  colour  to  fir- wood.  (H o  f  m  an,  Ann.  Ch.  Pharm.  xlyii.  65.) 

aktamine  wUh  Mercuric  Chloride^  C^H^N^.Hg'Cl*.— The  solution  of  sinamine  in 
aqueous  hydrochloric  add  forms,  with  excess  of  aqueous  mercuric  chloride,  a  precipitate 
wiich,  on  account  of  its  tendency  to  decompose  in  washing,  must  be  merely  collected  on 
a  filter,  strongly  pressed,  and  dned  in  vacuo  oyer  oil  of  yitriol. 

FtaHnufoirCvmiDoiund. — Aqueous  sinamine  mixed  with  a  small  quantity  of  hydrochloric 
add,  forms,  witn  platinic  chloride,  yellowish-white  fiakes,  which  settle  down  slowly, 
so  that  the  filtered  hquid,  after  standing  for  several  hours,  yields  a  fresh  predpitate, 
the  filtrate  from  that  yields  another,  and  so  on.  All  the  precipitates  exhibit  about  the 
•ame  amount  of  platinum  (yiz.,  about  30*6  per  cent.^  after  drying  in  a  cuirent  of  air  at 
U^ ;  hence  the  predpitate  is  perhaps  C«H*N*.2HC1.R>*C1«.  (Wil  1.) 
fonns  a  resinous  predpitate  with  nitrate  of  silver,    (WilL) 

CN) 
or  BliietliyUunliief  C*H'*N*  »  CH^Vn.     (Hinterberger, 

C«H»» 

Ann.  Ch.  Pharm.  Ixxxiii.  348.) — Produced  by  decomposing  thiosinethylamine  with 
hydrate  of  lead.  When  the  two  substances  are  heated  together  till  a  filtered  sample 
DO  longer  blackens  on  the  addition  of  lead-hydrate  and  potash,  the  resulting  mass 
baled  with  water  and  then  with  alcohol,  and  the  solutions  evaporated,  a  dark-yellow 
•ympy  zandue  is  obtained,  which  becomes  almost  wholly  crystalline  after  a  few 
months,  and  when  pressed  between  bibulous  paper  and  recrystallised  from  ether,  yields 
pare  sinethylamine. 

Sinethylamine  crystallises  in  needles  arranged  in  dendritic  groups :  it  tastes  ypiy 
bitter.  At  100^  it  melts  to  a  colouriess  liquid,  which  when  touched  with  a  cold  body, 
^niA|y  ti?^«*^^—  in  a  aystaUine  mass,  the  crystallisation  spreading  from  the  point  ot 

X  2 
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eontact.  It  is  mfoluble  in  water,  but  dissoWee  in  alcohol  and  etber,  fomung  solntiou 
which  have  an  alkaline  reaction. 

Mercury-compound,  20H"N*.3Hgf'Cl*.— A  solntion  of  sinetbjlamine  forma,  witk 
aqueons  mercuric  chloride,  a  white  flocculent  precipitate,  which,  when  bested  era 
the  water-bath,  melts  to  a  yellow  resinous  mass,  solidifying  in  the  ciystalline  stateon 
cooling. 

Piatinum-compound,  2C«H"N*.2HC1.R»*C1*.— A  solution  of  sinethylamine  in  hy- 
drochloric acid  forms,  with  platinic  chloride,  reddish-yellow  feathery  crystals,  yielding 
by  analysis  31*55  per  cent,  platinum,  the  formula  requiring  31*24  per  cent. 

snrAPXO  ACXB,  C»'H«»0»  «  (^"^"^'y'|o«.    (Von  Babo  and    Hirsch- 

brunn,  Ann.  Ch.  Pharm.  Izzdv.  19.) — An  add  produced,  together  with  sinealine,  ly 
boiling  sulphocyanate  of  sinapine  with  potash  or  baryta-water : 

C>«H«NO».CNHS  +  8KH0     -     C'»H>«KK)»  +  C»H"NO  +   CNKS  +  2HK). 

Sulpbocyauate  of  Slnapateof  SincaUoe.         Solphocr* 

Sinapine.  Potaiaium.  anjite  of 

Pouisium. 

The  best  mode  of  preparing  it  is  to  boil  the  sulphocranate  of  sinapine  with  potash- 
ley,  supersaturate  with  hydrochloric  acid,  and  punfy  the  resulting  precipitate  by 
crystalhsation  from  alcohol  of  60  per  cent.  B^  boiling  the  sulphocyanate  witn  bazyts- 
water,  the  add  is  obtained  as  an  insoluble  banum-salt,  from  whidi  it  may  be  separated 
by  sulphuric  add  and  alcohol. 

Sinapic  add  crystallises  in  small  prisms,  sparingly  soluble  in  cold,  somewhat  more 
freely  m  hot  watery  slightly  in  cold,  easily  in  hot  aSohol,  insoluble  in  etker.  It  is  neariy 
insoluble  in  most  other  adds :  nitric  acidt  howeyer,  dissolves  it,  with  red  odour, 
apparently  forming  oxalic  add  and  a  nitro-compound.  Chlorine-water  ooIouzb  it,  fizit 
rose-red,  then  purple-red,  without  dissolving  it. 

Sinapic  add  melts  between  150°  and  200°,  and  solidifies  from  fusion  in  the  czystallina 
state.  When  subjected  to  diy  distillation,  it  turns  brown,  and  yields  a  colourless  dl, 
which,  as  well  as  the  residue,  forms  with  ammonia-gas  a  yellow  body,  slightly  soluhle 
in  water. 

Sinapates. — Sinapic  add  forms  easily  soluble  salts  with  the  alkalis,  sparingly 
soluble  salts  with  the  earths  and  other  metallic  oxides.  All  the  sinapates,  exieepting  the 
barium-salt,  decompose  with  great  facility.  The  solution  of  sinapic  add  in  potash-  or 
soda-ley  quickly  turns  red  on  exposure  to  the  air,  the  colour  afterwards  changing  to 
green  and  brown.    The  ammoniacal  solution  turns  red-brown  on  exposure. 

A  neutral  solution  of  potassic  sinapate  forms  white  precipitates  with  cUorids  of 
ealeium,  and  with  solution  of  alvm ;  tne  latter  predpitate,  treated  with  chlorine-water, 
assumes  first  a  rose-red  and  then  a  dirt^-red  colour.  With  ferric  chloridt  it  forms  a 
rose-red  or  sometimes  a  purple-red  precipitate,  with  formation  of  ferrous  oxide.  Frost 
solution  of  copper'  and  tead-^Uy  it  throws  down  precipitates  which  soon  turn  bio** 
green ;  with  mercuric  and  silver^saHst  white  precipitates  which  decompose^  with  sqM* 
ration  of  metal,  especially  on  addition  of  more  alkali. 

Sinapate  of  Potassium  is  precipitated  from  the  aqueous  solution  by  absolute  aloobd 
in  iridescent  laminse,  which  soon  change  after  the  alcohol  has  been  poured  oiT. — Ths 
barium-salt,  CH'^Ba'D*,  is  prepared  by  predpitating  the  neutral  ammonium-saltwith 
chloride  of  barium  (avoiding  an  excess  of  the  latter,  which  would  redissolve  a  portion 
of  the  precipitate),  or  by  boiling  snlphocyanate  of  sinapine  with  baryta-water,  out  of 
eontact  with  air.    The  precipitate  is  to  be  washed  with  ¥rater  free  from  carbonic  add. 

BZMAVXXrB,  C'«H>^0*.  (0.  Henry  and  Garot,  J.  Fharm.  xvii.  1 ;  zx.  63.- 
Pelouze,  Ann.  Ch.  Phys.  [2]  xliv.  214 ;  J.  Pharm.  xvii.  271. — Boutron  and  Bobi* 

?uet,  J.  Pharm.  xvii.  279. — Faur^,  ibid. — 0.  Henry  andPlisson,  Ann.  QlFIi^ 
2]  xlvi.  198.— Winckler,  Repert.  Pharm.  xli.  169;  IxviL  267.— Simon,  Pom. 
Ann.  xliii.  651;  xliv.  593. — Boutron  and  Fr^my,  J.  Pharm.  xxvi.  60. — ^v.  Bs^ 
and  Hirschbrunn,  Ann.  Ch.  Pharm.  Ixxxiv.  10. — 6m. xiv.  524.) — ^An  oiganic  but; 
existing  as  a  sulphocyanate  in  white  mustard-seed.  This  salt  was  first  extractid 
from  the  fatty  oil  of  white  mustard  by  Hennr  and  Garot  in  1826,  who  at  first  regirded 
it  as  an  acid,  and  called  it  sulphosinapic  acta;  afterwards,  however,  theyfonndthittlM 

fure  substance  was  neutral,  and  named  it  sulphosinapisin.  Berselius  csJled  it  sw^nmi 
ts  true  nature  was  first  recognised  byv.  Babo  and  Hirschbrunn,  who  fwrigned  to  the 
base  contained  in  it  (the  true  sinapine)  the  formula  C^'A'^i^O'*,  which  was  altered  bj 
Gerhardt  to  C«^«2V0'«  or  C«*H"NO». 

Sinapine  is  known  only  in  aqueous  solution  and  in  combination  with  adds.  TIm 
aqueous  solution  is  obtained  by  gradually  adding  baryta-water  to  an  aqueous  tcdntios 
of  the  acid  sulphate  as  long  as  a  precipitate  is  thereby  formed :  an  excess  of  biijts 
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:  b«  eiMlUlj  AToidfid,  m  it  would  immediately  induce  the  deoompontioii  of  tht 
into  BiiApie  add  and  tincaline  (p.  808).  The  aqneous  solution  of  sinapine  has 
a  deep  yellow  colour,  a  distinct  alkaline  reaction,  and  is  not  precipitated  either  by 
alcohol  or  by  ether.  When  eraporated  it  assumes  a  dark-brovn  colour,  and  leaves  a 
perfectly  amorphous  residue.  The  solution  forms  precipitates  with  many  metallic 
salts — green  with  cupric,  yellow  with  mercuric,  grey-brown  with  argentic  salts :  these 
precipitatea,  00  standmgor  warming,  are  reduced  to  the  metallic  state.  From  solution 
of  auric  chloride,  sinapine  immediately  precipitates  metallic  gold. 

Salts  of  Sikafimb. — These  salts  are  colourless  and  more  stable  than  theftee 
base.  Their  solutions,  mixed  with  potash  or  baryta-water,  turn  yellow,  and  the 
■ini^une  thereby  sepaiated  is  instantly  resolved  into  sinapic  acid  and  sincaline. 

Hgdroeklorate  of  Sinapine^  obtained  by  decomposing  the  sulphate  with  chlo- 
ride of  barium,  crystallises  in  needles  very  soluble  in  water.  The  solution  mixed 
with  jflatime  ckiaHde,  forms  a  resinous  precipitate  which  immediately  turns  brown 
when  slightly  heated. 

The  a  I  <r  a  <«,  obtained  also  by  double  decomposition,  crystallises  in  very  soluble 
needles. 

Smlpkaiet.^The  acid  sidphate,C**R^0\R*S0\4Bq.,  IB  produced  on  adding  a 
snail  quantity  of  strong  sulphmic  acid  to  a  hot  concentrated  solution  of  thesulpUocyanate 
in  alcohid  of  90  per  cent.,  and  separates  on  cooling  in  considerable  quantity,  so  that 
the  liquid  appears  completely  filled  with  it  The  crystals  may  be  freed  from  adhering 
sulphuric  and  sulphocyanic  acids,  by  washing  with  absolute  alcohol.  It  forms  rectan- 
gular plates,  having  a  strong  acid  reaction,  easily  soluble  in  water  and  in  boiling 
alcohol,  nearly  insoluble  in  ether.  The  ciystals  give  o£f  their  water  at  lOO'^.—The 
meuiral  salt,  obtained  bv  neutralising  the  acid  salt  with  baryta-water  and  evaporating 
the  filtrate,  is  a  crystalline  easily  scSuble  mass. 

Suiphoeyanate  of  Sinapine,  C'm**^*SO^  -  C>«H"NO".CNHS.  Sinapine  of 
Benelius  ;  Sylpkosinajpism  of  Henry  and  Garot. — ^This  salt,  as  already  observed, 
exists  ready-formed  in  white  mustard-seed ;  also,  according  to  Henry  and  Garot,  in  the 
se^^  of  black  mustard  and  of  2\irritis  glabra. 

Preparation, — 1.  Diy  mustard-powder,  exhausted  with  ether  and  thereby  freed 
from  fixed  oil,  is  treated  with  cold  absolute  alcohol  as  long  as  the  alcohol  acquires  a 
reddish-yellow  colour;  the  residue  is  boiled  with  alcohol  of  90  per  cent.;  then  pressed ; 
and  the  boiling  and  pressing  are  repeated  twice  more.  The  hot-filtered  tinctures 
yield,  after  half  the  alcohol  has  been  distilled  off,  colourless  crystals  of  sulphocyanate 
of  sinapine,  an  additional  quantity  of  which  may  be  obtained  from  the  mother-liquors 
bj  ftirther  evaporation  and  addition  of  sulphocyanate  of  potassium.  Sulphocyanate 
of  potassium  likewise  precipitates  sulphocyanate  of  sinapine  from  the  above-mentioned 
cztTBCts  prepared  with  cold  alcohoL 

S.  Mustard-fiour,  freed  from  fixed  oil  by  pressure  in  the  oU-mill,  is  exhausted  with 
eold  and  then  with  hot  alcohol  of  80  per  cent. ;  and  about  half  the  alcohol  is  distilled 
from  the  united  tinctures  in  a  salt-bath,  or  so  much,  thai  a  sample  of  the  residue 
separates  on  cooling  into  two  equal  layers,  consisting  of  oil  and  sulphocyanate  of  sinapine^ 
If  tho  concentration  is  carried  too  far,  the  sulphocyanate  of  sinapine  no  longer  crystallises; 
and,  on  the  other  hand,  if  a  sufficient  quantity  of  the  alcohol  be  not  distilled  off,  part 
of  tbs  sinapine  remains  dissolved  in  the  alcoholic  oily  layer,  and  is  somewhat  difficult 
to  obtain  in  the  form  of  crystallised  sulphocyanate ;  the  best  way  of  effecting  this  is 
to  add  a  small  quantity  of  alcoholic  sulphocyanate  of  potassium.  The  upper  layer  is 
irmoTsd ;  the  lower  wateiy  liquid  is  either  left  to  itself  for  a  week,  or  as  long  as  sul- 
phocyanate of  sinapine  continues  to  crystallise  from  it ;  and  the  crystals  are  collected 
oo  linen,  separated  from  the  viscid  mother-liquor  by  means  of  a  centrifugal  machine, 
aoistenad  with  alo^ol,  strongly  pressed  between  filtering-paper,  and  recrystallised 
from  aleohol  of  90  per  cent.,  then  from  a  small  quantity  of  boiling  water,  with  addition 
sf  animal  charcoal ;— or  better,  the  lower  watery  layer  is  mixed  with  alcoholic  sulpho- 
cyanate of  potassium,  and  the  crvstals  which  separate  are  purified  as  above.  The 
mother-liquors  also  yield  an  additional  quantity  of  mlphocvanate  of  sinapine  on 
addition  of  sulphocyanate  of  potassium,    (v.  Babo  and  Hirschbrunn.) 

S.  Bruised  white  mustard-seed,  freed  from  the  greater  part  of  the  fixed  oil  by  pres- 
sure at  60^^,  is  exhausted  with  ether ;  the  residue  is  digested  with  7  pts.  of  alcohol  of 
80  per  cent,  then  with  2  pts.  more;  the  alcohol  is  distilled  off  from  the  tinctures  till 
tlis  residue  is  reduced  to  one-fourth  of  the  weight  of  mustard-powder  used ;  this  resi- 
due is  set  sside  for  14  days  to  crystdlise ;  and  the  crystals,  after  being  freed  by  ether 
from  a  red-brown  matter,  are  purified  by  repeated  crystallisation  from  water  and  alco- 
hol, with  addition  of  animal  charcoal.    (Winckler.) 

Wineklar  also  digests  white  mustard  with  3  pts.  of  alcohol  of  80  percent ;  evaporates 
tbs  tinetors  to  half  the  weight  of  mustard  used  ;  treats  the  residue,  which  is  covered 
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with  oil-diopB,  with  ether,  as  long  as  the  ether  is  thereby  coloured ;  aod  purifies  the 
residual  sulphocyanate  of  sinapiDe  by  solution  in  water  and  reczystallisation  as  abore. 
A  similar  process  is  adopted  by  Simon,  who  however,  at  each  extraction  of  the  mus- 
tard-flour, uses  only  enough  alcohol  to  moisten  it,  and  subjects  the  n^ole  to  stzoo^ 
Cure ;  by  this  treatment,  the  exhaustion  is  efl^ted  mors  quickly  than  when  a 
r  quantity  of  alcohol  is  used. 
Properties. — Sulphocyanate  of  sinapine  crystallises  in  loose  tufts  of  white  pt'srly 
needles  (Henry  and  Garot);  in  colourless,  nearly  transparent,  glassy  prisms, 
mostly  rectangular,  truncated,  grouped  in  stars  and  thin  nodules  (Winckler).  It  is 
neutral,  inodorous,  tastes  bitter,  and  afterwards  hot  like  mustard.  It  melts  wbni 
heated  (at  130^,  according  to  v.  Babo),  forming  a  yellow  liquid,  iHiich  solidifies  to  t 
gummy  mass  on  cooling  ( W  i  n  c  k  1  e  r ).  It  dissolves  with  yellow  colour  in  water  and  in 
tdcohol,  in  greatly  increased  quantity  when  the  liquid  is  hot»  and  crystallises  on 
cooling ;  also  in  ether,  sulphide  of  carbon,  and  oil  of  turpeniifK,    (Simon.) 

Decompositions. — 1.  Sulphocyanate  of  sinapine  decomposes  when  strong^  heated, 
giving  off  stinking  products,  and  leaving  charcoal  (Henry  and  Garot);  alsooom- 
bustible  gases  (Winckler).  The  vapours  do  not  smell  of  sulphuretted  hydrogen, 
sulphide  of  carbon,  or  hydrocpranic  acid.  In  the  course  of  the  decomposition,  volatile 
bases  are  evolved,  together  with  gases  and  empyreumatic  oils,  which  bom  with  luminous 
flame  and  formation  of  sulphurous  add  (v.  Babo  and  Hirschbrunn). — 2.  It  dissolves 
readily  in  oil  of  vitriol^  with  sreenish-yellow  colour  and  slight  rise  of  temperature,  turns 
brown  when  the  solution  is  heated,  and  then  chars  (Winckler).  Sulphoc^anic  add 
is  likewise  evolved  (v.  Babo  and  Hirschbrunn). — 3.  In  contact  with  ioMne^  it  im« 
mediately  assumes  a  light  yellow-brown  colour,  and  when  heated  melts,  gives  off 
iodine,  and  leaves  a  brown-red  brittie  resin  (Winckler). — 4.  Its  aqueous  solution  is 
coloured  by  chlorine,  first  brown-red,  then  red,  and  finally  yellow,  with  formation  of 
sulphuric  and  evolution  of  hydrocyanic  add  (Henry  and  Garot).  According  to 
V.  Babo  and  Hirschbrunn,  no  formation  of  hydrocyanic  add  takes  plaoe  in  this  and 
similar  cases.~5.  With  nitric  acid  of  spedfic  gravity  1*4,  or  less,  it  immediatelv 
assumes  a  deep  red  colour,  giving  off  red  vapours,  and  when  heated  turns  yellow,  with 
formation  of  sulphuric  add  (Henry  and  Garot,  and  others). — 6.  When  sulphocyanate 
of  sinapine  is  boiled  with  peroxide  of  manganese  and  dilute  sulphuric  acid,  the  distillate 
contains  hydrocyanic  add,  and  the  residue  contains  a  substance  which  dissolves  in 
water,  with  dark  brown-red  colour  (Winckler). — 7.  It  dissolves  with  yeUow  eoloor 
in  cartstic  potash-ley,  and  if  the  liquid  be  immediately  supersaturated  with  hydrochloric 
acid,  separates  out  unaltered,  provided  the  solution  is  suffidently  concentrated ;  but 
when  boiled  with  potash,  soda,  or  baryta-water,  it  is  resolved,  ss  above  mentioned 
(p.  308),  into  sinapic  add,  sincaline,  and  sulphocyanic  add  (v.  Babo).  It  is 
likewise  coloured  yellow  by  ammonia,  strychnine,  morphine,  and  quinine,  but  not  by 
nareotine  or  salicin  (Winckler).  A  trace  of  tobacco-smoke  is  suflident  to  produce 
this  colouring  (v.  Babo  and  Hirschbrunn). — 8.  The  behaviour  of  sulphocyanate 
of  sinapine  to  dilute  acids  and  saline  solutions  is  the  same  as  that  of  other  sulpho- 
cyanates.  Ferric  salts  are  for  the  most  part  immediately  reddened  by  it,  but  some- 
times it  is  obtained  in  a  peculiar  condition,  in  which  it  does  not  redden  ferric  salts  till 
heat  is  applied.     (Will ;  v.  Babo,  and  Hirschbrunn.) 

See  MusTABD  (iii.  1067). 

The  name  given  by  K  Si  m on  (Pogg.  Ann.  xliii.  652 ;  xliv.593; 
1.  379),  to  a  white,  scaly,  crystalline  substance,  which  he  obtained  from  black  mustsrd- 
seed,  by  extraction  with  alcohol  and  ether.  The  examination  made  of  it  was,  howerer, 
very  imperfect,  and  the  later  statements  contradict  the  earlier. 

(CO)-) 
BZMAVOZara.    Diallyl-carbamide.  JHallyl-urea.  CH'^NK)    -    (C*H«)nii*- 

An  organic  base  discovered  by  Simon  (Pogg.  Ann.  1.  377),  and  further  examined  hj 
Will  (Ann.  Ch.  Pbarm.  Hi.  26).  It  is  formed  from  cyanate  of  allyl,  by  addition  df 
water  and  elimination  of  carbonic  anhydride,  in  the  same  manner  as  urea  is  ibrmed  firao 
cyanic  add: 

2CNH0     +     HK)       =      CN«H«0     +     C0« 

Cyanic  add.  Urea. 

2(JN(C«H»)0       +       H«0      -      CN«(C»H»)«H*0     +     C0«. 

Cyanate  of  Alljrl.  .    DialljI-urea. 

It  may  be  obtained  very  pure  by  boiling  cyanate  of  allyl  with  watery  but  is  mors 
generally  prepared  from  sulphocyanate  of  allyl  (oilof  mustard)  by  the  action  of  hydcsts 
of  lead  or  baiyta- water : 

2CN((3»H»)8    +    8PbH«0»     »     CN»((3»H»)«HK)    +    2PbS   +    PbCW    ♦    2ffa 
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n»  oQ  of  MMUfd  if  djgMted  in  the  water-bath  with  recently  precipitated  and  well- 
wmalied  hydxBte  of  lead,  till  the  latter  is  no  longer  blackened.  The  residue  ib  treated 
with  boiling  wattr,  and  the  solntion  is  filtered  from  the  insoluble  sulphide  and  car- 
bonate of  lead :  the  ainapoline  then  crystallises  on  cooling. 

Tho  oil  of  mustard  may  also  be  boiled  with  bary ta- water ;  the  liquid  eraporated  to 
dryness  when  quite  free  nom  odour;  and  the  sinapoline  extracted  from  the  residue  by 
aleohol  or  ether.  Potash  or  soda  acts  in  a  similar  manner,  but  gives  rise  also  to 
•econdary  products. 

SinaDoline  eiystallises  from  aqueous  solution  in  shining  lamine,  unctuous  to  the 
touch,  fusible  at  the  temperature  of  boiling  water,  soluble  in  alcohol  and  ether.  The 
aqueous  solution  is  alkalme  to  test-paper. 

Sinapoline  does  not  dissolve  in  a^^ucous  potash  at  ordinary  temperatures,  but  at  the 
boilinff  heat  of  the  liquid,  it  melts,  without  ginng  off  ammonia,  to  an  oil  which  solidifies 
on  oouinff  and  is  soluble  in  water. 

SinapoUne  does  not  lose  weight  at  100^ ;  at  a  higher  temperature  it  partly  volatilises 
And  partly  decomposes. 

Salts  of  Sinapoline. — Sinapoline  dissolves  easily  in  acids,  and  is  separated  from 
the  solutions  by  ammonia.  In  dry  hydrochloric  acid  gas  it  melts  without  warming ; 
and  is  converted  into  a  thick  mass  of  the  hydrochlorate^  C'H"N'0.HC1,  which  gives  off 
vapours  of  hydrochloric  add  on  exposure  to  moist  air,  and  is  partially  decomposed  by 
water,  with  separation  of  sinapoline. 

The  aqusous  solution  of  sinapoline  forms  precipitates  with  mercuric  and  platinie 
diloridc. 

KWOA&nfS*  C'H^'NO.  (v.  Babo  and  Hirschbrunn,  Ann.  Ch. Pharm.  Ixxxfv. 
23.)— An  alkali  produced,  together  with  sinapic  acid,  by  boiling  sulphocvanate  of  sinapine 
with  potash  or  baryta  (p.  808).  To  prepare  it,  sulphocyanate  of  sinapine  is  heated 
with  MiTta-water,  till  the  sinapateof  banum  is  completely  separated ;  the  filtrate,  mix^l 
with  a  slight  excess  of  dilute  sulphuric  acid,  is  freed  from  sulphocyanic  acid  by  pre- 
cipitation with  aqueous  sulphate  of  iron  or  copper :  the  liquid  is  filtered  from  the  prs- 
dpitated  sulphocyanate  of  copper ;  the  filtrate  precipitated  by  baryta-water ;  carbonic 
acid  is  passed  through  it ;  and  the  solution  filtered  from  the  carbionate  of  barium  is 
evaporated  on  the  water-bath:  carbonate  of  sincaline  then  remains  behind.  By 
neutralising  the  carbonate  with  aqueous  hydrochloric  acid,  digesting  the  hydrochlorate 
with  oside  of  silver,  and  evaporating  the  solution  filtered  from  the  chloride  of  silver  and 
geesi  of  oxide,  in  a  vacuum  or  on  the  water-bath,  sincaline  is  obtained  as  a  colouriess 
or  brownish  oystalline  mass. 

Sinealinedoes  not  volatilise  witho  it  alteration :  when  distilled  it  gives  off  combustible 
vaponrs  having  an  odour  of  methylamine,  and  leaves  a  carbonaceous  residue.  It  has 
a  strong  alkalme  reaction,  and  when  exposed  to  moist  air,  becomes  heated,  deliquesces, 
and  rapidly  absorbs  carbonic  acid.  It  precipitates  most  metallic  oxides  from  their 
solutions,  even  lime,  baryta,  and  mercuric  oxide.  The  precipitates  which  it  forms 
with  alnminie  and  chromic  salts  redissolve  in  excess  of  sincaline,  and  the  chromic  pre- 
cipitate is  reprecipitated  on  boiling,  like  a  solution  of  chromic  oxide  in  potash. 

Sincaline  dissolves  wlpkur,  and  on  adding  a  mineral  acid  to  the  solution,  sulphydrio 
acid  is  given  off,  and  sulphur  is  precipitated,  which  renders  the  liquid  milky. 

Salts  of  Sincaline. — The  carbonatr,  ht/drochf orate,  and  nitrate  are  utremely 
deliquescent.  The  chloro-aurate,  C*H'*NO.HCl.AuCl',  is  precipitated  as  a  yellow 
crvstalline  powder  slightly  soluble  in  cold  water.  It  dissolves  easily  in  boiling  water, 
and  crystalliseii  on  cooling  in  tufts  of  needles.  The  chioraji/atinatf,  2C^H>*N0.2HC1. 
Pt'*Cl^  is  obtained  by  evaporating  a  mixture  of  the  hydrochlorate  and  platinie  chloride, 
in  splendid  orange-cojoured  prisms  or  hexagonal  plates. 


The  name  given  by  Lewy  (Ann.  Ch.  Phys.  [3],  xiii.  446) 
to  a  fatty  acid  which  he  obtained  by  heating  Chinese-wax  with  potash-lime,  and  to 
which  he  assigned  the  formula  C**H*'0'. 

Syn.  with  ErHTLSiKAMnrB  (p.  807). 

This  name  was  given  by  Marquart  (Ann.  Ch.  Pharm.  x.  91)  to 
mulin  prepared  from  dahlia-roots  by  boiling  with  water,  because  it  turns  the  plane  of 
polariaation  to  the  left :  it  appears,  under  the  microscope,  to  consist  of  opaque  white 
spherules,  disintegrates  quickly  in  cold  water,  and  dissolves  to  a  colourless  liquid  at 
76^.  Innlin  prepared  Arom  the  roots  bv  washing  with  cold  water  is  called  bv  Mar- 
quart  synantherin:  it  exhibits  under  the  microscope  transparent  spherules,  and 
dissolves  when  boiled  with  water,  leaving  a  few  thin  films.  In  other  respects  it 
ibles  sinistrin. 

Syn.  with  Sotamikb. 
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rOFITB.  Bole  ofSinope,  RuffrictL^L  fbrrnginoiu  bole  oecnmnff  in  mMwi 
with  fine  earthy  fracture,  in  Cappadocia.  It  ia  of  bri^-red  oolonr,  apottedwithwfaita, 
dull,  opaque,  friable,  adheres  stronffly  to  the  tongue,  and  breaka  up  in  water  into 
coarse  lumps,  without  becoming  plastic  like  clay,  or  crumbling  to  a  sandy  powder  h1[e 
fuller*s  earth.  It  was  used  in  ancient  times  as  a  pigment  Contains,  according  to 
Klaproth's  analysis,  32  per  cent,  silica,  26*5  alumina,  21*0  feme  oxide,  17*0  watir, 
and  1'5  ( »  97*0)  chloride  of  sodium.    Before  the  blowpipe  it  bums  hard  and  bla<^ 

BZJiTBS.  A  name  applied  to  incrustations,  on  rocks  or  elsewhere,  from  minenl 
waters.  According  to  the  nature  of  the  deposit,  it  is  distinguished  as  calcareous  sinter 
(calcspar  or  arragonite),  silidous  (quarta  or  opal),  ferruginous  (pitticite),  arsenical 
(scorodite),  &c 


Sipirine,  Sepeerins,  An  alkaloid  existing,  together  with  bebirini^ 
in  the  bebeeru  or  greenheart-tree  (Nectandra  Bodimi),  a  lauraceous  tree  srowing  in 
Guiana.  It  was  discovered  by  Rodie  in  1884,  and  examined  more  particularly  by 
Maclagan  (Ann.  Gh.  Phann.  xlyiii.  106).  [For  the  mode  of  preparation  see 
Bebhonb,  i.  626.] 

Sipeerine  forms  a  dark  red-brown,  shininff,  non-crystalline,  resinous  mass,  tfmant- 
ing  from  the  Teasel  in  which  it  is  prepared  in  scales.  It  is  very  slightly  soluble  in 
water,  easily  in  alcohol,  either  anhydrous  or  hydiated,  but  is  insoluble  in  ether.  It 
neutralises  acids,  forming  oHve-brown  salts. 


UDdecom- 

SIO*. 

Al»0». 

FeO.     MgO. 

HH>.    poMd. 

241 

48-2 

23*8        — 

7-6        - 

25*76 

37*50 

21*00    6*20 

7*80    0*50 

BXPOPXBAf  or  BBBXV SBA.  The  commerdal  name  of  the  bark  of  Sefripin  mqfar, 
fr-tree  growing  in  BraziL  The  bark  contains  tannin,  &t  oil,  resin,  sugar,  &c.  (Handw. 
d.  Chem.  vii.  730.) 

BZBMOXTBZH'.  A  mineral  resembling  chloritoTd,  occurring  in  the  chlorite-slata 
of  St  Marcel  in  Piedmont  Melts  with  great  difficulty  before  the  blowpipe  to  a 
blackish  glass.  Analysed  by  Delesse  (ibin.  Ch.  Phys.  [3]  ix.  388)  and  t.  Kobell 
(J.  pr.  Chem.  IviiL  40): 

UDdecom* 

FeO.      MffO.        H>0.    domiL 

1     98'7    Delesse. 
-     98*75  Y.  KobelL 

The  magnesia  appears  to  have  been  overlooked  in  the  first  analysii. 

BlBBWMMXSTMm  The  name  given  by  Haidinger  to  iridoemine  from  Satenk  in 
the  Ural,  having  nearly  the  composition  IrOs*  or  IrOs\  to  distinguish  it  from  ths 
variety  found  at  Newjansk,  the  composition  of  which  may  be  represented  by  IKV. 
As,  however,  the  two  varieties  crystallise  in  the  same  form,  it  is  probable  that  thtj 
are  not  distinct  mineral  species,  but  that  osmium  and  iridium  oystaUiBe  togKhcr 
isomorphously  in  various  proportions. 

BZBTMBKZnai.  Hedge-mustard  (SiByTnbnum  officinale)  contains^  aeoordiag  to 
Pless,  allylic  sulphocyanate  unmixed  with  oxide. 

8ZTZC  JLCTD*    The  name  given  by  BerzeUus  to  Liebig^s  osnanthie  acid  (}t.  174)l 

Gmelin's  name  for  propylene,  CH*. 

Syn.  with  Scapolitb. 

Syn.  with  ScHLBBsnNm  (p.  204). 

BX&SSOCZi ASa*  or  BC&B&OClbASB.  The  name  applied  bj  v.  Waltenhaom 
to  diplumbic  sulpharsenite,  2PbS.AsS',  which  he  regards  as  one  of  the  oonstitiKBts  of 
binnite  (i.  588). 

BXOOao&XTB.  Kordenskiold's  name  for  the  tantalite  of  Skogbole  in  Pinliiid, 
distinguished  by  a  comparatively  high  ipecific  gravity,  small  proporCaona  of  bib' 
ganeee  and  tin,  and  dark  brown  colour  of  its  powder. 

BXOlUICXTa.    &pi.  with  Scolbciti. 

8JKOZiOP8XT&  A  silicate  frx>m  the  Kaiserstnhl  in  the  Breisgao,  oeenrroig  is 
lumps,  with  granular  structure  and  splintery  fracture.  Hardness  «»  5*0  nesny. 
Specific  gravity  »  2*53.  Colour  smoke-grey,  greyish,  or  reddish-white,  ^nicslneeot 
on  the  edges.  Slightly  brittle.  Before  the  blowpipe  it  fuses  like  veeuvian,  with 
intumescence  and  spluttering,  to  a  shining  greenish-white  glass  enclosing  small  babblea 
With  borax  it  slowly  forms  a  colourless  bead ;  with  phosphorus-salt  tha  aame^  and  i 
skeleton  of  silica ;  with  soda  it  yields  the  reaction  of  sulphur.  In  the  polTOiileBft 
state  it  is  easily  decomposed  by  hydrochloric  acid,  with  separation  of  gelatinoQS  siHo. 
It  contains,  according  to  the  mean  of  v.  Kobell's  analyses  (J.  pr.  (Siem.  :dfL  iU), 
44*1  per  eent  silica,  17*9  alumina,  2*5  ferrie  and  ferrous  oxidaiy  8*9 
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oeide,  ISrb  limi.  S-S  mgMSM,  11*6  soda,  1*3  potash,  4*1  adphuie  aiilijdiide»  tod 
0-9  cUoride  of  ■odhm,  which  maj  be  approximately  represented  hy  the  formuLi 

»a'80«  .  8(M";ir)aiO« .  il^SlH)"* 

SXOBZAV.  Breithaupt's  name  for  a  Tarietj  of  spinel,  closely  allied  to  herdnite, 
and  containing^  aeoording  to  John,  63*0  per  cent,  sunmina,  23*0  ferrous  oxide,  6*0 
magnraia,  6*0  silica,  together  with  magnesia  and  other  constituents  not  determined. 
It  occurs  at  Bischofsh^im  in  the  Khongebirge,  and  at  Hinter-Hermsdorf,  near 
8ehandau  in  Saxony.    (Handw.  vii.  999.) 

UM/OMOXTM*  A  scoriaceons  mineral  from  Juan  del  Rio  del  Calvaxio  in  Mexico, 
containing,  according  to  R.  Thomson  (J.  pr.  Chem.  Tiii.  606),  68'0  per  cent,  silica, 
16*8  alumina,  13*3  ferrous  oxide,  8*6  lime,  and  20  water.  It  occurs  in  brown  masses, 
eontaining  numerous  cavities.  Streak  white.  Hardness  «■  2*0.  Specific  grayi^  n. 
1*70.  Before  the  blowpipe  it  becomes  lighter  in  colour,  but  does  not  mdt.  With 
flnxea  it  gives  the  iron  reaction. 

■>    Syn.  with  SooBODm. 

:asXAf  or  mOOWMJLm    A  variety  of  Efidotx  (il  489). 

Syn  with  Bncklandite,  or  lime  and  iron  epidote. 

UOITM.    An  arsenide  of  cobalt,  GoAs",  occurring  at  Skuttemd,  near 
Kodnm,  in  Norway  (i.  1042). 

S^raO  W ITIL  Slibowitza,  SUivowitz.  An  ardent  spirit,  prepared  in  Bohemia 
and  Hungary,  by  distilling  the  fermented  juice  of  plums. 

WM»AW1TM>  A  mineral  from  the  gabbro  of  Tuscany,  occurring  in  radiated 
masses,  deaving  distinctly  parallel  to  the  faces  of  an  orthorhombic  prism  of  106^.  It  is 
white,  opaque,  with  peariy  lustre.  Hardness  «■  4*6.  Specific  gravity  -■  2*441.  Melts 
before  toa  blowpipe,  with  intumescence,  to  a  white  enamel.  Bissolves  in  acids,  with 
■epazation  of  gelatinous  silica.  Contains,  according  to  Bechi  (SilL  Am.  J.  xiv.  64), 
42*2  per  cent  silica,  36*0  alumina,  8*1  lime,  2*7  magnesia,  0*3  soda  and  potash,  and 
12*6  water:  probably  a  decomposed  zeolite. 

■KAlAf.    A  beautiful  blue  elass,  prepared  (chiefly  in  Saxony)  by  melting  roasted 
cobalt-ore  with  silica  and  potaw.     The  ore  (arsenide  or  sulpharsenide  containing 
Biekel,  eopper,  and  iron)  is  first  roasted  to  such  a  degree  as  to  oxidise  the  cobalt  and 
liave  the  nickel,  iron,  and  copper  in  combination  with  arsenic  and  sulphur.    Four  or 
flva  paits  of  this  roasted  ore  are  then  mixed  with  10  pts.  of  ground  calcined  quartz  and 
4  pta.  of  potassic  carbonate,  and  the  mixture  is  slowly  melted  in  pots  arranged  on  a 
Ibmaee  resembling  that  used  in  glass-houses.    The  oxide  of  cobalt  then  unites  with 
tks  ftiaed  potassic  silicate,  forming  a  deep  blue  glass,  while  the  mixed  arsenides  and 
■ttlphides  of  nickel,  copper,  and  iron  fuse  and  collect  at  the  bottom  of  the  pot,  in  the 
form  of  a  brittle  metallic-looking  mass  called  speiss,  which  is  used  for  the  prepara- 
tion of  niekeL    The  pot  is  then  dLimmed,  and  the  glass  Lb  ladled  out  and  poured  into 
flold  water,  by  which  it  is  split  into  innumerable  fragments.    The  broken  glass  is 
■tamped  to  powder  and  ground  imder  water  between  granite  stones,  in  a  vessel  throuch 
which  a  gentle  stream  of  water  is  constantly  flowing.     The  water  carrying  the 
powdered  smalt  in  suspension  is  made  to  pass  through  a  number  of  depositing  vessels, 
■0  arranged  that  the  overflow  of  each  shall  pass  into  the  next.    Moreover,  each  of 
these  yeseels  is  larger  than  the  one  which  precedes  it,  so  that  the  time  during  which 
the  washings  are  retained  in  them  goes  on  progressively  increasiuff,  and  the  deposited 
Mitielea  eontinually  increase  in  the  minuteness  of  their  subdivision,  the  ojlcur 
oeeoming  less  intense  the  creater  the  degree  of  subdivision  of  the  particles.   (Miller's 
WltrntnU  of  Ckemittry^  3rd  edit.  ii.  666.    For  further  details,  see  Ur^»  Dictionary  of 
JrU^  ^i.  784,  end  Handw.  d.  Chem,  vii.  1000.) 

Smalt  is  essentially  a  potassio-cobaltous  silicate,  sometimes  approaching  nesirly  to 
the  fbrmula  (KK).Co  0).6SiO'.  Its  composition  is,  however,  subject  to  considerable 
fariatMO,  as  the  following  analyses  by  Ludwig  (J.  pr.  Chem.  li.  129)  will  show^— 
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Native  cobaltons  arsenide,  Co" Ae*  (i.  1041). 

A  granular  actinolite  of  emerald-green  or  graas-green  colour, 


■ometimes  occurring  intersrown  with  augite  of  similar  colour.  Mixed  with  garnet  it 
forms  the  rock  called  edogite,  and  occurs  also  in  gabbro  mixed  with  sanssuziteorUbra- 
dorite. 


Sjn.  with  Atacamttb  (i.  429). 

A  term  sometimes  used  as  a  synon^  of  fuller's  earth ;  applied 
also  more  particularly  to  an  argillaceous  mineral  from  Cilly  in  Lower  Styria,  analysed 
by  Jordan,  and  anotiier  from  (>>ndi  in  France,  analysed  by  Salvitat  (See  Shjcaos 
OF  AxuicNiuii,  p.  269.) 

SMVUTB.  An  aluminic  silicate  from  Telkebanya  in  Hungary.  (SeeSiucATu, 
loe.  cit,) 

SBKZ&ACBXV.  The  name  given  by  Reinsch  (Repert.  Pharm.  IxxziL  146)  to  a 
oystalline  substance  which  he  obtained  from  the  root  of  Smilax  China  (L.). 

Syn.  with  Sabsapjlrellin  (p.  198). 

Syn.  with  Calamine,  or  native  carbonate  of  zinc  (i.  718). 

iAJfm  Savon.  Beife, — In  ordinary  language,  the  term  soap  is  applied  only  to 
the  potassium-  and  sodium-salts  of  the  fat-acids — stearic,  palmitic,  oleic  add,  &&,^ 
produced  by  the  action  of  potash  and  soda  upon  the  &ts ;  out  in  scientifie  langusM, 
the  same  term  is  extended  to  all  the  metallic  salts  of  the  fiit-adds,  among  which  ua 
lime-soap  obtained  as  a  secondary  product  in  the  stearic  acid  manufacture,  and  the 
phamuioeutical  preparation  called  lead-soap  or  lead-plaster,  obtained  by  huating  oUvs- 
oil  with  oxide  of  lead,  may  be  particularised  as  being  of  practical  importanoe. 

The  ordinary  neutral  fats— such  as  tallow,  palm-oil,  ohve-oil,  cocoanut-oil,  &c. — ize 
the  glyceryl-salts  or  glyceric  ethers  of  the  mt-acidB  (see  G-ltgbbidbs,  ii.  881) ;  and 
their  conversion  into  soaps,  or  saponification,  by  the  action  of  alkalis  or  other 
bases,  is  the  converse  of  the  process  of  etherification,  consisting  in  the  aeparation  of  ths 
glyceryl  and  the  acid-radicle,  and  an  interchange  between  the  glyceryl  and  the  netd 
of  the  alkali,  resulting  in  the  formation  of  an  alkaline  salt  of  the  fiit-acid — that  is 
to  sav,  a  soap — and  glycerin:  thus  with  stearin  (neutzal  glycerylie  steazmte)  and 

Stearin.  PoUisIc  Glycerin.  PotsMlc  vtoanite 

hydrate  (3  at.).  (3  at.). 

The  ordinary  method  of  saponifying  neutral  fkts  consists  in  boilins  thrai  with  sohn 
tion  of  caustic  potash  or  soda.  Most  fats  require  long-continued  boiling  with  ezoNS 
of  alkali  to  convert  them  completely  into  neutral  soaps ;  some,  however  (as  lard,  beef- 
marrow,  and  oil  of  sweet  almonds),  may  be  saponified  by  agitation  with  caustic  alkali  at 
ordinary  temperatures.  Alkaline  carbonates  also  decompose  the  neutral  fitts  wbc« 
boiled  with  them ;  but  the  process,  when  conducted  under  the  ordinary  atmoepberie 
pressure,  is  very  tedious,  and  does  not  yield  a  perfect  soap.  Complete  saponificatioa 
may,  however,  be  e£^ted  by  boiling  neutral  fats  with  solutions  of  alkaline  eaiboBStia 
under  increased  pressure,  as  in  the  apparatus  patented  by  Tilghman  (ii.  886),  in 
which  a  mixture  of  the  neutral  &t  and  alkaline  solution  is  forced  by  a  pomp  thrMgh 
a  long  coil  of  iron  tubing  heated  to  360O — iO(P  F. 

The  fat-adds  (stearic,  oleic  add,  &c),  when  already  separated  £rom  gtycerin,  are 
easily  saponified  by  the  action  of  alkaline  carbonates ;  in  this  manner  soap  is  exten- 
sively prepared  from  the  crude  oleic  add  or  red  oil  (iv.  192),  obtained  as  a  l^^produet 
in  the  manufacture  of  stearic  acid.  Resins  also,  which  are  dtiefly  mixturos  of  add 
compounds^  eadly  decompose  alkaline  carbonates  and  form  soaps. 

As  the  neutral  fi&ts  occurring  in  the  vegetable  or  animal  body  are  not  dmiAe  riy* 
eerides,  but  mixtures  of  severtl  compounds  of  that  class  (stearin,  pahnitin,  olein,  &.) 
it  follows  that  the  soaps  resulting  from  their  saponification  will  be  mixtures  of  the 
potasdum-  or  sodium-salts  of  two  or  more  of  the  corresponding  fat-acids,  the  sosd 
oeing,  cateris  paribus^  more  solid  in  proportion  as  the  acids  of  higher  melting-point  ana 
atomic  weight  predominate  in  it. 

The  properties  of  soap  depend  also  in  great  measure  on  the  alkaline  base  oontdned 
in  it^  Potash-soaps  are  deliquescent,  and  do  not  dry  up  when  exposed  in  solution 
to  the  air,  but  retain  so  much  water  as  to  form  a  soft  slimy  jelly :  when  artifldaUy 
dried  they  absorb  a  large  quantity  of  moisture,  and  likewise  become  converted  into 
a  jelly.  This  kind  of  soap  is  called  soft  soap,  in  contradistinction  to  tlus  soda- 
eoap,  or  hard  soap.  The  latter  ndther  retains  so  much  water,  nor  doefl  it  absorb 
■0  much  u  to  render  it  soft ;  but  hardens  when  exposed  to  the  air,  and  with  a 
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greenisli  or  blue  ootour,  partly  caused  by  the  sulphur  contained  in  the  ley  (nuticiilariy 
in  soda-ley),  forming  sulphide  of  iron  or  copper.  When  a  soap  of  this  kind  is  aUovcd 
to  cool  rapidly,  the  cut  surface  presents  a  uniformly  coloured  appearance,  sometliisg 
like  wet  slate.  If  the  mass,  howeyer,  cools  slowly,  tiie  soaps  of  the  earths  and  metallic 
oxides  separate  from  the  great  bulk,  and  collect  into  laiger  or  smallergroups  in  different 
parts  witn  a  certain  degree  of  regularity,  giving  a  marbled  or  mottled  appeamnre  to  tb« 
cut  surface.  The  substances  which  impart  the  mottled  appearance  to  soap,  are  only  held 
in  suspension  in  consequence  of  its  thick  state  of  fluidity.  The  mottled  appearance  maj 
therefore  be  entirely  removed,  and  white  soap  produced,  by  adding  a  certain  quantit) 
of  water,  so  that  those  substances  may  subside,  while  the  soap  is  still  in  a  perfectlv 
liquid  state  in  the  boiling-pan.  This  additional  quantity  of  water  is  not  again  separatej, 
but  remains  with  the  soap.  Great  importance  was  formerly  attached  in  commerce  to 
the  mottled  appearance  of  the  soap,  as  affording  a  sure  indication  that  the  amount  of 
water  in  the  soap  cannot  exceed  a  certain  limit.  Methods  haye,  howerer,  been  dis- 
covered of  imparting  any  kind  of  mottled  appearance  to  soap  containing  much  men 
water  than  the  ordinary  curd-soap,  by  mixing  mineral  colours  with  it  when  it  baa  at- 
tained a  certain  stage  of  hardening.  The  dark-coloured  mass  formed  bj  the  tnb- 
sidence  of  the  impurities  above  mentioned  is  technilly  called  "  niger "  oir  "  nigre,**  and 
is  sometimes  used  for  mottling  other  soaps. 

Bard  Soaps. — These  soaps,  as  already  observed,  are  made  with  non-drying  oils,  or 
solid  fats,  and  soda.  Their  hardness  is  in  proportion  to  the  amount  of  stearic  and  pal- 
mitic acid  which  they  contain.  Soda-soaps,  made  with  drying  oils,  such  as  linseed-dl, 
are  pasty,  and  easily  liquefied  by  a  small  quantity  of  water ;  in  £&ct,  they  approach  to 
the  character  of  sou  soaps  made  with  potash. 

The  most  important  kinds  of  hard  soap  are  those  made  with  tallow  and  with  olive- 
oil,  the  former  material  being  used  in  England  and  other  northern  oountries,  the  latter 
in  the  South  of  Europe. 

The  following  description,  by  Mr.  Gossage,of  the  English  method  of  making haid 
soap,  is  taken  from  Richardson  and  Watts*  Chemical  Technology  (i  [3]  679) : — 

"  The  fatty  and  oily  materials  which  are  used  for  the  production  of  nard  soaps  in  this 
country  are  tallow,  palm-oil,  and  cocoanut-oil,  also  rosin,  the  whole  of  which  an 
saponified  by  soda. 

*'  The  manufacturer  provides  himself  with  solutions  of  caustic  soda  of  Tszioii 
strengths,  called  '  leys,'  these  being  obtained  by  boiling  together  a  solntion  of  carbo- 
nate of  soda  and  slaked  lime,  running  off  the  first  solutions,  and  washing  the  residual 
carbonate  of  lime  with  several  aii\isions  of  water — the  last  liquors  thus  obtained  being 
used  for  dissolving  a  fresh  batch  of  carbonate  of  soda. 

"  It  is  a  well-known  fact  that  lime,  in  whatever  proportion  it  may  be  used,  does  not 
effect  the  perfect  decomposition  of  carbonate  of  soda,  unless  the  latter  is  present  as  a 
weak  solution.  And  as  any  alkali  in  the  state  of  carbonate  which  may  be  introdneed 
into  the  soap-copper  is  incapable  of  decomposing  the  neutral  oils  or  fats,  it  beeooies 
wasted ;  therefore  the  manuSfacturer  uses  solutions  of  carbonate  of  soda  of  sudi  strenstb 
as  will  yield  leys  (solutions  of  caustic  soda)  having  a  specific  gevritj  not  «t<^— ^«i«g 
1090. 

"  Soap-pans  are  made  of  various  sizes,  some  being  as  large  as  15  feet  diameter  and  15 
feet  deep,  capable  of  yielding  25  to  30  tons  of  finished  soap  in  one  operation.  Thejvn 
at  the  present  time  constructed  of  wrouffht-iron  plates  joined  together  by  rivets.  TIm 
contents  of  these  pans  are  usually  caused  to  boil  by  the  injection  of  firee  steam  throqgk 
a  number  of  small  holes  in  a  circular  boat  pipe, which  is  in  connection  with  a  steam- 
boiler.  The  pans  are  also  sometimes  heated  by  means  of  fires  placed  nndemesth  tfaa 
lower  part,  or  by  steam-chambers  formed  round  the  lower  part  of  the  pans. 

"  The  manufacturer  charges  his  soap-pan  at  the  commencement  witk  a  qnantitj  of 
neutral  oil  or  fat,  and  adds  to  this  weak  leys  having  a  specific  gravity  of  about  1*050^. 
He  causes  steam  to  be  injected  to  produce  ebullition  and  mixing.  If  the  process  gm 
on  properly,  the  oil  or  fat  which  was  previously  floating  on  Sie  sur&ee  of  the  lev 
becomes  speedily  combined  therewith,  producing  a  uniform  milky  emulsion, from  wbia 
no  watery  particles  separate  on  cooling.  If  this  combination  does  not  take  plact,  iko 
operator  adds  either  water  or  weaker  ley,  and  continues  the  boiling  until  md  perfoet 
emulsion  is  produced ;  at  this  period  all  taste  of  alkali  in  the  compound  has  piand 
a^ay — the  tongue  being  used,  m  place  of  turmeric-paper,  to  ascertam  the  presenoe  of 
free  alkali.  The  combination  of  the  oil  or  fat  with  the  mineral  alkali,  or  toe  displse^ 
ment  of  the  glycerin,  having  been  thus  fairly  put  in  progress,  the  operator  Bibi 
repented  additions  of  stronger  leys,  continuing  the  boiling  until  he  finds  thepfCMoei 
of  freo  alkali  in  the  compound  ;  he  then  adds  more  oil  or  fat,  or  some  rosin;  be  abo 
continues  to  make  repeated  additions  of  stronger  leys.  In  this  part  of  the  opentka 
he  takes  care  that  there  shall  be  no  excess  of  alkali  present  in  the  oompoond  st  tba 
period  when  the  soap-pan  has  become  nearly  filled  by  the  repeated  adiUtioa  ol  oili  oi 
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ftito  and  Uju.  He  Umd  adds  comiiion  salt  to  the  miztnre,  which,  by  its  superior  afllnlfy 
fi>r  water,  as  eompared  with  that  of  the  saponaceous  compound,  effects  the  deoonipo- 
ntion  of  the  emaiaiaii,  and  causes  this  to  bo  separated  into  soap  combined  with  a  defi- 
nite quantitj  of  water,  but  not  having  its  ftill  proportion  of  alkali,  and  a  solution  of 
eommoo  salt,  which  latter  contains  the  glycerin  of  the  fats  or  oils  employed.  The 
•oap  floats  in  a  eranulated  state  on  the  surface  of  the  solution,  which  is  then  called 
'spent  leys/  andahould  contain  no  free  alkali.  After  a  few  hours  for  subsidence, 
the  exhaosted  solution  or  spent  ley  is  withdrawn  from  the  soap-pan  from  under  the 
imperfectly  made  soap,  and  is  rejected  as  worthless. 

**  The  workman  commences  his  second  operation  by  the  addition  of  some  weak  ley  to 
the  imperfect  aoap,  and  by  boiline  he  brings  the  contents  of  his  pan  again  into  a  state 
of  homogeneous  mixture,— called  the  '  close  state'  as  contradistinguished  from  the 
omditiun  in  which  the  soap  is  granulated  and  separated  from  the  liquid  contents  of  the 
pan ;  and  if  he  has  sot  already  added  his  full  complement  of  oils  or  fats,  he  completes 
the  addition  of  theee,  adding  also  strong  leys,  until  he  finds  the  mixture  has  acquired 
a  atrungly  alkaline  taste.  He  then  adds  sufficient  common  salt  to  cause  the  separation 
of  the  aoap  from  the  alkaline  solution,  and  boils  the  soap  for  some  hours  in  the  presence 
of  the  alkaline  solution,  to  ensure  the  whole  of  the  fatty  matter  being  combined  with 
alkalL  If  it  is  intended  that  the  product  should  be  framed  as  a  *  curd '  soap,  it  is 
allowed  to  remain  quiescent  for  a  few  hours,  so  that  the  leys  may  subside ;  and  the 
aoap  is  then  skimmed  off  and  transferred  to  the  '  frames,'  in  which  it  solidifies  by 
coouD^  and  is  then  divided,  by  cutting  with  wires,  into  slabs  and  bars  ready  to  be 
delivered  to  consumers.  If  the  soap  contains  rosin  as  part  of  its  acid  constituents,  it 
requires  a  farther  operation  before  framing.  This  consists  in  melting  the  curd-soap 
(after  abstraction  of  the  alkaline  leys  from  the  lower  part  of  the  pan)  with  the 
addition  of  water,  and  boiling  the  mixture  by  steam  or  fire,  or  both  steam  and  fire,  so 
MM  again  to  produce  a  homogeneous  compound,  containing  an  indefinite  proportion  of 
water,  and  allowing  this  compound  to  remain  quiescent  for  two  days,  when  a 
•eparation  takes  place,  resulting  in  the  elimination  of  a  definite  compound,  containing 
about  66  p.c.  of  fatty  acids,  6*5  of  soda,  and  28*5  of  water.  This  forms  the  upper  stratum 
of  the  contents  of  the  soap-pan,  underneath  which  is  an  indefinite  compound,  technically 
called  *nigrp,'  containing  a  much  larger  proportion  of  water.  When  it  is  judged 
that  the  separation  of  these  compounds  has  been  well  effected  by  subsidence,  the  upper 
portion,  or  the  definite  compound,  is  usually  taken  out  of  the  soap-pan  by  ladling, 
and  tmnsfezTsd  to  frames,  to  solidify  by  cooling.  The  residual  portion,  which  contains 
an  excess  of  alkali  as  well  as  of  water,  is  boiled  up  with  salt  and  the  addition  of  fdtty 
Biaterials,  to  form  part  of  the  succeeding  boil  of  soap. 

"  The  nigre,  removed  as  above  described,  is  particularly  well  adapted  for  making 
Bottled  aoap.  For  this  purpose  it  is  treated  with  the  usual  finishing  ley  for  a  mottled 
aoap,  and  boiled  till  it  is  fit  to  be  transvased  into  the  frames.  The  quantity  of  nigre 
obtained  from  one  fitting  or  purifying  operation  is  not  enough  to  be  conveniently 
boiled  bj  itself;  it  should  therefore  be  saved,  and  six  or  more  batches  operated  upon 
at  a  time.  OooMionally  a  portion  of  bone-fat  may  be  added,  and  the  soap  finishea  as 
ordinary  mottled  soap." 

The  method  of  making  olive-oil  soap,  as  practised  in  France  and  Italy,  and  the 
awdem  German  method  of  making  tallow-soap,  are  similar  in  principle  to  the  above. 
The  old  Gennan  method  consisted  in  saponifying  the  tallow  with  potasn,  and  converting 
the  reaulting  potash-soap  into  a  soda-soap  by  decomposition  with  common  salt.  This 
method,  brought  to  great  perfection  by  long  experience,  enabled  the  manufacturer  to 
prepare  an  excellent  soap  from  very  impure  materials  ;  but  the  increasing  price  of  potash, 
and  the  cheapening  of  soda,  have  caused  it  to  be  nearly  abandoned  for  the  modem 
method  of  saponification  by  soda  alone.  For  details  of  these  methods,and  for  figures  and 
descriptions  of  the  machinery  used  in  soap-making,  see  Chamcal  Technology ^  vol.  i.  pt.  3. 

Cocoanui-oU  Soap;  Marine  Soap. — Cocoanut-oil  differs  in  constitution  from  other 
vegetable  oils  and  nom  tallow,  and  its  reaction  with  saponifying  agents  is  also  quite 
peculiar.  The  soap  prepared  from  it  can  only  be  separated  £K>m  solution  by  very 
itrcmg  solutions  of  common  salt ;  in  fact,  it  is  soluble  in  dilute  brine,  and  is  therefore 
serviceable  for  washing  in  saltwater:  hence  the  name  Marine  Soap. 

Cocoanut-oil  soap  is  prepared  with  the  strongest  soda-ley,  of  specific  gravity  1*16 
(80^  Bm.),  and  by  using  perfectly  pure  and  caustic  ley,  and  avoiding  excess  as  much 
aa  poeaible,  the  process  of  salting  out  may  l>e  dispensed  with.  The  saponification  is 
fKiJitated  by  the  addition  of  potash  to  the  soda. 

Pure  cocoanat-oil  soap  hardens  much  too  quickly  to  exhibit  any  distinct  formation 
of  cord,  and  is  consequently  incapable  of  marbling  by  itself:  it  is  very  white,  translu- 
eent  like  alabastw,  exceedingly  light,  and  forms  a  good  lather,  but  always  possesses  a 
disMgreeable  savour.  No  means  have  as  yet  been  made  known  to  remove  this  smell, 
although  it  appears  that  several  manufacturers  are  possessed  of  the  secret.  An  important 
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property  of  coooannt-oil  soup  is  its  power  of  combining  with  more  witer  titan  en 
ever  be  commtmicated  to  tallow-soap,  and  this  property  of  the  eo^  fi«qii«ndj 
giTes  rise  to  dishonest  traffic.  Coooanut-oil  actuslly  prodncee  no  greater  qnantitj 
of  soap  than  an  equal  weight  of  tallow,  bat  the  aoKp  from  the  former  can  easUj  b« 
made  to  absorb  one-third  more  wat«r  or  lej.  Ordinary  soap  treated  in  the  ssoh 
manner,  or  containing  the  same  quantity  of  water,  would  be  so  soft  that  it  would 
yield  easily  to  the  pressure  of  the  thumb;  but  cocoanut-oil  soap  neither  exhibits 
any  want  of  consistence  or  softness,  nor  does  its  appearance  in  any  way  indicate  the 
fraudulent  practice  which  has  been  adopted  in  its  manu&ctnre. 

A  remarkable  fact  observed  by  soap-boilers,  but  by  no  means  satisfKtorily  ex- 
plained, is  that  coooannt-oil  is  saponified  with  so  much  the  more  difficulty  the  mon 
rancid  it  has  become. 

In  general,  cocoanut-oil  is  not  saponified  alone,  but  is  employed  as  an  addition  to 
tallow,  &c,  for  the  purpose  of  producing  quickly-solidifying  soap^  containing  a  largs 
proportion  of  water,  which  could  not  be  obtained  from  tallow  alone.  It  is  eren  po»> 
Bible  to  prepare  soap  on  a  large  scale  in  a  few  hours,  without  salt^  and  almost  without  fin, 
by  the  use  of  cocoanut-oil  and  tallow,  which  are  merely  warmed  together  with  strong 
ley  sufficiently  to  melt  the  fat,  and  kept  in  a  constant  state  of  agitation. 

The  diffi^rent  kinds  of  cocoanut-oil  soap,  which  all  belong  to  the  dais  of  soaps  con- 
taining a  considerable  quantity  of  water,  are  marbled,  artificially.  Marbling  or 
mottling  of  this  kind  is  not  dependent  upon  the  production  of  Curd  and  Flux,  bvt  ii 
simply  a  mechanical  effect,  carried  out  in  the  following  manner : — ^The  blue  or  red 
colour  (bole,  &c.)  is  rubbed  up  with  a  residue  of  the  soap,  or  better  with  a  sepants 
portion  of  good  cocoanut-oil  soap,  until  the  whole  acquires  a  uniform  red  or  blueeoloor. 
This  is  now  scooped  into  the  form  in  alternate  layers  with  the  colourless  soap,  and  by 
stirring  the  mass  together,  streaks  and  veins  are  produced  in  all  directiona. 

Castor-cil  Soap, — Castor-oil  is  readily  saponified  by  stronff  soda-ley.  The  ptodnct 
is  white,  amorpnous,  and  translucent,  and  possesses  considerable  hardneas,  ervn 
when  it  contains  as  much  as  70  per  cent,  of  water.  (So  e  b  e  r,  BingL  polyt.  J.  czxxviiL 
306.) 

Palm-<fil  Soap, — This  soap  is  boiled  with  caustic  soda,  nearly  in  the  same  manner 
as  tallow-soap.  It  has  an  agreeable  but  powerful  smell,  and  a  yellow  colour  whsi 
the  oil  is  used  in  an  unbleached  state,  but  is  white,  with  a  very  sl^ht  odour,  whea 
the  oil  has  been  bleached.  Palm-oil  is  seldom  used  as  soap-stock  without  the 
addition  of  some  other  fat :  3  lbs.  of  palm-oil  to  1  lb.  of  tallow  forms  a  good  soapi 
An  inferior  article,  called  "demi-palme,"  is  obtained  from  1  lb.  of  palm-oil  with  4  Iba 
of  tallow. 

Palm-soap,  when  carefullv  prepared  from  pure  materials,  possesses  emollient  pio> 
perties,  which,  combined  with  an  agreeable  odour,  render  it  well  adapted  for  toilet  pTl^> 
poses.  In  France  a  good  toilet-soap  is  prepared  from  a  mixture  of  9  parts  of  pahn-oQ 
and  1  part  of  cocoanut-oil;  and  a  demi-palme  soap,  also  for  the  toilet,  with  11 
parts  of  white  tallow,  3  parts  of  palm-oil,  1  part  of  cocoanut-oil,  and  1  part  of  pun* 
fled  yellow  resin. 

Rosin  (or  YcUow)  Soap. — Colophony  at  the  boiling  temperature,  when  it  ia  peifNtly 
fluid,  combines  with  the  alkalis  much  more  rapidly  and  with  greater  ease  than  the 
flits  themselves.  The  soap  separates  on  the  surface,  when  an  excess  of  oaihoBate  ii 
used,  or  in  presence  of  common  salt,  as  a  thick  slimy  brown  mass,  inAllif^  stronglj 
of  rosin,  and  containing  16*8  per  cent,  of  dry  soda.  The  amount  of  water  in  this  sosf^ 
although  not  exceeding  27  to  30  per  cent,  is  nevertheless  sufficient  to  oommunieate  ts 
the  soap  a  smeary  viscid  consistence,  which  is  not  altered  by  long  eoqweon  to  the 
air.  The  attraction  of  the  soap  for  water  is  so  greats  that  it  becomes  liquid  on  eaqM^ 
sure,  after  having  been  previously  dried  artificially. 

Although  rosin-soap  by  itself  is  thus  unfitted  for  use,  an  excellent  and  perfectlT  firm 
product  is  obtained  by  its  combination  in  certain  proportions  with  tallow  and  psLn-ail 
soap.  The  amount  of  rosin  in  this  mixture  should  not  exceed  one-third  of  the  hi;  U 
per  cent,  of  rosin  makes  a  good  soap,  but  beyond  that  limit,  the  soap  is  depredated  in 
colour  and  firmness.  The  grease-stock  of  which  this  kind  of  soap  is  generally  msde 
consists  of  kitchen-fat,  bone-fat,  and  red  oil. 

The  best  plan  of  preparing  this  soap,  is  to  saponify  the  rosin  and  tallow  separately, 
and  to  mix  the  two  soaps  in  the  boiler,  wh^re  they  are  retained  in  a  state  of  ebullition 
for  some  time,  until  a  uniform  mixture  has  been  effected ;  salt  is  then  added,  and  the 
soap  brought  into  the  moulds.  It  is  not  advisable  to  mix  the  separate  soaps  in  the 
moulds,  which  is  a  plan  sometimes  adopted.  In  this  country  and  in  Ajneriea,  whnre  rosin- 
soap  was  first  manufactured,  it  is  usual  to  add  the  rosin,  in  the  form  of  coarse  powder, 
with  the  last  (Quantity  of  ley,  to  thn  fatty  (palm-oil  or  tallow)  soap,  conmquentlj 
before  the  boiling  is  finished ;  and  to  boil  the  mixture  with  the  necessary  addittoa  cif 
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]«¥  fsr  eoMpktiig  the  fcniifttioB  of  the  nsinoiiB  compound.  This  point  is  attained 
WMo  a  oooled  epeeimen  preeents  the  proper  oonsistencoi  and  leaves  no  film  of  roein  when 
ttwd  for  vaahiz^  the  handa.  The  boiling  finishes  with  the  addition  of  some  weak  lej 
to  the  aoap,  whidi  haa  already  separated  from  the  under-ley ;  this  addition  is  made  in 
mder  to  IkcilitatA  the  deposition  of  the  impurities  with  which  commercial  colophony  ia 
alwaja  mixed ;  the  soap  is  then  carefully  filled  into  the  moulds. 

Boain-^oap  thus  prepared  has  a  brownish  colour,  which  passes  into  that  of  yellow 
wmx  when  palm-oil  ia  need,  and  this  of  course  requires  no  previous  bleaching.  It  is 
wtry  firm,  aomewhal  rough  to  the  touch,  and  very  translucent.  The  best  quality 
flxhibita  on  the  cut  sur&ce  a  fibrous  structure  like  that  of  wood.  It  produces  an  excel- 
Imil  lather,  but  alwaya  retains  the  smell  of  rosin.  The  low  price  of  rosin  renders  this 
M«p  cheap,  and  for  common  washing  purposes,  where  the  smell  is  not  an  objection,  it 
ii  a  highly  uaefol  product 

Mad  Oil  or  Oleic  Soap. — This  oily  acid  is  much  used  for  the  manufacture  of  soap,  the 
Mponifieation  being  easily  effected,  inasmuch  as  the  add  ia  already  separated  from  the 
iJlyoerin,  and  haa  merely  to  enter  into  combination  with  the  alkali. 

It  may  be  prepared  by  boiling  1300  lbs.  of  soda-ley  of  18^  B.  in  the  kettle,  and 
tieating  it  in  separate  portions  during  stirring  with  1000  lbs.  of  red  oil  or  oleic  acid. 

Oleic  acid  ia  also  frequently  used,  together  with  tallow  or  beef-marrow — for  instance, 
3  DML  of  oleic  acid  to  2  pta.  of  the  neutral  fat — also  with  rosin. 

C3ampbdl  Morfltt  haa  patented  a  process  (1858,  No.  588)  for  preparing  soap  with 
l«d  oil  or  other  fiit^acid  and  carbonate  of  aoda,  in  the  fonn  of  banlla,  keip,  trona^  sal- 
tprfa,  mfda-asK  bicarbonate  of  soda,  &c 

The  red  oil,  or  other  &tty  acid,  is  poured  into  an  open  pan  with  a  fire  beneath,  or, 
uiiferably,  into  a  kettle  or  tub.  which  it  fills  to  one-third  of  the  depth,  and  agitated 
•ad  heated  by  ateam  twirL  If  it  ia  desired  to  make  a  grade  of  soap  lower  than 
toQet-aoap.  roain  ia  to  be  added  in  small  lumps  as  soon  as  the  oil  has  become  hot. 
Hm  proportion  of  roain  may  range  from  6  per  cent,  of  the  fat-acid  used  and  upwards. 
When,  after  continued  heating  and  atirring,  the  rosin  becomes  entirely  dissolved, 
Mitmnated  alkali,  finely  powdered,  is  to  be  added  portionwise  to  the  homogeneous 
sizhizv  of  fat  and  rosin,  while  the  twirl  is  kept  slowly  revolving.  When  all  the 
alkali  ia  in,  and  the  intumeacence  has  subsided,  the  paste  will  begin  to  thicken,  and 
win  piomptlT  aaaume  the  condition  of  soap.  At  this  stage  it  is  shovelled  out  into  the 
frimiMi,  and  left  to  aettle. 

For  neutral  aoapa,  the  quantity  of  carbonated  alkali  should  only  slightly  exceed  the 
cbemical  equivalent  proportion,  and  must  be  determined  by  calculation  from  the  com- 
Vining  number  of  the  fat-acid  which  constitutes  the  "  stock.'*  For  strong  soaps,  the 
ooanti^  may  be  increased  several  per  cent,  beyond  that  proportion.  For  toilet-aoapa 
UM  roam  ia  omitted. 

The  relative  proportiona  of  fat,  rosin,  alkali,  and  water  in  thia  soap  being  ad- 
jaated  at  the  b^inning,  there  is  no  waste  ley  or  any  other  reaidue ;  and  the  soap 
M  Mid  to  come  out  promptly,  and  in  greater  perfection  than  can  be  readily  obtained 
hj  the  usual  metnod  of  boiling  soap  upon  caustic  ley.  The  soap  is  always 
vailbrm  in  appearance  and  composition,  and  does  not  shrink  or  deteriorate  by 
tiBA  and  atmoepheric  infiuence.  It  wastes  slowly  in  water,  gives  a  rich  lather,  and 
idiitena  the  dothea. 

Soap. — ^The  substance  commonly  called  "  soft  soap  **  ia  a  more  or  leas  impure 


flolatioo  of  potash  aoap  in  caustic  ley,  forming,  at  ordiniirv  temperatures,  a  trana- 


jelly.  If  an  attempt  wero  made  to  separate  this  soap  from  the  ley  by 
of  aalt,  the  potash-aoap  would  be  converted  into  hard  soda-soap  by  the  chloride 
of  aodinm. 

The  materiala  employed  in  thia  countiy  for  making  soft  soap  are  whale-oil,  seal-oil, 
linaeed-oil,  and  tallow ;  on  the  Continent,  hemp,  linseed,  camelina-oil,  and  poppy-oil 
(which  belong  to  the  dtaaa  of  drying  oils,  and  do  not  become  solid  at  OP  C.)  are  used ; 
alao  the  dififorent  varietiea  of  rapeaeed-  and  train-oils,  which  do  not  dry  up,  and 
haeome  partially  solid  at  OP  G.  The  former  produce  a  softer  kind  of  soap,  the  latter 
nap  of  firmer  consistence ;  it  is  therefore  usual  to  mix  the  oils  in  different  proportions, 
aeeording  to  the  season  of  the  year,  choosing  the  drying  oils  in  the  winter,  and  the 
othara  for  the  summer,  when  the  market-price  admits  of  this  selection  being  made. 

In  boiling  soft  soap,  the  weaker  leys  from  9°  to  11°  B.  (specific  gravity  1*06  to 
1*06)  are  first  used,  and  a  moderate  heat  is  applied,  and  kept  up  until  complete  com- 
bination ia  effected, — i.e.,  until  a  thick  sticky  fiuid  falls  in  streaks  from  the  stirrers ; 
tirfg  oug^t  to  poaaesa  a  shining  appearance,  and  although  it  may  be  somewhat  turbid, 
■hoald  not  reaemble  aoap  separated  by  means  of  sidt. 

A»  Boon  aa  these  characters  clearly  appear,  the  clarification  is  commenced  by  the 
giadnal  addition  of  stronger  ley.  lliiR  is  kept  up  at  intervals  until  the  mass  of  soap 
:m«i  the  a^)earance  of  a  transparent  slime,  a  drop  of  which  let  fall  on  a  glads  plate 
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remains  clear  on  ooolihg  without  exhibiting  any  fiitty  border,  whieh  would  indieite 

incomplete  saponification :  i^  on  the  other  hand,  there  is  an  excess  of  lej,  the  drop  ii 

granular  without  lustre,  and  a  grey  skin  gradually  spreads  orer  its  whole  suifiee. 

W  hen  the  right  proportions  have  been  attained^  the  excess  of  water  is  remored  by 

evaporation,  the  fire  being  increased  and  the  evaporation  accelerated  by  beating  the 

froth  with  stirrers,  so  as  to  renew  the  air  over  its  surface.    As  evaporation  proceeds,  the 

soap  becomes  thicker,  its  colour  becomes  darker,  and  less  froth  is  produced.    At  lut 

the  froth  is  so  much  diminished  that  the  soap  sinks,  and  the  bubbles  are  so  fiir  luger 

that  they  resemble  films  or  lamellae,  which  overlap  and  cover  each  other  upon  the 

sur&ce.     This  is  what  the  soapboilers  term  the  lamination,  and  the  noise  oocasioned 

by  the  process  gives  rise  to  the  saying,  "  The  soap  talks."    The  soap  is  now  really 

finished,  but  another  specimen  or  test  is  taken  before  it  is  scooped  out  into  the  moulda 

When  this  no  longer  shows  any  opaque  zone,  after  having  cooled  for  some  time,  or 

only  in  a  very  slight  degree,  it  may  be  safely  concluded  that  the  proportions  in 

the  pan  have  been  properly  attained.    The  fire  is  then  extinguishedi  the  soap  is  left 

for  some  time  longer  in  the  pan  to  cool,  and  packed  in  small  casks  for  sale. 

There  are  two  kinds  of  soft  soap  known  in  commerce,  the  composition  of  which  is  as 

follows : — 

First  Seeood 

quality.  quftlitf. 

Fat-acids       ....        600  400 

Potash  ....        11*6  9-6 

Water,  &c     ....        886  606 

100*0  1000 

Some  kinds  of  oil,  hempseed-oil  for  example,  impart  to  the  soap  a  green  oolooi^ 
which  is  much  prized  by  consumers :  hence  it  is  often  artificially  produced,  by  mixing 
the  soap  with  indigo  precipitate  by  potash  from  its  solution  in  sulphuric  acia 

A  so-called  com  or  gram  is  sometimes  produced  in  soft  soap  by  the  addition  of 
tallow.  The  soap  then  retains  its  ordinary  character,  but  fine  granular  particles  of  i 
ciystalline  structure  are  observed  in  it,  consisting  probably  of  salts  en  stearic  sod 
palmitic  acids.  The  formation  of  this  grain  requires  a  certain  degree  of  hest^  and  em 
only  be  effected  in  the  colder  seasons  of  th<^  year,  at  temperatures  between  9^  and  16^  CL 
(48^  and  69°  F.).  This  process  is  called  "figging;**  it  is  practised  merely  from 
habit,  and  no  useful  object  is  gained  by  it.  Attempts  have  been  made  to  imitate  thii 
useless  appearance  in  a  manner  calculated  to  injure  the  quality  of  the  soap.  Tlisi^ 
for  instance,  slaked  lime  has  been  used,  with  the  production  of  a  lime-aoap^  and  etca 
starch  has  sometimes  been  mixed  up  with  the  soap. 

All  kinds  of  soft  soap  exhibit  a  strong  alkaline  reaction,  and  are  chancterised  by  a 
penetrating  disagreeable  odour,  which,  however,  does  not  necessarily  resembls  tiiat  of 
the  fats  employed.  The  smell  is  most  perceptible  in  soaps  prepared  from,  tzmin-oi^ 
and  is  due  to  the  presence  of  potassic  valerate. 

Soft  soap  is  used  to  some  extent  for  washing  coarse  linen,  but  it  is  of  far  greater 
importance,  as  an  indispensable  and  powerful  detergent,  in  the  linen-bleaching  wosks. 

Soda  Soft  Soaps. — ^According  to  Gentelo's  recent  experiments  on  a  laq^  scale,  the 
potash-base  of  soft  soaps  may  in  part  be  replaced  by  soda,  without  diadvantSffB  to 
the  resulting  soap.  The  product  has  the  characteristics  of  soft  soap,  but  eontams  t 
little  more  water.  The  leys  must  be  free  from  salt  and  other  saune  impuritifls,  is 
they  prevent  the  clarifying  of  the  soap.  The  best  proportion  is  1  pt  of  soda  to  4  pta 
of  potash -lev-  A  mixture  of  100  lbs.  of  red  oil,  50  lbs.  of  tallow,  and  8,760  lbs.  cl 
hempseed-oil  makes  a  good  stock  for  this  soap. 

All  the  soft  soap  {aavon  vert)  made  in  Belgium  and  G^ermany  oontaina  about  equal 
proportions  of  soda-  and  potash-soaps. 

A  soft  soap  of  firm  consistence  {white  soft  soap)  may  also  be  made  bj  mehiiy 
together  75  pts.  of  tallow  or  tallow-oil,  and  25  pts.  of  cocoanut-oQ,  and  boiling  the  nix* 
ture  with  ley  till  the  paste  sharply  bites  the  tongue.  At  this  stagey  salt  ■Qlntioo  </ 
20^  B.  is  added,  to  give  consistence  to  the  paste,  and  the  soap  on  ooolixig  is  then  SHd|f 
to  be  barrelled. 


Toilet  Boapa* — These  soaps  consist  either  of  very  pure  ordinary  coid-eoap,  or  of 
soaps  prepared  by  the  cold  process  (p.  314)  with  lard,  beef-marrow,  or  sweet>sl]BOBd 
oil,  and  perfumed  in  either  case  with  various  essential  oils.  To  refine  an  adioiiy 
soap — which  should,  of  course,  bo  as  free  as  possible  from  colour  and  impurity— for 
toilet  purpuvoes,  it  is  reduced  to  shavings,  and  melted  over  a  water-bath  with  rose  aod 
orange-flowpr  water  and  salt,  24  lbs.  soap  being  thus  mixed  with  4  pinta  of  loeewttw, 
4  pints  of  orange-flower  water,  and  two  laige  handfulsof  salt '  The  next  day,  if  entiidj 
cooled,  the  soap  is  cut  up  into  small  bars  and  dried  in  a  shady  place,  then  malted 
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fiproiind  bones,  dextrin,  oleaginous  seeds,  potatoes,  glue,  wool,  cotton,  &&,  some  of  which 
are  said  by  the  inventors  to  increase  the  detergent  power  of  the  soap ;  also  for  tht 
so-called  saponificabon  of  varioos  kinds  of  animal  refuse  (such  as  stale  fish,  intestines, 
skins,  hoofs,  &c.)  by  boiling  them  with  alkali ;  but  most  of  the  soaps  thus  prepared 
are  worthless  articles,  or  if  they  have  any  value  at  all,  it  is  simply  in  proportion  to 
the  amount  of  genuine  soap  made  from  £ftt  contained  in  them. 

The  late  Dr.  Normandy  patented  several  processes  for  the  preparation  of  "  salinated 
soap."  This  soap  contains  the  sulphates  and  carbonates  of  sodium  and  potassium,  or 
sulphate  and  hydrosulphite  of  sodium,  added  while  the  soap  is  yet  in  paste.  One  pn>* 
cess  consists  in  adding  to  80  lbs.  of  soap,  28  lbs.  of  sulphate  of  sodium,  and  4  lbs.  of  car- 
bonate of  potassium,  or  2  lbs.  of  carbonate  of  potassium  and  2  lbs.  of  carbonate  of 
sodium.  Or,  if  the  substances  are  used  singly,  men  to  80  lbs.  of  soap  add  only  32  Ibf. 
of  sulphate  of  sodium.  Id  lbs.  of  carbonate  of  potassium,  or  10  lbs.  of  carbonate  of 
sodium.  As  this  soap  contains  an  excess  of  alkali,  it  may  perhapa  answer  well  tog 
marine  use. 

The  addition  of  these  salts  renders  the  soap  harder,  and,  according  to  the  inventor, 
renders  it  possible  to  prepare  a  useful  soap  from  several  cheap  oils,  vmich  would  othe^ 
wise  yield  a  soap  too  soft  for  ordinary  use.  Sulphite  and  hyposulphite  of  sodium  hare 
also  the  property  of  removing  the  chlorine  which  bleached  fabrics  are  apt  to  retain, 
and  by  whidi  they  are  deteriorated. 

(For  further  details  respecting  these  mixed  soaps,  and  various  other  patent  soapa, 
see'  Chemical  Technology^  i.  [3],  716.) 

hallway  and  UTagvon  Oreaae. — The  grease  or  soap  used  for  diminishing 
friction  on  the  axles  of  carriages  is  of  two  kinds.  The  one,  called  *'  locomotive  graaae,'* 
adapted  for  high  velocities,  is  prepared  by  heating  palm-oil,  or  a  mixture  of  palm-cil- 
and  tallow,  with  a  solution  of  sodic  carbonate,  whereby  an  imperfect  soap  is  produced. 
The  grease  thus  prepared  is  used  for  passenger*carriages,  and  lately  also  for  sadi 
goods  and  mineral  wagcrons  as  are  provided  with  axle-boxes. 

The  other  kind,  called  "antifriction  "  or  "waggon-grease,"  is  adapted  for  low  speed, 
and  is  used  for  waggons  having  no  axle-boxes.  It  was  originally  prepared  by  agitatiflg 
rosin-oil  (obtained  by  distillation  of  colophony)  with  milk  of  lime  m  a  pulpy  eoadi* 
tion ;  but  the  present  high  price  of  rosin  haa  compelled  manufacturers  to  ma^/kij 
several  cheaper  substitutes  for  it — such  as  paraffin  residues  mixed  with  coaI«tu; 
residues  ftom  candle-making,  cotton-seed  oil,  fish-oil  or  footes,  j>itch-oil,  the  heavier 
parts  of  American  petroleum,  &c.    {Chemical  Ttchnologyt  i.  [3],  742 ;  [5],  656.) 

Analysis  and  Valuation  of  Soap, 

The  value  of  soap  depends  mainly  on  the  amount  of  diy  soap  (the  dir  compound 
of  alkali  with  the  fatty  acid)  contained  in  it,  and  this  is  easily  ascertained  by  ex- 
posing a  weighed  specimen,  in  the  form  of  thin  shavings,  to  the  heat  of  a  drying  stove 
or  over  oil  of  vitriol  till  its  weight  no  longer  diminishes.  The  residue  is  dry  soap, 
and  the  loss  of  weight  is  hygroscopic  water,  or  water  which  has  been  purpoaely  added  to 
the  soap,  either  in  the  pan  after  it  has  been  brought  to  the  state  ox  cord,  or  after  its 
transference  to  the  frames. 

To  determine  the  proportion  of  fat-acid  and  alkali,  the  dried  so^  is  decomposed 
by  a  measured  volume  of  standard  sulphuric  acid,  and  the  fat-acids  and  roain  which 
nse  to  the  surface  are  collected  on  a  weighed  filter,  washed  with  hot  water,  dried  in  a 
vacuum,  and  weighed.  The  weight  expresses  the  joint  amount  of  ftittj  and  roain-aridi 
in  the  soap.  Cold  alcohol  will  dissolve  out  the  fiittv  acid,  together  with,  a  imaO 
quantity  of  rosin,  and  the  filter  dried  in  a  vacuum,  ana  weighed  again,  givea  appnm- 
mately  the  amount  of  rosin. 

The  nature  of  the  fat-acids  may  be  determined  by  their  consistency  and  mehiq|> 
point.  If  oleic  acid  greatly  preduminates,  so  that  the  fat^-acids  show  but  little  teodoMy 
to  solidify,  the  quantitative  estimation  may  be  facilitated  by  the  addition  of  a  washed 
quantity  of  white  wax. 

The  quantity  of  sulphuric  acid  neutralised  by  the  alkali  in  the  soap  is  dsti^ 
mined  by  means  of  the  quantity  of  a  standard  solution  of  caustic  soda  required  to  neu- 
tralise the  excess  of  acid  remaining  after  the  decomposition  (see  Aixaliirtbt,  i.  117, 
261).  This  determines  the  qiumtity  of  alkali  in  the  soap;  and  the  total  amount  of 
water,  alkali,  and  fatty  acids  deduct^  from  the  weight  of  soap  analysed,  gives  tha 
quantity  of  foreign  matter  present,  which,  if  the  soap  is  unadulterated,  shoold  not 
exceed  1  per  cent. 

The  amount  of  alkali  in  soap  may  also  be  determined  by  incinerating  the  so^  in  a 
muffle.  The  residue  then  connists  of  nodie  or  potassic  carbonate,  whidimaybe  weiglMd, 
and  the  quantity  of  alkali  thence  calculated  if  the  soap  is  genuine,  orditermincdbjtte 
alkalimetric  method  if  other  substances  are  likewise  present. 
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sodic  or  potoasic  carbonate ;  10  cabio  centimetres  of  the  solution,  clarified  by  ittndiB^ 
are  then  diluted  with  water,  and  precipitated  b^  chloride  of  calcium.  The  pncipititi, 
consisting  of  the  calcium-salts  of  the  fiit-acids,  is  washed,  dried  at  100°  C^  lad 
weighed.  100  parts  of  this  precipitate  correspond,  according  to  GrS^per,  with  100*5 
parts  of  anhydrous  soap,  that  is  of  sodic  stearate,  the  result  not  being  peseeplibly 
affectiHi  bj  the  fact  that  the  acid  of  soap  is  not  pure  stearic  add,  but  likewise  oontaias 
palmitic  and  oleic  acids. 

The  extreme  limit  of  water  in  genuine  hard  soap  is  20  per  cent  for  mottled,  25  fior 
white,  and  30  for  yellow  soap.  The  proportion  of  alkaline  bases  is  mostlj  from  8  to  9 
per  cent,  and  that  of  the  fiit-acids  from  60  to  70  per  cent  In  yellow  soap,  pait  of 
the  &.t  is  replaced  by  10  to  20  per  cent,  of  rosin,  and  soaps  made  from  ooeoanut-ol 
contain  a  much  larger  amount  of  normal  water  than  those  made  from  tallow  or  oliTfy 
oil.  But  the  above  proportions  may  be  re^rded  as  standards  of  comparison ;  and  any 
deviation  from  them  indicates  a  deterioration  in  the  quality  of  the  soap,  mther  frosi 
excess  of  water,  or  from  the  substitution  of  some  foreign  substances  fbr  the  nonul 
constituent  of  the  soap.    (See  further  Chtmieal  Teehnologyt  i.  [8],  729 ;  [6],  818.) 

BOAFBTOn.  Soap-rock.  Pierre  de  Savon,  Setfenttem,  Steatite  in  part— A 
soft  massive  mineral,  occurring  in  veins  in  serpentine  at  the  lisard  Point  in  Gunmll 
and  elsewhere.  It  is  brittle  after  drying,  has  a  greasy  lustre,  and  whiter  yeUowish, 
bluish,  or  reddish  colour ;  does  not  adhere  to  the  tongue.  Specific  gmvi^  —  2*20. 
Before  the  blowpipe  it  gives  off  water  and  blackens ;  thin  splinters  fuse  with  difflcnlty 
on  the  edges.    Perfectly  soluble  in  sulphuric  acid. 

Analysee. — a.  From  Lizard  Point  (Klaproth,  Beitrage,  ii.  180;  t.  22).^b,  f^om 
the  same  (Svanbere,  Pom;.  Ann.  liv.  267;  Ivii.  166). — e.  Ghie  Grease,  Cornwall 
(Haughton,  PhiL  Mag.  [^,  z.  25Z),—d,  Kynance  Bay,  Oomwall  (Haughton).— 
e.  Frankenstein  in  Silesia :  Kerolile  (Maak,  Schw.  J.  Iv.  ZOi).—/.  Sviirdqdin  Dalana^ 
Sweden:  Piotin  or  Saponile  (Svanberg,  loe,  cit,),—^,  A.  North  shore  of  Lsb 
Superior:  Tkalite  (Smith  and  Brush,  loc,  cii.): 

Silica  46bo  46'8  42*10      42-47      87*96  60*89  48^89  4660 

Alumina  .  .  9*26  80  7*67        6*66      1218  9*40  7tZ  4*87 

Ferric  oxide  .  1*00  0*4 2*06  2*4«  2*09 

Magnesia.  .  24*76  33*8  30*67      28*83      18*02  26*62  24*17  2410 

Lime         .  .  .    .  0*7 0*78  .     .  1*07 

aSdT^  :    :    !^'\^  : :   :  :    :  :    : :    : :  i  ^-^^   ^** 

Water      .'        .'        18-00      11*0      iWe     >  19*8*7      31*00      10*60      1666      20-00 

98*76     100*2      98*80      97*32      99*16    100*16      99-22      98*84 

These  analyses  cannot  be  reduced  to  any  single  formula:  indeed,  it  is  doubtfrl 
whether  any  of  the  minerals  to  which  they  refer  are  definite  compounds. 

BOAFHTOST.  Saponaria  officinalie, — The  root  of  .this  plant,  which  eontsiM 
saponin  (p.  192),  is  used  for  washing  and  cleansing  dresses,  &c.  (See  Ur^sJHeUotiarwrf 
ArU,  iii.  719.) 

80SA.  This  term,  in  scientific  language,  is  applied  to  the  anhydrous  piotozids  of 
sodium,  Na'O,  or  the  hydrate,  NaHO,  but  in  technological  language,  it  denotes  also  the 
neutral  carbonate,  NaK/'O'  or  NaK).CO'.  The  mode  of  occurrence  of  this  salt  in  natnif 
and  its  properties  have  been  described  under  Cabbonatbs  (i.  702).  It  was  frnBMri|f 
prepared  from  the  ashes  of  marine  plants,  chiefly  from  certain  spedes  of  sslsols^  sqbm 
of  which  (vis.,  Saletda  davifolia  and  S.  Soda)  yield  an  ash  containing  mora  than  40  p« 
cent,  of  neutral  sodic  carbonate.  But  the  quantity  obtained  from  these  sources  at  tbt 
present  day  is  altogether  insignificant  compared  with  that  which  is  produced  fiomr  ~ 
monsalt  by  the  mode  of  decomposition  invented  byLeblanc,  and  consistiDg: 

1.  In  converting  chloride  of  sodium  into  eulphate  by  heating  it  with  nUpkmrie 

2.  In  converting  the  sulphate  into  carbonate  by  heating  it  with  chalk  or  limufmt  etd 
coal. 

A  brief  outline  of  this  process  is  given  under  Carbonates  ^i.  702),  sod  a  ftdl  aeeosat 
of  it,  with  figures  and  descriptions  of  the  apparatus  used,  will  be  fbimd  ia  Riebaid- 
mn  and  Watts's  Chemical  Ttchnoloay,  (i.  [31,  204—296;  [6],  284—266).  In  thi 
pri^Nont  article  we  shall  enter  somewhat  more  ndly  into  the  theory  of  the  seoosd  put 
tit  rhr  process,  the  "  balling  process  "  as  it  is  called,  especially  with  rcferenee  to  leeot 
iiiVrNtigations. 

Dii  m AR  Mu<rorcste(l,  for  tbo  explanation  of  Leblanc's  process,  a  theofy  wfaidi  Bsy  bi 
i'i|ire«Hed  by  the  eqimtion: 

•2Na«S0«     +     3CaG0»     +     C«     =.     2Na«C0«     +     Ca0.2CaS     +     1000. 
'I'liin  theory,  which  was  for  jnaiiy  years  universjilly  received  as  correct,  supposrs  thsttlM 
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hUA  aih  or  Wl-todA  ooataint  an  ozyialphide  of  caleiom,  Gii0.2CaS.  This  compound 
hua  new  been  iBoktod,  but  its  existence  was  assumed,  because  it  was  beliered  that  if 
the  oaldnm  in  the  ball-soda  existed  as  oxide  and  sulphide  not  combined  togpthor  in 
the  fonn  of  an  insoluble  oxysulphide,  the  carbonate  of  sodium  and  sulphide  of  cnlcium 
wonld,  when  broafffat  in  contact  with  water,  immediately  decompose  one  another, 
Ibraiing  snlphtde  of  sodium  and  carbonate  of  calcium.  A  simikr  theory  of  the  procem 
vasgiTen  hj  linger  (Ann.  Ch.  Pharm.  Izxxi.  328),  who  assigned  to  the  Supposed 
osyanli^ide  the  eomposition  CaO.SCaS.  Kjnaston  (Chem.  Soc.  Qu.  J.  xi.  lAd) 
■opposed  the  ball- soda  to  contain  an  insoluble  compound  of  sulphide  and  carbonate  of 
calooin,  CaCO'.SGaS. 

Ooasage  howerer  pointed  out,  in  the  specification  of  a  pHtent  obtained  in  1838  (No. 
7416),  that  the  undissolTed  residue  remaininp^  from  the  lixiviation  of  black  ash  with 
vnter,  consists  almost  entirelj  of  monoaulphide  and  carbonate  of  calcium,  not  chemi- 
calhr  eombined,  but  merely  mixed ;  further,  that  this  monosulphide  of  calcium  is  per- 
leetlT  huofaiUe  in  water,  and  thei^fore  does  not  decompose  the  sodic  carbonate  when 
the  Uaek  ash  is  treated  with  water,  such  decomposition  taking  place  only  in  so  far  as 
•  portion  of  the  monosulphide  may  have  been  converted  into  a  soluble  polysulphide 
during  the  treatment  in  the  furnace. 

Thoe  results  are  fully  confirmed  by  the  recent  en)eriment8  of  Dubrunfaut  (Bull. 
8oe.  Chim.  1864,  i.  240),Schenrer— Kestner  (ibid.  169),  Pelouze  (Compt.  rend. 
ri866L  liii  814),  and  especially  of  J.  Kolb  (Ann.  Ch.  Phys.  [4],  Tii.  818;  Bull. 
8oe.CJhiin.  1866,  ii.  11). 

Dnbnmlknt,  by  heating  to  redness  a  mixture  of  1  at.  sulphide  of  sodium  and  1  at 
ciialk,  obtuned  exactly  1  at  sodic  carbonate  and  1  at.  calcic  monosulphide,  CaS. 

Xolb  treated  in  a  soda-furnace  two  series  of  mixtures  of  chalk,  carbon,  and  Rodic  sul- 
phate, the  first  series  being  in  the  proportions  corresponding  to  the  equation  of  Pumas 
■bofe  giren — the  second  corresponding  to  the  equation : 

Na^SO«     +     CaCO»     +     C«      -      Na«CO«     +     CaS     +     4C0, 

Id  vhkh  itwill  be  obeerred  that  no  oxide  of  oaldum  is  formed.  These  two  mixtures, 
when  ealeined  and  afterwards  lixiviated  under  similar  conditions,  yielded  exactly  the 
«Be  results.  Hence  Kolb  concludes  that  the  action  of  charcoal  on  a  mixture  of  sodie 
■nlphate  and  ealdc  carbonate  in  equal  numbers  of  atoms  yields  sodie  carbonate  and 
cnleie  anlphide,  easily  separable  by  lixiviation  at  ordinary  temperatures. 

In  thk  operation  tne  reduction  of  the  sodic  sulphate  by  the  carbon  may  be  explained 
Ib  two  ways: 

1.  Accinding  to  the  ordinary  theory,  the  exchange  takes  place  as  represented  by  the 


Na«80*     +     CaCO«       -      Na»CO«     +     CaSO\ 

the  caihoD  then  acting  on  the  calcic  sulphate  so  as  to  reduce  it  to  sulphide. 

2.  The  charcoal  may  be  supposed  to  exert  a  direct  reducing  action  on  the  sodic 
•olphate,  double  decomposition  then  taking  place  between  this  compound  and  the 
calcie  earbonate. 

This  latter  view  is  confirmed  by  the  experiments  of  Kolb,  who  finds  that  a  mixtura 
of  sodie  sulphate  and  chalk,  calcined  at  a  bright-red  heat,  yields  nothing  but  sodie 
■■Iphatr  and  (juicklime. 

The  reduction  of  the  sodic  sulphate  by  charcoal  might  take  place  in  two  ways,  via. : 

(1)  Na»SO*     +     C*       -       Na«S     +     ACQ 

(2)  Na"SO*     +     C«      -      Na«S     +     2C0». 

Bat  the  eomposition  of  the  eas  evolved  shows  that  the  reaction  takes  place  according 
to  the  fleeoDQ  of  these  equations,  and  accordingly  that  the  production  of  sodic  carbonate 
■honld  require  the  materials  to  be  in  the  proportions  deduced  from  the  equation : 

Ha»80*     +     CaCO«     +     C«      -      NaHTO*     +     CaS     +     2C0«. 

Bnt  hj  actnal  experiment  with  these  proportions  in  the  soda-furnace,  it  is  found  that 
half  the  aodic  sulphate  remains  unaltereo,  part  of  the  charcoal  being,  in  fBnet,  employed 
Id  deeouipoaing  tne  chalk  according  to  the  well-known  equation : 

CaCO»     +     C       -       CaO     +     2C0 ; 

■>  that  the  action  of  the  carbon  is  divided  between  the  sodic  sulphate  a  chalk, 

in  the  manner  shown  by  the  equation : 
V9?30*     +     CaCO"     +     C»       -       Na«S     +     CaO     +     2C0«     +     2C0. 

The  chalk  being  decarbonised  at  the  same  time  that  the  sodic  sulphate  is  reduced,  it 
fallows  that  the  carbonic  acid  of  the  chalk  cannot  contribute  to  the  formation  of  the 
•odie  carbonate.  Kolb  has  in  fact  shown,  by  a  series  of  analytical  experiments,  that 
the  fonnation  of  sodic  carbonate  and  calcic  sulphide  in  the  bulling  furnace  is  produced 
bj  the  action  of  carbonic  acid,  parly  rebulting  from  the  reduction  of  the  sodic  sulphide^ 
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partly  exisGog  in  the  gases  of  the  furnace.  Accordingly,  when  the  mizttire  is  heated  a 
cnicibles,  so  that  it  is  not  much  exposed  to  the  furnace-gases,  a  hi^^y  snlpkuretttd 
soda  is  obtained,  whereas  when  it  is  heated  in  tubes  traversed  by  a  durantof  cuboBk 
acid  gas,  a  very  pure  sodie  carbonate  is  obtained. 

The  temperature  best  adapted  for  the  production  of  ball-soda  is  between  the  mdtiiig- 
point  of  bronze  and  of  sUver.  Below  the  former,  the  reaction  is  incomplete ;  abore 
the  latter  the  soda  is  "  burnt,** — that  is  to  say,  the  sodic  carbonate  is  deoompoaed,  ti 
shown  by  the  following  equation,  yielding  oxide  and  sulphide  of  sodium: 

Na»CO«    +    C     «     Na^'O    +    2C0 ;  and  Na»0     +     CaS     -     Nft«     +     CiO. 

Kolb  has  also  analysed  a  series  of  samples  of  ball-soda  in  the  numufiicture  of  wlneb 
the  coal  had  bf^en  replaced  by  wood-charcoal,  peat,  wood-shavings,  Bcc  All  duK 
samples  yielded  similar  results,  whence  it  appears  that  the  proportion  of  cai^xmaceoo 
matter  to  be  introduced  into  the  mixture  depends  wholly  upon  its  redndng  povo; 
which  may  be  determined  beforehand  by  an  experiment  with  lithazge. 

The  results  show  that  the  proportions  required  by  theory  are : 

Sodic  sulphate        ....    100*0  parti 

Chalk 70-4    „ 

Carbon 25*6    „ 

These  proportions  may,  however,  be  considerably  varied  without  sensiUj  ^^ft^jj^y  the 
result. 

Action  of  Air  and  Water  on  Black  Ash  or  Ball  Soda  (Kolb). — Dry  air  deprived  of 
carbonic  acid  has  no  action  on  ball-soda,  either  at  ordinary  temperataree  or  at  100^ ; 
but  at  a  red  heat  it  converts  the  sulphide  of  calcium  into  sulphate,  which  in  the  sob* 
sequent  lixiviation  reconverts  a  certain  portion  of  the  sodic  carbonate  into  eodie  sul- 
phate, and  thereby  diminishes  the  percentage  of  alkali  in  the  product. 

Carbonic  anhydride  in  the  dry  state  has  no  action  on  black  ash  (it  doee  not  act, 
indeed,  either  on  Mme  or  on  sulphide  of  calcium) ;  but  in  presence  of  moisture,  it  fint 
converts  the  lime  into  carbonate,  and  then  acts  on  the  sulpnide  of  caJdmn,  forming  eB^ 
bonate  and  sulphydrate  of  calcium : 

CaS  +  HK)  +   C0»     -     CaCO«  +  H«S;  and  H«S  +   CaS     -     CaH'S'. 

When  black  ash  is  exposed  to  moist  air,  the  lime  contained  in  it  is  fint  hydnted  Vj 
the  aqueous  vapour,  and  afterwards  converted  into  carbonate.  At  the  same  time,  aaj 
sulphide  of  sodium  that  may  be  present  in  the  crude  soda,  is  converted  into  byposnl- 
phite,  but  the  oxidation  does  not  go  any  further.  The  sulphide  of  calcinm,  on  th* 
other  hand,  is  oxidised  by  moist  air,  less  quickly  but  more  completely,  being  oonveitfld 
into  calcic  sulphate,  which,  as  already  observed,  decomposes  the  sodic  carbonate  during 
lixiviation,  and  thereby  diminishes  the  proportion  of  available  alkalL 

Another  cause  of  the  formation  of  calcic  sulphate,  and  consequent  deterioratioo  of 
the  ball-soda,  is  the  presence  of  iron  in  the  state  of  ferric  oxide  (not  sulphide),  whidi, 
in  presence  of  moist  air,  reacts  with  the  sulphide  of  calcium,  forming  lime  and 
sulphide  of  iron,  which  latter  becomes  oxidised  to  sulphate  ;  and  this  again  in  its  torn 
reacts  with  the  sulphide  of  calcium,  forming  ferrous  sulphide  and  calcie  solphate: 

Fe«0«.2S0«  +   2CaS     -     2FeS  +  2CaS0*  +  O. 

The  same  series  of  actions  therefore  recommences  indefinitely,  bo  that  a  veiy  «»w>n 
quantity  of  ferric  oxide  is  sufficient,  under  the  influence  of  moist  air,  to  convert  a  laijjse 
quantity  of  calcic  sulphide  into  sulphate.  Hence  the  ball-soda  should  not  be  left 
exposed  to  the  air  longer  than  is  necessary  for  the  partial  hydration  of  the  1™*  eoe> 
tained  in  it,  so  as  to  facilitate  its  disintegration. 

Action  of  Water.— By  subjecting  a  given  weight  of  ball-soda  to  the  action  of  Tui- 
able  quantities  of  water  for  different  times  and  at  different  tempentares»  Kolb  htt 
obtained  the  following  results : — 

1.  A  given  quantity  of  crude  soda  yields  vexy  different  proportionB  of  eaastie  ndi 
and  sodic  sulphide,  according  to  the  quantity  and  temperature  of  the  water  with  whieb 
it  is  treated,  and  the  time  of  digestion. 

2.  The  degree  of  causticity  of  the  resulting  solution  is  not  sensibly  afiected  bytfae 
quantity  of  water  used,  but  increases  with  the  time  of  digestion  and  with  the  tempsa^ 
ture. 

3.  The  proportion  of  sodic  sulphide  increases  with  the  quantity  of  water,  andmoie 
particularly  with  the  time  of  digestion  and  the  temperature. 

4.  The  decrease  in  the  quantity  of  sodic  carbonate  not  only  oorresponda  with  tk 
quantity  of  caustic  soda  formed,  but  is  also  affected  by  the  variation  in  the  qfoastitjf  of 
K(Klic  sulphide  :  hence  it  would  appear  that  the  latter  is  formed  at  the  expense  of  tilt 
carbonate 
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5l  ThAquBtitifli  of  enistie  soda  and  todie  siilphidedo not  appear  to  bear  anydufinito 
relation  to  one  another. 

Kolb  hae  likewiae  examined  the  action  of  water  on  pnre  sulphide  of  calcium,  alone, 
and  inpreaenoe  oi  fodie  carbonate,  canetic  soda,  and  lime.    The  results  are  as  follows : 

«.  The  qoaatitT  of  calcic  sulphide  dissolved  or  decomjposed  by  water  is  veiy  small, 
bat  increaaea  with  the  temperature  and  the  duration  of  the  digestion. 

fi.  Lime  has  no  sensible  influence  on  the  solubility  of  calcic  sulphide ;  but  a  small 
qoantity  of  eaaatic  soda  stops  the  solution  almost  entirely,  especially  at  common  tempe- 


y.  The  decomposition  of  sodic  carbonate  by  calcic  sulphide :  NaKJO*  +  CaS  a 
Ha^  •¥  CaCO*,  which  is  considerable  in  very  dilute  liquids,  diminishes  on  concen- 
tiBtion,  and  ceases  altogether  in  a  solution  saturated  with  sodic  carbonate. 

I.  The  presence  of  caustic  soda  in  snmll  quantity  (or,  what  comes  to  the  same  thing, 
of  lime)  prerenta  the  action  of  calcic  sulphide  on  sodic  carbonate. 

The  accordance  of  these  last  results  with  the  observed  action  of  water  on  ball-soda 
affords  a  strong  aigmnent  against  the  supposition  that  this  substance  contains  an  ozy- 
■nlphide  of  calcium. 

The  following  table  exhibits  the  composition  of  black  ash,  as  determined  by  different 
analysta.  The  arrangement  of  the  basylous  and  acid  elements  in  compounds  is  of 
eoarse  to  a  certain  extent  theoretical:  thus,  in  the  first  three  analyses,  the  oxide  and 
•alphide  of  calcium  are  regarded  as  combined  into  an  oxysulphide,  whereas  in  the  last 
thxve  they  ere  given  separately : 


CompasUion  of  JBJitich  Ash, 

Casul. 


Sulphate  of  Sodium 
Chloride  of  Sodium 
Alnminate  of  Sodium 
Caibonate  of  Sodium 
Hydrate  of  Sodium 
Lune  . 

Carbonate  of  Calcium 
Oxysulphide  of  Calcium 
SnlphuiM  of  Iron. 
Silicate  of  Magnesium 
Ultramarine 
Carbon        •        • 
Sand  . 
Moistiire 


Unger. 
1*99 
2-64 

23-57 
1112 

12-90 

3476 

2-46 

4-74 

'1-69 

202 

218 

9986 


Glatgow, 
Brown. 

116 

1-91 

2-35 

85-64 
0-61 
6-30 

2917 
113 
4-92 
3-74 
0-29 
800 
4-28 
0^70 

r6o-26 

Liwrpooi. 


NewcastI*. 
RlchardMii. 

3-64 
0-60 

9-89 
25-64 

15-67 
35-57 

1-22 

0-88 

4-28 

0-44 
_2-17 
100-00 


Caibonate  of  Sodium 
Chloride  of  Sodium 
Sulphate  of  Sodium 
SiUcate  of  Sodium  . 
Aluminate  of  Sodium 
Sulphide  of  Calcium 
Carbonate  of  Calcium 
Bisulphide  of  Calcium 
Hyposulphite  of  Calcium 
Sidphite  of  Calcium 
Ckustxe  Lime . 
Sfagnesia 
Solphide  of  bon 
Ferric  Oxidn  and 

of  Calcium 
Alumina 
Charcoal 
Sand 

Ultramarine 
Moisture 


Phosphate 


Kynastop. 

36-879 
2-528 
0-395 
1182 
0-689 
28-681 
3-315 
0-435 
1152 
2-178 
9-270 
0-254 
0-371 

2-658 

1-132 
7007 
0-901 
0-959 
0-219 

100-205 


Murphj.  Uiupriitt  and  Damon. 


41-489 
1-308 
0-748 
1-162 
0-392 

33193 
0-857 


9-320 

•      • 

8-020) 

1-020 1 

4-724 

2-269 


28-89 

307 

0-82 

8-27  caustic  soda. 

0-40 
25-86 
14-22 


9-24 

2-03  as  silicate. 


6-23 


0-99 
99-492       100*02 


*w«M»  ■■■»—      NaAl*'(S0«)M2H*0.~0ccurs  native  on  the  island  of  Milo  al 
the  Solfatara  near  Naples,  and  near  Mendoza,  on  the  east  of  the  Andes.    (See  s'vl- 

VHATEH.) 
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BOBA  C099SRAS.  A  sodio-fenie  sulphate  found  in  the  alum-slate  of  Modn 
in  Norway.    (See  Sulfhatbs.) 

80BA.  BPOBVMXVa.    Syn.  with  OueocL4SB  (iv.  198). 

BOBAi-XiZMa.  A  mixture  of  caustic  soda  and  quicklime,  used  chiefly  tor  nitro- 
gen-detenninations  in  organic  analysis  (i.  246). 

BOBA&ZTB.  A  sodio-alnminic  silicate,  containing  chlorine,  occurring  in  dodees- 
hedroBS  and  other  forms  of  the  monometric  system,  with  dodecahedral  cleaTige; 
sometimes  in  twin-crystals,  having  the  form  of  a  hexsgonal  prism,  arising  from  tho 
combination  of  two  dodecahedrons  ;  also  massive.  Hardness  a  6*5—6.  Specific 
gravity  2*26 — 2*37.  Lustre  vitreous,  inclining  to  greasy.  Colour  grey,  greenish, 
yellowish-white,  and  sometimes  blue.  Subtransparent — subtranslucent.  FracuiR 
conohoidal — uneven.    Before  the  blowpipe  it  melts  to  a  colourless  blistered  glass. 

Analyses  (the  chlorine  being  reckonAi  as  chloride  of  sodium) :  a.  From  Ywaviiu : 
colourless;  specific  gravity  »  2*136  ^Ramm  els  berg,  Mineralch.  p.  702). — 6.  From 
the  same :  green ;  very  rare ;  small  dodecahedrons  with  cubic  faces,  occurring  in  a  lime- 
stone with  vesuvian  and  nepheiin. — c.  Lamo  near  Brevig  in  Norway :  blue,  in  elaolite 
(Bork,  Pogg.  Ann.  Ixxviii.  413). — d.  From  the  Ilmen  mountains  near  Misok :  blue,  in 
eheolite ;  specific  gravity  »  2*288  (£.  Hofmann  and  G.  Rose,  ibid.  zlyiL  877).^ 
e,  Lichfield,  Maine :  blue,  in  elnolite  (Whitney,  ibid,  Ixx.  431) : 


a. 

b. 

c. 

4. 

€• 

Silica 

• 

38*12 

88*76 

38*86 

38*40 

87*46 

Alumina    . 

• 

31*68 

34*62 

30*82 

32*04 

30-98 

Lime  (and  MgO) 

•          • 

•           • 

1*66 

0*32 

Soda. 

• 

18*49 

21*18 

16*39  * 

18*24 

18*83 

Potash 

Sodium 

• 

4*37 

1*67 

4*67 

4*63 

4*66 

Chlorine    . 

• 

6*69 

2*66 

700 1 

7*10 

6*97 

99*36 

98*78 

9929 

100*78 

98-24 

These  analyses  may  be  represented  by  the  formula  NaCl.ftrNaAl'*1BiO*).  (oompsie 
the  formula  of  hauyne,  iii.  16),  the  sodium-chloride  and  the  silicate  being  ciyBtalliMd 
together  isomorphously  in  varying  proportions. 

Sodalite  occurs  in  mica-slate,  granite,  trap,  basalt,  and  volcanic  rocki.  In  Greoi- 
land  it  is  found  in  mica-slate,  together  with  felspar,  hornblende  and  eudialyta. 

BOBAJttZBB.  Olive-coloured  Sodium-compound. — ^When  a  quantity  of  sodium 
which  evolves  from  water  100  measures  of  hydrogen  gas,  is  heated  in  ammoniaeal  gaa, 
it  absorbs  tranquilly  between  142  and  163  measures,  setting  1 00  measures  of  hydroges 
free,  and  assuming  first  a  blue  and  afterwards  a  green  colour.  The  oompoond  is 
olive-green  and  fusible,  and  manifests  the  same  relations  as  the  oozrespondmg  potss> 
sium-compound  (iv.  696).  (Gay-Lussac  and  Th^nard, Beeierehes,L^64;  £l)avy, 
Pha.  Trafis.  1810,  p.  24.) 

Sodamide  appears  to  be  capable  of  uniting  with  sodic  oxide.  When  a  mixturB  d 
oxygen  and  ammonia  gases,  tne  latter  being  in  excess,  is  passed  over  aodinm,  eodsmide 
alone  is  formed,  and  at  a  lower  temperature  than  with  pure  ammonia  cat;  but  if  tlis 
quantity  of  oxygen  is  increased,  a  fused  ruby-coloured  mass  is  obtainea«  oomnctiBg  dt 
a  compound  of  sodic  amide  and  oxide.  This  compound  is  permanent  in  ammonia  gut 
even  at  300^,  but  becomes  decolorised  when  air  or  oxygen  is  passed  over  it,  sad 
leaves  a  white  substance,  apparently  consisting  of  sodic  hydrate.— P»tesmn»  tre^sd  ii 
like  manner  yields  a  similar  compound,  but  of  a  deep  blue  colour.    (W  ey  L) 

BOBAMMOVXUK.    NH*Na,  or  rather  N*H*Na*?  (Weyl«  Fogs.  Ann.  cm 

697;  Jahresb.  1864,  p.  168.) — This  compound  appears  to  be  formed  when  Inams  of 
pure  bright  sodium  are  placed  at  one  end  of  a  bent  tube,  a  quantity  oi  dlTfliH^Ioridi 
previously  saturated  with  ammonia  gas  at  the  other,  the  tube  then  sealed,  the  end  eoe- 
taining  the  silver-chloride  heated  in  a  chloride-of-calcium-bath,  and  the  other  sod 
immersed  in  cold  water.  The  sodium  then  swells  up,  and  is  converted  into  a  hqmd, 
which  iH  copper-red  by  perpendicularly  reflected,  greenish-yellow  by  obliqiielj  fe6Mt«d 
light,  blue  in  thin  films  by  transmitted  light.  As  the  silver-chloride  oooM»  and  tlie 
ammonia  gas  is  reabsorbed,  the  sodammonium  decomposes  and  pure  sodium  rcnsiitt 
behind,  having  a  dull  surface  and  spongy  texture.  By  again  heating  the  ailTer-dikride 
the  compound  may  be  reproduced  any  number  of  times. 

A  sodammonivm-amalgain  appears  to  be  formed  by  exposing  in  like  manner  to  tbc 
action  of  ammonia  gas,  a  pulverulent  amalgam  of  nearly  equal  parts  of  sodium  lod 
mercury.    After  two  hours  action,  the  portion  of  the  mass  in  contact  with  the  smfaei 

*  Including  0'51  potMh.  f  Bjr  differeoce. 
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of  the  talM  oUbiU  a  metallie  luBtre  and  bronse-red  colour,  wbfle  the  bterior  is  dull 
•ad  bridk-nd.  Tins  prodnet  can  likewise  exist  only  in  an  atmosphere  of  ammonia, 
being  rtsolvsd  in  a  lew  hoars  after  the  cooling  of  tlie  silver-chlonde,  into  ammonia, 
ft99  mercorj,  and  a  sodium-amalgam  containing  less  mercoiy  than  the  original  amal 


K'H'K'?,  is  prepared  like  sodammoninm,  and  exhibits  similar 
piDpeirties. 

Other  mstmllammoninms  may  be  produced  b j  the  decomposition  of  sodium-  cir  potass- 
ammonium.  Hiqs  whan  a  mixture  of  a  metallic  chloride  or  oxide  with  an  equivalent 
foantit^  of  sodium  is  exposed  in  the  manner  above  described  to  the  action  of 
ammonia-gas,  the  gas  is  first  absorbed  by  the  metallic  chloride  (or  oxide)  and  after- 
waids  by  the  sodium,  the  sodammonium  thus  formed  flowing  over  the  metallic  salt, 
and  reactinff  upon  it  without  much  rise  of  temperature.  With  a  mixture  of  barium- 
chlorida  and  sodium  the  reaction  appears  to  be : 

Vm'Vm  -¥  2NH»  +  Ba"a«  -  N'H'Ba''  +   2NH«Naa 
Sodimina  BNnm-  Chloride  of 

oioB.  monium.         SodMnmoaiun. 

Bmrammonimm  forms  a  deep  blue  liquid  having  a  metallic  lustre. — Copper-,  Met' 
«arv-,  and  QUvtT'ammonium,  are  obtained  in  like  manner  from  the  respective  chlorides, 
aad  jsNCHnmnoiitimi  ftom  the  oxide.  These  compounds  are  likewise  very  unstable, 
bfliai^  VBSolTed,  s^en  in  the  sealed  tube,  into  metal  (which  appears  grey,  dull  and 
dsititata  of  eohermoe)  and  ammonia.  If  in  the  arrangement  just  described  the 
■aCallie  chloride  be  replaced  by  an  ammonium-salt,  e^.  NHH^l  or  (NH*)'SO^  similar 
leaetions  take  FJ*ce,  and  the  tube  becomes  filled  with  a  blue  liquid  mixed  with  excess 
of  ammonia.  This  blue  liquid,  which  is  also  fonned  by  the  action  of  potassic  hydmto 
€B  poraMsmmoninm,  appears  to  consist  of  ammonium  itself,  N'H*.  It  is  even  more 
■nslahle  than  the  netaUammoniums,  being  resolved  into  ammonia  and  hydrogen,  partly 
svcn  befon  the  reaction  between  the  ammonium-salt  and  the  sodammonium  is  completed. 
TtirmaodmimiiimiMim,  NNa*?~Monosulphide  of  sodium  brought  in  conUict,  in  a 
tube,  with  liquid  ammonia,  is  converted  ^with  transient  formation  of  liquid 
limn)  into  an  orange-yellow  substance,  which  soon  decomposes,  leaving  a  white 
see  still  containing  ammonia.  This  residue  gives  off  ammonia  on  exposure  to 
the  air,  and  the  odour  of  ammonium-sulphide  when  heated.  It  is  perhaps  formed  in 
tfas  maoner  vspresented  by  the  equation : 

4Na«  +  8NH»  -  (NNa^^  +   8(NH«)«S. 

TifrmpotQtmmmtmiiMm  appears  to  be  formed  in  a  similar  manner.    (Weyl.) 

•eMUK.  JUmvUi  Weight  23.  Symbol  Na  (from  Natrium).  Soda,  the  alkali 
<WBtaTning  this  element,  was  fonnerly  confounded  with  potash,  but  was  proved  to  be  a 
diatiiiet  sobstance  by  Duhamel  in  1786,  and  subsequently  by  Maiggraf  in  175tt. 
H.  J^JJ  fint  obtained  the  metal  in  the  year  1 807. 

Sodivm  is  ft  veiy  abundant  element  Biid  very  widely  diffused.  It  occurs  in  laige 
%n«ntitiea,  aa  ehloride,  in  rock-salt,  sea-water,  salt-springs,  and  many  other  minenl 
valen;  abnndantly  also  as  nitrate,  forming  beds  several  feet  thick  on  the  dry  pampas 
«f  Psra  ;  Bors  nielT  as  carbonate,  borate,  and  sulphate,  either  in  sfyrings, 
lahsa,  dee.,  or  in  the  solid  state ;  as  sodioniluminic  fluoride  m  ciyolite ;  and  as  silicate 
whined  with  eazthy  silicates  in  chabasite,  analcime,  natrolite,  thomsonite,  eudialite, 
albiteb  aoda-epodomene,  labrador,  nepheline,  hauyne,  sodalite,  brewicite,  cancrinite,  and 
adouie ;  iawerj  small  Quantity  also  m  bole,  pitchstone,  pumice-stone,  obsidian,  ittnerite, 
•adpinito.  Traces  of  sooium-salts  are  found  in  coal,  in  all  kinds  of  limestone  and  dolomite, 
nd  in  tale,  asbestos,  and  other  mineralB.  In  the  vegetable  kingdom  it  occurs  as 
sdphate,  iodide^  and  chloride,  and  combined  with  vegetable  acids,  especially  in  plants 
fiviwing  IB  or  near  the  sea ;  in  the  animal  kingdom,  combined  with  carbonic,  phosphoric, 
sdiphnrie^  hydrochloric,  and  various  organic  acids. 

Preparaiiom  qf  the  Metal.  The  preparation  of  sodium  is  similar  to  that  of  putas- 
■nm.  Da^  first  obtained  it  by  the  electrolysis  of  the  hydrate;  Gay-LuBsac  and 
lUnatd  afterwards  prepared  it  by  decomposing  that  compound  with  metallic  iron 
■t  •  white  heat ;  and  Brunner  showed  that  it  may  be  prepared  with  much  greater 
fitfUHj  by  distilling  a  mixture  of  sodic  carbonate  and  charcoal. 

The  prRparation  of  sodium  by  this  last-mentioned  process  is  much  easier  than  that 
of  potassinai,  not  beingcomplicated,  or  only  to  a  slight  extent,  by  the  formation  of 
•reondaiy  products.  Within  the  last  few  years  it  has  been  considerably  improved  by 
Drrille  and  others,  and  carried  out  on  the  manufacturing  scale,  sodium  being  now 
employed  in  considerable  quantity  as  a  reducing  agent,  especially  in  the  manufacture  of 
ahimininm  and  magnesium  and  in  the  silver  amal^mation  proc<*s8  (p.  285). 

The  sodic  cazbonate  used  for  the  preparation  is  prepared  by  calcining  the  crystallised 
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•neutral  carbonate.  It  mast  be  thoroughly  dried,  then  pounded,  and  mated  with  t 
slieht  excess  of  pomided  charcoal  or  coaL  An  inactive  substance,  Jiz,  pounded  dialk, 
is  also  added  to  keep  the  mixture  in  a  pasty  condition  during  the  opmtion,  and  pre- 
vent the  fused  sodic  carbonate  from  separating  firom  the  chuooaL  The  fdUoviog  am 
the  proportions  recommended  by  DeviUe : 


Far  Laboratory  Operations, 
Dry  sodic  carbonate     .  717  parts 

Charcoal      .        .        •        .    176    „ 
Chalk 108    „ 


For  Mam^actwing  OpertttUmM. 
Dry  sodic  carbonate     .        .    30  kikgiL 

Coal 13    „ 

Chalk 8    „ 


These  materials  must  be  yery  intimately  mixed  by  pounding  and  sifting,  and  it  % 
advantageous  to  calcine  the  mixture  before  introducing  it  into  t)ie  distilling  appaimti% 
provided  the  calcination  can  be  effected  by  the  waste  heat  of  a  furnace ;  the  mixtare  is 
thereby  rendered  more  compact,  so  that  a  much  larger  quantity  can  be  introdneed  iolo 
a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  soak,  in  a  meiciizy  bottle  hestad 
exactly  in  the  manner  described  for  the  preparation  of  potassium. 

For  manufacturing  operations,  the  mixture  is  introdoced  into  iron  cylinders,  whi^ 
are  heated  in  a  reverberatoiy  fhrnace,  and  so  arranged  that,  at  the  end  of  the  diotillitioQ, 
the  exhausted  charge  may  be  withdrawn  and  a  fresh  charge  introduced  without  dis- 
placing the  cylinders  or  putting  out  the  fire.  The  receivers  used  in  either  ease  m 
exactly  the  same  in  form  and  dimensions  as  those  employed  in  the  prepantion  of 
potassium  (iv.  693). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  reeeivers  is  for  the  vmhI 
part  perfectly  pure,  the  carbonised  products  which  give  so  mudi  trouble  in  the  pteps- 
ration  of  potassium  being  produced  m  veiy  small  quantity  only,  if  at  all.  Nenpotaelni 
a  small  quantity  of  somewhat  impure  sodium  always  remains  attached  to  the  iBDfr 
surface  of  the  receivers ;  hence  when  a  receiver  has  been  used,  the  platea  should  bs 
separated  and  scraped  before  they  are  used  again ;  and  the  matter  scnqped  ofl^  being 
received  under  naphtha,  may  be  collected  after  a  while  and  will  yield  by  diattUatiim  a 
considerable  quantity  of  sodium.  Lastly,  the  pure  metal  obtained  by  this  and  by  tht 
first  distillation  is  melted  under  a  thin  layer  of  naphtha,  which  is  decanted  as  soon  ai 
the  sodium  becomes  perfectly  fluid,  and  uie  metal  is  then  run  into  moulds  like  tiiosi 
used  for  casting  lead  or  zinc. 

The  degree  of  heat  absolutely  required  for  the  reduction  of  sodium  is  not  nroeh 
higher  than  for  the  reduction  of  sine ;  but  the  distillation  goes  on  better  and  a  lii]|vr 
product  is  obtained  when  the  temperature  is  raised  considerably  higher.  The  quantity 
of  sodium  obtained  in  a  well  conducted  operation,  is  about  one-thurd  of  the  weight  of 
the  calcined  mixture. 

[For  a  detailed  descnption  of  the  manu&cture  of  sodium,  with  figuzee  of  thi 
apparatus,  see  Chemical  Technology^  i.  [4],  5  and  [5],  125.] 

Properties. — Sodium  has  a  high  lustre,  and  usually  a  silver-white  colour ;  according 
to  Long  however  (Chem.  Soc.  Q.  J.  xiii.  123^,  its  8ur£EU!e  when  perfectly  clean  and 
metallic  is  of  a  beautiful  rose  colour,  which  is  best  seen  when  a  ray  of  light  falling  oo 
a  surface  of  the  metal  is  reflected  badL  from  a  second  surface  and  again  reflected  from 
the  first 

The  specific  gravity  of  sodium  is  0*9348  (Davy);  0*97223  at  15°  (Gay-Lussae 
and  Thenard) ;  0*985,  reduced  to  a  vacuum  and  compared  with  that  of  water  at  3*9 
(Schroder,  Jahresb.  1859,  p.  12).  It  is  rather  hard  at  -  20®,  very  ductile  at  0®,  of 
the  consistence  of  wax  at  common  temperatures,  semifiuid  at  50^:  melta  completelTat 
97-6°  (Regnault,  Jahresb.  1856,  p.  43),  at  95*6°(Bunsen,  ibid.  1863, p.  178).  IVhen 
a  few  grammes  of  sodium  are  melted  in  a  sealed  tube  filled  with  coal  gaa,  then  Isft 
to  cool  till  a  few  solid  points  appear  on  the  surface,  and  the  remaining  liquid 
suddenly  poured  off  by  inclining  tne  tube,  the  solidified  portion  remains  in  shiniif 
octahedral  crystals  belonging  to  the  dimetnc  system  and  having  the  plane  anglM  aft 
the  apex  a  50°  (Long).  Sodium  is  lessvolatile  than  potassium  (Davy;  Oay-Lusiae 
and  Thenard);  rather  more  so  (Mitscherlich).  Its  vapour  is  colourless.  Sodim 
is  an  excellent  conductor  of  heat  and  electricity. 

•Sodium  when  exposed  to  the  air  oxidises  Hke  potassium,  but  not  quite  so  rapdlr. 
When  heated  in  the  air  it  bums  with  a  yellowish  flame,  forming  piotcoide  andduxdai 
of  Bodiimi.  When  heated  in  oxygen  gas  till  it  no  longer  increases  in  weighty  it  ii 
wholly  converted  into  dioxide.  When  dropt  upon  cold  water,  it  decomposes  a  noitioB 
of  the  water,  liberating  hydrogen  and  running  about  on  the  surface  with  a  oissiBg 
noise,  but  the  gas  does  not  take  flre  unless  the  water  be  previously  heated. 

Sodium  is  a  monatomie  metal  belonging  to  the  group  which  includes  the  other  alkali* 
metals  and  silver.  With  chlorine,  bromine,  iodine  and  fluorine,  it  forms  the  compooDdi 
KCl,  KBr.  &c. ;  with  oxygm  it  forms  a  protoxide  Na'O,  the  corresponding  hydiatt 
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works  are  supplied  from  oolitic  rocks :  the  extensive  mines  of  Cardona  in  Spam  an 
referred  to  the  greensand  formation,  those  of  Wieliczka  in  Poland  to  tertiaiy  nxkt. 
Salt-springs  occur  also  in  volcanic  regions.  In  the  United  States  the  brine  oonei 
mostly  from  Silurian  sandstones.  Salt  occurs  also  as  efflorescences  orer  the  dry 
prairies  of  the  Rocky  mountains  and  California ;  and  in  most  desert  and  semi-descit 
regions  there  are  numerous  salt  lakes. 

The  principal  salt  mines  of  Europe  are  at  Wielicska  in  Poland ;  at  Hall  in  the 
Tyrol,  and  along  the  range  through  Beichenthal  in  Bavaria,  Hallein  in  Salzburg.  Hal- 
fltadt)  Ischl  and  Ebensee  in  Upper  Austria,  and  Aussee  in  Styria ;  at  Stassf^rth  near 
Magdeburg ;  in  Hungary  at  Marmoros  and  elsewhere ;  in  iSansTlvania,  Wallachii, 
OaUicia  and  Upper  Silesia ;  at  Vic  and  Dreuze  in  France ;  in  the  vall<nr  of  Oaidona  and 
elsewhere  in  Spain  ;  at  Bex  in  Switzerland ;  at  Northwich  and  elsewhere  in  Cheahiif ; 
and  near  Belfast  iu  the  north  of  Ireland.  At  Wielicska  the  salt  deposit  is  500  milei 
long,  20  miles  broad,  and  not  less  than  1200  feet  thick  ;  at  Oardona,  the  salt  forms  hiUi 
300  and  400  feethiffh.  Kear  Northwich,  the  principal  deposit  of  rock-salt  in  England, 
the  mineral  occurs  m  magnesian  limestone,  in  two  beds  situated  one  above  the  other, 
separated  by  about  30  feet  of  clay  and  marl,  intersected  by  small  veins  of  salt,  the  two 
beds  together  being  about  60  feet  thick,  300  vards  broad,  and  a  mile  and  a  half  lone. 

Bock-salt  occurs  also  near  lake  Oroomiah,  the  Caspian,  &c.,  forming  hills  andextenwd 
plains ;  in  Algeria  abundantly ;  in  Abyssinia ;  in  India,  in  the  province  of  I^oie,  and  the 
valley  of  Cashmere ;  in  Scinde,  where  there  is  said  to  be  an  immense  bed  of  it,  20  milei 
long,  15  miles  broad,  and  averaging  three  feet  in  thickness ;  in  China  and  Asiatie  Bnssia ; 
in  rem  and  other  countries  of  South  America.  In  the  United  States  aalt  has  been 
found  forming  beds  with  gypsum  in  Washington  county,  Virginia^  and  in  tha 
mountains  of  Oregon.    (Dana,  ii.  9). 

The  mode  in  which  salt  is  obtained  from  these  deposits  depends  very  mndi  on  tha 
locality,  the  depth  of  the  deposit,  the  price  of  fuel,  &c.  In  some  places^  as  at  WieUadn 
and  in  Cheshire,  it  is  a  mining  operation  and  is  carried  on  by  means  of  shafts  tad 
horizontal  galleries.  At  Cardona  in  Spain,  where  the  great  body  of  the  salt  forms  a  mggfd 
precipice  400  to  500  feet  high,  there  is  no  excavation,  but  the  salt  is  procueabj 
worlung  down  perpendicularly  as  in  an  open  quarry. 
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often  occurs  in  large  crystalline,  transparent,  and  colourless  masses,  powcscing  peified 
diatkermancy,  that  is  to  say,  it  is  equally  pervious  to  heat-xays  of  erezy  atpt*  of 
refrangibility  (p.  61).    An  aqueous   solution  of  sodic  chloride  exposed  to  a  teniME»> 
ture  of -about  —10^  deposits  the  salt  in  hexagonal  nlates  containing  NaCl.*iHH); 
but  as  the  temperature   rises,   the  water  of   crystallisation  is   expelled,  and  tlie 
crystals  fiill  to  pieces,  being  converted  into  a  hew  of  minute  cubes.    The  anhydrous 
salt,  when  rapidly  crystallised,  contains  mechanically  enclosed  water,  and  oonsequentlj 
decrepitates  in  the  fire.     Some  specimen:*  of  rock-salt  from  Wieliczka  decrepiut« 
when  thrown  into  water,  owing  to  the  escape  of  condensed  gas,  consisting,  aecording 
to  H.  Rose,  of  CH«. 

Chloride  of  sodium  melts  at  a  red  heat,  and  fonns  a  ciystalline  mass  on  cooling.  It 
18  somewhat  less  volatile  than  chloride  of  potas«ium,  but  like  that  salt^  Tolatilisas  at  a 
low  red  heat  in  open,  but  not  in  covered,  vessels  ^H.  Rose) ;  at  a  white  beat  it  vols- 
tilises,  even  in  doeed  vessels.  Heated  with  potassium,  it  yields  chloride  of  potMSsiom, 
and  metallic  sodium  (Davy).  When  heated  to  redness  with  silica,  it  yields  ailiceteof 
sodium  and  hydrochloric  acid  gas,  the  decomposition  taking  place  rapidly  in  preseoee 
of  aqueous  vapour.  With  oil  of  vitriol  it  gives  sulphate  of  sodium  and  hydrodUorie 
acid  gas.  According  to  BorthoUet,  it  also  evolves  a  small  quantity  of  hydrochloric  acid 
gas  by  distillation  with  oxalic  acid,  but  not  with  acetic  acid.  In  solution  it  ia  deeom- 
poeed  by  excess  of  lead-oxide,  into  soda  and  subchloride  of  lead,  Fb^d*  (Scheele)^ 
also  by  nitrate  of  ammonia.  (Karsten.) 

Anhydrous  chloride  of  sodium  dissolves  in  about  3  pta.  of  cold  water,  and  it  setieelj 
more  soluble  in  boiling  water.  Fuchs  states  that  1 00  pts.  of  water  diM(^Te  87  pis.  i 
it  at  all  temperatures;  but,  according  to  €kLy-Lussac  and  Poggiale,  the  •olubilitj 
increases  slightly  with  rise  of  temperature,  as  shown  by  the  following  table : 


100  parts  of  water  at 


If 
»i 
»» 
»f 
»» 
i» 


w 
»» 

M 
M 
»f 
» 


0^    dissolve  of  NaQ 

60 
100 
107| 
110 


M 


n 


PoggUle. 
86-52 
35-87 


36-61 
40-35 


Gaf- 


86 
87 

40*88 


psits 

N 

n 
tt 


5 

1-0862 


10 
10784 


15 
11115 


20 
1-1511 


26 

11928 


26-895 
1-2048 


The  specific  gravity  of  the  solution  increases  with  its  strength  as  follows  (Qerlaeh, 
Jahresb.  1859,  p.  43): 

Quantity  of  NaQ  in> 

100  pts.  of  solution.  ( 
Specific    gravity  of } 

solution  at  15°.        ( 

The  number  26-895  represents  the  quantity  of  anhydrous  sodium-chloride  in  a  saturated 
solution  at  15^.  For  an  extended  table  by  Gerlach  of  the  specific  gravities  of  sill- 
solutions  of  various  strengths  and  at  various  temperatures  from  O^to  100^,  ae^Ckemkd 
Tecknofogy,  voL  i.  part  5.  See  also  Schiff  (Jahresb.  1858,  p.  39) ;  and  W.  Schmidt 
(ilrid,  1869,  p.  128). 

The  following  determinations  of  the  variations  in  volume  of  salt-solutions  at  diflsnst 
temperatures  arobyKremers  (Jahresb.  1857,  p.  68): 


Volumes  of  A^cus  Chloride  of  Sodium  at  different  temperaiurea  (vol  at  19-5® ^l^ 
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ITie  frKeang  and  boiliiig^points  of  the  solution  rise  with  the  degree  of  coneontration 
in  the  manner  shown  in  the  following  table  (Karsten): — 
Per  cent  of  salt  16  10  15  20  26  29 

Frwsring-point .  0-76'^      3*78<'      7-44°      10  99°       14-42'^    1777° 

Boiling-point    .       100-21°  10110°  102-38°   103*99°     10646°  10727°      108*83 

For  more  extended  tables  see  Chemical  Technofogi/,  vol.  i.  part  6. 

Chloride  of  sodium  is  precipitated  from  its  aqueous  solution  by  passing  hydrochloric 
acid  into  the  liquid  till  it  is  saturated ;  this  reaction  is  recommended  by  Margueritte 
lor  separating  the  salt  from  brine-liquors.  Chloride  of  sodium  is  insoluble  in  pure 
alcohoL  but  is  taken  up  in  (*onsiderable  quantity  by  dilute  spirit. 

Chloride  of  sodium  unites  with  other  metallic  chlorides,  forming  crystallisable  double 
■alts  :  these  are  described  with  the  chloridea  of  the  several  metak. 

SOBZUX*  BBTBOTZOV  AV»  BSTZMATZOV  07.  1.  Blowpipe  Re- 
mcUonM. — Sodium-oompounds  impart  an  intense  yellow  colour  to  the  outer  blowpipe- 
flame,  which  quite  conceals  the  coloration  produced  by  any  other  metal  Alcoholic 
■olntions  of  sodium-salts  bum  with  a  yellow  flame.  The  spectrum  of  sodiiun  is  dis- 
tinguished by  a  single  bright-yellow  line,  coinciding  with  the  dark  solar  line  D. 

2.  Seadions  in  Solution. — Sodium-salts  are  even  more  generally  soluble  than  potas- 
ainm-salta.  They  give  no  precipitate  with  platinum-chloridet  tartaric  acid, or  perchlorte 
and,  and  no  crystals  of  alum  with  sulphate  of  aluminium,  SUicoftuoric  acid  gives  a 
gelatinous  precipitate  in  concentrated  solutions. 

JLcid  metantimonate  of  potassium  (i.  326)  gives  a  white  precipitate  of  metantimonate 
of  sodium,  flocculent  at  first  if  the  solution  is  not  veiy  dilute,  but  soon  becoming 
crystalline.  It  is  produced  immediately,  in  solutions  containing  not  lees  than  1  pt.  of 
■odium-salt  in  300  pts.  of  liquid.  In  more  dilute  solutions  the  precipitation  is  gradual, 
and  the  metantimonate  of  sodium  is  deposited  in  cirstals  on  the  sides  of  the  vessel, 
the  effect  bein^  apparent  after  12  hours,  even  in  solutions  containing  not  more  than 
j^  pt.  of  sodium-salt  The  solution  of  sodium  to  be  tested  should  be  neutral  or 
■lightly  alkaline,  for  free  acid  would  separate  antimonic  acid  from  the  reagent.  It  must 
also  be  firee  from  salts  of  lithium,  ammonium,  and  the  earth-metals,  all  of  which,  when 
dilated  to  a  certain  extent,  yield  precipitates  of  similar  character. 

3.  Estimation  and  Separation. — Sodium  is  estimated  as  sulphate  or  chloride,  in  the 
manner  already  described  for  potassium  (iv.  699). 

Sudium  is  separated  from  all  the  metals  of  Groups  i.  and  ii.  (Analysis,  i.  217),  by 
■nlphydric  acid  and  sulphide  of  ammonium  ;  from  the  alkaline  earth-metals  by  car- 
bonate of  ammonium ;  trom  magnesium  by  baryta -water ;  from  potissium  by  platinic 
chloride  and  alcohol ;  from  lithium  by  the  solubility  of  lithium-chloride  in  alcohol  and 
ether. 

The  separation  of  sodium  from  potassium  is  best  ejSectod  when  the  metals  are  in  the 
form  of  chlorides.  The  amount  of  potassium  being  determined  from  the  weight  of  the 
chlozoplatinate,  that  of  sodium  may  frequently  be  estimated  by  difference.  To  estimate 
the  sodium  directly,  the  filtrate  from  the  potassium-salt  must  be  evaporated  to  dryness 
at  a  very  sentle  heat,  and  the  residue  ignited  in  a  platinum  crucible  till  the  sodic 
chloroplatinate  and  the  excess  of  platinic  chloride  are  entirely  decomposed;  this  decom- 
position ia  facilitated  by  adding  a  few  ciystals  of  oxalic  acid  during  tlie  ignition.  The 
chloride  of  sodium  thus  formed  is  dissolved  out  by  water,  evaporated  to  dr^ess,  ignited, 
and  weighed.  Removing  the  platinum  by  sulphydric  acid  does  not  give  good  results 
(H.  Rose).  The  indirect  method  of  analysis  (i.  224)  may  also  be  advantageously 
applied,  in  many  cases,  to  the  estimation  of  potassium  and  sodium  when  they  occur 
together. 

4.  Atomic  Weight  of  Sodium. — Berzelius  found  that  100  pts.  of  sodium-chloride, 
NaCl,  gave  by  precipitation  244*6  pts.  silver-chloride;  the  atomic  weight  of  sodium 
thence  deduced  is  23*17.  Fenny  (Fhil.  Trans.  1839,  p.  13),  by  determining  the 
quanti^  of  sodic  nitrate  produced  by  decomposing  a  given  weight  of  sodic  chloride  with 
nitric  acid,  obtained,  as  a  mean  of  seven  closely-agreeing  experiments,  Na  =  23'0. 
Pelouse  (Ann.  Ch.  Pharm.lvi.  202)  found,  as  amean  of  three  experiments,  that  100  pts. 
of  silver  required  for  precipitation  64*144  pts.  sodium- chloride :  whence  Na  »  22*97^ 
Dumas  (ibid,  cxiii.  31),  as  a  mean  of  seven  experiments  of  a  similar  kind,  found 
Ka  =  28*01 ;  -and  Stas  found  Na  »  23*06.  The  atomic  weight  of  sodium  may  there- 
fore be  taken  as  23. 

SOmuXt  F&VOSIBB  07.  NaF.  Obtained  by  saturating  hydrofluoric  acid 
with  carbonate  of  sodium.  It  crystallises  in  white  anhydrous  cubes  or  octahedrons, 
soluble  in  26  pts.  of  cold,  and  not  much  more  soluble  in  hot  water;  the  solution  attacks 
glai^.     The  fluoride  is  insoluble  in  alcohol. 

Sodio^pdrie  fluoride,  NaF.HF,  crystallises  by  spontaneous  evaporation  from  a  solu- 
tion of  sodic  fluoride  supersaturated  with  hydrofluoric  acid,  in  small  rhombohedroni| 
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haTing  the  angle  of  the  terminal  edges  »  74^  80*,  and  often  united  in  twiu^  harbg 
oP  for  the  face  of  junction.     (Marignac,  Jahresb.  1867,  p.  128.) 

A  Mvlphato-ftuoride  of  godium,  NaF.Na^O*,  was  fonnd  by  Harignae  (ibid,  1859, 
p.  1 06)  to  separate  from  the  mother-liquor  obtained  in  the  preparation  of  sodium-flnorid* 
with  hydrofluoric  acid  containing  a  little  sulphuric  acid,  in  small  hexagonal  plat«, 
which  could  be  recrystaUised  from  water  without  decomposition. 

Fluoride  of  Sodium  and  Aluminium,  Cryolite,  SNaFJLlP"  (L  159). — Thia  minetsl  ii 
now  used  for  the  preparation  of  soda. 

BOBZinME,  BTBXATB  07.  NaHO  or  Na*O.H*0.  Cauetie  Soda,  HydraUd 
Oxide  of  Sodium  y  Mineral  Alkali,  Natronhydrat. — This  compound  is  formed  when  the 
protoxide  or  the  dioxide  of  sodium  is  brought  in  contact  wiui  water,  the  action  being 
attended  with  rise  of  temperature,  and,  in  the  latter  case,  with  evolution  of  oxygen. 
It  is  prepared,  like  caustic  potash,  by  decomposing  sodic  carbonate  with  lime ;  3  pte.  of 
crystallised  sodic  carbonate  are  dissolved  in  15  pts.  of  boib'ng  water,  and  a  quantity  of 
cream  of  lime,  prepared  by  slaking  1  pt  of  lime  with  3  pts.  of  water,  is  added  by  small 
portions,  the  whole  being  boiled  for  some  time,  and  treated  as  for  potash  (ir.  700). 
The  hydrate  thus  obtained  may  be  purified  by  alcohol.  To  obtain  pure  cansdc  soda 
without  the  use  of  alcohol,  Grager  (J.  pr.  Chem.  xcvi.  165)  treats  the  cart>onate,  pre- 
viously purified  so  far  as  to  retain  only  a  trace  of  chloride,  with  carbonate  of  silver, 
then  boils  it  with  calcined  marble,  and,  lastly,  filters  the  solution  through  a  funnel,  the 
throat  of  which  is  stopped  with  lumps  of  marble  and  pulveriaed  marble,  previously 
washed  with  distilled  water. 

In  preparing  caustic  soda  from  the  carbonate  on  the  large  scale,  it  is  of  importanos 
to  recover  all  the  soda  which  remains  difiused  through  the  lime-mud.  In  some  manu- 
factories the  mud  is  washed  repeatedly,  and  the  weak  liquors  are  VMd  either  for 
dissolving  fresh  portions  of  carbonate,  or  for  diluting  the  black  ash-liqiior ;  in  other 
works  the  lime-mud  is  filtered  in  the  following  manner:— A  shallow  tank  of  stone  or 
flags  is  so  built  that  the  bottom  inclines  towards  one  part,  from  which  a  pipe  leads 
away  the  flltrate :  rows  of  porous  firebricks  are  set  lengthways,  three  inches  apart  in 
tile  bottom  of  the  tank,  and  upon  these  are  laid  in  cement  porous  quarls,  whidi  fann 
the  filtering-bed.  The  lime-mud  is  run  on  to  this  bed  and  dllowea  to  filter  for  some 
time,  after  which  a  few  inches  of  water  are  gently  run  on  to  the  pasty  mass,  so  as  not 
to  disturb  the  particles.  When  this  is  properly  managed,  the  water  forces  a  strong  lej 
out  of  the  precipitate,  without  much  diminution  of  its  strength.  The  filtering-bed  may 
also  be  constructed  of  large  stones,  gravel,  and  fine  sand. 

Caustic  soda  is  now  made  in  large  quantity  from  black  ash-liquors.  For  this 
purpose  the  liquors  are  concentrated  in  a  fishing  or  boat-pan  30  feet  long,  8  feet  wide, 
and  2^  feet  deep  at  the  greatest  depth,  up  to  a  specific  gravity  of  1*40,  at  a  tempentore 
of  260"^  or  270°  F.,  whilst  a  little  nitrate  of  sodium  is  added  to  oxidise  the  sulphate  of 
sodium  in  the  black  ash.  The  separating  salts  are  fished  out,  and  the  liquor  is  ran 
into  settlers,  where  more  salts  deposit  during  the  cooling.  The  liquor  is  now  ran  into 
a  hemispherical  cast-iron  pot  (about  5  feet  diameter  at  the  top,  and  5|  feet  deep,  in- 
cluding a  cast-iron  ring  alx)Ut  2^  feet  high),  and  more  nitrate  of  sodium  ia  added.  It 
is  boiled  in  this  pot  from  12  to  24  hours,  during  which  a  further  deposit  of  salts  takes 
place,  which  are  fished  out  The  liquor  is  then  transferred  into  another  similar  pot, 
called  the  "  finisher,*'  and  boiled  until  it  contains  60  per  cent,  of  soda,  during  which 
more  nitrate  of  sodium  is  added,  while  a  thick  scum  which  forms  on  the  sorfiioe  ii 
skimmed  off.  When  the  concentration  is  complete,  the  fire  is  withdrawn,  and  the  mehcd 
mass  allowed  to  settle,  after  which  it  is  run  off  into  iron  casks,  or  on  to  plates^  to 
solidify. 

Arrott  proposes  to  produce  a  caustic  soda  from  sulphide  of  sodium,  with  the  aid  of 
the  oxides  of  iron  or  manganese.  Hunt  recommends  the  boiling  of  the  solntion  of  sul- 
phide of  sodiimi  with  oxide  of  zinc  or  black  oxide  of  copper.  GK>ssage  has  patented  the 
manufacture  of  caustic  soda  from  silicate  of  sodium  by  decomposition  with  lime, 
and  proposes  to  employ  the  resulting  calcic  silicate  as  manure.  Any  of  the  other 
methods  described  for  the  preparation  of  caustic  potash  may  also  be  applied  to  soda 
F.  0.  Ward  proposes  to  prepare  it  from  albite,  in  the  same  manner  aa  potash  from 
orthoclase,  by  calcining  the  mineral  nfith  lime  and  fiuor-spar.  Aooordiag  to  another 
method,  patented  by  Newton,  felspar  is  heated  with  calcic  phosphate  and  lime,  all  in 
powder,  at  a  low  red  heat,  whereby  calcic  silicate  and  alkaline  phosphate  are  prodneed; 
and  when  the  mass  is  lixiviated  with  water,  the  lime  decomposes  the  alkaline  j^ysphs^ 
reproducing  calcic  phosphate,  while  the  alkali  remains  in  solution. 

Cryolite  is  now  employed  as  a  source  of  soda  on  the  manufacturing  acale  in  ■svenl 
places  on  the  Continent  (Copenhagen,  Harburg,  &c);  the  old  process  waa  to  tiftt 
the  finely-ground  cryolite  with  sulphuric  acid,  but  this  plan  is  now  entirely  abandoned. 
The  cryolite  is  ground  to  powder  and  mixed  with  lime,  and  either  calcined  or  boiled 
with  as  much  water  as  will  form  a  milk.    The  boiling  must  be  oontinned  for  serenl 
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hurnn,  WImb  the  nfacton  hu  bera  calcined,  the  maai  mnst  be  ezliaiiflted  with  water. 
The  hydrofluoric  add,  alumina,  and  lime  form  an  insolnble  componnd,  while  thecaiistie 
soda  remaina  in  aoliition.    The  following  equation  shows  the  change : — 

AlP.SKaF  +   SCa'HH)*     -     3NaH0  +  ATWG*  +   3CaT«. 

Hydrate  of  aodinm  ia  a  white,  opaque,  brittle  substance,  having  a  fibrous  texture,  and 
•peafie  gravi^  »  2*00  (Dal ton).  It  melts  below  redness,  but  is  less  vohitile  at 
a  red  heat  than  hydrate  of  potassium.    It  colours  the  blowpipe-flame  intensely  yellow. 

Crystaliited  Sodie  Hydrate, — Soda-ley  of  specific  gravity  1*385,  cooIckI  to  0^,  yields 
large  glaaay  oystab  of  a  hydrate  containing  2NaH0.7H'0,  or  Na'O.SH'O.  It  melts 
at  <P,  fonning  a  liquid  of  specific  gravity  1*405 ;  absorbs  carbonic  acid  rapidly  from 
the  air,  water  more  slowly ;  gives  o£f  half  its  water  in  a  vacuum  over  oil  of  vitriol.  It 
cxTBCallisea  also  ymrj  pure  from  a  solution  of  caustic  soda  containing  sulphate  or  chlo- 
ride of  iodium  (Hermes,  Pogg.  Ann.  cxix.  170).  According  to  G.  Rose  (Jahresb. 
1863,  p.  179),  the  aratala  are  monoclinic,  exhibiting  the  combination  oP  .  ooP.  -f  P. 
— P  .  -¥  2Pao .  [  gdFoo  1 ;  tabular  by  predominance  of  oP.  Angle  ooP :  ooP  (clinod.) 
■•  08^;  oP:  the  dinodiagonal  prismatic  edge  a  104°;  2Pao  :  the  same  «  137*^; 
oP  :  odP  »  98^  (approximately). 

SodorUj/. — Prepaied  as  above  from  the  carbonate,  or  by  dissolving  the  solid  hydrate 
or  anhydioas  aooic  oxide  in  water.  It  is  a  colourless  caustic  liquid.  A  saturated 
■olntioa  at  common  temperatnree  has  a  specific  gravity  of  1*500  (Dalton) ;  boils  at 
130^,  and  contains  36*8  per  cent  of  soda.  100  pts.  of  water  dissolve,  at  18^,  60*53  pts. 
of  hvdimte,  or  41*48  pts.  of  dry  soda;  at  32^  72*91  hydrate  or  45*72  dry  soda ;  at  55^ 
too  hydrate  or  63*53  dry  soda;  at  70^  116*75  hydrate  or  71'98dry  soda;  and  at  80^ 
127*02  hydrate  or  78*8  dry  soda  (Osan  n)  :— 

qfJnJ^drou8  Soda{JSt?0)  in  a  Solution  of  CauMtie  Soda,  according  to 

Tunnermann. 


^pecnc 

FM>C«Dt. 

Specific 
(nvity. 

Per  cent. 

Specific 
ftATlty. 

Per  cent. 

Specific 
gravity. 

Percent. 

1-4286 

30-220 

1*3198 

22*363 

1*2392 

15*110 

1*1042 

7*268 

1-419S 

29*616 

1*3143 

21*894 

1*2280 

14*60 

10948 

6*648 

1-4101 

29*011 

1*3126 

21*758 

1*2178 

13*901 

1*0855 

6044 

1-4011 

28*407 

1*3053 

21*154 

1*2058 

13*297 

1*0764 

5*440 

1-3928 

27*802 

1*2982 

20-660 

1*1948 

12-692 

10676 

4*836 

1-8886 

27*200 

1*2912 

19-945 

1*1841 

12*088 

1*0687 

4*231 

1-3761 

26*594 

1*2843 

19-341 

1*1734 

11*484 

1*0500 

3*626 

1-3668 

25-989 

1*2775 

18-730 

1*1630 

10*879 

1*0414 

8*022 

1-3686 

26*386 

1*2708 

18-132 

1*1628 

10*276 

10330 

2*418 

1-3606 

24*780 

1-2642 

17o28 

1*1428 

9*670 

10246 

1*813 

1-3426 

24*176 

1*2678 

16923 

1*1330 

9*066 

10168 

1*209 

1*3349 

28*572 

l*251d; 

16-379 

11233 

8*462 

1*0081 

0*604 

1-3273 

22-967 

1*2453 

15-714 

11137 

7*867 

1*0040 

0-302 

(See  alflo  Baehter^a  Tkbles,  Stochimnetrte,  iii.  332;  Dalton's  Elements,  ii.  315). 

The  reactions  of  caustic  soda  are  the  same  as  those  of  potash,  excepting  that  it 
pvai  no  precipitate  with  platinic  chloride,  tartaric  acid,  or  perchloric  acid.  It  is  very 
•xtenaively  need  for  making  soap,  and  indeed  for  all  purposes  for  which  a  caustic 
alUi  is  required,  as  it  is  cheaper  than  potash,  weight  for  weight,  and,  moreover,  as  its 
nomber  ia  less,  a  smaller  quantity  suffices  to   do  a  given  amount  of 


IOBZ9B  07.  Nal. — ^This  salt  is  contained  in  the  mother-liquors  of 
Idp.  It  may  be  prepared  by  dissolving  iodine  in  a  strong  solution  of  soda,  evaporating, 
ana  difl^tly  calcining  the  reaidue  to  decompose  the  iodate  formed  at  the  same  time. 
It  nynlallinri  from  aqueous  solution,  at  20^  and  upwards,  in  anhydrous  cubes ;  at  lower 
temperatures  in  hexagonal  plates  containing  NaI.2HK).  The  anhydrous  salt  melta 
when  banted,  and  volatilises  at  a  higher  temperature,  giving  off  part  of  its  iodine.  It 
is  driiqmesemt^  easily  soluble  in  water  and  in  alcohol ;  100  pta.  water  at  14^  dissolve 
173  pts.  of  it.  The  following  relations  between  the  specific  gravity  and  strength  of 
tiie  aqneoQS  s(dntion  have  been  determined  by  Eremers  (Jahresb.  1858,  p.  40), 
the  spedflo  grsvities  being  referred  to  water  at  19*5°  as  xmity : — 

SSfSitf^         »*-6         «>2  79-4  U6« 

BpeeifiegraTity  of  solution     1*1762       1*3362        1*4962        1*6659 

s2 


149*7 
1-8047 
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The  following  table  exhibits  the  expansion  of  solntionB  of  sodinm-iodide  at  difbrcit 
temperatures  (Kramers,  Jahresb.  1859,  p.  49): — 

Volumes  of  Aqtutms  Sodium^Iodide  at  differmt  temperatures  (toL  at  19*5®  ■»  l\ 


Quantity  of  Salt  in 
100  pu.  of  Water. 

31-8 

64*6 

99-9 

lai-o 

Specific  grsTity  at 
I9-60 

1*»84 

1*4166 

1*6942 

i-7«n 

0*» 
19*6 
40 
60 
80 
100 

0*99272 
100000 
1*00942 
102021 
108257 
104612 

0*09030 
100000 
1*01104 
102264 
103514 
1*04840 

0*98934 
1-00000 
1*01169 
102866 
108614 
1*04917 

0-98918 
1-00000 
1-01179 
1-02382 
1-08621 
1-04887 

A  saturated  aqueous  solution  of  sodium-iodide  boils  at  141^  (Eremers). 

A  compound  of  sodie  iodide  and  iodate,  3NaI.2NaIC)'.20H*O,  ciystaUisea  in  hexa- 
gonal tablee,  oR  .  ooR  with  -f  R,  -  ^  R,  &c.  Angle,  oR  :  +  B  -  116<>  7' ;  oB :-}  B 
«  133°  10'.    (Marignac,  Jahresb.  1857,  p.  124.) 

80BZUM,  OZZBB8  07.    Sodiimi  forms  a  protoxide  and  a  dioxide. 

The  protoxide,  Na'O,  or  anhydrous  soda,  is  produced,  together  with  the  dioxide, 
irhen  sodium  bums  in  the  air,  and  may  be  obtained  pure  bj  exposing  the  dioxide  to  a 
Tery  high  temperature,  or  by  heating  sodic  hydrate  with  an  equivalent  .quantity  of 
sodium :  NaHO  •»-  Na  »  NaK)  +  H.  It  is  a  grey  mass,  having  aoonclu>idalfinctafe, 
meltB  at  a  rf<l  heat,  volatilises  with  difficulty,  is  a  non-conductor  of  electricity.  Spedile 
gravity  *  2  805  (Earsten). 

Dioxide  or  Peroxide  of  Sodium,  Na*0*,  is  obtained  by  igniting  sodium  in  oxysen- 
gas  till  its  weight  becomes  constant.  It  is  of  a  pure  white  colour,  but  becomes  yeUow 
when  heated,  and  white  again  on  cooling.  When  exposed  to  the  air,  it  slowly  deli* 
quesces,  and  after  a  while  resolidifies  as  carbonate.  On  mixinir  it  with  water,  grmt 
heat  is  produced,  and  a  small  quantity  of  gas  is  evolved  (arising  from  the  local  heating 
of  the  peroxide).  A  small  heap  of  it,  when  moistened,  becomes  vellow  with  heat,  and 
gives  offa  considerable  quantity  of  oxygen.  If,  on  the  contrary,  it  be  thrown  intowater 
in  the  state  of  powder  by  small  portions  at  a  time,  it  dissolves  with  rerj  little  evcdii- 
tion  of  gas,  and  forms  a  solution  of  dioxide. 

A  solution  of  the  dioxide  evaporated  over  a  water-bath,  ^ves  off  oxrgen  aknriy  st 
first,  but  rapidly  as  the  solid  residue  begins  to  separate ;  but  if  evaporated  slowly  over  oil 
of  vitriol  at  common  temperatures,  it  yields,  without  evolution  of  oxygen,  lazge  hexa- 
gonal tabular  crystals  of  a  hydrate,  containing  Na*0'.8H*0. 

These  crystals,  when  left  to  effloresce  over  oil  of  vitriol  for  nine  days,  lost  three* 
fourths  of  their  water,  and  yielded  another  hydrate  containing  Na'0*.2H*0. 

Iodine  decomposes  sodic  dioxide,  forming  an  oxyiodide  and  liberating  oacygen: 

Na«0«     +     P      =      Nal-0     +     0. 

The  dioxide  absorbs  carbonic  oxide,  forming  sodic  carbonate : 

NaK)«     +     CO       -      Na«CO«. 

With  carbonic  anhydride,  the  same  compoxmd  is  formed,  and  1  at.  OJ^geii  Mt  fim 
With  nitric  oxide  it  forms  sodic  nitrite : 

Na«0«     +     2N0       -      2NaN0«. 
With  nitrous  oxide  the  same  salt  is  formed,  and  2  at.  nitrogen  given  off: 

Na«0«     +     2N«0       «       2NaN0«     +     N«. 
(A.  Vernon  Harcourt,  Chem.  Soe.  J.  xv.  267.) 

BOBIVBK,  OXTXOBZBB  OV.  Na*P0,  or  Nal.NalO  ?— Produced,  as  ahore 
mentioned,  by  the  action  of  iodine  on  sodic  dioxide.  It  dissolves  in  aculolated  vats 
with  separation  of  iodino : 

Na«PO     +     HCl      -      NaHO     +     NaCl     +     P. 

BOBrUKf  BVXiPBZBBB  07.  Sodium  forms  with  sulphur  a  number  of  eon- 
pounds  corresponding  exactly  with  the  imlphides  of  potassium  (iv.  707),  and  preptrtd 
in  the  same  manner.  The  protosulphide,  Na'S,  crystalbses  in  large  octahedroDHi  is^ 
forms  a  large  number  of  sulphosalts,  most  of  which  are  crystallisable.    Bjdnte  iid 
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of  fodinB  TCtet  witb  ralphnr,  both  in  the  wet  and  in  the  dxj  wbj,  in  the 
manner  aa  bjdrate  and  carbonate  of  potaseium. 


M  OF.    Analogous  to  telloride  of  potassium. 

The  tenn  "  soil"  is  applied  to  the  upper  stratam  of  the  earth's  crost, — that 
which  is  arailable  for  the  growth  of  plants.  A  soil  (insists  of  mineral  substances 
reaolting  from  the  deoompoeition  or  weathering  of  rocks,  mixed  with  organic  matter — 
the  00-^ed  kvmoui  suostances — produced  by  the  decay  or  putrefaction  of  plants 
which  hare  grown  upon  it,  and  in  cultivated  soils,  with  the  various  substances,  organio 
and  inoiganie^  added  in  the  form  of  manure.  The  stratum  immediately  below  the 
cultivable  soil,  eonaiating  of  disintegrated  rock,  not  touched  by  the  spade  or  plough, 
and  Teached  only  by  the  deeper-rooting  plants,  is  called  the  '*  subsoil" 

The  soil  ia  the  source  whence  plants  derive  the  whole  of  their  mineral  food.  All 
planta  require  for  their  nutrition  phosphoric  acid,  sulphuric  acid,  alkalis,  lime,  magnesia, 
and  iron:  many  apeciea  require  silica;  those  which  grow  on  the  seashore  require 
■odinm-aalta  and  metallic  iodides.  All  the  compounds  required  for  the  nutrition  of 
planta  an,  in  a  certain  sense,  of  equal  value :  if  one  of  them  is  wanting  in  the  soil,  or 
preaemt  only  in  a  form  which  cannot  be  taken  up  by  the  roots,  the  plant  will  not 
flourish. 

T^e  oiganic  constituents  of  the  soil  serve  as  sources  of  carbonic  acid  and  ammonia. 
The  ammonia  is  produced  by  the  putrefaction  of  nitrogenous  matters — the  carbonic 
add  bj  the  oxidating  action  of  air  penetrating  the  soil  on  the  carbon  of  the  humous 
•abatanoea.  The  earixmic  acid  thus  produced  not  only  serves  as  a  source  of  carbon 
to  the  growing  plant,  but  likewise  assists  in  the  disintegration  of  the  mineral  con- 
•titueiits  of  the  soil,  by  dissolving  the  earthy  phosphatea  and  decomposing  the 
fidapathic  minerals.  Chloride  and  nitrate  of  sodium  and  ammoniacal  salts  likewise 
diaaolve  the  phosphates  of  calcium  and  magnesium,  and  thus  contribute  to  diffuse 
Iham  throng  the  soil. 

It  waa  ficMrmerly  supposed  that  the  constituents  of  a  soil  could  not  be  taken  up  by 
tiia  loota  of  plants,  unless  they  were  in  the  state  of  solution  ;  but  later  researches  nave 
■hown  that  this  is  not  the  case,  but  that  soils,  especially  those  which  contain  abundance 
of  dacayed  vmtable  matter  or  humus,  have  the  power  of  absorbing  the  acids,  alkalis, 
mad  aalta  which  filter  through  them  in  the  state  of  solution,  and  retaining  these 
•nbataaces  in  a  state  of  loose  combination,  in  which  they  are  ready  to  be  taken  up  by 
the  roola  of  plants. 

Ib  1845  H.  8.  Thomson  (Agr.  Soc  J.  xi.  68)  observed  that  when  solutions  of 
■ol^ihate  or  carbonate  of  ammonium  are  filtered  through  soils,  the  first  portions  of  the 
flhnte  contain  only  traces  of  ammonia,  but,  in  the  case  of  the  sulphate,  a  considerable 
mantitj  of  gypeum.  Huxtable,  about  the  same  time,  found  that  dunghill  water 
Utend  through  a  loamy  soil  loses  its  colour  and  odour. 

These  observations  were  farther  extended  by  Way  (Agr.  Soc  J.  xi.  313),  who 
■bowed  that  certain  constituents  of  farmvard  manure,  when  brought  in  contact,  in  the 
almte  of  solution,  with  arable  soil,  lose  their  solubility,  and  unite  in  a  peculiar  manner 
with  the  soiL  Caustic  ammonia,  and  sulphate,  nitrate,  and  chloride  of  ammonium, 
tnated  in  aqueous  solution,  with  excess  of  soil,  give  up  their  ammonia  to  it  completely  ; 
while  the  suphnric,  nitric,  or  hydrochloric  acid  unites  with  other  bases  (generally  lime) 
contained  in  the  soil,  forming  soluble  salts  which  filter  through.  A  similar  absorptive 
power  ia  exerted  by  the  particles  of  a  soil  on  potash,  whether  in  the  caustic  ntate,  or  in 
the  form  of  potassic  sulphate,  nitrate,  or  chloride.  Solutions  of  sodium  and  magnesium- 
nlta  likewiae  give  up  their  bases  to  the  soil.  Phosphates,  however,  are  not  affected  by 
the  toil  in  the  same  manner  as  sulphates,  nitrates,  and  chlorides,  inanmuch  as  from 
iofaitiona  of  sodic  phosphate,  or  from  a  solution  of  guano-ash  in  dilute  sulphuric  acid, 
the  phosphoric  acid,  as  well  aa  the  base,  is  withdrawn  by  the  particles  of  the  soiL 
Way  likewise  found  that  putrid  urine,  the  retting  water  of  flax,  and  sewage-water,  are 
depriTed  by  contact  with  soil,  of  their  ammonia,  potash,  and  phosphoric  acid. 

The  absoiptive  power  of  a  soil  for  potash,  ammonia,  and  phosphoric  acid  can  scarcely 
be  regarded  aa  a  definite  chemical  action,  inasmuch  as  it  is  exerted  in  an  equal  degree 
byscmsof  themost  various  composition :  a  soil  abounding  in  day,  with  a  small  propor- 
tion of  lime,  possesses  it  in  the  same  degree  as  a  lime-soil  containing  a  small  ftee  por- 
tion of  day ;  it  is,  however,  considerably  affected  by  the  quantity  of  humns  present  in 
tfaesoiL 

The  absorptive  power  of  arable  soil  depends  very  much  on  its  degree  of  porosity;  a 
dense  heavy  dav-soil  and  a  loose  sandy  soil  possess  it  in  the  least  degree,  and  it  is 
■oat  strongly  exhibited  by  those  soils  which  have  alight  porous  structure, like  wood  or 
charcoal ;  in  fiict,  it  ia  similar  to  the  surface-attraction  exerted  by  charcoal  on  colouring- 
■■II  III  11^  the  attracted  particles  not  entering  into  a  new  chemical  combination,  but 
ntsining  their  original  properties.  When  a  salt,  such  as  sulphate  of  ammonium 
0r  poUflmmn,  gives  op  its  raise  to  the  soil,  the  add  separated  therefrom  enters  into 
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combination  with  lime  or  magnesia  contained  in  the  soiL  The  ittnctrre  faee  of  U» 
earthy  particles  for  the  alkali  would  probably  not  be  sufficient  in  itself  to  separate  it 
from  the  sulphuric  or  nitric  acid,  but  the  decomposition  takes  place  when  aniitcd 
by  the  additional  attraction  of  the  lime  or  magnesia  for  the  snlphnric  or  nitric  add. 

Absorption  of  nutriment  from  the  soil  is  effected  by  the  extremities  of  the  roots, 
which  must  therefore  be  in  immediate  contact  with  the  natritire  particles,  and  hence 
the  necessity  of  sufficient  porosity  in  the  soil  to  enable  the  roots  to  spread  and  ramify 
in  all  directions  through  it  "  The  effect  produced  by  breaking  up  the  ground  with  the 
plough,  spade,  hoe,  harrow,  and  roller,  depends  upon  the  &ct  uat  the  roots  of  planti 
go  in  search  of  their  food,  that  the  nutritive  substances  have  no  locomotion  of  theii 
own,  and  cannot  of  themsdves  leave  the  places  in  which  they  are.  The  root,  as  if  it 
had  eyes  to  see,  bends  and  stretches  in  the  direction  of  the  nutriment;  so  that  the 
number,  thickness,  and  direction  of  its  filaments  indicate  the  precise  spots  where  thej 
have  obtained  food."  (Lie big,  7%0  Natural  Laws  of  Hvuhandry,  London  1853, 
chapter  ii.) 

Analjvis  of  Bolls.* — ^The  method  at  present  adopted  for  the  analysis  of  soili  is 
essentially  the  same  as  that  described  by  Sprengel  and  Otto  in  Spreingel's  "  Boden- 
kunde ; "  depending  on  the  principle,  that  in  order  to  judge  of  the  fertility  of  a  soil,  it 
is  necessary  to  determine  not  only  what  are  its  elementaiy  constituents,  but  likewise 
the  manner  in  which  they  are  combined.  With  this  view,  Sprengel  and  Otto  treated 
a  sample  of  the  soil  successively  with  water,  dilute  hydrochloric  acid,  strong  snlphnric 
acid,  and  by  fusion  with  an  alkaline  carbonate.  The  constituents  of  the  soil  soluble 
in  water  were  supposed  to  be  actually  available  as  plant-food;  those  which  wers 
soluble  in  dilute  acids  as  available  for  that  purpose  after  being  subjected  to  the  action 
of  carbonic  acid  and  the  humous  acids  of  the  soil ;  the  rest  as  available  only  afta 
the  soil  had  been  subjected  for  a  considerable  time  to  atmospheric  influences,  assisted 
by  the  mechanical  operations  of  tillage.  This  mode  of  proceeding  was  originally 
based  upon  the  supposition  that  the  constituents  of  the  soil  which  are  to  nourish  the 
plant  must  be  presented  to  it  in  the  state  of  solution,  a  view  which,  as  already  observed, 
can  no  longer  be  regarded  as  correct.  Still,  as  the  several  constituents  must  he 
brought  into  the  state  of  solution  before  they  can  be  distributed  through  the  soil,  and 
be  taken  up  by  its  particles  in  the  state  of  physical  aggregation  above  described,  the 
separation  of  &ie  soil  into  portions  soluble  in  water  andacids,  and  an  insoluble  portion, 
is  still  capable  of  affording  useful  information  as  to  its  nutritive  propertiea. 

a.  Constituents  soluble  in  Water. — ^An  average  sample  of  the  soil  having  been  obtained, 
and  freed  from  stones  and  the  coarsest  particles  by  sifting,  the  original  plan  was  to 
heat  a  considerable  quantity  of  it  (1000  to  2000  grms.)  with  water  nearly  to  the  boiling- 
point,  then  filter;  wash  the  residue  as  completely  as  possible  with  hot  water;  evaporsta 
the  entire  liquid  to  about  the  volume  of  the  water  first  employed ;  filter  again  to 
separate  any  deposit  that  may  have  formed ;  then  determine  the  volume  of  the  filtrate ; 
and  employ  measured  quantities  of  it  for  estimating  the  several  constituents. 

The  total  amount  of  the  constituents  soluble  in  water  is  obtained  by  evaporating 
a  measured  quantity  of  the  solution  to  dryness,  and  weighing  the  residue  when  it  no 
longer  loses  weight  at  100^.  The  dry  residue  is  then  gently  ignited  for  some  time  in 
contact  with  the  air,  and  weighed  after  drying  over  ou  of  vitriol,  the  loss  of  weight 
thus  determined  being  reckoned  as  organic  matter,  nitric  acid,  and  ammonia, 
supposing  the  presence  of  the  two  latter  substances  to  have  been  previonaly  ascertained 
by  qualitative  analysis.  The  ignited  residue  is  then  treated  with  hydrochloric  arid, 
and  evaporated  to  diyness ;  the  remaining  substance  is  exhausted  with  dilute  hydro- 
chloric acid,  and  the  undissolved  silica  separated  by  filtration. 

The  filtrate  is  next  treated  with  chlorine-water,  and  ammonia  is  added,  wharebj  t 
precipitate  is  formed  containing  alumina,  ferric  oxide,  manganic  oxide,  and 
phosphoric  acid,  together  with  a  portion  of  the  lime  and  magnesia,  in  ease  the 
quantity  of  phosphoric  acid  is  considerable.  This  precipitate  is  collected  and  waigfaad, 
and  its  several  constituents  are  separated  and  estimated  in  the  manner  alrcsdy 
described  with  reference  to  the  ash  of  organic  bodies  (i.  419).  If  its  quantitr  ii  too 
small  for  the  estimation  of  all  the  constituents,  the  phosphoric  acid  should  at  lesit  be 
determined. 

The  filtrate  from  the  last-mentioned  precipitate  is  mixed  with  oxalate  of  ammooin 
to  separate  lime.  If  this  base  is  present,  the  solution  cannot  contain  any  more 
phosphoric  acid ;  it  is  then  to  be  filtered  and  evaporated,  the  residue  ignited  to  fxpA 
ammoniacal  salts,  then  dissolved  in  water,  and  treated  by  the  usual  methods  for 

*  SprenfeVt  BodenkumU,  1837.  p.  870 — Fretenioi,  Anieitmmg  tmr  omnnHimH^m  dmmlgts, 4. MmL 
p.  .siR._WjJhl*fr,  (ebunem  m  tier  AntUysr,  1853,  p.  1G7— E.  Wolff,  AnUitm^  wm  Umiermekmt 
hmdtrirtksch.  v^fcMgrr  Stqff}-,  1W)7,  p.  71.— Fraai,  Die  Namr  der  Lamdwirtkaek^fL  IBV.  L  IS- 
W.  Mayer,  Ergebnisse  lai»dwirik$ch.  u.  agrieuUw-chenmeke  Venudke.  Mfhtcben,  Heft  I.  &  Iff^ 
B  o  a  ■  t  i  D  g  a  11 1 1,  Compt.  rend.  xl«  L 1 1 26.— H.  R  o  s  e,aHmie  AmU^tiqt,  It.  934.- Auid».  4.  Orm  It 
Aafl.U.  [2j24e. 
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.  tfat  Bftgnetia,  potash,  and  f  oda.  If,  on  the  other  hand,  the  alkaline 
•aiths  have  been  wbeXij  pracipitatad,  together  with  phoephoric  add,  in  the  hquid 
lUteved  ftom  the  ailiea,  phoephoric  acid  may  still  be  present  in  the  filtrate  containing 
the  alkalis  In  that  ease  the  phoephoric  aod  may  be  separ^ed  by  methods  already 
daaeribed  (it.  649).  '' 

fiepante  qnaatitiee  of  the  aqueous  extract  of  the  soil  are  need  for  estimating  snl- 
phvrie  aeid  by  chloride  of  barium,  and  chlorine  by  nitrate  of  silver.  Carbonic 
acid,  if  prssentfe  is  estimated  in  a  portion  of  the  extract  evaporated  to  a  small  bulk, 
"by  the  method  giTein  under  Alxaumetbt  (i.  119). 

It  is  evident,  bowerer,  that  an  aqueous  extract  prepared  as  above,  by  boiling  with 
j»tm<d  water,  cannot  aiford  an  exact  representation  of  that  solution  which  is  actoally 
famed  in  tha  soil  by  rain-water,  under  the  varying  atmospheric  conditions  to  which 
the  aoil  ia  expoaad  in  the  course  of  a  season.  Toobtain  such  a  solution,  an  instrument 
«aUed  a  "lysimeter"  is  employed,  oonsisting  of  a  square  box,  usually  made  of  zino^ 
open  at  top,  closed  at  bottom,  and  having  an  internal  area  of  exactly  one  square  foot 
Aft  the'd#pth  of  six  inches  from  the  upper  edge  is  placed  a  perforated  bottom ;  the 

rse  aboire  this  is  filled  with  earth,  and  the  box  is  sunk  in  the  gronnd  to  the  level  ot 
upper  edge^  All  rain-water  which  falls  on  this  square  foot  of  sur^e  mast,  thei«- 
Ibm,  either  evaporate  or  filter  through  the  six-inch  layer  of  soil  and  collect  in  the  box 
balmr.  The  instrument  is  taken  up  and  emptied  every  three  months,  or  oftener  if  the 
Miwnif  ct  zain  is  greater  than  usuaL 

Hm  folkving  table  contains  the  results  of  several  analyses  by  Zoller  of  drainage- 
water  eoUeeted  in  the  lysimeter: — 1.  From  manured  lime-soil  with  vegetation. — 
1.  Bough  elay-eoil  with  vegetation.— ft.  Rough  day-soil  without  vegetation.— 
^  Maniuad  day-soil  without  vegetation. — 6.  Manured  clay -soil  with  vegetation  >— 


ISfdwtder  WaUr*,  according 

to  Zoller. 

AsdUtoapflrtoorwalw 
eonletn  t 

1 

s 

a 

4 

6 

Solid  iwidM  at  100<>  . 

472-32 

254-64 

292-64 

305-20 

291-50 

Aah  tbsrain 

817-62 

176-74 

194-78 

214-50 

21216 

Potadi 

6-60 

2-37 

2-03 

5-46 

3-82 

Soda.       .       .       . 

711 

5-60 

7-43 

23-74 

6-02 

lime. 

145-86 

57-60 

70-80 

68-41 

92-34 

Magnesia  . 

20-52 

8-80 

1-32 

2-93 

5-12 

Ferric  omdi 

1-32 

6-35 

8-26 

5-76 

4-30 

Chlorine    . 

57-49 

9-52 

20-87 

39-46 

35-27 

Pboflphorie  aihydiide 
Snlphozie          „ 

2-23 
17-47 

27-13 

27-82 

29*30 

33-49 

SUide               H 

10*46 

11-35 

17-46 

9-50 

9-34 

$.  EttimaHim  of  tke  condituenis  9olubU  in  dilute  Hydrochloric  Acid. — This  is  the 
oat  important  part  of  a  soil-analysis,  inasmuch  as  it  diows  the  total  amount  of  those 
ceoatitttents  of  tne  soil  which  are  readily  available  as  plant-food.  It  was  formerly 
■ade  on  the  residue  left  after  exhausting  the  soil  with  boiling^  water;  bat  as  this  mode 
of  extmctioo  is  no  lon^  regarded  as  of  much  importance,  it  is  now  more  generally 
aade  i^Km  the  aoil  in  its  original  state,  after  mechanical  separation  of  the  stones  ana 
eosner  partieles. 

A  quantity  of  the  soil  (50  to  100  grms.^  is  mixed  with  water  to  a  thin  paste  in.  a 
flaak,  and  hydroddoric  acid  is  gradiuQly  added,  as  long  as  any  effervescence  is  tbereW 
prodnced ;  the  whole  is  then  warmed  for  a  time,  with  frequent  agitation,  then  filtered, 
and  the  insduble  residue  thoroughly  washed.  The  filtered  solution  is  evaporated  to 
dtynesa,  after  addition  of  a  little  nitric  add ;  the  silica  is  separated  by  filtration  and 
weighed;  and  the  filtrate  is  divided  into  several  portions,  which  are  measured  or 
weighed,  and  used  for  the  estimation  (1)  of  sulphuric  acid;  (2),  of  phosphoric 
aeid,  alumina,  ferric  oxide,  manganons  oxide,  lime,  and  magnesia;  (3), of 
tbealkalia.  A  separate  portion  serves  for  the  estimation  of  carbonic  acid,  and 
anotherte  that  of  xerrons  oxide,  supposing  this  oxide  to  be  present  in  the  soil 
together  with  ferrie  oxide.  For  this  latter  purpose,  Fresenius  adopts  Margueritte's 
mtChod  with  potassic  permanganate  (i.  263  ;  iv.  384),  which,  however,  is  not  applicable 
when  o^ganie  matter  is  present.  In  this  case  it  is  best  to  digest  the  soil  with  hydro- 
chktfic  add  in  an  atmosphere  of  carbonic  anhydride,  then  nearly  neutralise  the  free 
add  with  sodium-carbonate,  and  add  levigated  barium-carbonate  in  excess,  which  will 
throw  down  the  whole  of  the  ferric  oxide,  leaving  the  ferrous  oxide  ia  solution.    The 
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liquid  is  then  filtered  in  an  atmosphere  of  carbonic  anhydride ;  and  the  iron  in  the  illtnte 
18  brought  to  the  state  of  ferric  oxide  bj  dilorine-water  or  nitric  acid,  and  predpitated 
in  that  form  by  ammonia. 

7.  Portion  insolvble  in  dilute  ^drochlorie  Add, — ^This  portion  of  the  soil  ^ctiD^ 
consists  of  day  and  sand,  mixed  with  other  minerals,  nj  heating  a  wvtioo  ol  it 
(5  to  lOgrms.)  with  several  times  its  weight  of  strong  sulphuric  acid,  tiU  the  greits 
part  of  that  add  is  volatilised,  the  day  is  decomposed,  the  other  constituents  remaining 
for  the  most  part  unaltered.  The  whole  is  left  to  cool,  the  nearly  dry  reaidoe  ii 
treated  with  dilute  hydrochloric  acid,  and  the  bases  are  determined  in  the  fihered 
solution  in  the  way  already  indicated  (/S).  From  the  undissolved  residue,  tbe 
pulverulent  silica  separated  from  the  day  may  be  dissolved  out,  though  with  oonsidc^ 
able  difficulty,  by  repeated  boiling  with  strong  solutions  of  sodic  carbonate.  TIur 
then  remains  a  mixture  of  sand  and  olhex  minerals  not  decomposible  bj  <nl  of  vitriol, 
the  nature  of  which  may  generally  be  determined  with  sumdent  aoeoney  by  tbi 
microscope. 

8.  Estimation  of  Organic  Matter, — ^The  total  quantity  of  organic  matter  in  a  soil, 
consisting  of  remains  of  plants  and  products  of  decay  (the  so-called  humous  aubstances), 
may  be  roughly  estimated  from  the  loss  of  weight  which  the  dried  soil  undergoes  wiula 
exposed  to  a  low  red  heat  not  strong  enough  to  decompose  the  earthy  carbomatss. 
Many  soils,  however,  especially  those  containing  day,  give  up  a  certain  portion  of 
water  only  at  a  red  heat ;  moreover,  ammonia  and  nitric  add  may  be  induded  u  tbe  losi 
of  weight  obtained  on  ignition.  Hence  it  is  better  to  determine  the  amount  of  carbon 
in  the  soil  by  combustion  with  oxide  of  copper,  deducting  from  the  amount  of  earbonie 
anhydride  thus  obtained  that  which  exists  in  the  soil  in  the  form  of  oarbonatea,  ormakiiig 
the  combustion  on  a  portion  previously  freed  from  carbonates  by  treatment  with  dilute 
acid.  Another  method  is  to  digest  6  grms.  of  the  soil  with  10  c  e.  water  and  16  c  & 
oil  of  vitriol,  allow  the  disengaged  carbonic  anhydride  to  escape,  then  add  6  grms.  of 
acid  potassic  chromate,  heat  the  liquid,  and  collect  the  carbonic  anhydride  thereby 
evolved.     (Wolff.) 

c.  Estimation  of  Nitrogen. — ^The  entire  quantity  of  nitrogen  existing  in  a  soil,  in  ths 
form  of  ammonia,  of  nitric  add,  and  of  organic  compounds,  may  be  estimated  by  com- 
bustion  with  oxide  of  copper,  asinDumas*s  method  (i.  242).  To  determine  the  nitric 
acid,  Wolff  exhausts  600  grms.  of  the  soil  with  cold  water;  evaporates  the  filtrate  to 
80  c.  c. ,-  mixes  it  with  a  little  potash-ley,  and  boils  till  ammonia  is  no  longer  evolTsd; 
then  reduces  the  nitric  acid  in  the  residual  solution  with  sine ;  and  estimates  it  in  ths 
form  of  ammonia  (iv.  88,  89). 

No  exact  method  has  yet  been  discovered  of  determining  the  quanti^  of  ammonia 
existing  in  a  soiL  W.  Mayer  found  that  even  when  ammonia  was  added  to  a  soil,  it 
could  not  be  recovered  with  certainty  by  boiling  with  soda-ler. 

The  following  tables  exhibit  the  proportions  of  carbon  and  nitzpgen  found  in  aennl 
■oils: — 


Aat\tflw  anlla  a^  I_ 

!.«<... 

Scotch  wbeat-Mib  (Anderson). 

(Rlttbaaien). 

Upper  soil. 

BobMO. 

1 
2 

8 

4 
5 

Carbon 
percent 

Nitrogen 
per  cent. 

Mid-Lothian   . 
East  Lothian  . 
Perthshire  .    . 
Morayshire 

Carbon 
percent. 

Nitrogen 
percent. 

CSftMMI 

per  cents 

Nttragie 

1-416 
1-148 
1-637 
2-163 
1-390 

0-107 
0116 
0126 
0113 
0-089 

4-610 
1-981 
2-660 
0-714 

0-220 
0-130 
0-210 
0074 

1-806 
1-668 
2*080 
0-890 

0-978 
0-160 
0-170 
0-048 

Russian  Black  Earth  from  the  Government  of  Tambow  (Petsoldt)L 
In  100  jpts,  of  Earth  dried  at  116^— 120<>. 

LoM  by  ignitloa. 

Manured  arable  sdl 18-18  CIT 

Unmanured  subsoil 9-48  0-88 

Unmanured  arable  soil 8-28  0-80 

SOZMOVXTB.    Syn.  with  Cobundum. 

BO&AVZCZirB.  C^H**N*0  (?).~A  base  produced  by  the  action  of  hvdiodikrie 
add  on  solanine.  A  solution  of  solanine  in  cold  concentrated  hydzochlraie  sod 
asbumes  at  first  a  reddish  or  violet^  then  a  yellow  colour,  and  afterwards  yields  a  nd- 
brown  predpitate  containing  the  hydrochlorates  of  two  new  bases  sparingly  sdnUe  is 
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■fedhcL  Am  tfw  ikoholie  solntion  of  the  precipitate,  ammonia  throws  dowB  a  jeDow 
(eladnooB  mass,  which,  after  treatment  with  hot  alcohol  (to  remore  eolanine  and 
■olanidiiieV  is  naohred,  hv  repeated  digestion  with  ether,  into  a  hase  soluble  with  yellow 
aolonr,  ana  another  nearly  insoluble  in  ether. 

The  soluble  base  appears  to  be  impure  solanidine.  The  other,  solanicine,  which 
diasohres  only  in  2,000  pte.  of  ether,  and  is  very  slightly  soluble  also  in  water  and  in 
aloohol,  may  be  obtained  by  slow  evaporation  of  its  ethereal  solution,  in  slender 
needles  or  crystalline  flocks.  It  melt«,  with  decomposition,  above  250° ;  is  coloured 
led  by  concentrated  acids ;  and  forms  amorphous,  yellow,  nearly  neutral  salts,  easily 
•ciliible  in  water  and  in  sJcohol,  but  insoluble  in  ether.  The  deep  yellow  solutions 
haTe  an  astringent  bitter  taste,  and  are  precipitated  by  concentrated  hydrochloric 
add.  The  MrocMorate  has  the  composition  CmH'*N*0.2HC1  ;  the  ckloropiatinate  is 
0^«NK).2fiCLPtf'Cl*.    (Zwenger  and  Kind,  Ann.  Ch.  Pharm.  cxxiii.  341.) 

Solanieiae  gives  by  analysis  (mean)  8301  per  cent  C,  10*83  H,  3*87  N.  and  2*29  0, 
■peeing  nearly  with  the  formula  C**H'"NH),  which  requires  8310  C,  10*80  H,  3*88  N, 
and  2*22  O.  If  it  contained  2  at.  hydrogen  more,  or  if  solanidine  contained  2  at.  hydro- 
gen less,  it  might  be  supposed  to  be  formed  from  solanidine  by  abstraction  of  H*0;  but 
neither  <tf  these  suppositions  sgrees  well  with  the  analytical  results.  The  formuUd  of 
aohnine  and  all  its  oerivatives  require  further  investigation. 


C*H*'NO  (?). — A  base  produced,  together  with  glucose,  by  the 
aetkm  of  adds  on  solanine.  It  was  discovered  about  the  same  time  by  Zwenger  and 
Kind  (Ann.  Ch.  Fharm.  dz.  244),  and  by  0.  Gmelin  (ibid.  ex.  167),  the  latter  ot 
whom  regaids  it  as  non-nitrogenous  (p.  346).  It  is  best  prepared  by  boiling  solanine 
with  dilate  hydrochloric  add,  washing  the  precipitated  hyorochlorate  of  solanidine  with 
water,  reoystallising  it  from  alcohol  mixed  with  ether,  predpitating  the  alcoholic 
■ohition  by  ammonia,  and  reciystallising  the  precipitated  base,  first  from  alcohol,  then 
from  ether.    (Zwenger  and  Kind.) 

Solanidine  dissolves  easily  in  alcohol  and  in  ether,  but  is  nearly  insoluble  in  water. 
It  dystallises  from  alcohol  in  long  colourless  silky  needles,  from  ether  in  thicker 
oystals,  exhibiting,  when  magnified,  the  form  of  four-sided  prisms.  The  solutions  have 
a  bitter  somewhat  astringent  taste  (Zwenser  and  Kind).  The  alcoholic  solution 
BTea  a  yeUowish-brown  precipitate  with  iodine  (Kromayer).  When  quickly  heated 
It  melts  above  200^,  and  sublimes  almost  without  decomposition ;  when  slowly  heated, 
it  decomposes  more  essily.  From  the  solutions  of  its  salts  it  is  predpitated  h^  ammonia, 
or  the  fixed  alkalis,  in  the  amorphous  state.  It  is  not  decomposed  by  boiUng  potash- 
ley,  and  doea  not  reduce  chloride  of  gold,  nitrate  of  silver,  or  an  alkaline  cupric  solution. 
With  moderately  strong  sulphuric  add,  it  gradually  forms  a  dark-red  solution,  con- 
taining two  new  bases  predpitable  by  water.  With  more  dilute  sulphuric  add,  espe- 
oally  on  addition  of  alcohol,  it  exhibits  (like  solanine)  a  transient  blmsh-rcd  colouring, 
hj  which  small  quantities  of  it  may  be  recognised. 

Zwenger  and  Kind  found  in  solanidine  (mean  of  three  analyses),  80*92  per  cent. 
eavbon,  11*16  hydrogen,  8*79  nitrogen,  and  4*  10  oxygen.  The  formula  C^H"NO 
mnirea  80*87  carbon,  11*06  hydrogen,  3*77  nitrogen,  and  4*31  oxygen. 

Salt  a  of  Solanidine. — Solanidine  has  a  somewhat  stronger  alkaline  reaction  than 

Alanine,  and  fbrms  both  neutral  and  acid  salts,  mostly  crystallisable,  bitter,  sparingly 

■dnble  in  water  and  in  adds. — The  hfdrochlorate^  C*^H^'NO.HCl,  deposited  from  the 

aontion  of  the  base  in  alcohol  containing  hydrochloric  add,  and  reciystallised  by  slow 

etvxiration  from  alcohol,  forms  rhombic  prisms  with  end-faces ;  slightly  soluble  in 

water  and  in  hydrodiloric  add,  easily  in  alcohol,  and  volatilising  without  decomposition 

whei  heated.— The  chlcroplatinaU,  2C»H*'N0.2HCl.Pt»'Cl«,  separates  in  yellowish 

flock,  when  a  solution  of  solanidine  in  alcohol  containing  hydrocnloric  acid,  is  mixed 

with  platinic  chloride  and  poured  into  cold  water. — The  nitrate^  prepared  like  the 

kydiohlorate,  crystallises  in  tufts  of  needles. — The  sulphate  is  easily  soluble  in  alcohol, 

Jeas  eisily  in  water,  and  separates  partly  in  slender  needles,  partly  as  an  amorphous 

powdei  apparently  a  mixture  of  tne  neutral  and  add  sulphates.    (Zwenger  and 

Kind.^ 


C*^"NO*«  (?).— An  organic  base  discovered  in  1820  byDesfosses 
(J.  Fhara.  vi.  374),  in  the  berries  of  the  black  nightshade  (Solanum  nigrum),  and  sub- 
aeaneiitl}obtained  from  several  other  species  of  solanum ;  e,  g.,  from  the  berries  of 
Solanum  ^rrbasci/oUwn,  from  the  berries  and  (in  small  quantity)  from  the  tubers  and 
green  pai%  of  the  potato  (8.  tuberosum),  but  especially  in  the  fiowers,  stalks,  and 
Serries  of  he  woody  nigfatshsde  (8.  Dulcamara),  and  in  the  shoots  or  germs  which 

rtatoes  thow  out  when  kept  in  cellaurs  during  winter  (0*068  per  cent  according  to 
Wolff  ai£  Blanchet).  Solanine  has  been  investigated  by  Des fosses  {foe.  cit.), 
hj  Payen  i^d  Chevallier  (J.  chim.  m4d.  i.  617),  0.  Henry  (J.  Pharm.  xviii.  661 ; 
SI.  54),  Otti(Ann.  Ch.  Pharm.  vii  160  xxvi.  232),  and  others,  and  more  recently  by 
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Moitissier  (Orid.  i.  868),  Zwenger  and  Eind(t6ii.  dz.  244;  esrilL  129),  al 
0.  Gmelin  {ibid.  ex.  167).  The  r^tdts  of  these  seyeral  investigationi  exhibit  maj 
points  of  difference,  possibly  because  the  ezTstallisable  bases  obtained  from  difEereBt 
species  of  solanum  are  not  really  identical,  or  becanse  many  of  the  prodvetfl  fiamiatd 
were  impure. 

Preparation, — 1.  From  PotaUhskoota, — ^The  fresh  shoots  aie  boiled  in  water  sligfatlj 
acidulated  with  sulphuric  acid ;  the  rapidly  expresbed  liquid  is  precipitated,  while  itill 
warm,  by  ammonia ;  the  dried  precipitate  is  exhausted  with  boiling  alcohol;  and  tbe 
solanine,  which  separates  almost  completely  on  cooling,  is  several  times  cxystalliKd 
from  alcohol,  till  it  dissolves  in  hydrochloric  acid  witibout  turbidity.  Fresh  ntbo 
short  potato-shoots,  not  too  much  developed,  ^eld  the  largest  qnantitT  (Reuberg, 
Ann.  Ch.  Pharm.  xxx.  225.  —Zwenger  and  Kind). — As  solanine  is  easily  resolved,  W 
heikting  with  acids,  into  solanidine  and  sugar,  care  must  be  taken  not  to  nse  the  add  too 
strong  or  in  too  huge  quantity.  Acetic  acid,  which  does  not  deoompoee  solanine^  vonld 
perhaps  be  better  adapted  n>r  the  preparation  than  sulphuric  or  hydiochlorie  seid. 
According  to  Eromaynr  (Arch.  Pharm.  [2],  cxvi.  114;  Jahresb.  1868,  p.  450), 
solanine  is  most  easily  obtained  by  precipitatiog  the  expressed  juice  of  the  potato- 
germs  with  lime,  without  using  acici,  and  exhausting  the  precipitate  with  alcoboL 

2.  From  Potato-tuhtrra, — The  potatoes  rubbed  to  a  pulp  are  diffested  in  water  ooa- 
tainine  sulphuric  acid ;  the  filtrate  is  boiled  to  separate  albumin ;  the  liquid  again 
filtered,  ana  predpitated  with  milk  of  lime;  and  the  predpitate  treated  with  aloohoL 

3.  From  the  berries  of  Solanum  nigrum,  &c — Tne  ripe  berries  are  pressed ;  tbe 
juice  is  precipitated  by  ammonia,  and  the  grey  pulverulent  predpitate  is  purified  bj 
recrystallisation  from  alcohol,  with  aid  of  animal  charcoaL — Peschier  dissolves  tiit 
impure  precipitate  in  acetic  acid,  precipitates  the  filtrate  with  ammonia,  and  then  trNU 
it  with  boiling  alcohol. — Payen  and  Chevallier  exhausted  the  dried  berries  of  Solanm 
verba*c\fofiun  with  alcohol,  treated  the  extract  which  remained  on  ersporatioa  with 
water,  and  precipitated  the  aqueous  solution  with  magnesia,  whereby  impure  solaniDs 
was  obtained. 

Properties. — Solanine  (from  potato-shoots)  is  slightly  soluble  in  oold,  easily  id 
hot  alcohol,  and  crystallises  therefrom  in  slender  silky  needles,  which  under  tli» 
microscope  present  the  appearance  right-angled  four- sided  prisma.  It  iM  nearly 
insoluble  in  water  and  in  ether.  From  its  solution  in  acids,  it  is  completely  sepanted 
by  alkalis  as  a  white  gelatinous  predpitate.  It  has  a  slightly  bitter  and  Bomewbat 
burning  taste,  and  faint  alkaline  reaction.  It  is  veiy  poisonous,  two  or  three  gimiu 
being  suffident  to  kill  a  rabbit  in  a  few  hours, — ^first,  however,  producing  panJysiscf  the 
hinder  extremities.  The  same  symptom  has  been  observed  in  oxen  after  eating  potato- 
shoots.  It  melts  at  about  235^  to  a  yellowish  liquid,  solidifying  to  an  amai^boDS 
mass.  At  a  stronger  heat,  it  emits  the  odour  of  burnt  sugar  (Zwenger  and  KindX 
When  a  very  small  quantity  of  it,  in  the  state  of  fine  powder,  is  he^ed  on  a  pieee  of 
platinum-foil  havine  in  the  middle  a  hemispherical  depression  covered  with  a  small 
watch-glass,  it  sublimes  in  a  network  of  slender  needles.  (Helwig^  AnaL  Zgbads. 
iil  43.) 

The  analyses  of  solanine  by  different  chemists  exhibit  great  diversity,  aa  thefoHowinf 
table  will  show: — 

From  Sokmum  DuUammra,  From  Potate  tkeott. 


Henrj.  MoitiMier.  Buuscbet.  O.  Gmelin.  Swmger  u.  KW. 

Carbon    .                 750  60*9  62*0              62-2              eO-Ol 

Hydrogen        .           91  87  8*9                87                8'40 

Nitrogen          .           31  3-6  16                                    1-87 

Oxygen            .         128  268  275              291              80-22 

1000        1000         100-0        100-0         100-or 

Henry's  analysis,  which  differs  widely  from  all  the  rest,  may  be  reprseented  W  tht 
formula  C"»fl»*A^O'»;  Blanchefs  by  C^H"NO^  or  C*»H"NO»».  Moitisner  Jaiwi 
from  his  own  analysis  the  formula  C**fP*NO'*  or  C*'H»NO\  Zwenger  an^  Khrff 
results  may  be  represented  by  the  formula  C^H"NO'*,  requiring  60*21  per  een^evboe, 
8*28  hydrogen,  1*63  nitrogen,  and  29*88  oxygen.*  0.  Gmelin  found  variable fmtiticf 
of  nitrogen  in  solanine,  and  is  of  opinion  that  the  pure  substance  isfreefroBrmtiQgcB: 
he  deduces  from  his  analyses  the  formula  OH*K)>*.  But  the  baaie  etenetar  of 
solanine  renders  it  most  probable  tliat  it  contains  nitrogen. 

Decompoaitions. — 1.  Solanine,  subjected  to  dry  distillation,  yields  ffftlani<*^  togelbff 

•  Zwenger  *nA  Kind  ri*<^  for  loUnine  the  formula  C^IP^SCP^,  for  tolaiiidhM  CM|«I7I0*,  aifcr 
tnUnicine  C^fT^.VO.  the  flrit  two  of  which  are  Inadmistible,  because  tbe  sum  of  tbe  kftfrnttn-  Ml 
nitrngcm-atomt  in  rnch  nfthpm  it  uneven.  Moreover,  ther  do  not  repreaent  the  Dunoan 
Aoalytia  for  lulanine  and  koUnidine  ao  closely  aa  the  formuls  C^^H^'NOi*  and  (?>H<>90. 
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The  hydroferroeydnate  is  precipitated  in  white  floeks  on  miziiig  a  Mlntioo  of  ur 
■olanineHsalt  with  ferrocyanide  of  potassium. — ^The  meUitate  is  soluble  in  witer,  Um 
neutral  solution  depositing  solanine  when  evaporated. — ^The  mueaU  crjfltaUias  io 
■lender  easily  soluble  needles.    (Baumann,  Arch.  Phann.  xzziii.  23.) 

The  oxalate,  2C«*H"N0>*.C'H*0*.HK),  is  obtained  by  evaporating  a  solutioo  of 
solanine  in  aqueous  oxalic  acid,  in  white  crvstalline  crusts  mixed  with  amorphous  salt: 
its  aqueous  solution  deposits  solanine  wnen  boiled.  It  gives  off  its  watar  it  100^ 
(Zwenger  and  Kind.) 

The  phosphate  is  obtained  by  precipitation  as  a  white  crystalline  powder.— The 
succinate  crystallises  in  easily  soluble  slender  needles. 

80&AS0&BZC  and  80&AS08TBASZC  ACZB8*    See  Pot^TO-fat  (iv.  723). 

SOXhAJrUBI*  The  most  important  plant  belonging  to  this  genos  is  the  potato 
{Solanum  tuberosum,  iv.  720). 

Soianum  Dulcamara,  —The  stalks  of  this  plant,  which  are  used  in  medidne  under 
the  name  of  bitter-sweet,  or  Stipites  Jhdcamarm,^  contain  pieroglyeion  or  dnle*- 
marin  (iv.  642),  together  with  solanine  and  otheir  substances. 

Soianum  Lycopersicon.^The  leaves  of  this  plant  are  said  to  oontain  an  alkaloii 
soluble  in  water.  The  doep  red  somewhat  acid  fruits,  called  love-apples  or  toma- 
toes, contain  a  free  acict— malic  acid  according  to  former  statements,  dtiie  add 
aocoiding  to  Bertagnini  (Jahresb.  1860,  p.  662);  probably  also  solanine,  together 
with  volatile  oil,  nnciystallisable  sugar,  &c   (See  Ens,  Jahresb.  1862,  p.  614.) 

Various  other  species  of  soianum,  especially  the  fruits,  are  said  to  contain  soUaiM 
together  with  malic  acid  (?) :  e.g.,  8.  mammosum,  &  nigrum,  and  S,  verhascffolntm. 

BOIiAS  OZXta  A  name  applied  in  commerce  diiefly  to  the  heavier  portions  of 
petroleum  and  shale-oil,  the  lighter  portions  being  called  pkotogen,  hydrocarbon,  k^ 
(See  Pasaffin,  iv.  846.) 

SOXiPAT II B  il  B.  Craters  of  extinct  volcanos,  which  give  indications  of  their 
former  activity  by  still  emitting  vapours  and  eases  of  various  kinds,  sometime 
depositing  sulphur,  sal-ammoniac,  and  other  solid  minerals,  on  the  waUa  of  cavities 
in  the  craters. 

BO&rATAmXTB.    The  name  given  by  Sh epar d  (SilL  Am.  J.  xvL  203)  to  soda> 

alum,  on  account  of  its  occurrence  in  the  solfatara  near  Naples. 

BOXiVTZOSr.  The  liquefaction  of  a  solid  or  gaseous  body  by  contact  with  a  liquid, 
the  solid  or  gas  being  diffused  uniformly  through  the  liquid,  and  not  separatins  when 
left  at  rest.  The  liquid,  which  thus  takes  up  or  absorbs  a  solid  or  gas,  is  called  the 
solvent  or  menstruum;  and  the  product  of  the  action,  as  well  as  the  action  itself 
is  called  a  solution. 

The  product  formed  by  the  union  of  liquids  one  with  the  other  is  nsnally  called  a 
mixture,  if  the  two  liquids  are  capable  of  uniting  in  any  proportions  whatever,  as  if 
the  case  with  water  and  alcohol,  or  alcohol  and  ether ;  and  a  solution,  when  each  of 
the  liquids  is  capable  of  taking  up  only  a  limited  quantity  of  the  other.  When  tv<i 
such  liquids  are  brought  together  in  such  proportion  that  neither  can  dissolve  oosi- 
pletely  m  the  other,  two  layers  are  generally  formed,  each  containing  an  excess  of  one  of 
the  liquids.  Thus,  when  water  and  ether  are  mixed  in  equal  volumes,  two  layers  in 
formed  after  a  while,  the  upper  consisting  of  ether  holding  water  in  aolntioii,  the  lover 
of  a  solution  of  ether  in  water. 

The  solution  of  sases  in  liquids  has  already  been  considered  under  OasBi,  AaN■^ 
TioN  OF,  ii.  790 ;  the  present  article  relates  to  the  solution  of  solids. 

Respecting  the  difference  between  solution  and  definite  chemioal  eombisatioii,  lee 
Chkmical  AFFmiTT  (i.  851). 

The  solution  of  a  solid  in  a  liquid  is  usually  attended  with  a  fall  of  temperatiir^ 
arising  from  the  conversion  of  sensible  into  latent  heat,  which  always  aooompuufls  tbe 
passage  of  a  body  from  the  solid  to  the  liquid  state  (Heat,  iii.  79).    In  some  eaiei^ 
nowever,  the  actual  solution  of  a  solid  is  preceded  by  tiie  formation  of  a  deflaito 
chemical  compound,  and  is  then  att^^nded  with  rise  of  temperature :  thusi  anhydnw 
baryta  or  lime,  and  many  anhydrous  salt^,  when  brought  in  contact  witiii  a  eNtaio 
quantity  of  water,  are  first  converted  into  definite  hydrates,  and  beeome  ynrj  hot;  bat 
the  subsequent  solution  of  these  hydrates  in  a  larger  quantity  of  water  is  attABdfdwith 
reduction  of  temperature.    The  solution  of  one  liquid  in  another  takes  pbes  witbont 
change  of  temperature,  excepting  when  a  definite  compound  is  first  flbmcd,  u  oa 
mixing  oil  of  vitriol  wiUi  water,  in  which  case  heat  is  evolved.   (See  Hnif»iii.  79, 109; 
also  Gmeline  Handbook,  ii.  69. — Favre  and  Silbermann,  Compt  read.  zziv.  1081; 
Jahresb.  1847-48,  p.  53.— Favre,  Compt.  rend.  1.  1150;  Iii  316;  Jahresb.  1860^ 
p.  33.— Pohl,  J.  pr.  Chem.  Ixxxii.  254;  Jahresb.  1860,  p.  36. — Haufmann,  Jahreili. 
1864,  p.  97) — On  the  depression  of  temperature  consequent  on  the  dilution  ot  alin 
•olutions,  see  J.  Kegnauld  (Instit.  1864,  p.  158;  Jahrosb.  1864,  p.99)i 
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rend.  Iz.  831,  973;  Jahresb.  1865,  p.  74)  and  De  Gernez  (Compt  vend.  Iz.  8U; 
Ixi.  847 ;  Jahresb.  1866,  pp.  74,  78),  the  sudden  crystallisation  is  in  all  casM  indaoed 
only  by  contact  with  a  crystal  of  the  same  salt,  possessing  the  same  form  and  dfgK« 
of  hydration  as  the  crystals  which  separate  out;  and  in  the  case  of  those  snperaatumed 
solutions  which  crystailise  suddenly  on  exposure  to  the  air,  it  is  due  to  the  prase  net  q( 
minute  particles  of  that  salt  floating  in  the  air.    From  an  experiment  of  De  6em<s.it 
appears  that  microscopic  crystals  of  sodic  sulphate  may  be  obtained  by  passing  ur, 
even  in  the  open  country,  through  pure  water,  and  evaporating  the  water  on  a  dan 
plate.     Jeannel  (Compt.  rend.  bd.  412;  bdi.  37;  Jahresb.  1866,  pp.  77,  79\aam. 
ever,  denies  the  necessity  of  contact  with  the  salt  actually  contained  in  the  solodoa. 
He  finds,  indeed,  that  a  supersaturated  solution  of  sodic  acetate  may  be  made  to  ajt. 
tallise  by  contact  with  any  solid  substance  (a  piece  of  paper,  for  example),  and  a  sohh 
tion  of  sodic  tartrate  by  contact  with  a  clean  dir  glAM  rod.    He  attributes  iht 
phenomenon  of  supersaturated  solutions  chiefly  to  the  uct,  that  the  salta  in  questiQii 
are  capable  of  forming  in  hot  water  peculiar  hydrates,  which  under  certain  ciitam- 
stances  remain  permanent  after  the  solution  has  cooled  to  a  eettain  point,  but  are,  for 
the  most  part,  broken  up  by  contact  with  a  solid  body,  and  especially  with  a  partide 
of  the  dissolved  salt.      (Respecting  supersaturated  solutions  of  sodic  carbonate  and 
sulphate,  see  Carbonatxs,  i.  795,  and  Sulphates.) 

When  two  or  more  salts  are  dissolved  in  water,  and  no  new  salt  separates  out  by 
double  decomposition,  the  quantity  of  each  held  in  solution  by  a  given  quantity  of 
water  is  generally,  but  not  always,  less  than  if  either  salt  were  dissolved  sepsxately. 
In  this  case  the  quantities  contained  in  a  saturated  solution  are  the  same^  whether  tbt 
two  salts  are  dissolved  simultaneously  in  the  water,  or  the  water  is  first  saturated 
with  the  one  salt,  and  then  brought  in  contact  with  an  excess  of  the  other,  a  nortioB 
of  the  flrst  salt  thdn  crystallising  out.  A  saturated  solution  of  common  salt  shakes  vp 
with  sal-ammoniac  takes  up  a  large  quantity  of  the  latter,  and  deposits  some  of  the 
sodic  chloride  in  cubes ;  a  saturated  solution  of  sal-ammoniac  also  takes  up  common 
salt,  and  deposits  sal-ammoniac  in  dendritic  forms.  When  a  solution  of  oommon  silt 
saturated  at  ordinary  temperatures  ia  mixed  with  a  saturated  solution  of  sal-ammonisc; 
a  mixture  is  formed,  without  change  of  temperature,  which  is  capable  of  taking  up  t 
certain  quantity  both  of  common  salt  and  of  sal-ammoniac.  On  warming  the  satu- 
rated mixture  with  (K>mmon  salt,  a  small  quantity  is  also  taken  up,  and  separates  out 
again  on  cooling.  If,  on  the  other  hand,  sal-ammoniac  be  added  during  the  wanning 
of  the  mixture,  it  at  first  dissolves,  forming  a  clear  solution ;  if  a  larger  quantity 
be  added,  this  also  dissolves,  but  separates  a  considerable  quantity  of  common  salt; 
and  as  the  liquid  cools,  the  common  salt  redissolves,  and  the  sal-ammoniac  which  had 
been  taken  up  by  the  hot  liquid  crystallises  out  Similar  relations  are  exhibited  bj 
mixtures  of  sal-ammoniac  and  chloride  of  potassium,  of  the  latter  with  chloride  i 
sodium  or  barium,  and  apparently  also  by  nitrate  of  ammonium  and  nitrate  of  sodiusL 

Many  salts  dissolve  in  water  to  the  same  amount,  whether  the  water  is  shaken  «p 
with  an  excess  of  either  of  them  alone,  or  simultaneously  with  a  second  salt;  but  the 
quantity  of  this  second  salt  dissolved,  is  smaller  than  if  the  first  were  not  prasnt 
Thus  a  saturated  solution  of  potassic  chloride,  or  nitrate,  dissolves  only  a  small  ooaoti^ 
of  potassic  sulphate ;  and  if  a  saturated  solution  of  the  latter  be  shaken  np  wita  eitbtf 
of  the  preceding  salts,  a  buge  quantity  of  potassic  sulphate  separates  onL 

Lastly,  a  given  quantity  of  water  can  in  some  cases  dissolve  a  larger  qnantitf  of  t 
salt  (A)t  if  previously  saturated  with  another  salt  {B\  and  at  the  same  time  take  op  la 
additional  quantity  of  the  second.  In  this  case  the  quantities  taken  np  are  dificNst 
according  as : 

a.  A.  quantity  of  water  saturated  with  a  salt  A  are  shaken  np  with  la  gigew  of  JL 

ff.  Water  previously  saturated  with  B  is  saturated  with  A, 

y.  The  water  is  shaken  up  with  an  excess  of  the  two  salts  simultaneoosty.  * 

For  example,  with  sal-ammoniac  (A)  and  saltpetre  (B),  dissolved  in  water  at  19f^, 
the  following  quantities  are  taken  up  in  the  three  cases  by  100  pts.  of  water: 

cu  ^.  y. 

Sal-ammoniac        .        .        37*98  44*33  39*84 

Saltpetre       .        .        .        37'68  30*56  88*62 

In  solutions  containing  three  salts,  still  more  complicated  relations  are  obsenrsd, 
and  in  all  cases,  the  eflTects  produced  are  such  as  indicate  the  formation  of  doabk 
salts,  and  the  division  of  the  acids  among  the  several  bases  (Chemigai.  Ajhuiti,  L  863; 
Handw.  d,  Chem,  ii.  2'*  Aufl.  ii.  [1],  664. —  CrmdirCa  Handbook^  ii.  71.) 

On  the  questions  whether  certain  salts  dianolve  in  water  in  the  anhydrous  or  bj^ 
drated  state,  see  Schiff,  Ann.  Ch.Pharm.  cvii.  293 ;  Jahresb.  1868,  p.  87. — ^Wnllner, 
Po^g.  Ann.  ciii.  629;  ex.  664;  Jahresb.  1868,  p.  46;  1860,  p.  47.— Bndorf^  Jahreih 
1862,  p.  22. 
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On  the  luppoted  bflimiee  of  gnvity  on  the  homogeneity  of  aolntiont :  Chn«fin*9 
BandhoQk,\.  111.— Debus,  Jahresb.  1853,  p.  310.— Gale,  Jahresb.  1865,  p.  269.— 
liiebeo,  Ann.  Ch.  Pbeni.  ei.  77  ;  Jahreeb.  1857i  p.  67. 

On  the  solabilititi  of  difEeient  salts,  and  the  relations  between  the  strength  and 
•peciflc  grnrity  of  saline  solutions,  see  Michel  and  Krafft,  Ann.  Ch.  Phys.  [3], 
xlL  471 ;  Jahresb.  1854,  p.  295. — Kremers,  Pogg.  Ann.  Izzxr.  37,  246  ;  Izxxri.  375  ; 
aeii.  497;  jut.  110;  sen.  39;  zcrii.  1 ;  zcix.  25,  58, 435 ;  ciii.  57 ;  ciy.  133 ;  Jahresb. 
1868.  pp.  14,  805;  1854,  p.  294;  1855,  p.  294;  1856,  p.  274;  1857,  p.  67;  1858, 

5w  S9. — Gerlach,  Jahresb.  1859,  p.  42. — Alluard,  Ann.  Ch.  Pharm.  cxzxiii.  292; 
•breeb.  1864,  pk  98. — 6.  J.  Mnlder,  Jahresb.  1863,  p.  92.— Girardin,  Jahreeb. 
1865.  p.  67. 

On  the  soInbilitT  of  eertain  salts  in  aqueous  alcohol:  A.  Girardin,  Ann.  Ch. 
Phys.  U],  T.  129;  Jahresb.  1865,  p.  64. 

On  tbe  solnbility  of  a  snbstance  in  a  mixture  of  its  different  solvents :  Girardin, 
CompL  rend.  zIt.  142;  Jahresb.  1862,  p.  57. 

On  the  expansion  of  saline  solutions:  Kremers,  Pogg.  c  394;  cr.  360;  cTiii. 
116;  ezi.  60;  cziT.  41 ;  Jahresb.  1857,  p.  68;  1858,  p.  41 ;  1859,  p  48 ;  1860,  p.  46 ; 

erlach,  Jahresb.  1859,  p.  46.— Sorby,  Phil.  Mag.   [4],  zviii.  81 ; 


1861,  PL  60. 
Jahresb.  1859,  p.  50. 

On  the  boiling-points  of  saturated  solutions:  Kremers,  Jahresb.  1856,  p.  275. 

On  the  tempentnre  and  tension  of  the  vapours  given  off  fix)m  saline  solutions : 
Babo,  Jahresb.  1847-48,  p.  93 ;  1857,  p.  92.— Wiillner,  Pogg.  Ann.  ciii.  529  ;  ex. 
887.  664;  Jahresb.  1858,  p.  42;  1860,  p.  47.— K  Gerland,  Pogg.  Ann.  czxiv.  179; 
Jahrasb.  1865,  ^  71. 

Ob  the  influence  of  pressure  on  solubility :  Sorby,  Proc.  Boy.  Soc.  zii.  538 ;  Phil. 
Xag.  [4],  zzvii  145;  Jahresb.  1863,  p.  96. 

On  the  index  of  refraction  of  saline  solutions :  Beer  and  Kremers,  Pbgg.  Ann. 
ci.  183  ;  Jahresb.  1857,  p.  691. — Grailich  and  Handl,  Wien.  Akad.  Ber.  zzv.  515 ; 
Jahieab.  ibid,  —  Kremers,  Pogg.  Ann.  cvi.  586. —  Pichot,  Compt  rend,  xlviii. 
1118;  Forthomme,  Ann.  Ch.  fhys.  [3],lz.  307. 

On  tbe  molecular  rotatoiy  power  of  certain  saline  solutions :  Arndtsen,  Ann.  Ch. 
Fhys.  rs],  liT.  403;  Jahreeb.  1858,  p.  49. 

On  the  influence  of  temperature  on  the  colour  of  saline  solutions :  Glad  stone,  Phil. 
]bg.jr4]  ziT.  428;  Jahresb.  1857,  p.  71.— Babo,  Jahresb.  1857,  p.  72.— Schiff, 
Ann.  Ch.  Fhann.  ex.  208 ;  Jahresb.  1859,  p.  52. 

On  the  coknation  of  saline  solutions  at  various  degrees  of  dilution:  Gladstone, 
FhiL  Mag.  [4]  zvi.  66 ;  Jahresb.  1858,  p.  47. 

On  the  influence  of  coloured  saline  solutions  on  the  spectrum  (ibid,). 

On  thefreenngof  saline  solutions :  Dufour,  Jahresb.  1860,  p.  44. — Fritzsehe, 
v.  Ffterab.  Acsd.  Bull.  vi.  385,  495;  Jahresb.  1863,  p.  97.— Riidorff,  Pogg.  Ann. 
6&,  cxxii.  337 ;  Jahresb.  1862,  p.  20 ;  1864,  p.  94. 

On  the  dxflbsion  of  saline  solutions,  see  Liquids,  Diffusion  of,  iii.  705. 


A  variety  of  mellilite  from  Vesuvius  (iii.  870). 

An  earthy  mineral,  consisting  mainly  of  calde  and  aluminio 
phntph^^i  oceoning  on  some  of  the  small  islands  of  the  Antilles,  chiefly  on  Sombrero. 
tt  eontains,  according  to  Phipson  (Chem.  Soc.  J.  zv.  277;  Chem.  Ifews,  iz.  28), 
W  per  MDt.  triealcic  phosphate,  17  aluroinic  phosphate,  and  9  water,  besides  calcic 
Miphafee,  earixmate,  &^ — a  composition  which  may  be  approzimately  represented  by 
the  flonnnk  flt(3Ca''O.PK)*).(2AlK)>.3P*O*).20H*O.  According  to  Julien,  however, 
(CheoL  Newt,  iz.  16),  it  is  not  of  constant  composition. 

8yn.  with  Kxfbxlin,  from  Somma  (iv.  30). 

Bow-tkistU. — A  genus  of  cichoraceous  plants.  Sonchus  arvensU^ 
gnthered  during  flowering-time,  yields  86  0  per  cent,  water,  and  1*19  ash ;  the  plant 
also  contains  a  bitter  principle,  wax,  resin,  a  small  quantity  of  free  acid,  &c 
8.  eleracms  ^elds,  at  flowering-time,  90*0  per  cent,  water,  and  1  -48  ash.  The  ashes  of 
the  two  speaes were  found  by  C.  Sprengel  (J.  techn.  Chem.  ix.  17 ;  z.  36)  to  contain, 
beridea  alnniina  and  ferric  ozide : 
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•OVO&A  OW.  A  kind  of  lac  produced  by  the  puncture  of  a  coccus  in 
Jlisioss  e^ifera,  a  tree  growing  in  Mexico.  It  appears  to  have  been  long  used  in 
JfsKieo  as  an  irritant. 

Hie  root  of  Morinda  cOrifolia  (iii.  1048). 


852  SORBAMIDfi— SORBITE. 

SOBBAMIDB,    G'H'NO  «  ^^^ |k.— An  amide  piodiiced  liy  tlie  aetion  tf 

dry  ammonium-carboiiatd  on  crnde  sorbic  diloride,  or  of  aaneona  ammonia  on  lorbie 
ether  at  120^.  It  fbnns  white  easily  fusible  needles^  soluble  in  water  and  in  alodtol 
(Hofmann.) 

BOSBAirZ&ZBB  or  PhenyUsorhamide,  C^"(C*H*)NO,  is  produced  by  the  scdot 
of  aniline  on  sorbic  chloride,  as  an  oil  which  solidifies  in  the  crystalline  fonn.  (Hof- 
maun.) 

SO&BXC  ACZB.    OH«0»  =      H    /^-   (^ ^Hofmann, Cliem.8oe.QiL J. 

xii.  43.) — A  monobasic  acid,  produced  by  isomeric  transformation  of  pansoibic  add, 
a  volatile  oily  acid  obtained  from  mountain-ash  berries.  When  the  liquid  wfaidi 
remains  after  partially  saturating  the  juice  of  the  unripe  berries  with  milk  of  lime,  is 
left  to  stand  till  all  the  neutral  calcic  malate  is  deposited  from  it  (iii.  789),  and  thai 
distilled  in  a  copper  vessel,  ultimately  with  addition  of  a  little  sulphuric  add,  an  tdd 
distillate  is  obtained,  from  which,  after  saturation  with  sodic  carbonate  and  erapor^ 
tion,  a  brown  oil  is  separated  by  sulphuric  acid ;  and  by  dissolving  thia  oil  in  ethei; 
leaving  the  ether  to  evaporate,  and  rectifying,  a  transparent  colourless  oil  is  obtained, 
consisting  ofpurasorbic  acid,  C'HK)',  which  when  gently  heated  with  solid  caosde 
potash,  or  boiled  for  some  time  with  strong  hydrocmoric  acid,  is  tzansfoimed  infit 
crystallisable  sorbic  acid,  having  the  same  composition. 

Sorfiic  acid  is  easily  purified  by  recrystallisation  from  hot  water;  it  dtwolv«8  easOj 
also  in  alcohol  and  ether,  and  crystallises  firom  a  boiline  mixture  <tf  1  yoL  aloohol 
and  2  vols,  water,  in  white  needles  an  inch  long.  It  is  inodorous,  melta  at  1S4'6^, 
volatilises  without  decomposition,  and  decomposes  carbonates.  WiihpkatnhonoeUondt 
it  yields  sorbic  chloride,  C*H'OCL  Heated  with  hydrate  of  barium,  it  yielda  a  folatiU 
aromatic  hydrocarbon,  together  with  carbonate  of  barium. 

8(frbate  of  Ammonium  crystallises  in  long  needles :  its  ooncentnted  aohitiao  a 
precipitated  by  chloride  of  calcium  and  by  most  salts  of  the  heavy  metals;  but  not  bj 
chloride  of  barium,  strontium,  or  magnesium.— The  potassium-  and  todhsm^^saits  oyt- 
talliso  with  difficulty.— The  banum-salt,C**W*lBarO\  and  the  ealdumsalt,  C««E»K^*0«. 
crystallise  in  silvery  scales. — The  silver-saltt  CH^AgO',  is  a  white  crjstaUine  js^ 
cipitate. 

Ethylic  Sorbate  or  Sorlnc  ether,  C*H'(C*H*)0*,  podnced  by  passing  fardiodilorie 
acid  eas  into  an  alcoholic  solution  of  the  add,  or  bv  the  action  of  alcohol  on  sorhie 
ch'oride,  is  a  liquid  having  an  aromatic  odour,  like  that  of  benxoic  ether,  and  boiliiv 
at  195-60 

Parasorblo  Acldf  OHK)*. — This  add,  prepared  as  above,  is  when  freshly  dis- 
tilled, a  transparent  colourless  licjuid,  of  specific  gravity  1  *068  at  15^.  Its  vapour,  in  tU 
concentrated  state,  has  a  repulsive  almost  intoxicating  odour :  it  is,  in  fiMt>  the  sovm 
of  the  peculiar  pungent  odour  which  the  juice  of  mountain-ash  benriea  evolvei 
when  partially  saturated  with  lime.  It  boils  constantly  at  221®,  but  a  portion  of  it  ii 
always  converted  during  distillation,  even  in  a  stream  of  hydrogen,  into  a  jeDov 
resinous  substance.  It  is  fiiintly  add,  dissolves  in  moderate  onanti^  in  witcr, 
forming  an  add  solution,  and  in  all  proportions  of  alcohol  and  etiier.  Its  solBtiflM 
in  ammonia,  potash,  soda,  baryta-water,  and  lime-water,  dry  up  to  amonlioii 
residues;  it  dissolves  in  alkaline  carbonates,  but  without  expelling  the  tmotk 
acid. — Nitrate  of  silver  added  to  the  ammoniacal  solution  forms  a  whit9  gelatinoM 
precipitate,  CH'AgO',  which  blackens  on  exposure  to  light. 


I.    Chloride  of  Sorbyl,  C*H'0C1.— Prodooed  hj  the 
of  phosphoric  chloride  on  sorbic  acid  or  its  potassium-salt.    It  is  converted  fav 
into  the  acid,  by  alcohol  into  ethylic  sorbate,  by  ammonia  into  sorhamidc;  bj 
aniline  into  phenyl-sorbamide. 

80RBZC  BTBBS.    Ethylic  sorbate. 

SOSBZTAJITABZC  ACXB.    An  acid  produced  by  heating  aoiibite  with  tntane 

acid  to  100°.     (Berthelot.) 

SORBZTB.     SorUn.    C«H"0*.    (Pelouze,  Ann.  Ch.  Fhys.  [8],  xxzv.  391)--ii 

unfermen table  sugar,  isomeric  with  gra{)e-  and  milk-sugar,  existing  in  the  riperaieeof 
mountain-ash  berries.  The  expressed  juice  of  the  berries,  gathered  towards  the  ad 
of  September,  produces  deposits  and  vegetations  when  left  to  itself  for  18  cr  14 
months,  and  at  last  becomes  clear  again  ;  and  the  clear  h'quid,  decanted  and  eysnowtid 
to  a  thick  syrup,  yields  repeated  crops  of  crystals,  which  are  obtained  pmeliytio 
crystallisations  wiUi  help  of  animal  charcoal. 

Sorbite  forms  very  fine,  regular,  transparent  crystals,  which,  aoeording  to  Bothrlot 
b«long  to  the  tri metric  system,   and  are  for  the  most   part   rhombie  oetihsdroBi: 
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J^tB  .Pop  .with  oP;oTinroP  the  angle  Jt^oo  :  Pao  :»  38^  49* ;  Poo  : Poo  -3707'.  The 
faces  between  oP  and  Poo  arc  truncated  by  mPoo  (mPoo  :  Poo  »  164^  20*).  The 
on-staU  haTe  a  ipecific  gravity  of  l'6o4  at  15^ ;  they  grate  between  the  teeth,  and  are 
as  BWMt  as  canMuar.  Optical  rotatory  power,  for  the  transition-tint  »  46*9°  at  7^, 
<mly  slightly  Tariable  with  the  tempenitnro,  and  jost  as  great  in  a  recently  prepared 
■olution  aa  in  one  that  has  Ix'en  ki']>t.     (Herthelot,  Chim.  organ,  ii.  252.)* 

Sorbite  dissolTes  in  about  ^  pt.  cold  water;  tho  saturated  Holution  has  a  specific 
grayity  of  1*372  at  \b^.    It  is  insoluble  in  cold,  sliglitly  soluble  in  boiling  alcohoL 

Sorbite  forms  with  chloride  of  godium,  a  compound  cr^-stallisinK  in  cubes. — Aqueous 
aorbite  dimolves  hydrate  of  calcium  and  hydrate  of  barium.  The  solution  of  the 
former  deposits  flocks  when  heated,  docomposition  occurring  at  the  same  time. — 
Aqueous  sorbite  dissolTes  oside  of  lead ;  it  does  not  precipitate  basic  acetate  of  lead, 
but  OB  addition  of  ammonia  throws  down  a  white  precipitate,  which,  while  being 
dried,  anells  of  caramel,  and  contains  79*4  per  cent,  lead  (Pelouze).— Aqueous 
aorbite  also  dissolves  cwprk  hydrate. 

Sorbite  when  heated  gives  off  acid  water,  and  is  converted  after  some  time,  at 
160^ — 180*^,  into  a  dark-red  mass  consisting  of  sorbitic  acid  (Pelouzo's  sorbio 
mad).  When  qnickly  heated  on  platinum-foil,  it  melts  and  bums  away  with  a  smell 
of  carameL  Hot  nitnc  acid  convertn  it  into  oxalic  acid  (Pelouze).  Oxidising 
Agenta  also  produce  racemic  acid  from  sorbite  (Dessaignes,  Bull.  Soc.  Chim. 
1 861,  p.  32).  It  is  not  altered  when  heated  with  dilute  adds  ;  it  is  coloured  reddish- 
yellow  tj  oU  of  ffitriolt  charred  on  heating.  When  heated  for  several  hours  with 
nming  hydrochloric  aeid^  it  is  converted  into  humous  substances  in  the  same  way  as 
g^ucoee  (p.  816).  (Berthelot,  Chun,  organ,  ii.  252.)  Sorbite,  heated  to  100^  with 
tartaric  acid,  yieloa  a  small  quantity  of  a  substance  l>elonging  to  the  class  of 
iMGbarides  (p.  816),  whose  calcium-salt  reduces  pota-nsio-cupric  tartrate  (Bert helot). 
It  turns  brown  when  heated  with  potaah-lttf,  and  evolves  a  smell  of  carameL  Heated 
with  Imv,  hydrate  of  barium,  or  oxide  o/  l^ad,  it  behaves  in  the  same  way.  The 
•olntioD  of  cupric  hydrate  in  aqueous  sorbite,  and  aqueous  solution  of  sorbite  mixed 
with  potaituhcuprie  tartrate^  deposit  cuprous  oxide  when  warmed  or  left  to  stand. 
Sorbite  is  not  fermentable  with  yeaat  (Pelouze),  not  even  after  being  heated  with 
acids ;  but  when  left  to  stand  in  contact  with  cheese  and  chalk,  at  40®,  it  suffers  a 
decomposition,  which  gives  rise  to  a  large  quantity  of  lactic  acid,  alcohol,  and  butyric 
acid,  without  previous  formation  of  a  fermentable  sugar.   (Berthelot.) 

IMIB"*^*'  ACID.  Felouze*8  Sorbic  Acid. — An  acid  obtained  by  heating  sorbite 
for  some  time  to  150® — 180®.  On  disFolviug  the  residue  (which  is  insoluble  in  water, 
aqneons  acids^  or  alcohol),  in  aqueous  ammonia  or  potash,  a  dark-brown  solution  is 
obtained,  from  which  hydrochloric  acid  throws  down  amorphous  dark-red  flakes; 
these  conUin,  after  drying  between  120^  and  150®,  57*96  per  cent.  C,  55 1  H.  and 
86-58  0»  eonvsponding,  according  to  Pelouze,  with  the  formula  CH^O**.  Their 
aohition  in  ammonia-water  gives  colour*  d  precipitates  with  metallic  salts ;  with  lead- 
Mdtsone  eontaining  51*35  per  cent  lead-oxide,  C*^H*'0^\^PbOt  according  to  Peloose. 

BIIBBlfB  AVOIFFJJBSA.  Pyrus  Aucuparia.  Mountain-ash,  Rowan'tree, 
Sorhkr.  VogeXbeerhaum. — A  pomaceous  tree,  the  unripe  berries  of  which  contain 
large  quantities  of  free  vegetable  acids— viz.  citric,  tartaric,  and  malic  acids;  the 
last  is  most  abundant  when  the  berries  have  a  rose-red  colour ;  previously  to  this,  the 
tartaric  acid  predominates,  and  later  in  the  s(-ason  the  malic  acid  likewise  disappears. 
The  juice  of  the  berries  contains  also  a  non-fermentable  sugar,  vis.  sorbite,  to- 
geUmr  with  fermentable  sugar ;  for  the  juice  even  of  unripe  berries  has  been  found 
to  pass  into  spontaneous  fermentation,  and  to  yield,  from  100  vols.,  4  vols,  of  spirit 
containing  50  per  cent,  ali'oliol.  After  the  spirit  there  distils  a  milky  liquid,  which, 
after  a  few  days,  deposits  a  smnll  quantity  of  a  stearoptene  in  small  shining  ciystals 
(Liebig).  Brandy  ia  prepared  from  the  juice  of  the  ripe  berries  in  the  Tyrol,  in 
North  Germany,  and  other  places. 

The  jniee  likewise  contains  a  pungent-KmcUing  oily  acid  (parasorbie  acid,  p.  352), 
which  may  be  separated  by  distillation  after  the  malic  add  has  been  precipitated  by 

boM. 

The  flowers  of  the  mountain-ash,  and  the  bark  of  the  stem  and  root,  are  said  to 
yield,  by  distillation  with  water,  {nroducts  containing  hydrocyanic  add ;  the  bark  also 
tannin  and  a  bitter  principle.    (Gossmann.) 

G*H*0.    The  hypothetical  radicle  of  sorbic  add. 

kJUUTBa    A  mineral   resembling  pit-coal  in   appearance,  forming: 

thi««  layws  in  trap  near  Sordawala  in  Finland,  and  associated  with  magnetic 
nvrites,  at  Bodenmais  in  Bavaria.  Harrlness  «=  2*5.  Specific  gravity  a  2*53 — ^2'6a. 
^XOL.  V.  A  A 
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QiveB  off  water  when  heated,  and  melts  to  a  black  bead  before  tiie  blowpipt. 
Partially  decomposed  by  acids.  Analysed — a.  by  Nordenskiold  (Schw.  J.  znL 
148)  ;—b,  by  Wandesleben  (N.  Jahrb.  Fhann.  L  82) : 

P*0\  SIO*.  AISQS.  Fe>0*.  FeO.  MgO.  IPO. 

o.  2-68        49-40        13*80         .     .  1817        10*67        4-38     -     99*10 

b.  2-26        47*70        16-66        24*32  .    .         10*21         .    .     -    9814 

The  presence  of  phosphoric  add,  and  the  uncertainty  as  to  the  state  of  oxidation  of 
the  iron,  render  it  impossible  to  reduce  these  results  to  a  definite  formula. 

SO&OBO.  Sorghum  sacckaratum.  Holcua  saocharatus.  Sugar -sorgho. 
Chinese  sugarcane.  Imphee.  Kao-lien.* — A  sugar-producing graas,  resem- 
bling maize  in  external  appearance.  It  appears  to  hare  been  first  obtained  by  the 
Jesuit  missionary  Du  Halde,  &om  the  Chinese  province  Le  Chuen ;  the  seed  was  sent 
to  France  in  1851,  where  the  plant  was  cultivated,  chiefiy  by  Vihnorin  and  Beaun^gard, 
and  exported  in  1854  to  the  United  States,  where  numerous  expezimenta  were  made 
with  reference  to  its  utility  for  the  manufacture  of  sugar,  and  in  agricolture  as  a 
substitute  for  the  ordinary  green-crops.  Its  chemical  composition  has  been  investigated 
by  Gossmann  and  other  chemists ;  but  it  does  not  appear  certain  that  all  the  experi- 
ments have  been  made  on  the  same  species  of  plant. 

The  stem  or  cane  freed  from  leaves  contains,  according  to  Gossmann,  78*9  per  cent 
water,  10-2  soluble  constituents,  8-2  cellulose,  0*4  to  0*5  insoluble  salts  and  cerasin. 
This  last  is  a  wainr  substance  <^stributed  unequally  over  the  surfiice  of  the  plant,  but 
most  thickly  on  those  parts  which  are  covered  by  the  sheatha  of  the  leaves;  when 
mixed  with  tallow  it  is  said  to  make  excellent  candles.  By  charring  the  defoliated 
cane,  Gossmann  obtained  0*71  per  cent,  inorganic  constituents.  The  reaidne,  which  was 
alkaline,  consisted  of  calcic  and  magnesic  phosphates,  calcic,  magnesie,  potaaaic,  and 
sodic  carbonates  and  chlorides,  and  silica;  the  potash  was  in  larger  proportion  than 
the  soda. 

The  leaves,  which  contain  no  sugar,  leave  when  burnt,  2*07  per  cent,  inoigaiue 
constituents,  chiefiy  consisting  of  silica,  lime,  and  magnesia,  and  contain  27  per  cent 
moisture. 

The  ash-coDstituents  of  the  entire  plant  have  been  determined  by  J.  Elwert  The 
plants  used  in  this  investia^tion  belonged  to  a  species  of  sorgho,  called  broom-corn, 
cultivated  in  America,  and  distinguished  from  the  Chinese  sugar-cane  by  its  longer  and 
much-divided  panicle.  100  kilogram es  of  the  green  plant,  equivalent  to  16*5  kilo- 
grammes of  the  dry  plants  yield  1*379  kilogrammes  ash,  consisting  of — 

K20.         N««0.        C«0.  CL         S0».       P«0».        CO«.  Sl»0.  X.* 

20*3         4*7         21*4        2*2         1*9         80         14*1         16*6         10*6    -  99*6 

Of  these  there  are  soluble  in  water — 

RtO.  NaSO.  CU  80».  P«0>.  SiO*. 

20-3  4*7  2-2  1-9  3*4  3*3 

soluble  in  hydrochloric  acid:  214  CaO,  141  C0«,  4*6  PO*;  inaoluble:  18*2  eiliei, 
and  10*5  sand. 

The  juice  obtained  by  pressing  the  plant  tastes  very  sweety  has  a  greenish-yeOov 
colour,  turbid  appearance,  faint  acid  reaction,  and  a  specific  gravity  of  about  1*07 
(9°  to  Qjo  B.)  at  19°.  It  boils  at  101°— 101*6°  and  between  60°  and  70**  beg^  to 
deposit  an  albuminous  coagulum,  without  however  clarifying  completely,  an  efibct 
which  takes  place  only  after  prolonged  boiling.  When  left  to  itself  at  20^  to 
25°,  it  soon  begins  to  ferment.  When  evaporated,  it  leaves — after  the  albuminoBf 
constituents  have  been  skimmed  off— a  transparent,  viscid,  sweet  reddue^  which 
exhibits  no  trace  of  crystalB,  and,  if  somewhat  unripe  plants  ])ave  been  used,  gives  tha 
reactions  of  starch.  From  perfectly  ripe  canes  Gossmann  obtained  nothing  hot 
cane-sugar,  and  that  to  the  amoimt  of  9  to  9*56  per  cent.  According  to  Reihlfii  sad 
Fehling,  the  juice  of  broom-corn,  not  quite  ripe,  contains  4  per  cent.  eaoA-angaz;  and 
10  per  cent,  uncrystallisable  sugar.  Liidersdorff  found  in  the  juice  of  the  Chinese  sagi^ 
cane,  7*5  per  cent,  sugar,  consisting  of  equal  parts  of  cane-sugar  and  fruit-aogar ;  snd 
Bergemann  found  in  it  no  cane-sugar,  but  11*3  per  cent,  fruit-sugar.  Hence,  and  froa 
the  elaborate  experiments  of  Dr.  Jackson  (Polyt.  CentralbL  neue  Folge,  xiL  1649)^ 
it  appears  that  the  plant,  in  its  earlier  stages  of  development,  contains  only  gnps> 
sugar,  together  with  starch;  but  when  it  ripens,  all  tne  starch  diaappean^  ani 

*  HeniT  S.  0 1  c  o  1 1.  Sorgho  and  Imphee,  the  new  Chineee  and  J{fricom.  Sa^oreaflMCt,  |f»«  Tod, 
lg57. —  Vilraorin,  Recherche*  de  eorgho  $ucrt,  1S54.  ~Stiin«b  ury.  The  OMwfSf  Ihnnr  i— . 
New  York.  1857. -- J«raei  F.C.Hyde,  The  Chinese  Sugarcane,  Boston,  18ft7.  — J.  LoTrlif^ 
The  Chinese  Sugarcanes,  Philadelphia.  1B58.— A.  Gb'sfmann,  Joum.  /.  Lm»dtHrA$ektft,  tw 
Henneberg,  neue  Police,  i.  294  ( IBM).-  H  a  b  i  c  h,  Polyt.  CentralbL  1858,  p.  1647.— L  6  f ft  •  rTOai  CU. 
netische  Zuckerrohr,  BrHunschweig,  1859. — Handw.  d.  Chem.  Tiii.  68. 
t  Sand  with  traces  of  iron. 
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BoHung  but  MMingir  is  preient.  Of  indifferent  sabBtances,  the  juioe  oontains  mnoonfl 
nitrogenous  matten,  chlorophyll,  ^m,  and  albuminonfl  ^mponnds.  The  quantity  of 
the  latter,  thongh  not  very  great,  is  sufficient  to  oonrert  the  whole  of  the  cane-sugar 
into  glucose,  and  to  resolye  the  latter  into  alcohol  and  carbonic  anhydride.  According 
to  LoiSSer,  the  juice  also  contains  two  peculiar  vegetable  acids. 

Olcott  found  in  the  juice  15*2  per  cent  sugar,  TO  salts  and  organic  constituents 
(albumin,  ratable  fibre,  gum,  chlorophyll,  &c.),  and  83*8  water.  The  salts  were 
found  to  consist  of  0*760  potassic  carbonate,  acetate,  chloride,  and  sulphate,  0*218 
acid  calcic  and  magnesic  phosphates,  and  0*012  silicic  hydrate,  mixed  with  ferric  and 
manganic  oxides. 

The  ash  of  the  juice  contains,  according  to  Gossmann,  0*0015  per  cent  silica,  together 
with  the  following  constituents  soluble  in  water: — 0*219  calcic  and  magnesic  phos- 
phates, with  traces  of  iron;  0*310  alkali,  chiefly  potash;  0*69  sulphuric  anhyaride, 
0*065  chlorine,  and  0*079  phosphoric  anhydride  (  »  0*742).  The  juice  probably  also 
contains  small  quantities  of  oxalic  and  tartaric  acids. 

The  expressed  plants  (beffosse),  which  may  be  used  for  paper-making,  contain, 
according  to  Olcott,  1*6  per  cent,  ash,  consisting  of — 

K*SO«.    NVSO«.     CaO.       MgO.         SO^.         P«0».  CI.  8IO«.  X.» 

8*10       9*60       11-80       9*30       2870       14*42       3*70       14*40       068  »  100 

Thtf  seed  of  sorgho  is  yellowish,  and  yields  a  white  flour,  used  in  Marseilles  and 
Lyons  for  the  finer  sorts  of  bread  and  biscuits.  It  is  rich  in  starch  and  fat,  and 
eontains,  according  to  Olcott,  from  10  to  12  per  cent,  nitrogenous  substances,  and  60  to  66 
per  cent  starch.  The  seeds  boiled  with  12  to  15  pts.  water  form  a  glutinous  paste ;  when 
exhausted  with  ether,  they  yield  a  not  inconsiderable  quantity  of  fat.  From  50  to  60 
grammes  of  the  ground  seeds  Gossmann  obtained  several  grammes  of  solid  fatty  acid. 

When  animals  are  fed  on  the  seed,  their  bones  gradually  acquire  a  red  colour. 

The  glumes  (floral  leaves)  and  stems  of  sorgho  contain  red  colouring-matters,  which 
may  be  used  for  dyeing  silk  and  wooL 

■VAUAXTS.  a  hydrated  magnesic  silicate  occurring,  together  with  woUastonitc, 
at  Capo  di  Bore,  near  Rome.  It  is  amorphous,  has  a  concho'i£il  to  splintery  fracture, 
bluish-red  eolour,  and  slightly  waxy  micaceous  lustre.  Hardness  »  2*5.  Gives  off 
water  when  heated,  and  melts  before  the  blowpipe  to  a  glassy  enamel.  Dissolves 
in  strong  hydrochloric  add,  the  silica  easily  gelatinising.  Contains,  according  to 
T.  Kobell  (J.  pr.  Chem.  xxx.  467),  5600  per  cent  silica,  0*66  alumina,  30*67 
magnesia,  0*66  rorrous  oxide,  and  11*34  water  (»  99*33),  which  may  be  represented, 
approximately,  either  by  5Mg''0.6SiO«4H«0  =  Mg"Si«0*.4Mg"SiO'.4H'K),  or  by 
6Mg''0.7SiO«.4H^  -  Mg''Si«0*.6Mi^'SiO».5H»0. 


L  TSiggkada, — A  resin  much  used  in  Northern  Sweden  for  chewing, 
and  said  to  keep  the  teeth  clean  and  the  mouth  cool.  It  collects  in  lumps  on  the  stems 
of  pine-trees,  and  is  difficult  to  separate  from  the  pine-resin,  which  it  resembles.  It  is 
separated  from  adhering  bark  by  kneading  under  warm  water. 

This  resin  is  brownish  without,  with  a  rose-red  tinge,  yellowish-brown  within, 
becomes  daiker  and  reddish  on  exposure  to  the  air.  It  is  brittle  at  ordinary  tempera- 
tures, and  when  chewed  softens  at  first,  exhibiting  a  sour  and  balsamic  taste ;  by 
continued  chewing  it  becomes  rose-red  and  brittle.  It  contains  a  small  quantity  of 
a  vifldd  Tolatile  oil,  quite  distinct  from  oil  of  turpentine,  which  may  be  separated 
by  distillation  with  water ;  also  several  resins,  and  a  crystallisable  easily  alterable 
•ddt  which  may  be  extracted  by  water.  This  acid  is  soluble  in  alcohol,  forms  soluble 
lalta  with  the  alkalis  and  alkaline  earths;  precipitates  ferric  chloride  completely; 
forms  a  dingy-green  precipitate  with  cuprio  acetate,  sulphur-yellow  with  basic  acetate 
of  lead,  eren  in  dilute  solution ;  with  the  neutral  acetate  also  in  concentrated  solution  ; 
white  with  nitrate  of  silver. 

The  retin,  af^er  exhaustion  with  water,  dissolves  completely  in  alcohol  of  specific 
graTitj  0*84,  but  not  completely  in  ether ;  water  added  to  the  idcoholic  solution  throws 
down  a  powder,  which  can  no  longer  be  masticated.  Potash  unites  with  the  resin, 
funning  with  one  portion  of  it,  a  compound  insoluble  in  excess,  with  the  remainder 
a  soluble  oompouna;  the  latter  resin  is  also  soluble  in  ammonia.  (Berlin,  Ann. 
Ch.  Fharm.  lii.  404.) 

■VAVIO&ITB.  Yon  Kobell's  name  for  certain  varieties  of  tetrahedrite  contain- 
ing mercury. 

■VAVZO&ITMZV.  A  non-azotised  colouring-matter,  occurring,  acoardiug  to 
Kane»  in  nnall  quantity  in  litmus  (iii.  731). 

*  Ferric  oxide,  carbonic  anhydride,  and  Iom* 
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.  Breithanpf  8  name  for  a  Turiety  of  calcs^ctf  from  New  Jenej^ 
which,  according  to  Jenzach  (Pogg.  Ann.  xcvi.  146),  has  a  specific  gravity  2*81, 
hardness  3*6,  and  contains  80  per  cent  calcic  carbonate,  together  with  the  carbonatei 
of  magnesium,  manganese,  iron,  and  zinc,  and  6*3  per  cent,  calcic  fluoridei 

BPASTAXiZTB.     Native  oxide  of  zinc,  nsuallj  oolonred  red  by  admixture  of 
manganic  oxide.    (See  Zma) 


C"H»^*.  (Stenhonse,  Ann.  Ch.  Pharm.  Ixxviii.  16  ;  Pham. 
Centr.  1861,  p. 439  ;  Chem.  Gaz.  ix.  117.— Gerhardt,  Tratti^iY,  236.— E.  J.  Milli, 
Chem.  See.  J.  xv.  1 ;  Gm.  xiii.  161.) 

History, — Sparteine  was  discovered  in  1861  W  Dr.  Stenhonse,  while  inreitigating 
the  Spartium  Scoparium,  or  Common  Broom.  The  formula  proposed  by  Stenhonae 
was  subsequently  modified  on  theoretical  grounds  by  C^hardt,  but  a  r»-eixaminatioa 
by  Mills  showed  that  Stenhouse's  formukk  doubled  represents  the  true  oompositioa 
of  sparteine. 

Preparation, — 1.  An  aqueous  decoction  of  broom  is  concentrated  to  about  a  tenth  of 
its  bulk,  and  set  aside  in  a  cool  place  for  twelve  hours ;  and  the  gelatinous  mass  which 
forms  is  thrown  on  a  filter,  and  washed  with  cold  water.  The  solutions  contain  the 
sparteine,  while  scoparin  in  an  impure  state  remains  on  the  filter.  The  filtnte 
is  distilled  with  excess  of  soda,  when  a  colourless  basic  oil  slowly  collects  at  the  bottom 
of  the  aqueous  liquid  in  the  receiver.    (Stenhonse.) 

2.  The  plant  is  exhausted  with  water  faintly  aciaulated  with  sulphuric  acid;  th« 
extract,  concentrated  by  evaporation,  is  distilled  with  soda  until  the  distillate  has  no 
longer  a  bitter  taste  or  alkahne  reaction ;  the  distillate,  acidified  by  hydrochloric  add, 
is  evaporated  to  dryness  on  a  water-bath ;  and  the  mass,  slightly  moistened,  is  then 
distilled  with  solid  hydrate  of  potassium.  Ammonia  is  then  given  ofi^  followed  bv 
the  base  in  the  form  of  a  thick  oiL  The  base  is  dehydrated  by  gentle  heating  vith 
sodium  in  a  current  of  dry  hydrogen.  When  completely  diy,  the  sodium  remaining  is 
removed,  and  the  base  is  finally  purified  by  rectification.    (Mills.) 

Properties. — Sparteine  is  a  colourless,  transparent,  viscid  oiL  Its  specific  gravity 
does  not  appear  to  have  been  determined,  but  it  is  heavier  than  water.  It  has  a  peculiar 
odour,  whic^  is  more  unpleasant  after  rectification.  It  has  a  very  bitter  taste.  It  boils 
at  288^.  (The  high  boiling-point  suggests  the  idea  of  its  being  a  diamine).  It 
neutralises  acids,  but  the  salts  formed  crystallise  with  difficulty.  It  is  a  narcotic 
poison  of  the  nicotine  character,  but  inferior  in  energy.  One  drop  dissolyed  in  acetic 
acid,  and  administered  to  a  rabbit,  first  produces  excitement ;  but  this  is  followed  by 
stupor,  lasting  for  five  or  six  hours.  Four  grains  are  sufficient  to  kill  a  large  xabbiL 
It  readily  forms  double  salts  with  the  chlorides  of  the  heavy  metals. 

Sparteine  dissolves  sparingly  in  water,  but  may  be  separated  by  adding  ehlofide  of 
sodium  to  the  solution.  Most  of  its  physical  properties,  including  its  ▼apour-densily, 
have  yet  to  be  determined. 

Decompositions. — 1.  Sparteine  becomes  brown  on  exposure  to  the  air  for  a  few  davs  at 
ordinary  temperatures,  and  more  rapidly  while  boiling. — 2.  Boiled  with  k^droemork 
acid,  it  is  decomposed,  yielding  a  solution  having  an  odour  of  mice  (SteohouseV 
On  the  other  hand.  Mills  concentrates  weak  solutions  of  sparteine  by  satnmting  ivxth 
hydrochloric  acid,  and  evaporating  to  dryness  on  the  water-bath. — 8.  Niiru  tdi 
decomposes  sparteine,  yielding  a  substance  which,  when  treated  with  chloride  cjf  Umt^ 
affords  chloropicrin. — 4.  Bromine  converts  sparteine  into  a  brown  rennons  substanet^ 
much  heat  being  developed  during  the  reaction. 

Salts  of  Sparteine. — The  chloride,  bromide,  and  iodide  are  amorpliow  anduafit 
for  analysis.     (Mills.) 

The  oxalate  forms  acicular  crystals,  which  are  difficult  to  obtain. 

Chloroplatinate,  C'*H«^«.2HCl.Pt*'Cl«.2H«0.— This  salt  precipitates  ■•  a  jtOaw 
crystalline  powder  when  a  solution  of  tetrachloride  of  platinum  is  added  to  a  soliitioB  of 
6]>]irteine  in  hydrochloric  acid.  It  crystallises  readily  from  a  solntion  in  hot  lqfdio> 
chloric  acid. 

Chloroaurate,  C"H««N^2HCl.Ati"'Cl».— Sparteine  also  forms  donble  aalta  with  iodid* 
and  chloride  of  zinc. 

Substitution-derivatives  of  Sparteine. 

Iodide  of  Ethyl  sparteine,  [C'*H"(C«H»)N'']"P.— Equal  volumes  of  sparteine,  alcohol, 
Hnd  iodide  of  ethyl  are  to  be  heated  together  in  sealed  tubes  for  an  hour  to  ICK)^.  Ths 
mixture  becomes  dark-coloured,  and  deposits  the  rthylated  compound  in  ciystala.  Thf^ 
are  sparingly  soluble  in  cold,  readily  in  hot  alcohol,  and  excessively  eolable  in  hoc 
water  (Mills).  Oxide  of  silver  transforms  the  iouide  of  ethylsparteine  into  tiis 
hydrated  oxide,  [C'*H«'(C»H»)N«]|q,     (Mills.) 
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1.  The  iubstanee  ia  toUd,  heavier  than  water,  and  tneolnbie  in  thai  UqM. 

a.  By  the  Hydrostatic  Balance, — ^The  most  usual  and  generally  applicable  method  ii 
by  the  use  of  a  hydrostatic  balance.  The  substance  is  &8t  to  be  weighed  aoeuzately, 
in  the  usual  manner.  It  is  then  to  be  attached  by  a  slip-knot  to  a  horaehair,  au 
suspended  from  the  short  pan  of  a  balance,  as  in  fy.  760.  A  vessel  of  distilled  water 
being  so  placed  that  the  substance  will  hang  &eely  in  it,  the  substance  will  appear  to 
be  lighter  than  before,  the  loes  of  weight  being  exactly  the  same  as  the  weignt  of  a 
Tolume  of  water  equal  to  that  of  the  substance.  In  other  words,  a  body  immened 
in  water  not  only  displaces  its  own  volume,  but  also  loses  a  portion  of  its  weight 
exactly  equal  to  that  of  the  water  displaced.  If  the  arms  of  the  balance  aro  equal 
in  length,  it  will  only  be  necessaiv  to  place  weights  in  the  short  pan  until  the  equili- 
brium is  restored,  to  get  aU  the  data  necessary  to  enable  the  specific  gravity  to  be 
computed.  If  the  arms  are  unequal  in  length,  it  will  be  necessary  to  a^jnst  tha 
weights  in  the  other  pan  until  the  substance  is  counterpoised.  To  calciuate  tha 
density,  it  is  only  necessary  to  divide  the  weight  in  air  bv  the  loes  of  weight  in  water. 
Great  care  must  be  taken  during  the  operation  that  the  substance  is  always  sur- 

j^'y.  7fti       rounded  by  water,  that  it  does  not  touch  the  sides  of  the  vessel,  and 

Jf^.  701.      ^^^  ^Q  air-bubbles  adhere  to  it 

6.  By  Jfieholsofie  Hydrometer.  See  HTDBomnB  (iii.  211). 
e.  By  the  Flask. — ^A  flask  with  a  wide  mouth  and  holknr  stopper, 
enlarged  at  its  upper  extremity,  and  having  a  mark  at  a  {fig.  751),  is 
to  be  filled  to  the  mark  with  water,  and  its  weight  is  to  be  ascertained. 
The  level  of  the  liquid  can  easily  be  regulated  by  the  aidof  a  small  roll 
of  filtering-paper.  The  stopper  having  been  removed,  the  snbstanee, 
the  weight  of  which  is  known,  is  to  be  dropped  in.  The  stopper  is 
then  to  be  replaced,  care  being  taken  that  no  air-bubbles  either  adhere 
to  the  substance,  or  lie  between  the  stopper  and  the  water ;  the  lerel  of 
the  water  having  been  again  adjusted  to  the  mark,  the  weight  is  to  be 
ascertained.  To  calculate  the  result,  we  must  add  the  weight  of  the 
substance  to  the  weight  of  the  fiask  of  water,  and  from  the  number  so 
obtained  deduct  the  weight  of  the  fiask,  &c.,  as  obtained  after  inserting 
the  substance.  The  difference  will  be  the  weight  of  a  quantity  of 
water  equal  in  bulk  to  the  substance.  It  is  then  only  necessary  to  divide  Uie  onginal 
weight  of  the  substance  by  the  number  so  obtained. 

d.  Process  bytneasuring  the  volume  of  the  substance. — ^The  substance  is  to  be  weighed 
in  air,  and  thai  dropped  into  a  graduated  tube  (Jig.  762),  filled  to  the  lero  of  the  sode 

with  water.  The  graduations  indicate  grains  (or 
Fig.  762.  grammes)  of  water.   It  is  evident,  therefine,  that 

when  the  substance  is  inserted,  the  liquid  will 
rise  in  the  tube,  and  indicate  at  onoe  theweig^ 
of  a  bulk  of  water  equal  to  that  of  the  tubstanoa 
It  is,  therefore,  only  neeeasaiy  to  diiide  tha 
weight  in  air  by  the  weig^tof  an  equal  volume  of 
water,  as  indicated  by  the  instnuueni,  to  obtain 
an  approximation  to  the  spedflc  gravity. 

2.  The  substance  is  solid,  and  inmlubU  m, 
but  lighter  than  water. 

a.  The  solution  of  this  problem  is  exoessife^ 
simple.  Only  three  data  are  required,  nameh: 
the  weight  in  air  of  the  light  snbstanee  »  r; 
the  weight  in  water  of  a  piece  of  lead,  or  other 
heavy  substance  sufficient  to  sink  it,  «  F;  and 
the  weight  in  water  of  the  light  subetanee^  sad 
the  lead  attached  to  each  other,  »  P*.  Wo 
have  then  the  density  D  by  the  foUoviag 
expression : 

Or,  in  words,  deduct  firom  the  wmght  of  tha 
heavy  substance,  in  water,  the  weight,  in  vafeff, 
of  the  light  and  heavy  substance  attached;  sdd 
to  the  remainder  the  weight  of  tiie  lif^  aab- 
stance  in  air ;  and  divide  the  weight  of  the  light 
substance  in  air  by  the  number  so  obtained :  the 
'  result  is  the  density. 
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Bliort  calcolAtioii.  Sncli  a  piece  of  apparatus  baa  diaadyantagea  wlxieh  far  wort  thta 
counterbalance  so  slight  a  oonyenienoe.  In  the  first  place,  it  requires  a  quantitj  of 
liquid,  which  is  often  more  than  is  at  the  disposal  of  the  operator.  In  the  next  places 
it  has  the  serious  drawback  that,  if  the  temperature  of  the  telance-case  be  higher  thu 
that  of  the  liquid,  expansion  of  the  latter  takes  place,  and  it  rises  in  the  tube  sod 
escapes  down  the  sides  of  the  flask.  If,  on  the  other  hand,  the  temperature  of  the 
balance-case  be  lower,  contraction  ensues,  and  a  void  space  is  formed  below  the 
stopper,  which  cannot  always  be  easily  filled  up.  Moreoyer,  yolatile  liquida  escape  by  the 
aperture,  rendering  exact  weighing  excessively  difficult.  It  would  also  be  impossible, 
in  such  an  apparatus,  to  determine  the  density  of  a  liquid  at  a  standard  temperatoie 
either  above  or  below  that  of  the  air  at  the  time  of  making  the  experiment. 

All  the  above  objections  are  obviated  by  the  use  of  the  flask  snown  in^.  754.    It 
is  essentially  the  same  as  that  described  in  treating  of  the  method  of  determining  tha 
Fia  754        sp^ific  gravities  of  solids  by  the  fladc,  but  furnished  with  a  light  well- 
^*        *       fitting  stopper  having  no  aperture. 

If  it  be  required  to  determine  the  density  of  a  very  yolatile  liquid  at 
(say)  4^,  it  is  only  necessary  to  fill  the  flask,  a  little  aboye  the  mark 
0,  first  with  pure  distilled  water,  and  subsequently  with  the  liquid  to 
be  examined.  After  filling,  it  will  be  neceasary,  both  with  water 
and  with  the  liquid,  to  keep  the  fiask  in  a  bath  cooled  to  4^,  until 
the  required  temperature  is  obtained;  the  level  at  a  may  then  be 
adjusted  by  the  aid  of  a  piece  of  filtering-paper.  The  stopper  having 
been  inserted,  the  apparatus  is  to  be  allowed  to  acquire  the  temperature 
of  the  laboratory,  so  as  to  prevent  errors  in  weif^ng,  whicn  might 
arise  from  the  deposition  of  moisture.  The  only  eSect,  as  regards  the 
liquid,  will  be  its  rise  in  the  tube,  its  escape  being  impossible  owing  to 
the  enlargement.  Volatilisation  is  also  provided  against  by  the 
stopper. 

If,  on  the  other  hand,  the  determination  is  to  be  effected  at  a  tem- 
perature above  that  of  the  atmosphere,  the  level  is  to  be  adjusted  at 
the  proper  moment,  and  the  apparatus  may  then  be  allowed  to  cool. 
The  liquid  will  then  descend  in  the  tube  at  a ;  but  no  source  of  error  is  introduced  if 
the  stopper  be  removed  for  an  instant  to  allow  of  the  ingress  of  a  proportional  volume 
of  air,  and  even  this  precaution  is  unnecessary  save  in  refined  experiments. 

When  the  quantity  of  liquid  to  be  operated  upon  is  very  small,  a  yessel  of  the  abore 
form,  but  of  sufficiently  small  size,  may  easily  be  constructed  at  the  blowpipe-lamp. 
Of  course  the  fiask  will  then  be  only  in  one  piece ;  and  if  the  liquid  under  examination 
be  volatile,  a  small  cork  can  be  inserted,  because,  as  the  fiuid  is  only  allowed  to  rise  to 
the  mark  on  the  neck,  there  will  be  no  fear  of  errors  arising  from  contact^  and  conse- 
quent absorption  or  chemical  action. 

Another  method  of  determining  the  specific  gravities  of  liquids,  consists  in  weighing 
a  piece  of  glass  or  platinum,  first  in  water,  and  then  in  the  liquid ;  the  weights  of  eqiiu 
volumes  of  the  two  liquids  can  thus  be  obtained  with  accuracy,  even  iniesa  workins 
upon  comparatively  small  quantities.  It  is  not  often,  however,  that  this  method 
possesses  any  great  advantages  over  the  others  previously  described. 

For  general  considerations  on  specific  gravity,  as  connected  with  atomic  Tolumf^  «e 
the  article  Atomic  Volume  (i.  440). 

Spbcific  Gravitibs  of  Oasbb, 

The  determination  of  the  specific  gravity  of  a  gas,  so  eminently  simple  in  tbf<ny,  if 
in  practice  an  operation  of  the  greatest  delicacy.    It  is  easy  enou^  to  obtain  modents 
accuracy,  but  results  worthy  to  be  depended,  on  can  only  be  procured  by  taking  a 
number  of  minute  precautions: — 1.  In  the  first  place,  it  is  important  that  the  ballMBi 
in  which  the  gases  are  to  be  weighed  should  be  of  such  capacity  that  any  winvtt 
error  in  weighing  (such  as  a  deci-milligramme)  shall  bear  but  a  veir  small  pn^xntioe 
to  the  weight  of  the  gas,  even  if  the  latter  be  hydrogen  itself — 2.  Great  care  must  be 
taken  that  the  film  of  moisture  which  deposits  upon  the  glass  of  the  balloon  ii  the 
same  in  weight  when  weighing  the  gas  that  it  was  when  weighing  the  air.    Thb  ii  • 
point  of  great  difficulty,  and  its  neglect  may  give  rise  to  serious  errors. — 3.  The  abiohite 
drvness  of  the  gas  and  the  air,  with  the  weight  of  an  equal  yolume  of  which  it  is  to  be 
compared,  must  also  be  ensured. — 4.  The  temperature  must  be  most  carefully  noted,  aod 
sboiild  be  as  nearly  as  possible  the  same  during  all  the  weighings,  so  as  to  avoid  come, 
tions. — 5.  A  similar  remark  applies  to  the  pressure  of  the  atmosphere,  and  oonseqaentlj 
to  the  elastic  force  of  the  gas. — 6.  The  balance  should  be  of  such  delicacy  that  the  erron 
of  weighing  have  no  appreciable  influence  upon  the  result — 7.  Every  possible  car»niut 
be  taken  that  the  air  and  gas  arc  absolutely  pure. 
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Fig.  766. 


It  is  necessary,  in  oider  to  do  this  without  bringing  the  hands  in  eontaet  with  the  %tk 
(which,  by  warming  it,  would  alter  the  yolome),  to  make  use  of  tlie  lerer  aj^sm 
represented  in  the  envying  at  cf.  At  the  end,  /,  a  hollow  coriL  is  futened  eontam. 
ing  the  stopper,  but  it  is  so  plae^d  that  while  its  superior  eztremitj  enters  th«  iUik 
for  a  short  distance^  it  does  not  close  it,  because  the  wedge  d^  by  raanng  the  end  ?. 
keeps  the  end  /  depressed.  When,  therefore,  the  flask  is  to  be  dosed,  prepaiatory  lo 
the  weighing,  &e  wedge  <2  is  to  be  taken  away,  and  the  finger-plate  e,  being  prn«<d 

upon  the  stopper,  enters  and  closes  the  flvL 
The  pin  e  is  tnen  to  be  withdrawn,  and  ti> 
flask,  along  with  the  lever  cf,  remored  froa 
the  trough.  The  lever  apparatus  can  tbrn 
be  detached  from  the  stopper,  so  as  to  allow 
of  the  flask  being  placed  on  the  pan  of  the 
balance.  Previous  to  the  wdgninff,  it  ii 
necessary  to  clean  the  extremity  of  the  fla^i 
with  the  most  scrupulous  care.  It  is  to  be 
allowed  to  repose  on  the  balance  nntil  it  hi 
had  time  to  attain  the  temperature  t^  of  the 
balance-case  at  the  pressore  Px ;  it  may  tb«n 
be  weighed.  The  number  00  obtained  w 
shall  Cfdl  O.  The  glass  atopper  having  been 
removed,  it  is  to  be  replaced  by  the  £jiQff- 
tube  h  (fig,  766).  It  is  then  necesaaiy  to  put 
the  apparatus  under  the  bell-glass  of  an  u> 
pump,  and  exhaust  and  readmit  the  air 
until  all  the  ^  has  been  replaced  bj  it. 
The  stopper  is  again  to  be  inserted  afr«r 
removal  of  the  drying-tube,  and  the  flask  ii 
to  be  reweighed.  This  weia^t  is  cslled  G,. 
The  weiffht  G^  of  the  volume  of  gai  \\ 
measured  in  the  flask  becomes : 


G^a  -  G^  -  G^x  + 


ViPi 


773  X  760  X  (1  +  (H)0367*i) " 

The  number  773  is  the  volume  in  cubic  centimetres  of  a  gramma  of  dry  air  at  Oi^, 
and  under  a  pressure  of  760  millimetres  in  the  latitude  of  Beriin. 
The  specific  gravity  {D)  may  then  be  found  from  the  expression 


D 


773  ^ 


For  a  method  of  determining  the  specific  gravity  of  a  gas,  by  aaoertaining  the  tiai 
of  its  efiiision,  as  compared  with  the  time  <3  effUaion  of  air,  the  TOiidflr  ia  Nftmdta 
Bunsen*s  work  above  cited. 


Eegnmdfs  Method, 

Regnault,  in  his  magnificent  work  on  the  steam-ennne  abore  cdtcd,  gifH  la 
elaborate  account  of  the  methods  emploved  by  him  to  determine,  with  the  iteoik 
possible  accuracy,  the  specific  gravities  of  the  more  important  gaaea.  These  ■sOmwIi 
are,  however,  &r  too  complex,  and  require  too  elaborate  apparatus  to  be  cn^Iflyvd  is 
the  laboratory,  when,  as  in  ninety-nine  cases  out  of  a  hundred,  the  oljeet  in  wv 
is  simply  to  confirm  the  formula  of  a  gas  which  is  under  investigation.  The  vneoi 
is  nevertheless  so  perfect,  and  the'  r^ults  so  trustworthy,  that  it  would  ha  ^^ 
improper  to  omit  a  condensed  account  of  it. 

Ke^iault  uses  large  balloons  capable  of  holding  ten  litres.    The  >*»lM>fi^  lAn  loaU 
with  a  kilogramme  in  each  pan,  indicates  readily  half  a  milligramme,    hk  oriar  todi 
away  with  numerous  uncertain  corrections,  arisinff  f^m  variations  in  the  ttmpmitm, 
pressure,  and  hygrometric  state  of  the  air,  the  baUoon  in  whidi  the  nasi  an  vs^gkd 
18  counterpoised  by  another  balloon  of   equal  bulk,  the  same  kind  of  q^—i.  tad 
of  nearly  equal  weight    In  order  to  determine  the  volume  of  air  dnplaoed  bjr  tin 
balloon  in  which  the  gases  are  to  be  weighed,  it  is  to  be  filled  with  water,  and  thn 
weighed  in  water  of  the  same  temperature.     The  balloon  is  then  to  be  rmond 
and   weighed,  after  wiping,  upon  a  strong  balance.    It  is  plain  that  the  diflbmm 
between   the  two  weighings  is  the  same  as  the  weight  of  water  M»J^^mfmA  ]w  tbe 
external  volume  of  the  balloon.   It  is  then  necessary  to  obtain  a  coostopoue  of 
precisely  similar  external  volume,  or,  in  other  words,  which  displaces  the  same  mAvme 
of  air.      For  this  purpose    a   balloon   is    selected  a  little  amaller   than  tha  tat 
including  its  stopcock.    The  latter  is  merely  closed  with  a  cap  ending  in  a  hook,  po^ 
mitting  it  to  be  su upended  from  the  balance-pan.  Its  volume  is  then  ascertained,  aod  if 
less  than  that  of  the  baUoon  in  which  the  gases  are  weighed,  a  tubedooed  at  esd  eai 


OF  OASES. 


Bd  ar  Kvdna  mI  to 
4jvatcd,  •»  thik  to  M  mj 


The  flaik,  «,  hu  a  ilopcock  cooaMtad 
h  RMnDOBicktioii  with  a  guholder,  on  ur-pnmp, 
Fig.  758. 


tbree-w«y  tabs,  iiUowiiig  it  f  o  bn  put 
-  --' ■— '-  ippwatos,  which 


■Dvn  tltf  daatiefivosof  thegas  tobeaamtiincdwithgnBt  prccition.    Theunnge- 
Mmi  iuj  be  seen  b;  nfEzsnM  to  fig.  7S8. 
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The  rto^eoeb  are  tban  to  b«  BO  tan«d  ai  to  ptiM  tliB  ballDon,  A,  in  eammmiievliB 
with  t^a  lu-pamp  only,  and  tha  kUar  ia  to  be  worked  until  M  paifMt  k  Tantuii  u 
pouible  ia  obt^ned.  The  giu  is  then  allowed  t«  aDterfrom  the  meeiTerBbntaloalj, 
■D  na  to  eninre  lU  eompleta  deajcciition  on  puwing  thniDgh  tha  tube*  TT.  TW 
tubea  maj  be  charged  with  pumice  moiatcuad  with  anlpburic  acid,  or  with  bagaaamt 
chloride  of  calcium,  or  with  rircei  of  bjnlnte  of  potjiuiam,  aceordins  to  the  Dilnn  li 
the  gaa.  Lett  auj  trace  of  air  should  remain  io  Uie  ballooo,  the  exnanstion  and  n~ 
fliling  are  to  be  repeated  until  it  ia  ceitain  that  notJiiDg  bat  the  pnr«  gas  is  conuii'd 
in  it  Before  filling  tbe  exhauated  globe  fbr  tha  laaC  time,  the  uiaet>uoD  csee  npn^ 
■eated  in  the  CDgraving  ia  to  be  eliatged  with  bagnientB  of  in ;  the  taps  N,  M,  uid  C 
then  lieitig  tumMl,  the  gaa  ii  ellowed  to  enter.  When  the  globe  ii  full,  tbe  tap  S  uia 
be  cloeed.  The  tabe  at  F  not  having  aa  ;et  been  aliptvd  on,  a  momentaij  eomnuu- 
eation  nui?  be  made  with  the  atmosphere  bj  rspidlj  opening  and  eloaiiig  M.  Tbe 
elaatic  fbrcf  of  the  gaa  maj  therefore  be  known  bT  mere  mapection  of  the  banmelei. 
The  cock  N  beingfinaUr  closed,  and  the  ejatam  of  tabea,  &c  diaconneeted,  the  ballaoo 
ia  to  be  cacefnllj  wiped  with  a  cloth  sufficiently  damp  to  prerent  electrical  esfitalioti. 
which  would  cauie  aeriooa  errors  id  the  weighing.  The  globe  ii  them  to  be  nwpaaU 
on  the  balance,  and  after  two  houra'  repose  ia  to  be  weighed.  Thia  dela^  ia  impen- 
,pbF.  TS9.  t'^*i  becauBC  so  latge  a  Tolume  of  gaa  does  not  inmediitdj 

Bcauire  the  tempenture  of  the  balanee-eaee.  Morconr,  a 
the  air  of  the  balance-case  and  the  balloon  an  i< 
t  tempeiaturas,  mmntB  axe  liable  to  fonn,  vlueli 
wonld  intiirfere  with  the  veighitigB ;  fisallj,  the  delaj 
allows  the  normal  amount  of  moistare  to  «ondenw  <m  tbt 
balloon.  Aa  soon  as  wei^iingB,  taken  at  intrrrala  of  ■  fn 
nintitu,  are  perfectly  conatant,  the  ballcHw  is  to  benplaciJ 
in  the  caae,  and  again  eamnmded  with  ice.  Tbe  gM  is  tha 
to  be  Tcmoved  liy  tbe  pump  pnciaelj  aa  before.  Id  oidet 
to  Mcerlain  the  elaatic  force  of  the  rendoal  ga^  the  IbI» 
coanected  with  the  manometer  B  ia  to  be  attached  at  P. 
The  tube  must,  of  course,  be  piercnted  from  coUapnnc  b;F  ^ 
■pjnl  of  wire  contained  in  it,  or  it  may  be  made  of  lead. 
The  barometiie  manometer  is  seen  in  section  on  a  laigrr 
scale  in  Ji^.  769.  The  tube  A  B  is  merely  a  barometer  d 
SO  mm.  inlenor  diameter.  The  detem  in  which  it  ia  li- 
Tarted  is  di tided  into  two  parts  by  means  of  the  dianhnga 
nn.  The  tube  CD  ia  a  elau  tube  of  silnilar  dvaMr 
to  AB,  bat  coDtiadod  at  (he  top  to  allow  of  the  attadh 
meet  of  the  leaden  tube  ab.  The  pressure  of  the  stini- 
•pbere  may  at  any  time  be  aaeertained  tiy  ponring  in  mtf 
cury  until  it  slaada  abovs  the  diaphiagm,  and,  afts 
lowering  the  screw  T  until  its  lower  eztremttj  jnat  tmdM 
tbe  mercury,  messnriag,  by  meani  of  the  ealhetoneter,  lb* 
distance  between  the  upper  part  of  the  screw  and  Ihe  ln*l 
of  the  mercury  in  the  tube.  By  adding  the  prsrioadf 
asceriained  length  of  the  scmr  to  the  result  of  tht  catbele- 
metric  measurement,  ths  length  of  a  eolnnn  cf  bmcbt 
balancjog   the   atmoapherie   preaanie   ia   aoenratd;  cb 

Tbe  gaa  haring  htm  finallj  remored  from  tha  balloo,  ■ 
commanication  is  to  be  eatabliihed  between  tha  latter  uil 
the  tube  CD,  in  the  manner  indicated  iajl;.  7H.  Iltdir. 
fereni'e  in  lecel  between  the  two  tabes  haring  been  «u^ 
fiilly  meaannd  by  meani  of  the  eathetamater,  ths  «liitic 
force  of  the  gas  remaining  in  ths  ballooD  i»  at  ones  A- 
tained.  The  tbermometer  T  indieatM  (be  tsaipsiBlais  B 
the  time.  The  elastic  force  (tf  the  raaidnal  gsi  baiJEf 
been  aecenuined,  the  tap  is  to  be  closed,  tbe  eouMMf 
tube  remoTed;  and  aftpF  wiping,  See,,  with  the  mk 
precautions  as  before,  the  ballooD  is  to  be  wed^brd.  Tit 
difference  between  the  weighings  (F—p)  gires  lhe*t<|iil 
of  tbe  gaa  which  at  0°  flUa  the  balloon  at  the  atmos] ' 
»  H,  diminiabed  by  the  elastic  finea.  A,  of  tbe  n 
"        light  of  the  gas  at  the  nonul  (empaatn 


e  weight  of  th 
then  Deeomes 
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pgrfectly^  fliltd.    A  kr^  gUM  cjliDder  op«n  &t  boCb  end*  i>  Uwn  to  be  lovcmd  no 

the  ga>-ju.     Ths  gi>-ju  maj  be  kept  in  the  ozia  of  the  cylinder  bj  nuMi  of  tka 

pijg  Tg0  met«]  piece  g  hafug  three  wg«. 

^*  tionSiiiid  elwb]rme*iiief  laend 

-  ' ^ftcapA.    llMiodti 


tore*  in  the  *rm  <  k,  which  tljdM 

on  the  npri^t  lod  e  /,  eltthed  t* 

*  the  iion  pot  at  il.    Theumiiifaa 

ftlbwa  two  themMmetoe,  t  tail, 

to  be  aappoited  b;  auiK»ot]itmi 

corki  at   diSereot  beigjiti  m  the 

^lindrr.      The  •rm  (  m  (opportt 

a  doable-pointed  Mmr  of  knon 

length,  the  nm  of  wtdch  will  be  i^ 

Bcribed  pnHQtJj.     ^Hie  lyliiida  ii 

now  to  be  filled  Tith  irat«i  up  to  ib 

line  d  f,  ud  heat  i*  to  be  qiplM 

br  meeiiBof  the  drcnlar  bnniw.f  r. 

Tie  Uqnid  in  the  qriiodcc  vtU  nr 

gndudlj  ioenttM  in  Mmpnitmi 

and  at  ■  cert«n  point  the  bulb  «il 

bust,  and  the  mercolj  will  bepi 

■lowly  to  deecemd  in  the  gii^D. 

Soon  after  ths  water  antan  bdi 

ebullition,  it  will  be  foond  that  tbi 

Taponr  will  ceaM  to  •'F*''^  *V 

Author.    The  tiAbdm   Fmaf  Iba 

be  iK^ad,  u  bLm  the  ton 

and  tlw  height  at  tha 

Sot  to  obtain  the  tnie  e'laaoc  taat, 

P,  of  the  Taponr,  it  will  be  BtMt- 

■tuy  to  oaeertain  tha  beictit  of  tb 

mereoiyin  thajar  abore  that  ii  lb 

trough,  and  to  dednct  thii  nln 

bom  the  height  of  the  baiOBMa:, 

For  thia  parpoae  tbe  niiUed  head  r,  of  the  donble  pointed  ecrew  »  a.  It  to  be  tanri 

until  it  fioMly  toachee  the  eoT&ce  of  the  netco^  in  the  troo^    By  naani  <tf  k 

ealbetometer,  ths  differeoce  between  the  height  of  the  mereiuy  in  (jie  ga*-jar  ud 

the  upper  point  of  tha  ecrew  can  be  accurately  determined.    It  ia  obrion*  uut  lb 

elsatic  force  of  the  vapoar  ma;  b«  foond  by  adding  to  thp  reading  of  the  eathetaarta 

the  IsDgth  of  the  screwRoand  deducting  the  aum  from  the  heiglitof  the  bamaitai. 

Of  course  the  Talues  must  be  reduced  \aO''  prerioua  to  c«leutating  Ilia  res  ~ 

Another  method  of  secertaimne  ths  elastic  force  of  the  Tnpour  i*  M  fc 
accuratel;  the  diviiiion  on  the  gaa-jor  to  which  the  inner  lerel  of  the  mar 
The  screw  n  o  is  thnn  to  be  adjaited  to  the  level  of  ths  mBrcui^  in  the  pot  lb 
water  in  tbe  cylinder  ia  now  lo  be  remoTed  a*  far  as  poestble  with  •  aiptwo,  aaJ 
the  last  portions  by  tbe  ud  of  Bltenng-paper.  The  metal  will  Hun,  of  soanr,  b 
found  to  bave  receded  trom  the  point  of  the  screw.  Uore  metal  ia  norw  to  be  idd^ 
until  it  eiactl;  toachee  the  point  of  the  screw  again.  Hie  exact  point  to  wfaidi  llu 
level  reaches  on  tbe  gas-jar  is  to  be  noted.  Tbe  distance  between  theee  two  pouii 
being  deducted  from  the  height  of  the  barometer,  giTse  the  elaatlc  fbroa  P  sf  the  t^ob 
at  the  tf-mpcratnre  T. 

A  more  generally  coDTenient  form  of  ippamtuH  for  detennimng  rapoor-danHtili  t^ 

Gaj-Luiwao's  method,  and  one  which  requires  a  ranch  smaller  qnantitr  of 

represented  in  flg.  761.  It  consista  of  a  cylinder  of  rather  thin  gtaaa,  a  b 
like  n  rery  large  teet-tuhei  it  may  be  about  16  or  18  inches  long,  and  S 
meter.  At  the  lower  and  closed  end  it  w  rounded,  and  care  mnst  be  takan  thititB 
thin  enongh  to  stand  the  applicatioD  of  heat,  and  yet  strong  enough  ID  bear  the  ¥d|U 
of  the  mercury  and  the  rest  of  the  appsratus  which  will  haTe  to  be  inserted.  A^mUm 
rather  light  gas-jar  <■,  divided  into  half  cubic  centimetres,  ia  supported  at  ita  lowMod 
by  an  iron  cup/,  attAched  to  a  rod  ^g  of  the  same  metsL  IntASOipmn^itiltBit- 
seated  in  the  act  of  being  lowered  into  its  place.  The  upper  end  of  tbaur  ii  urt 
aii'ody  by  the  ring  h  which  slides  on  the  rod  ^^.  The  cylinder  i*  rMUDsd  a  a 
Tpiticnl  position  by  tha  ring  i  sliding  on  the  maseiTe  retoit-eUnd  i  i-  Ilendjf 
and  the  t.hennometer  I  are  supported  by  the  arm  m,  also  attached  to  the  ntorMWl 
The  cylinder  being  chaiged  up  t«  the  line  n  n  with  mercnir,  the  gaajai^  SOtA  «U 


ids  or  liia  W- 


» 

SPE( 

DIFI 

C  GRAVITY 

TaBLI  ion  THB  ClIinJLlTIOK  OF ^ 

1  4-  0-008S7  T 

r. 

31 

T. 
61 

T. 
91 

r. 

1 

0-99634 

0*89785 

0-81708 

0*74964 

121 

0-69249 

2 

0-99271 

32 

0-89490 

62 

0-81464 

92 

0-74768 

122 

0-69t17J 

3 

0-98911 

33 

0-89197 

63 

0-81221 

93 

0-74664 

128 

0-68899 

4 

098553 

34 

0S8906 

64 

0-80979 

94 

0-74361 

124 

0-68725 

6 

0-98198 

35 

0-88617 

65 

0-80740 

96 

074148 

126 

0-68552 

6 

0-97845 

36 

0-88330 

66 

0-80501 

96 

0-73947 

126 

0-68380 

7 

0-97495 

37 

0-88044 

67 

0-80264 

97 

0-73747 

127 

0-68209 

8 

097148 

38 

0-87761 

68 

0-80028 

98 

0-78648 

128 

0-68038 

9 

0-96803 

39 

0-87479 

69 

0-79794 

99 

0-78360 

129 

0-67869 

10 

0-96460 

40 

0-87199 

70 

0-79561 

100 

0-73168 

180 

O-677O0 

11 

0-96120 

41 

0-86921 

71 

0-79329 

101 

072967 

181 

0-67632 

12 

0-95782 

42 

0-86645 

72 

0-79099 

102 

072762 

132 

0-67365 

13 

0-95446 

43 

0-86370 

78 

0-78870 

103 

0-72668 

188 

0-67199 

14 

0-95113 

44 

0  86097 

74 

0-78642 

104 

0-72376 

184 

0-67034 

16 

0-94782 

45 

0-85826 

75 

0-78416 

106 

072184 

186 

0-66870 

16 

0-9*454 

46 

0-85566 

76 

0-78191 

106 

071993 

186 

0-66706 

17 

0-94127 

47 

0-85289 

77 

0-77967 

107 

0-71808 

187 

0-66643 

18 

0-93803 

48 

0-85022 

78 

0-77745 

108 

071616 

188 

0-66380 

19 

093482 

49 

0-84758 

79 

0-77623 

109 

071427 

189 

0-66219 

20 

0-93162 

50 

0-84495 

80 

0-77304 

110 

071240 

140 

0-66059 

21 

0-92844 

51 

0-84234 

81 

0-77086 

111 

0-71066 

141 

0-66899 

22 

0-92529 

52 

0-83974 

82 

0-76867 

112 

0-70870 

142 

0-66740 

23 

0-92216 

53 

0-83716 

83 

0-76651 

113 

0-70686 

148 

0-66682 

24 

0-91905 

54 

0-83460 

84 

0-76436 

114 

0-70608 

144 

0-66424 

25 

0-91596 

55 

0-83205 

86 

0-76222 

116  0-70321  1 

146 

0-66868 

26 

0-91289 

56 

0-82952 

86 

0-76010 

116 

0-70140 

146 

0-66112 

27 

0-90984 

57 

0-82700 

87 

0-75798 

117 

0-69960 

147 

0-64967 

28 

0-90682 

58 

0-82450 

88 

0-75688 

118 

0-69781 

148 

0-64602 

29 

0-90381 

59 

0-82201 

89 

0-75379 

119 

0-69608 

149  0-64648 

30 

0-90082 

60 

0-81954 

90 

0-76171 

120 

0-69426 

160  '  0-64496 

2.  The  process  of  DnmBLB, 
e.  The  suhstance  is  liquid,  and  boils  above  150^,  hut  hdow  300**. — Hie 


bcH 


Fig,  762. 


oous  aoove  i.o\r,  out  oeuno  ^w/^, — iTiB  mourn  vm 
adapted  for    determining  the  yaponr-deiintiflt  d 
liquids  boiling  between  tlie  aboT»  tcmpentiini  ii 
that  of  Dnmas.    For  this  purpose  it  u  proper  t» 
employ  glass  balloons,  having  a  capacity  m  tarn 
100  to  350  cubic  centimetres ;  3ie  sise  will  depend,  to 
a  great  extent,  upon  the  quantity  of  aubstanes  tl 
the  disposal  of  the  operator.    It  is,  howerer,  ib- 
8olut«ly  necesttary  to  have  mom  subatanoe  tfaaa  ii 
sufficient  to  fill  the  balloon  with  its  Tapoar.    It  ii 
also  proper  to  use  larger  balloons  as  the  densitj  cf 
the  vapour  is  lower;  otberwise  the  dilfisraioe  brtweei 
the  weight  of  the  balloon  filled  wiUi  Tapoar,  aid 
whon  filled  with  air,  will  be  so  small  as  to  Rsdff 
excessively  accurate  weighing  necessary,  in  ofdets 

Srevent  error.  Dumas' method  of  detenniniiigv^on^ 
ensities  is  quite  capable  of  yielding  aeennte  lenlti 
in  the  cases  a  and  5;  but  it  requires  more  sabstnei^ 
and  does  not  permit  of  the  deusity  beine  determined  at  more  than  one  tenipftitift^ 
without  making  a  separate  experiment  in  each  case.  The  process  of  Gay-Losnc^  ca 
the  other  hand,  permits  numerous  experiments  with  one  small  specimen  of  snlMtaiMe 
Ht  any  desired  temperature  within  certain  ranges,  and  thus  enables  the  openfeor,  is  i 
very  short  time,  to  accumulate  information  regarding  certain  physical  propeftkscf 
subst^inees  which  it  is  often  very  desirable  to  know—  such,  for  example,  as  the  lovnt 
temperature  at  which  the  substance  under  study  begins  to  obey  the  laws  cf  panaaBflrt 
gases. 

The  balloons  should  be  selected  of  a  light  and  readily  fusible  glass,  so  as  to  iDov 
the  point  to  be  sealed  hermetically  without  difficulty  at  the  close  of  the  opezatioiL  Cm 
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Fig,  763. 


IV 


■liMird,  and  its  neck  having  been  drawn  out  to  a  mo^leratelj  fine  point, 
thoio^gfaly  dried.  This  may  be  done  by  exhausting  it  repeatedly,  and 
te  in  taen  time  with  air  dried  by  passing  over  a  column  of  chloride  of 
Iw  fcallfMMi  is  then  to  be  weighed,  the  same  precautions  being  taken  as  m 
|MM.  As  much  fluid  is  then  to  be  inserted  as  it  is  judged  will  be  more 
to  ill  it  with  Tapour.  An  iron  pot  V  {Jig,  762),  having  been  filled  with 
r  or  iieat*s-foot  oil,  is  to  be  supported  in  any  convenient  way  over  a  char- 
^  €r  a  powerful  gas-burner.  For  all  ordinary  experiments,  the  air 
k  B  may  be  replaced  by  a  mercurial  one  passing  through  a  cork  at  K. 
id  jT  of  the  pot  y  support  two  rods,  t  f  and  t'  j/.  The  former  has  sliding 
it  smi,  e  dt  capable  of  being  fixed  at  any  height  by  the  screw  r.  Two  rings, 
tctra  to  support  the  balloon  A ;  they  may  be  adjusted  by  the  screws  i  /. 
cftDg  heated  to  nearly  the  boiling-point  of  the  substance,  the  balloon  is  to 
ndnally,  until  the  point  a  projects  only  about  half  or  three-quarters  of  an 
tiM  taUow.    When  the  temperature  reaches  the  boiling-point,  the  vapour 

X  rapidly  at  first,  but  more  and  more  gently  afterwards,  and  finally 
lut«  cessation  of  the  evolution  of  the  vapour  may  be  ascertained  by 
i«e  of  cold  metal  near  the  point  a.  The  liquid  which  condenses  in  the 
dased  away  with  a  piece  of  red-hot  charcoal.  The  temperature  should 
ndnally  to  rise,  until  it  is  20  or  30  degrees  above  the  boiGng-point  of  the 
rhe  heat  must  then  be  so  regulated  as  to  allow  the  bath  to  remain  as 
■iUe  at  the  same  temperature,  while  the  point  of  the  balloon  is  bein^; 
•  latter  operation  is  most  conveniently  effected  by  the  aid  of  a  Herapath's 
Mdied  to  a  fiexible  tube  of  sufficient  length  to  allow  of  ample  freedom  of 
A  eommon  month-blowpipe  and  spirit-lsmp 
rbiok  the  eas-apparatus  is  not  at  hand. 
la  it  is  deemed  that  the  point  is  perfectly 
unperature  of  the  bath  and  the  height  of  the 
Pt  to  be  noticed;   the  screw  r  may  then 

and  the  balloon  raised  completely  from 
e  point  a  should  then  be  turned  downwards, 
niajensed  liquid  may  flow  into  it.  It  should 
\01j  watched,  to  see  if  any  air-bubbles  rise 
idi<mting  incomplete  sealing.  If  no  leak  be 
I  balloon  may,  after  cooling,  be  thoroughly 
Bed  on  the  balance-pan,  and  allowed  to 
noogh  to  become  constant  in  weight  The 
haTing  been  ascertained,  the  point  a  is  to  be 
w  the  surfiice  of  the  metal  in  the  mercurial 
i  file-mark  having  been  made  on  it,  the  point 
ped  off.  The  mercury  will  then  rush  in,  and, 
on  has  been  completely  successful,  will,  with 
d  liquid,  entirely  fill  the  balloon.  In  most 
'or,  a  bubble  of  air  will  remain,  indicating 
le  has  not  been  expelled  from  the  balloon  by 

It  is  absolutely  essential  that  the  Tolume 
lal  air  should  be  accurately  ascertained.  For 
the  mercury  and  condensed  liquid  are  to  be 
9  a  cylinder,  divided  into  cubic  centimetres, 
1  a  vertical  position.  A  mirror  then  being  held 
flinder,  and  in  contact  with  it,  the  operator 
ilf  in  such  a  position  that  the  line  on  the 
!l  coincides  with  the  level  of  the  mercury, 
t  of  the  condensed  liquid,  also  coincides  with 
the  reflection  of  the  pupil  of  the  eye  as  seen 
'.  The  balloon  is  then  to  be  refilled  entirely 
r,  and  the  contents  are  to  be  again  transferred 
ited  cylinder,  and  the  volume  ascertained  as 
I  obviouB  that  the  second  reading  will  give  a 
a  than  the  flnt,  and  that  the  difference 
two  readings  will  indicate  the  volume  of  the 

proceas  for  the  determination  of  the  residual 
>nsiderable  time,  owing  to  the  slowness  with  which  the  mercury  escapes 
ill  aperture  in  the  neck  of  the  balloon,  and,  where  numerous  determinations 
niaity  have  to  be  made,  causea  great  delay.  The  writer  of  this  article 
» deyiscd  the  following  method  of  proce^nliug,  which,  in  addition  tc  extreior 
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Fig.  764. 


■=-85 


90 


95 


simplicity  and  accuracy,  has  the  adyantage  of  occnpying  only  a  few  seeondB  (FbiL  Tnai. 

1857,  p.  460).     The  point  of  the  balloon  having  h^  broken  off  under  meix-orj, 

and  the   metal  having  entered  the  globe,   the  Utter  is  to 
be  placed  on  a  straw  rinp  (as  in  fig.  763,  p.  869),   benaali 
a  biu'ette  divided  into  cubic  centimetres  and  fractions.    TIm 
■crew  a  of  the  compression-stopcock  is  then  turned,  so  as  to 
allow  a  slow  stream  of  metal  to  flow  into  the  bnUoon  until 
the  condensed  liquid  exactly  reaches  the  orifice.    The  quantitT 
of  mercury  required  for  the  purpose  at  once  indicatesthe  mi- 
dnal  air.   The  compression-stopcock  shown  hkfiq.  763  is  seen  in 
section  mfig.  764.    It  is  capable  of  withstanding  a  very  eon- 
siderable  pressure  of  mercury,  and  is  so  manageable  that  the 
smallest  portion  can  be  added  at  will.  A  blodc  of  wood,  ahcl, 
has  a  square  hole  mortised  in  it,  throu^  which  passes  the 
vulcanised  tube  efgk,  attached  at  e/to  the  lower  orifice  <if 
the  burette.     A  piece  of  hard  wood,  t  A:,  also  passes  thnmfsk 
the  mortise,  and  is  retained  in  its  place  by  the  flanfre  t.    To 
close  the  orifice  it  is  only  necossaxy  to  turn  the  milled  bead  /of 
the  screw ;  the  piece  t  will  then  be  pressed  against  the  Talcanised 
tube,  and  close  it. 

From  the  data  obtained  in  an  experiment  conducted  as  above, 
the  vapour-density  (/))  may  be  calculated  in  a  few  minutes  with 
sufiRcient  accuracy  for  most  purposes,  by  the  aid  of  the  folloving 
formula : — 

(K-  »K 

P  =  the  difference  in  weight  between  the  globe  filled  with 
air  and  when  filled  with  vapour. 

V  »  the  o^Mcity  of  the  txalloon  in  cubic  centimetres. 
fit  tm  the  weight  of  one  cubic  centimetre  ot  air  at  the  tempers* 
turo  at  which  the  balloon  filled  with  air  was  weighed. 

n!  *  the  weight  of  one  cubic  centimetre  of  air  at  the  tempe- 
rature of  pealing  the  globe. 
The  values  of  n,  and  fit  (in  grammes)  may  be  obtained  at  once  firom  the  following 
table,  calculated  for  each  degree  centlgnde  from  0°  to  300^ : — 

Weight  ofont  Cubic  Centimetre  of  Atmospheric  Air  at  different  Teny9eraiures,Jrom  (3P  t§ 

300°  at  760  mm. 
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0001084 

78 
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0-000938 
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0001275 

29 

0001169 
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79 

0001002 
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0-000936 

6 

0001270 

30 

0001165 

55 

0-001077 

80 

0001000 
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6 

0001266 

31 

0001161 

.  56 

0001074 

81 

0000997 
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0000931 

7 

0-001261 

32 

0001157 

57 

0001070 

82 

0000994 
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0-000928 

8 

0-001257 

33 

0001154 

58 

0001067 

83 

0-000992 

108 

0-000926 

9 

0001252  , 

34 

0  001150 

59 

0-001063 

84 

0  000989 

109 

0-000923 

10 

0-001248 

35 

0001146 

60 

0-001060 

86 

0000986 
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0-000921 

11 

0001243 

36 

0001142 

61 

0-001057 

86 

0000983 

111 

0-000919 

12 

0001 239  ! 

37 

0001138 

62 

0001063 

87 

0000080 

112 

0-0009181 

13   0001234 

38 

0001134 

63 

0001050 

88 

0000977 

118 

0-000914 1 

14   0-001230 

39 

0-001131 

;  64 

0001047 

89 

0-000974 

114 

0-000911 

15   000122O 

40 

0001128 

65 

0001044 

90 

0000972 

115 

O-000909 

16   0001221 

41   0-001124 

'  66 

0-001041 

91 

0000969 

116 

O-O00907 

17 

0001217 

42  ;  0001121 

67 

0001038 

02 

(;-000967 

117 

0-0009U 

18 

0001213  , 

43  ;  0001118 

68 

0001035 

93 

0-000964 

118 

0-000901 

19 

0001209  ; 

44  1 

0001114 

69 

0001032 

94 

0000962 

119 

O-O00900 

20 

0001205   45 

0001111 

70 

0-001029 

95 

0-000959 

120 

O-O008S8 

21 

0001201  ,  46  1 

0001108 

71 

0001026 

96 

0-000966 

121 

o-oooawj 

22  '  0-001107   47 

0001105 

72  ■  0001 023  ' 

97 

0000963 

122 

0-0008NI 

23  ;  0001103  '  48  '  0001102 

73  1  0001020 

98 

0000951 

123  0-0008911 

24   0001  ISO   40  '  OOOIOOS 

74  '  0001017 

99  0-000948 

124  o-wma 

25   0001185  '  50   00()1CK)5  | 

1                    ' 

75  i  0001014  ; 

100  0000946 

126  O-0008S7 

tlao  the  merit  of  n 
rightPoft  ^^^^Mdthe  tempwwup 

esHk  uxl  t]         „      .    .  pt«r  DBTiDg  beco  noted,  it 

I  vaigbt,  p,  of  tile  air  in  tbe  ballooD  will  be : 
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apparent  temperature,  T,  the  number  of  degrees  indicated  by  the  expreaaion  (T-f) 

f-^.  But  the  temperature  T^  aa  indicated  by  a  mercurial  thermometer,  most  be 
6380 

ezchang:ed  for  the  corresponding  temperature  7**,  as  indicated  by  an  air-thermometf-r; 
this  may  be  obtained  without  experiment  from  the  following  table,  founded  on  the  ex- 
periments of  B^gnault  \-^ 

TaJble  for  the  Converaian  of  the  Degrees  {T)of  a  Mercurial  Thermometer  into  the  cof 

responding  Vtuues  (2")  of  an  Air  Thermometer. 


r. 

r". 

r. 

r'. 

r. 

v. 

:     ^- 

r-. 

100<» 

lOQO 

169-68 

170 

239-90 

240 

301*08 

300 

109-98 

110 

179-63 

180 

26006 

260 

811-46 

310 

119-96 

120 

189-66 

190 

260-20 

260 

321-80 

320 

129-91 

130 

199-70 

200 

270-38 

270 

332-40 

330 

139-86 

140 

209-75 

210 

280-62 

280 

34300 

340 

149-80 

160 

219-80 

220 

290-80 

290 

364-00 

360 

169-74 

160 

229-86 

230 

The  balloon  having  been  sealed,  and  well  cleaned,  its  weight  (P^  is  to  be  detenniofd ; 
the  weight  of  the  vapour  will  therefore  be  F— (P— p). 

The  residual  air,  v,  having  been  found  in  the  usual  manner,  and  the  temperature  t' 
and  pressure  If*  noted,  its  weight  p'  may  be  ascertained  by  means  of  the  expmiioo : 

p'  »  00012932  grm  .  v ^^ ,,^  .  ^ 

^  ^  1   +    0-00367^      760 

The  weight  of  the  vapour  becomes,  therefore,  {F-P  +  p  -p'). 

But  it  is  evident  that  to  obtain  the  true  volume  of  the  vapour  we  must  deduct  the 
volume  of  the  residual  air  at  the  temperature  of  sealing  the  balloon,  which,  evun  it 
corrected,  we  shall  for  simplicity's  sake  call  T,  The  volume  i/  of  tkb  residual  air  tt  T 
and  H'  will  be : 

v'  «  V  ^  +  000367. r     jr 

"       1   +  0-00367.  r  '  ff' 

Calling  the  coefficient  of  expansion  of  glass  k,  we  have  for  the  volume  of  the  vipoor 
at  randJT  [F(l   +  kT)  ^  v'].    The  density  of  the  vapour  will  therefore  be : 

F  -  p  +  p  -  y 


00012932[F(1    +  kT)  -  ^  ^      —t^-^* 

*•    ^  '  M  +  0-00367.  r    760 

or,  at  full  length : 

F  -  P  +    /        0:0012932 y  _  ^j^ 

W60(l    +   0-003670^  'I 

1    +   0-00367  n  0-0012932 


[^(1    u.    J^T)  ^  ^^    +   0-00367Tr    _^^vv*^u- „ 

^  '  1   +  0-00367^760(1   +   0-00867r)'     * 


For  very  full  details  regarding  the  calculations  in  vapour-density  < 
Brown  (Chem.  Soc.  J.  [2],  iv.  72). 

As  the  expression _ -_^ —     can  be  taken  at  once  from  the  table  mm.  nder 

1  +  0-00367  .  T  ^ 

section  6,  the  calculation  is  by  no  means  a  long  one. 

If  the  height  {W)  of  the  barometer  has  been  taken  in  inches,  it  can  be  fedieei  it 
once  to  millimetres  from  the  following  teble,  extracted  from  the  writers  Bmlkek^ 
Chemical  Manipulation : — 


Table  for  the  Conversion  of  Inches  into  MiUvm/etrti, 


«• 

^lilllroetret. 

InchM. 

1  . 

26-39964 

6  . 

2  . 

60-79908 

7  . 

3  . 

76-19862 

8  . 

4  . 

.   101-6982 

9  . 

6  . 

.   126-9977 

> 

16S-II7S 

208196S 
228-6MI 
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<l  i^miioa  of  glui  may  Ira  ueviUbgcl 
iWMboD  of  the  iollowing  tabla  (Beg nan 

Paid  100° K  =  0-00002TS 

ISO OOOOOMl 

too 00000291 

3IH) 0-000029B 

SOO O-OOOOSOS 

3fiO 0-000031S 

I  vban  rapoQT-dsDaitiaB  ue  frnaeallj  being  drtenDined,  it  will  be 
Iraatage  U>  keep  eopiea,  not  ontj  of  all  the  data  obtained  in  auch 
h*  aboTe,  bnt  hIm  of  each  etep  in  the  ealcalatioiu ;  to  that,  io  the 
■qipoeed  error,  the  poiat  at  which  it  hue  occurred  can  be  detected  at 

oti^of  the  reeidnal  airia  amall,  and  the  atmoapheric  pTeaauTeiinotfar 

'  'it  may  be  obtained  with  anfficieDt  aocoiicy  bj  multipljing  the 

n  the  table  on  p.  870  by  the  number  of  cubic  centi* 

■M  it  tulid,  and  boilt  bdeu  300°.— The  last-described  metiiod  is  qnit« 
■Bg  the  case,  it  being  onlj  necessai?  to  (Oae  the  inbataDM  so  as  t* 
[  iiisii  tiiil  ID  tbe  balloon. 

S.  Tieproeeu  of  DB-rille  and  Ttoott. 
(M  U  jltiid  or  a  futibU  loHd,  and  boiit  about  2W,  but  bdem  SSO°.— 
iltj  in  determining  the  Tapoai-deasities  of  sabetancea  boiling  bevond 
I  nHvarial  thermometer  mia  been  the  aecorate  detennination  of  tlw 
nLDeiille  and  TcoO»t  fAna.  Chim.  Phya.  [8],  Iriii.  257)  hare 
r  lad  snecesafallj  OTercome  tiiis  difflcollj,  by  heatiog  tbe  hiUooiu  in 
'    '  r  elevated,  bnt  accurately    known,  boiling- pain Ca.     It  is 

IB  Bubetancee  the  temperature  of  their  repoun,  in  contact 
t  •aDstanesB,  is  inviiriable  u  long  aa  the  preesnre  remains  constant. 
*a  drcnmatances,  a  thermometer  surrounded  by  steam  escaping  from 
ill  always  indicate  100°.  The  same  phenomena  present  themselTe* 
airing  much  higher  temperatorei  for  TaporiBAtion ;  the  snbstancea 
.  for  the  purpose  are  mercury  boiling  et  SfiO^,  sulphur  sti40°  eadminm 
e  at  1040°.  In  the  esse  now  under  conaideratton,  it  ia  eufficieat  to  use 
ling-point  of  which  is  360°. 

w  required  ia  of  the  simpleet  daeciiption.    It  eoneists  of  an  iron 

(fy.  70S},  22  centimetres  high  and  12  centimetres  in  diameter.  It  may 

Ij  M  ooDstmctAd  out  of  a  mercury-bottle.    Jt  is  to  be  closed  with  an 

j^,  795.  iron  cover,  GQ,  nierced 

the  nisssge  of  the  neck 

oft£ebflUoon,B.    The 

latter  rests  upon  a  ring 

of  metal,  FF,  aupportra 

OB  points  fixed  to  the 

interior  of  the  cylinder. 

There  is  also  a  concen- 

pierent  the  heat  radiated 

easel    &om   reaching  the 

fsetened  down  by  meant 

T.   The  tube,  T,  inserted 

der,  serres  to  cany  away 

e  vapour  of  the  metcuij 

tsented  in  the  flgure,  U 
is  used  only  for  tempera- 
dd  soften :  for  nibstanees 
(bich  can  he  determined 
iry,  it  will  be  qnite  snfB- 
f  ordinary  glass.  It  wiQ 
laat  the  tube  T  by  nuana 
!,  as  shown  in  the  tlgnm. 
■ss-bumer,  or  small  char- 
cnal  chauller,  will  be  quite  sufficient  when  the 

ary  is  employed  as  the  heating  medium. 

■f  this  article,  who  hai  had  ocuuton  very  frcgaently  to  emplc^  thia 
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process,  makes  use  of  the  apparatus  shown  in  fig,  766.  A  small  glue-pot^  a  a,  is  to  bi 
ground  at  its  mouth,  to  fit  accurately  the  iix>n  plate  h  b.  The  latter  is  pineed 
with  two  holes^-^ne  serving  to  give  egress  to  the  neck  c  of  the  balloon,  and  the  other 
to  admit  the  bent  iron  tuV^^  d  d,  which  serves  to  carry  away  and  condeoise  the  vapov 
of  the  mercury.  The  gland  e  $,  bent  twice  at  right  angles,  has  two  screws  //,  which 
attach  it  to  the  ears  of  the  pot.  The  gland  is  pierced  with  three  holes,  two  serving  to 
admit  the  pressure-screws  g  g^  and  one  to  permit  the  passage  of  the  nedc  of  th« 
balloon.  A  ring  gas-burner  (A)  serves  to  heat  the  apparatus.  The  substance  to  be 
examined  having  been  inserted  in  the  balloon,  t,  and  a  few  pounds  of  mercury  haviog 
been  placed  in  the  pot,  the  balloon  is  to  be  put  in  its  place,  the  neck  passing  thrMgh 

Fig,  766. 


m  cork,  the  upper  portion  of  which  prqjeots  as  short  a  distance  as  possible  above  tbi 
cover  of  the  pot.  A  small  quantity  of  linseed-meal  luting  may  be  laid  on  the  oovsr 
before  listening  it  down  with  the  screws.  Although  the  cork  and  luting  will  be 
destroyed  during  the  operation,  they  serve  quite  well  for  one  eanperiment.  Another 
iron  tube  may  very  conveniently  be  made  to  slip  over  the  tube  ad,  so  as  to  conduet 
the  condensed  mercury-vapour  to  a  convenient  rece])tacle.  The  neck  of  the  baUooo 
must  be  kept  very  hot  during  the  operation,  by  the  aid  of  pieces  of  red-hot  charooaL 
When  no  more  vapour  escapes  from  the  orifice  of  the  balloon,  it  is  to  be  sealed  in  the 
same  manner  as  in  vapour-aensity  determinations  by  Dumas's  method.  It  is  scarodj 
necessary  to  add  that  the  value  of  k,  in  the  formula  on  p.  372,  is  too  considerable  to 
be  neglected  in  determinations  conducted  at  this  elevated  temperature. 

It  will  save  some  trouble  to  remember  that  at  350^  the  value  of  the  ezpresBOS 

, ^ -is  0-000666. 

1  +  000367  T 

f.  The  substance  boils  ahove  350^,  hit  below  440^. — Glass  globes  mqj  be  emplofid 
for  a  temperature  of  440°  without  any  fear  of  softening.  600  or  600  gnmiiMf  of 
sulphur  are  to  be  used  in  the  apparatus  described  on  pp.  373  and  374,  and  200  or  800 
grammes  are  to  be  distilled  over  in  each  operation.  The  apparatus  is  not  iigoNd 
by  the  sulphur,  and  lasts,  therefore,  for  an  indefinite  time. 

g.  The  substance  boils  above  440°,  bu4  below  860°. — AVhen  the  vapour-density  is  to  be 
determined  at  860°,  it  will  be  necessary  to  employ  cadmium- vapour  for  the  puzpoMof 
heating  the  balloon.  The  apparatus  shown  in  Jig.  766  must  be  employeo,  and  tb 
tube  T  must  be  kept  very  hot  by  means  of  a  combustion-furaace  filled  with  duitosL 
Two  or  three  kilogrammes  of  cadmium  may  be  used,  but  only  800  or  400  gramnweDM^i 
be  dlRtilled  over  in  each  operation.  It  is  necessary  to  employ  porcelain  ballocms  it  tin 
tcnipomture  of  860°  ;  they  are  loosely  closed  during  the  operation  by  the  small  poreeliii 
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vapour 'density  of  a  substance .  This  may  at  once  be  obtained  by  maltiplying  the  atoiBle 
weight  of  the  substance  by  half  the  density  of  hydrogen,  0*034635.  If  the  nralts  ol 
experiment  differ  from  tne  number  so  obtained  by  a  very  large  amount^  it  viU  pro* 
bably  arise  from  the  vapour-density  being  anomalous.     (See  Atomic  Wkiobts.) 
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The  examination  of  the  properties  of  the  lijg;ht  emitted 
by  substances  in  the  state  of  glowing  gas  has  been  termed  Spectral  Analysis.  By  this 
mt'thud  we  nut  only  succeed  in  obtaining  a  much  more  aocurate  knowledge  than 
we  have  hitherto  possessed  concerning  the  chemical  composition  of  terrestrial  matterr 
but  we  acquire  information  respecting  the  chemical  nature  of  the  son,  fixed  stars,  and 
distAnt  nebulae,  opening  out  the  new  sciences  of  solar  and  stellar  chemistry. 

If,  by  means  of  a  prism  and  suitable  optical  arrangements,  we  examine  the  light 
emitted  by  incandescent  solid  or  liquid  bodies,  we  find,  first,  that  all  such  bodies  become 
luminous  at  the  same  temperature ;  and,  secondly,  that  when  they  first  become  lumiDoni 
red  rays  alone  are  emitted,  and  that  as  the  temperature  rises,  rays  of  ereiy  higher 
degree  of  refningibility,  up  to  a  certain  limit,  are  b'kewise  given  off,  umtil,  when  the 
highest  temperature  is  reached,  all  the  luminous  rays  are  emitted,  and  the  bodj  if 
said  to  be  white-hot.  Hence  the  spectrum  of  every  incandescent  solid  or  liquid  ii 
continuous,  and  cannot  be  UvSed  as  a  means  of  detecting  the  chemical  nature  of  the 
substance.  The  light  emitted  by  incandescent  gases  differs  essentially  from  that  relisted 
from  solids  or  liquids,  inasmuch  as  the  spectrum  of  a  glowing  gas  is  not  eomOmum, 
but  consisttH  of  dibtinct  bands  or  lines  of  bght ;  in  other  words,  is  made  up  of  diflbRSI 
rays  of  definite  degrees  of  refrangibility.  Another  difference  to  be  noted  is  thi^ 
except  in  ccrtiiin  cases  to  be  spoken  of  hereafter,  the  quality  of  the  light  of  a  ^owiig 
gH8  does  not  alter  with  incn'ase  of  temperature :  tnus,  as  soon  as  sodinm-viposr 
lieeonies  luminous,  it  emits  yellow  light,  nor  can  this  colour  be  changed  by  iocTBtaBg 
the  t^'mperature  ;  sodium-vapour  cannot  be  made  white-hot. 

Ench  elementary  substance  in  the  state  of  gas  produces  a  spectrum  conoMag  of 
bright  lines  or  bands,  which  are  unalterable  in  position,  and  are  prodnoed  hythsi 
particular  element  alone ;  hence  this  property  may  be  maide  use  of  for  detfdiiy 
the  presence  of  the  substance  in  question,  and  it  matters  not  how  fiur  distant  the 
(«4)nree  of  light  may  be  from  the  observer,  provided  the  lines  can  be  distinct^  seaa. 
Many  oheraioal  compounds  are  not  decomposed  below  the  temperature  at  whidb  thor 
vapours  become  luminous,  and  these  compounds  yield  spectra  differing  from  thoti 
of  thf ir  constituent  elementK ,  in  some  cases  a  further  elevation  of  tempentin 
produces  a  Hudden  dissociation  of  the  combined  elements,  and  Uien  the  tne  cie* 
mrntal  spectra  bocome  for  the  first  time  apparent — no  further  change  in  the  pontiei 
of  the  lines  occurring  with  subsequent  increase  of  temperature.  In  manyinitsDMi^ 
however,  even  in  the  case  of  the  elemental  lines,  increase  of  temperature  midai 
new  lines  visible,  which  could  not  be  seen  before,  possibly  owing  to  toeir  not  po—t 
inp  HuflScient  intensity. 

The  meth(Kls  of  obtaining  the  spectra  of  the  elements,  or  their  compounds,  diflbramid' 
in.4  to  iheir  volatility.     The  instrument  or  spec  t  ro  scope  employed  varicsacoordiiKto 
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tfa*  dfgn*  of  mcmntj  which  the  oWrrEtions  r«]Dire :  thni,  for  the  dftertion  of  (oin* 
of  the  ncm  eammonlj-ocrarriDit  aabstiiiina,  a,  ruugh  Appuratui  irilh  one  priini  will 
— "~  -ieppM  for  siact  piwrimenti,  sad  for  researchBi  on  solar  chemirtry,  k 
■a  poweifiil  and  optioilly  perfect  inatrumFiit  it  needed. 

mqf  Ukt  ^telra  of  Bodia  vihk\  tint  tht  eelottrltn  Qai-JUme. 

It  has  long  baen  known  that  certain  mbitanrea,  npeviall  j  the  mIIb  of  the  alkalis  snd 
•Ikalinp  aartha,  tint  the  blowpipe-fiaaie,  and  tJteiie  tints  hare  long  been  used  ■■  tfila  fur 
Ibeptcwnnofthenibataiice*.  Banieti  andKirchhoff  (ISGO.  Ckenieal  Arudytu  hg 
BptitTuat  OhKrtaUoiuiYatltyLfmoji.'Pcw.  Abtx.  ex.  IGl;  HndPhil.  Mag.  [4]  u.  SB: 
Banmd  Memoir,  Pugg.  Ann.  ciiii.  337;  and  Phil.  Mag.  [tjzxii.  329  and  468)  wen  the 


'ullj  to  »pplf  tie  prism  to  the  eiaroination  of  th«e  tints,  whrieby  th« 
7  and  delican  <rt  their  indicationi  were  infinitel;  iccrSBaed,  and  thai  ta  round  the 
■oeacw  of  Spectnl  Analjeia. 

Hm  impnmd  speetRiacope  employed  in  these  eiperimpnts  is  repruMDted  in  ^.  7SS. 
Ob  tha  nppar  snd  of  the  casl-iron  Juut,  F,  a  brass  plate  is  screwed,  canjing  the  flint- 
^■aprinf,  having  a  refroctiogangleof  G0°.  Tha  collimatoMube,  A,  is  ^o  fixed  to 
ua  bnss  pLite;  in  the  end  of  this  tnbc  cearsat  the  pRem  is  placed  a  lens,  wbilM  th* 


Biber  and  is  closed  by  a  plate,  in  whid)  a  rertlml  alit  has  been  mads.  Two  anm  an 
■bo  fltlad  en  to  llie  cast-iron  toot,  ao  that  they  are  moreable  in  a  horiiontal  plane 
•boot  the  axis  of  Uie  foot.  One  of  chrse  carries  the  teleampe  B,  baring  a  magnf^nit 
powR  of  cighk  whilst  the  othrr  carries  the  tulie  C  ;  a  lens  is  placed  in  this  tnbc  at  the 
cid  nearsat  the  prism,  and  at  the  other  end  in  a  scale,  which  oao  be  pccd  through  the 
tJweopa  by  irflexion  from  the  front  eurfnce  of  the  priBtn.  This  uale  is  a  pholographic 
My  of  ■  millimetrr-Bcalc,  which  bos  been  produced  in  the  cumera  of  about  A  the 
•npaal  dimwisionB.    The  elructorc  of  the  „,     ,,„ 

i^t  ii  seen  in  fig.  7«B :  the  upper  hnlf  ''?■  '*3- 

Mb  ii  left  free;  the  lower  half  ia 
h;  a  small  equiUt^ml  glaas  prism, 
(Dd»  bj  tokal  reflexion  the  light  uf 
tk(  hap  D  tbrouzh  the  slit,  whilst  the 
nri  of  the  lamp  &  pasa  freelj  through 
I*  (pper  and  nacoTeie>d  slit,  liy  help 
of  tliii  sRaugemeul,  the  obserrer  ei-es 
tkupfdiaof  Uie  twoaourcca  of  lit;ht  ioi- 
■c^rielj  oue  under  the  other,  and  cun 
Ihi  caiilj  determine  at  a  glnuce  whether 

lb  Edm  are  coincident  or  not.  The  inslnimont  is  used  hs  follows:— In  the  first 
fhn.tlia  telescope  Bis  drawn  out  so  ftir  that  a  distant  ubjeict  is  plainly  seen;  it  iothen 
■nnd  into  the  ring  in  which  it  ia  hol>l,  ciire  being  taken  tu  loosen  the  screws  a  and  P 
MnrliaDd.  The  tube  A  is  tlien  bruught  into  i[»  place,  and  the  nxis  of  B  broucht  into 
■tMnigbtline  with  that  of  A.    The  alit  is  iheu  drawn  out  until  it  is  dlstiDctiy  seen 


I        rtid 
A.  I. 
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on  looking  through  the  telescope,  and  this  latter  is  then  fixed  by  moring  the  sofvi 
a  %nd  fi  until  the  middle  of  the  slit  is  seen  in  the  middle  of  the  field  of  liev. 
AfU^T  removing  the  small  spring  7,  the  prism  is  next  placed  on  the  brass  plate,  aod 
fastened  in  the  position  which  is  marked  for  it,  and  secured  bj  screwing  down  tht 
spring-cliunp  y. 

If  the  axis  of  the  tube  A  be  now  directed  towards  a  bright  surface,  such  as  the  fbnw 
of  a  candle,  the  spectrum  of  the  flame  is  seen  in  the  lower  half  of  the  field  of  tbe 
telescope,  on  moving  the  latter  a  certain  at  gle  round  the  t^xis  of  the  foot  F.  When  tk« 
telescope  has  been  placed  in  position,  the  tube  C  is  fastened  on  to  the  arm  beltAging 
to  it ;  and  this  is  turned  through  an  angle  such  that,  when  light  is  allowed  to  (all  ot 
the  divided  scale,  tlio  image  of  the  scale  is  seen  through  the  telescope  B,-  reflected  from 
the  nearer  face  of  the  prism.  The  divisions  can  easily  be  focussed,  and  the  line  oo 
which  the  divisions  lie  brought  parallel  with  the  line  dividing  the  two  spectra  hj 
means  of  the  screw  (8);  a  small  gas-flame  is  then  placed  opposite  the  tube  C  to  illnminaie 
the  scale.  ThH  breadth  of  the  slit  can  be  regulated,  by  means  of  the  serew  e,  according 
to  the  degree  of  illumination  present,  or  the  purity  of  the  spectrum  required.  A  black 
cloth,  witn  holes  for  the  tube  C,  is  thrown  over  the  whole  apparatos  to  shade  off  straj 
light.  In  order  to  bring  the  two  sources  of  lights  D  and  £,  mto  position,  the  following 
mt^thod  may  be  employed  : — ^If  the  lamp  £  be  pushed  past  the  slit,  a  point  is  easilj 
found  at  which  the  blue  lines  of  the  hydrocarbon-flame  (Swan,  p.  3-^8)  are  plaialr 
seen  ;  the  lamp  must  then  be  pushed  to  me  left  still  farther,  until  these  lines  nearly  or 
quite  disappear ;  the  risht  mantle  of  the  flame  is  now  before  the  slit,  and  into  this  ths 
l>ond  of  substance  under  examination  must  be  brought  In  the  same  way  thi 
position  of  the  flame  (D)  may  be  ascertained  (Bun sen).  Owing  to  variations  in  tht 
r«'fracting  power  of  the  prisms,  the  positions  of  the  lines  of  the  same  substancci^ 
measured  by  the  photographic  scale,  on  two  different  instnunents  will  not  ooinndi 
exactly.  B  u  n  s  e  n  has.  however,  given  (Pogg.  Ann.  cxix.  6)  an  easy  method  for  reducing 
these  variations,  renderingcompamble  the  measurements  thus  maoewith  different  instru- 
ments. He  has  also  proposed  a  graphical  method  (shown  in^.  770,  opposite  page  382  )of 
mapping  not  only  the  position  of  the  bright  lines,  but  also  their  relative  intensities  and 
degrees  of  sharpness :  this  consists  in  shading  in  the  lines  under  a  millimetre-scale  (repre* 
senting  that  seen  through  the  telescope),  the  starting-point  bein^  taken  to  be  the  D  lineii 
the  position  of  which  is  always  represented  at  60  mm.  The  height  of  the  shading^iw 
the  intensitv  of  the  bright  band,  the  extent  of  the  shading  gives  the  ln«adth  of  the  Imeor 
band,  and  t)ie  degree  of  sharpness  is  indicated  by  the  sndden  or  gradual  growth  of  ths 
shaded  portions.  This  method  cannot,  of  course,  give  to  one  un£uniliar  with  the  speeta 
themselves,  any  idea  of  their  real  appearance ;  this  can  only  be  attained  (and  but 
iniperfe<.*tly)  by  chromo-lithographic  tables,  which  accompany  some  of  the  nemoin. 
ana  of  which  an  enlarged  series  has  been  published  by  Lenoir  of  Vienna. 

The  discovery  of  four  new  elementary  bodies  (cesium,  rubidium,  thallinm,  indium)^ 
by  help  of  spectral  analvsis,  since  1860,  serves  to  show  the  value  of  this  new  method; 
of  its  delicacy,  some  idea  may  be  formed  by  the  following  numbers,  which  fiTe, 
in  fractions  of  a  milligramme,  the  weights  of  the  smallest  quantities  of  the  metiL  in 
question  which  can  thus  be  detected  with  certainty: — 

St^iium  .  .  00000003 

Lithium  .  .  00000009 

Calcium  .  .  000001 

C»sium  .  .  000i>05 

Slwntium  .  .  000006 


Thallium  .  0-00003 

Bubidium  .  O-OOOS 

Potassium  0*001 

Barium    .  .        •  OOOl 


S}Yctntm  Reactions  of  the  Mdals  of  ike  Alkalis  and  JJJusluu  Earikt. 

Scdlu':i, — The  spectrum-reaction  of  this  metal  is  the  most  delieats  of  alL  The 
yellow  lino.  Na  a.  is  the  only  one  which  appears  in  the  sodium-spectnun  as  seen  in  the 
'fl.ime  with  the  oniin;U7  spectroscope.  Examined  at  the  high  tempentnre  of  the 
eltvtrio  spark  with  a  more  powerful  set  of  prisms,  this  yellow  line  is  seen  to  be  doable, 
and  it  is  found  to  be  exactly  coincident  wirh  the  dark  double  solar  line  known  as  D; 
uniUr  thesio  oin.*umstan^>^  three  other  pairs  of  line's  and  a  nebnkms  band  become 
\-isiMe,  in  a^idition  to  the  yellow  D  lines  j^Hucgins.PhiL  Trans.  1864,  p,  139,  on  TU 
Si^y'T-^i  c/  t-.^mf  i/tif  Ck<riic*2i  Ki^iner.Tf':  The  line  Na  a  »  remarkable  for  its  exactly- 
dif.cevi  form  and  extrHordiaarr  bright ce^ss.  If  the  quantity  of  9odinm-«aBnpoiBi 
pr>^ser.t  in  the  ri.Aae  is  vrry  Iat^.  sc^me  p^^rtion  ii  pr^pitated  in  the  solid  fom, 
.i:id  :h-5  pv»*  rise  to  a  iV.iai  ccatinuous  speoirum  srtptchii:^  at  each  aide  of  thi 
dv«uV>  \«r'.low  1  ne  ;  if  4  srxi'.l  r:«^e  of  the  metallic  sodium  b*  volaxfiis«d  inthefliBe, 
thr  ir.'.:v  r'.u::  p>.i  n^  r-.e:.-.  =  o:  :he  "v  rr -.<*:."  of  th*  s^diu^'.-sp^ctram  is  obscrred — thai  ia 
IT.'C  *-.^'':  s.x:  u"-.-'..rt  *  or.  »  \:-k'  \>x.Kj:T..:r.i  l^T-.t  ohjiaed  to  a  d^ri  out 
Hj\c  A  laoIgroiLi  c:  a  *-  ^,  i:  .cnt-zuvus  ?^t.vLr:.2-.     The  cxplLUitiao  of  thii  will  be 
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continuous  portion  (indicated  in  the  mass  by  a  dark  band  (Uiotfe  tbe  diTisiaD)  if  B«t 
iutense,  in  that  of  mbidinm  leas  intense,  and  in  the  caesium-spectrum  this  Inminositjii 
least.    In  all  three  we  observe  the  most  intense  and  characteristic  lines  Uxwardi  bath 
the  red  and  blue  ends  of  the  spectrum.  Of  the  ntbidiuin4ineSt  those  marked  Bb  « tad 
Kb  0  (137  and   135 — 136  mm.)  are  the  most  brilliant,  and  best  suited  fbr  tbt 
recognition   of    the  metal.     Less  brilliant,  though  still  characteristie,  are  the  icd 
lines  Rb  y  and  Bb  8  (15 — 16  and  13 — 14  mm.),  from  which  the  metal  deriTes  its 
name;  they  are  remarkable  as  both  being  less  refrangible  than  the  potasnom  red 
lines  E  a,  and  the  outer  one  of  them  lies  so  far  in  the  dark  red  as  to  be  only  rendered 
visible  by  a  special  arrangement     The  other  lines,  which  are  found  on  the  contiuQMH 
portion  of  the  spectnmi,  cannot  so  well  be  used  as  a  means  of  detection,  becanee  thej 
only  appear  when  the  substance  is  very  pure,  and  when  the  degree  of  illumination  is 
very  great    The  nitrate,  chloride,  ciilorate,  and  perchlorate,  on  account  of  their  easy 
volatility,  show  these  lines  most  distinctly ;  but  even  the  least  volatile  rabidiamHXX&- 
pounds,  such  as  the  silicates,  yield  spectra  in  which  all  these  details  are  plainly  se«L 

The  spectrum  ofc<Bsium  is  chiefly  characterised  by  the  two  lines  Cs  a  and  Cs  3  (109 
and  106  mm.),  remarkable  for  their  brilliancy  and  sharpness  of  definition,  as  well  as  bj 
the  absence  of  any  line  in  the  red  as  in  the  two  other  spectra.  The  line  Cs  7  in  the 
orange  (42  mm.)  is  the  next  most  distinct.  The  other  yellow  and  green  lines  marked 
on  the  map  first  appear  when  the  luminosity  is  great ;  and  thou^  they  cannot  be 
used  for  detecting  the  presence  of  small  quantities  of  the  cseeium-compoonds,  they 
may  serve  with  advantage  as  tests  of  the  purity  of  the  ciesium-salt  under  ezaminatioD, 
as  they  are  seen  only  when  all  foreign  matter  is  got  rid  of. 

The  delicacy  of  the  spectrum-test  for  the  pure  compounds  is,  for  mbidinm  0*OOOS 
mgm.,  and  for  caesium  0*00005  mgm. ;  if  other  members  of  the  alkaline  gronp  of  metsli 
be  present,  the  delicacy  of  the  reaction  is  of  course  impaired;  but  even  men  mixed  with 
from  300  to  400  times  its  weight  of  the  chlorides  of  potassium  and  sodium,  thecosiiiBi- 
chlorides  would  be  easily  detected ;  whilst  the  rubidium-salt  will  bear  dilution  with 
from  100  to  150  times  its  weight  of  the  common  alkalis  before  its  spectrum  is  ren- 
dered indistinct.     (Bun  sen.) 

The  following  is  a  list  of  the  chief  sources  in  which  the  new  alkaline  metals  have  u 
yet  been  found : — 

In  mirural  waters: — Durkheim,  Eissingen,  Nauheim,  Ereuznach,  BadeD-Bsdeo, 
Wiesbaden,  Soden  near  Frankfort,  all  contain  both  metals :  see  the  Second  Meoioir  by 
Bunsen  and  Eirchhoff. 

Vichy,  Bourbonne.    (Grand eau,  Compt  rend.  liii.  1100.) 

Ebensee,  Haller,  Oastein.    (Redtenbacher,  J.  pr.  Chem.  Izzzv.  458.) 

Aussee.    (Schrotter,  ibid.  p.  458.) 

Topusco,  Lassinga,  Karlsbrunn.    (Schneider,  ibid.  p.  468.) 

Salins  (Jura),  Contrexeville  (Vosges). 

Dead  Sea  water.    (Grandeau,  Ann.  Ch.  Phys.  [3],  Ixvii.  176.) 

Inminerals: — Lepidulite  from  Koxena,  Cs  and  Rb.    (Bunsen  and  Kirehhoff) 

Lepidolite  from  Hebron  in  Maine.  Rb  and  Cs.  (O.D.Allen,  PhiLMae.  [4],zzv.  1^). 

Lepidolite  from  Prague,  Petalite  from  Uto,  Rb  and  Cs.  (Grandeau,  Ann.  Ql 
Phys.  [3],  Ixvi.  172,  173.) 

Triphylline,  Rb  and  Cs.     (Bunsen,  Chem.  News,  iv.  168.) 

Litnia-mica from  Zinnwald  in  Bohemia,  Rb  and  Cs.  (Bunsen,  Chem.  News.  iv.  288.— 
Schrotter,  J.  pr.  Chom.  Ixxxv.  458.) 

Gneiss  from  Freiberg,  Rb.  (Rube,  Berg-und  Huttemann.  Zeittmg,  1862,Na  8,pL  76.) 

Camallite,  Rb  and  Cs.    (Erdman,  J.  pr.  Chem.  Ixxxvi.  377.) 

Orthoclase  from  Carlsbad,  Rb.     (Erdman,  ibid.  p.  448.) 

Chile  saltpetre.  (Bunsen,  Pogg.  Ann.  cxiii.  361. — Grandeau,  Ann.  Ch. Physw [Si 
Ixvii.  207.) 

Pollux  from  Elba  (Pisani,  Compt.  rend.  Iviii.  714)  contains  34  per  cent  of 
caesium ;  in  all  former  analyses  of  the  mineral  this  had  been  taken  for  potassium. 

In  vegetables  and  vegetable  products^  rubidium  alone  is  found. 

In  beetroot  and  the  saltpetre  derived  from  it: — Grandeau  (Compt  rend.  liv.  460; 
Ann.  Ch.  Phys.  [3],  Ixvii.  201).— Lefebre  (Compt  rend.  Iv.  430). 

In  tobacco  (Havana  and  Eentucky),  in  coffee,  tea,  cream  of  tartar. 

In  the  ash  of  the  oak-tree,  Quercus  pubescens.  (Von  Thann,  J.  pr.  Chem.  Ixxxri 
254.) 

Strontium. — The  spectra  of  the  alkaline  earths  are  by  no  means  so  simple  as  thoss 
produced  by  the  alkalis  ;  that  ot  strontium  is  characterised  by  the  absence  of  grB8D 
bands.  Fight  lines  in  the  strontium-spectrum  are  remarkable — six  red,  one  onng^ 
and  one  blue  line:  of  tliese  the  orange,  Sr  a  (45 — 47  mm.),  two  red,  Sr /BandSrT 
(31-5—33  and  33'5— 34-5  mm.),  and  the  blue  line,  Sr  6  (104-5—106-5  mm.). 
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tinn;  nnd  raat4>rial.  Examples  of  tho  application  of  tho^  tests  are  giren  in  Bonin 
and  KircfahofTs  second  memoir:  those  prove  that  some  limestones  contain  lithim 
and  stroatiuro,  as  well  as  sodium  and  potassium ;  and  it  is  probable  that  an  «>XMt 
fif.ries  of  experiments  on  the  amount  of  those  ingredients  contained  in  these  Tariots 
limestones  may  prove  of  the  highest  geological  interest,  both  as  regards  the  ordtr  of 
dieif  <leposition  and  their  local  distribution.  The  calcium-spectrum  thow»  the  mme 
kind  of  remarkable  change  on  increase  of  temperature  as  the  stroDtium-spectnia 
(Kirch ho ff,  liisiarch  s,  i.  12);  thus  the  broad  band,  Ca  iS,  is  replaced  in  the 
int^^nse  spark-  spectrum  by  five  fine  green  lines,  all  of  which  are  less  refhingible  thu 
any  pait  of  tlie  band  Ca  /3,  whilst  in  place  of  the  orange  band,  Ca  a»  three  more 
Tofrangible  oRinge  lines  are  seen.  The  total  disappearance  in  the  spark-speclrum  of  a 
WMll-xieflned  yellow  band  seen  in  the  flame-sptictrum  at  the  lower  tenaperatnre  was 
St  rikingly  endent  (R  o  s  c  o  e  and  C 1  i  f t  o  n ).  The  (ipark-spectrum  of  cttlcinm  containi 
atse  two  bright  linos  in  the  violet,  which  may  coincide  with  the  two  solar  lines  kuovn 
as  Fraunhofcr's  H.    (Huggins.) 

Barium, — This  is  the  most  complicated  of  all  the  flame-spectra  of  the  alkalis  and 
:alkaline  earths.  It  is  at  once  distinguished  from  all  the  others  by  the  green  bandi, 
Ba  a  (69'5  to  73  ram.)  and  Ba  3  (75  to  79  mm.);  these  are  by  fiir  the  most  distinct, 
appearing  at  the  first,  and  continuing  during  the  whole  of  the  reaction.  Ba  7  (59  to 
63  mm.)  is  not  quite  so  distinct,  but  is  still  a  well-marked  and  pecaliar  line.  The 
•chloride,  bromide,  iodide,  and  fluoride,  as  well  as  the  hydrate,  carbonate,  and  sulphate^ 
yield  the  reaction ;  the  silicates  must  be  treated  previously  with  hydrochloric  add,  or 
fused  with  sodium-carbonate,  and  the  resulting  barium-carbonate  dissolved  in  add.  If 
barium  and  strontium  occur  in  small  quantities  together  with  large  ankonnts  of  caldom, 
the  carbonates  obtained  by  fusion  are  dissolved  in  nitric  acid,  and  the  dried  salt 
exhausted  with  alcohol.  The  residue  contains  only  barium  and  stnmtinm,  both  of 
which  can  be  almost  always  detected. 

Unless  one  or  more  of  the  bodies  to  be  detected  is  present  in  very  small  (jnantitifs, 
the  methods  of  separation  just  mentioned  ore  quite  unnecessary,  as  a  simple  mspectioo 
of  the  flapio-spectnim  generally  exhibita  the  bright  lines  of  the  varioiis  substancfs, 
appearing  one  after  the  other  in  the  order  of  their  volatility,  and  dying  gradually  oat 
again  as  tho  pictures  in  a  dissolving-view.  The  absence  of  any  one  or  of  several  of 
these  bodies  is  at  once  indicated  by  the  non-appearance  of  the  corresponding  bri^ 
lines  (Buns en  and  Kirchhoff).  The  same  phenomenon  of  chazige  ftom  bread 
bauds  to  fine  lines  on  increase  of  temperature  has  been  observed  in  the  barium  as  in 
the  two  foregoing  spectra. 

The  spectrum  of  magnesium,  as  well  as  the  spectra  of  almost  all  the  other 
metals,  cannot  be  obtained  by  means  of  the  flame,  owing  to  their  compounds  being 
non -volatile  at  the  temperature  of  burning  coal-gas.  In  order  to  obtain  the  spectra  of 
these  substances,  recourse  must  be  had  to  the  method  with  the  electric  spark,  cxpUined 
hereafter. 

ITianinin. — The  compounds  of  this  new  metal,  discovered  by  Mr.  Crook es  (Ch«n. 
News,  March  30,  1861)  in  certain  specimens  of  iron-pyrites,  give  when  brought  into 
the  flame,  a  splendid  green  coloration,  and  this  yields  a  spectrum  consisting  of  one 
green  line,  Tl  a  (77'5  to  78  mm.),  which  coincides  with  a  part  of  the  green  bariom- 
band,  3.  When  examined  with  one  prism,  the  extreme  brilliancy  of  this  line  renders 
the  detection  of  traces  of  thallium  in  pyrites  easy  (see  the  article  THALLim  in 
this  volume;  also Cr 00 kes,  Phil.  Trans.  1863,  p.  173^.  When  the  spark-spectrum uf 
thallium  is  examined,  Ave  lines  are  observed,  in  addition  to  the  intense  one  inthegreen; 
first  a  very  faint  one  in  tho  orange ;  next  two  of  nearly  equal  intensity  in  the  green, 
more  refran^ble  than  Tl  a,  with  a  third  much  fainter,  these  lines  being  nearly  equi- 
distant :  whilst  fifth  in  the  blue  is  a  bright  well-defined  line  (W.  A.  Miller,  Prue. 
Roy.  Soc,  1863,  p.  407).  Gassiot  (Proc.  Roy.  «oc.  xii.  636)  found  that  the  tro 
groen  thallium-  and  barium-lines  do  not  coincide  when  examined  with  a  magnifying 
power  of  80. 

Indium. — This  metal  was  discovered  by  Drs.  Reich  and  Richter  in  the  Freibrtg 
zincblende  (Phil.  Mag.  [4],  March  1864,  xxvii.  199).  Its  compounds  are  rv«Qg- 
nised  by  the  det'p  indigo-coloured  tint  which  they  impart  to  flame.  The  indium-^pee- 
tnim  is  charactcriwHl  by  two  blue  lines,  which  are  best  seen  when  a  bead  of  an 
indium-compound  is  held  between  two  electrodes  from  which  a  spark  passes.  The 
lines  I]i  a  and  In  3  fall  respectively  upon  divisions  107*5  and  140  mm.  uf  the  photo* 
graphic'  ncale  of  the  spectroscope  when  Na  o  =  60  and  Sr  8  =  100*5.  The  spedfie 
gravity  of  thn  metal  is  7277.  and  its  atomic  weight  about  37  ■■  In  (monatomic). 
(Hoi eh  and  Richter,  J.  pr.  Chem.  xcii.  480  ;  gee  p.  268,  vol.  iii.  of  this  Dictionaiy; 
also  Strong,  Berg-  und  Iliittcnm.  Zeit.  1865.  p.  191;  A.  Winkler,  J.  pr.  Cheik 
xciv.  1 ;  Wcsflsky,  Wien.  Acad.  Borichte,  li.  280,  May  1865.) 
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"The  red  Are  of  the  CheHtreB,  eiunined  in  thp  uime  wuj,  gave  a  most 
■pfctrum,  with  maDj  lipht  linra  or  muiima  of  Lght ;  in  the  red  theas  ni;i 
>  Domflroiil,  and  crowded  wirh  dark  npacsa  bvtwpen,  beiiiies  ui  eiterior  nj 
ipaimtrd  from  thf  r«l,  and  proLablj  tliB  pffecl  of  ths  nitre  in  the  compoui- 
illjKa).  "In  the  orange  waa  one  bright  line.  ua«  in  the  yellow,  three  in  )h« 
Biy  bright  one  in  the  bine,  and  several  that  weto  fainter.  .  .  .  If  this  opinion 
I  fonnatioD  of  ihcf  liues)  ahnuld  prove  corrpot,  nad  applioable  to  the  other 


n,  a  alance  at  the  prisi 
whicn  it  wuulJ  othprw 


mickl  analysis  t«  detect" 
earir  obaerrers,  however,  got  allogcthrr  srong  with  reepect.  to  the  Eoda- 
ud  (lenw  they  ranoot  be  wnsidered  in  anv  way  lo  have  founded  the  acJence 
Bni-«nal.vsi«.  Thus  llersohel  says  that  he  found  "that  wlien  snlphnr  is 
ito  a  whitf-hot  cmeible,  a  very  large  quantity  of  a  definite  and  purely  homo- 
jellow  light  ia  product^"  nnd  Ihnt  "Dr.  Brewster  obtained  (he  same 
^tbywtting  fire  to  spirits  of  wine  diluted  with  water  and  heated."  Talbot 
Henre  the  yi*lIow  rays  may  indicat''  the  presence  of  soda,  hot  they  nevertbe- 
isntlj  apppar  where  no  aoda  can  be  supposed  to  be  prt'sent."  He  then  men- 
:  the  yrllow  light  of  buminf;  anlphur  is  identioal  with  the  Ught  of  a  spirit- 
1  a  sailed  wick,  and  slatea  that  he  is  indiued  to  believe  thst  the  yellow  light 
nrred  when  salt  waa  strewed  apon  a  platinum-foil  and  placed  in  a  fiame, 
ing  to  the  water  of  crystHllisation  rather  than  tiie  soda."  He  is  puzzled  to 
f,  if  tliia  be  the  ease,  the  same  result  is  not  obtained  with  salts  of  potash  ;  hfl 
■  that  wood,  ivory,  paper,  &e.  give  more  or  less  of  this  yellow  light,  alwayi 
in  its  characters.  The  only  principle  which  these  have  ia  common  is  aaler, 
le  doubts  whether  water  can  cause  this  yellow  light,  as  ignit«d  sulphur  pro- 
same.  Atone  part  of  hiv  paper  he  attributes  this  yellow  colour  to  suda- 
1  in  another  rort  he  says:  "The  brieht  line  in  the  yellow  is  caused  without 
thr  combustion  of  the  sulphur."  Talbot  further  on  stales  that  the  "  mere 
"  of  the  Bul«tance,  "  whivh  Fuffers  no  diminution  in  consequence,"  aa  in  ths 
iltaide  of  calcinm,  causes  a  red-nnd-grprn  line  to  appear  in  the  spectmniL  (See 
of  t  on  HUtm-y  of  Sprclruni  Analyti:  Phil.  Mag.  [^^,  iiv.  230.) 
cnary  1834,  Talbot  writes  (Phil!  Mag.  iv.  11«) :  "Lithia  ind  stronlia  aretwo 
aracterised  by  the  fine  red  tint  which  they  communiaito  lo  the  flame.  Now, 
«lt  lo  distiujtuiah  lithio-red  from  strontia-red  bv  the  unasaiated  eye.  butlhe 
iplaya  between  theiu  the  most  marked  distinction  that  am  be  imagined.  The 
lame  exhibits  a  large  numbtr  of  red  rays,  well  separated  from  each  other  bj 
■  ■  ■'  '      bright-bine  my.    The  lithia  ciliibila 


^  .        ,  „      li  the  minutest  portion  of  thei^e  snb- 

TOn  any  other  witli  as  maeh  certainly  if  not  more  than  anv  other  method." 
W.  Allen  Mi  Her  (Phil.  Mng.  (.1],  iivii.  SO  piibli»hed  an' investigation  on 
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presence  of  minute  quantities  of  sodium."  The  following  litentuVy  in  addition  tn  tbe 
memoirs  already  cited  on  this  part  of  the  subject,  may  be  conralted: — (1)  Uctm* 
on  Spectrum  AnalysU,  by  W.  A.  Miller,  Pharm.  Joum.  Feb.  1862;  (2)  Ditto  bj 
H.  E.  Roscoe,  Chem.  News,  iii.  153,  170;  ibid,  ▼.  218,  261,  287.— Orande&o, 
Instruction  pratique  »ur  t Analyse  Bpectrale,  Paris,  1863. — Dibbits,  H.  C,  U 
Sp^etraal  Analyse,  Rotterdam,  1863  (containing  an  able  histoneai  soBinaTy  of  tht 
discoveries  in  the  subject). — Mo  us  son,  Risumi  de  nos  ConnmistanetM  tur  Is  Sptdr^ 
Aich.  Sc  Natur.  de  Geuive.  Mars.  1861. 

Examination  of  the  Spectra  <^  Bodies  tjolatilised  in  the  Eleetrie  Spark. 

This  method  is  applicable  not  only  to  all  those  bodies  which  are  non-Tolatile  st  the 
temperature  of  the  colourless  gas-flame,  but  also  to  those  wfaidi  are  gaseous  at  tbe 
ordinary  temperature  (such  as  hydrogen),  and  require  to  be  heated  bj  the  deiirie 
spark  in  order  to  be  made  incandescent. 

As  the  number  of  lines  which  become  visible  in  the  spectnm  of  tbe  spark  is  Tny 
much  larger  than  is  seen  in  the  flame-spectrum,  a  much  more  perfect  and  powerful 
spectroscope  is  needed  for  these  observations.     Fig,  771  lepmenta  tbe  aznuigemrfit 

Fig,  771. 


employed  by  Kirchhoff  in  his  Researches  on  the  Solar  Spectrum  amd  Spectra  of  tie 
Chemical  Elements  (Macmillan,  London,  1862  and  1863),  and  made  hj  Steinheil  of 
Munich.    It  consists  of  a  collimator,  A,  screwed  on  to  a  planed  eimiLiT  iron  tablf, 
and  carrying  the  slit,  formed  of  two  knifo-ed^es,  the  breadth  of  wbich  can  be  ncro- 
lated  by  a  micrometer-screw.    The  slit  itself  can  be  brought  into  the  locos  of  th« 
achromatic  object-slass  by  a  rack-and-pinion  motion.    The  telescope  B^  containing  k 
similar  objective,  is  fastened  to  a  brass  arm  movable  about  the  centre  of  the  pUte, 
either  by  the  hand  or  with  a  micromet«r-8crew.      Between  the  two  objectives  fov 
flint-glass  prisms  are  placed ;  the  circular  refracting  surface  on  each  is  18  Puis  lian 
in  diameter ;  tliree  of  them  have  a  refracting  angle  of  45®,  and  the  fourth  of  60°. 
Each  of  the  prisms  is  cemented  on  to  a  small  brass  stand  with  three  ■etreoewa 
The  telescope  B,  having  a  magnifying  power  of  40,  has  a  horisontal  motion  with  rvspNt 
to  the  brass  arm ;  it  can  be  moved  about  a  horizontal  axis,  and  can  be  drawn  in  ud 
out  in  the  direction  of  this  axis,  as  seen  in  the  figure.    In  setting  up  this  train  of  prinu; 
the  greatest  care  must  be  taken,  in  the  first  place,  that  the  axis  of  the  two  tubes  ira 
in  the  same  horizontal  plane,  and  parallel  to  that  of  the  iron  taUe ;  leooodlv,  tiut 
the  refracting  surfaces  of  the  prisms  are  all  perpendicular  to  this  plane ;  and  toizdir, 
that  the  prisms  are  all  placed  at  the  angle  of  minimum  deviation  for  the  rays  abort 
to  be  observed  (Kirchhoff).    A  large  spectroscope,  containing  a  powezful  traiaflf 
prinm^i,  has  been  described  by  Gassiut  (I^roc  Hoy.  Soc.  1863,  xit.  586),  and  know ii 
the   Kew  spectroscope;  and  a  second,  containing  eleven  hollow  prisms,  filled  vith 
carbonic  disulphide,  is  also  described  by  (r  as  slot  (Phil.  Mas.  [4]  xxriii  69).    Wol* 
cott  Gibbs  (Sill.  Am.  Joum.  [2]  xxxv.  110)  has  also  describea  a  large  speetrowopt 
Fig.  772  exhibits  the  "Gassiot"  spectroscope  with  four  flint-glass  pnsms,  as  mUr 
fHctured  by  Mr.  Browning  of  tlie  Minories.     The  arrangement  employed  by  fiaggii^ 
(Phil.  Tmns.  1864,  p.  139),  in  his  researches  on  the  spectra  of  some  of  the  cbioif^ 
elomonts,  was  similar  to  that  used   by   Kirehhoff;  he  employed  six  di^pcfri^fic^ 
one  rf'floctinf^  prism;  the  total  ileviation  of  the  light  in  passing  through  tbe  tam.  ^ 
prisms  was  for  tlie  D  ray  198°,  and  the  distance  traversed  by  the  T«rnier  U  r\^ 
t«leBco(>e  in  passing  from  one  of  the  D  lines  to  the  other  was  76  • 
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▼ollaatoa,  lAo  diKOTsmd  Um  dscfc  linn  in  Uip  ular  ipeetnun,  wu  tbe  flnt 
lo  obmiB  the  brieht  Iidm  in  die  ipeetnun  of  Ibe  olocthc  ipark ;  but  F&nulay 
'nt  aBMrttd  that  the  electric  snrk  eondeted  Bolely  of  the  msterial  puticlM  of  ttu> 
poln  and  of  the  medium  throuch  which  it  paume.  WhpBtBtoue,  in  1836,  abowrd 
tkid  the  niectre  prodnced  by  tos  apuki  i)^  difiereut  neUli  ware  diwimilar,  and 
b*  eoDclndcd  that  the  electric  ipon  reeulta  from  tbe  Tolatiliwtjon  and  ignition^  and 


. I,  of  the  pondetable  mattn  of  the  po1»a  itself,  aa  the  rame 

|™«wna  wrre  obeerred  in  h^drc^^en.  Whrntitone  (Abstract  Bril.  itasfln. 
~^M,  1835)  vritea  oa  foUors,  con<'eniJng  the  differrntva  obBerTsble  in  tbe.spectn 
P™K*d  bj  the  poles  of  different  metals:  "  Thme  diflereneeB  fire  lo  obrioos,  tbal 
*'*»»til  m*7  inatantly  be  diningnishf^i  from  anolier  by  the  appeftnuice  of  ita 
^Hl^  i  and  «e  haT«  here  a  mode  of  dixcriniinatiDg  metallic  bodies,  more  readilj 
ybcabk  eren  than  a  chemicul  eiiminiilinn.  which  mnj  hereafter  be  employed  for 
*^1  pupoHS."     Angstrom,  in  llj&6  (Phil.  Mag.  [i]  ii.  321),  pointed  oot  that  • 
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twofold  spectram  is  always  seen  when  we  ezBmine  the  electric  ipAifc,  one  set  of  fiici 
being  denved  from  the  ignition  of  the  partides  of  air  or  gas  thnn^  winch  the  sparki 
pass,  whilst  the  second  set  it»  caused  by  the  incandescence  of  the  mctallie  paitidtt 
themselves. 

In  order  to  obtain  the  spark  easily  and  of  the  requisite  degree  of  intenntjTt  *  povn* 
ful  Ruhmkorff's  induction-coil  is  used  (Van  der  Willigen,  Pogg.  Ann.  eri.  616 ;  ie« 
also  p.  458  YoL  ii.  of  this  Dictionaiy) ;  the  one  employed  by  KirchhoffffaTe,  by  meui 
of  a  moderately  powerful  battery,  a  spark  0*3  metre  in  length,  whilst  the  ooil  used  by 
Huggins  gave  a  spark  3  inches  long.     In  order  to  intensify  the  npaik,  tAe  ends  olf 
the  secondary  coil   are   placed  in    contact  with  the  coatings  of  n  large  Leyden- 
jar.    The  electrodes,  also  of  course  connected  with  the  poles  of  the  seoondaiy  coil, 
consist  of  the  metals  under  examination,  either  in  the  form  of  wive,  or  of  irregnltf 
pieces  held  by  forceps  on  a  moveable  stand.    Manv  precautione  mnet  be  taksn  in 
working,  especially  with  two  different  sets  of  electrodes,  as  it  has  been  fomnd  that  tb« 
currents  of  air.  caused  by  the  rapid  passage  of  the  electric  spark  between  the  electiodeik 
are   sufficient  to  carry  over   to  a  second  set  of  electrodes,  placed  at  the  distance 
of  a  few  inches,  a  very  perceptible  quantity  of  the  materials  nndagoing  volatiliaa- 
tion.    Hence  no  separate  observation  of  the  two  spectra  (at  any  rate  where  volatik 
metallic  compoimds  are  introduced  as  beads  into  the  spark)  can  oe  relied  on,  uDlm 
one  is  made  a  considerable  space  of  time  after  the  other,  and  unlese  all  the  electrodf>s 
'  which  have  been  once  used  are  exchanged  for  new  ones  (Roscoe  and  Clifton).   For 
further  details  of  the  arrangements,  the  memoirs  of  Eirehhoff  and  Huggins  must  be 
consulted. 

The  positions  of  the  metallic  lines  have  been  mapped  by  Krehhoiff  with  reference  to 
the  dark  solar  lines,  whilst  Huge:ins  has  employed  the  bng^t  air-linee  as  a  oonetant 
scale  upon  which  to  note  the  position  of  the  metal  lines ;  but  both  eKperimentersueesn 
arbitraiy  scale  of  divisions,  by  which  the  lines  can  be  deeignateo.  The  folluving 
elements  were  examined  by  Kirchhoff : 

1.  Sodium.  9.  Strontium.  17.  Antimony.  26.  Almninium. 

2.  Calcium.  10.  Cadmium.  18.  Arsenic.  Sfi.  Lead. 

3.  Barium.  11.  Nickel  19.  Cerium.  87.  Sflyer. 

4.  Magnesium.  12.  Cobalt.  20.  Lanthanum.  S8.  Qold. 

6.  Iron.  13.  Potassium.  21.  DidymiuuL  29.  Ratheninm. 

6.  Copper.  14.  Rubidium.  22.  Mercuiy.  30.  Iridium. 

7*.  Zinc  16.  Idthium.  23.  Silicium.  81.  Platinum. 

8.  Chromium.  16.  Tin.  24.  Gludnnm.  82.  Bdladium. 

The  spectrum  of  each  of  these  metals  contains  a  large  number  of  linear  and  thne 
spectra  are  much  more  complicated  than  the  flame-spectra :  thus,  in  the  green  portioe 
alone,  there  exist  no  fewer  than  70  bright  iron  lines.  Great  care  is  needed,  therefore, 
in  the  discrimination  of  metals,  although  it  is  easy  for  a  trained  eye  to  distingmdi 
even  such  cltsely  analogous  metals  as  lanthanum  and  didyminm,  or  erbium  ind 
cerium.  In  Kirchhoff's  maps  many  of  the  metallic  lines  figure  as  bmoad  bands;  tint 
is  especiallv  the  case  with  tne  mercury-  and  zinc-spectra. 

In  Kirchhoffs  maps  the  degree  of  blackne«t  of  the  solar  lines,  and  the  veUt!vt  in- 
tensities of  the  metallic  lines,  are  denoted  by  different  shades  of  tihe  aame  odour,  whibt 
their  breadth  is  likewise  represented  in  the  drawing.  The  maps  of  the  two  expni- 
menters  do  not  agree  exactly  with  each  other,  because  Kirchhoff  altered  the  positioo 
of  his  prisms  several  times  during  the  measurements,  in  order  to  bring  the  aiftrent 
rays  as  nearly  as  possible  to  the  point  of  minimum  deviation,  whilst  Huggins  allowed 
the  position  of  his  prisms  to  remain  unaltered.  The  following  metals  haveoeen  mapped 
by  Huggins : 

Na,  K,  Ca,  Ba,  Sr,  Mn,  Tl,  Ag.  Te,  Sn,  Fe,  Cd,  Sb,  Au,  Bi,  Hg,  Co,  As,  Pb^  Zn.  Cr, 
Os,  Pd,  Pt. 

In  both  sets  of  tables,  several  of  the  bright  lines  of  different  metals  seem  to 
coincide:  when,  however,  these  cases  of  apparent  ooinddenee  are  narrowlv 
observed  in  the  instrument,  most  of  the  lines  are  found  to  show  real  differences  of 
refrangibility ;  but  the  following  still  remain  as  unresolved  coinddenoee  (on  Hnggiui 
maps) : 

Zn,  As    909        Na,    Ba  1005        Os.  As  1737. 
Na,  Pb  lODO        Te,    N    1366        Cr,  N  2386. 

Future  research  must  prove  whether  these  apparent  coincidencet  are  resolTed  OB 
application  of  a  still  higher  power. 

For  a  description  of  the  individual  spectra  of  these  metals,  the  above-meiitioDed 
memoirs  and  maps  must  bo  refern  d  to,  as  it  is  impoi<sible,  by  a  brief  description,  to 
give  any  idea  of  the  characteristic  features  of  the  masses  of  bri^t  linee  constitntiDg 
these  spectra. 
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electrodes,  owing  to  the  difference  in  yolatilitj  of  the  metak,  the  air  in  sad  about  tlia 
electrodes  being  more  or  less  replaced  by  the  metallic  vapours.  The  air-spectmm  ii 
made  up  of  the  spectra  of  the  following  components — ^nitrogen,  oxygen,  and  hydrogen 
(from  aqueous  vapour). 

The  air-lines  have  been  carefully  mapped  by  Huggins,  and  are  employed 
by  him  as  a  scale  of  reference  for  the  recognition  ofthe  lines  of  the  metaU; 
Kirchhoff  has  noted  on  his  maps  only  a  few  of  the  most  important  air-linea.  G  ran- 
deau  (Chem.  News,  ix.  66)  has  observed  the  spectrum  of  a  flash  of  lightning,  and,  in 
addition  to  the  hydrogen-  and  nitrogen-lines,  he  noticed  the  bright-yellow  sodium-line. 

Hydrogen. — The  spectrum  of  hy(hx)gen  consists  of  three  bright  fine  lines — H  a  (coin- 
cident with  Fraunhofer's  C)  in  the  red,  H  /3  (coincident  with  Fraunhofer^s  F)  in  the 
bluish-green,  and  H  7  in  the  violet.  These  lines  are  exhibited  both  at  the  ordinsrj 
and  at  a  reduced  pressure.  If  the  rarefaction  of  the  gas  be  greatly  increased,  the  red 
line  H  a  graduallv  disappears,  whilst  H  /3,  though  fainter,  remains  well  defined.  Wh^^n 
the  intensity  of  the  spaik  is  increased,  the  bands  H  /3  and  H  y  begin  to  enlarge 
(Pliicker);  and  when  the  tension  of  the  hydrogen  is  increased  to  360  nim^  and  a 
Leyden-jar  is  introduced  to  raise  the  temperature,  the  bright  lines  are  seen  to  bars 
given  place  to  a  continuous  spectrum.  This  change  is  never  observed  when  the  spark 
passes  through  the  gas  under  ordinary  pressure.  (May  this  phenomenon  not  be  due  to 
the  incandescence  of  the  abraded  solid  particles  of  the  glass  of  the  fijie  thennomettr* 
tubing,  or  of  the  platinum-electrodes  ?) 

The  hydrogen-lines  may  likewise  be  obtained  by  passing  the  spark  through  t 
vacuous  tube  containing  a  trace  of  aqueous  vapour,  the  water  being  decomposed. 

Nitrogen. — The  spectrum  of  nitrogen,  taken  by  a  spark  through  air  at  uie  ordinaiy 
pressur*'^  is  a  very  complicated  one,  and  especially  characterised  by  an  alternation  of 
bright  lines  and  dark  spaces  in  the  red,  and  a  succession  of  bands  in  the  violet.  'With 
pure  nitrogen  a  few  ofthe  lines  ofthe  air-spectrum  are  wanting,  bnt  no  new  lines  appear 
and  the  air-lines  which  remain  in  nitrogen  preserve  unaltered  their  relative  bright- 
ness and  their  distinctive  characters.     (Huggina) 

Flucker  and  Hittorf  have  made  some  remarkable  observations  on  certain  changtt 
which  the  nitrogen -spectrum,  obtained  when  the  gas  is  highly  rarefied,  undergoes  on 
intensifying  the  current.  Thus,  like  other  gases,  nitrogen  in  the  Btat«  of  greatfjit 
rarefaction  does  not  allow  the  induction-current  to  pass ;  but  when  its  tension  is  only 
a  fraction  of  a  millimetre,  the  current  begins  to  pass,  and  the  gas  becomes  luminous. 
Below  a  certain  limit  of  temperature,  nitro^n  thus  ignited  emits  a  golden-coloared 
light,  giving  a  spectrum  of  bands ;  above  this  temperature  the  colour  becomes  blabh- 
violet,  and  a  new  spectrum  of  bands  appears.  If  a  Leyden-jar  be  added  in  the  cimiit, 
the  temperature  rises  to  a  second  limit,  a  brilliant  white  light  is  emitted,  and  the 
spectrum  is  again  changed  to  one  of  bright  lines  on  a  dark  ground ;  and  these  lines  do 
not  alter  in  position  on  further  increase  of  temperature,  thou^  the  brillianep  di  all 
does  not  increase  in  the  same  ratio.  Those  spectra  which  consist  of  larger  bandf, 
showing  various  appearances  from  being  differently  shaded  by  fine  dark  lines,  are 
called  by  Pliicker  "  spectra  of  the  first  order,"  whereas  those  formed  by  bright  linei 
on  a  daric  backgrouna,  or  the  true  spectra,  he  terms  "  spectra  of  the  seoond  order.* 
The  nitrogen-spectrum  of  the  second  order  is  doubtless  that  of  the  air-spectrun. 
Pliicker  explains  these  differences  by  the  assumption  of  several  allotxopic  modificatioM 
of  the  element  existing  at  the  various  temperatures. 

Oxi/gen. — It  is  difficult  to  obtain  all  the  lines  ofthe  oxygen-spectmm;  someof  thesv 
however,  have  been  tabulated  by  Huggins.  Pliicker,  operating  as  with  nitrogen,  got 
only  one  "  secondary  '*  spectrum  of  oxygen,  although  the  lines  appeared  to  expand  ee 
as  to  form  a  continuous  spectrum  at  the  highest  temperature.  Huggins  finds  tbsK 
several  lines  are  apparently  commun  to  oxygon  and  nitrogen,  but  he  regards  them  ai 
duo  to  the  superposition  in  the  air-spectrum  of  lines  of  oxygen  and  nitrogra. 

Sulphur. — Tho  flame  of  sulphur  burnt  in  common  air  gives  a  continuoos  spectnnn; 
if  a  small  quantity  of  sulphur  be  introduced  into  a  Geissler^s  tube,  which  is  thei 
evacuated  by  a  Geissler^s  exhauster  and  sealed,  the  sulphur-spectrum  is  seen  on  psMOig 
the  spark  if  the  tube  he  warmed.  A  band-spectrum  of  the  first  order  is  seen  it  s 
low  temperature,  but  this  changes  on  continuing  to  heat  the  tube,  and  a  spectnun  of 
bright-coloured  Hues  becomes  visible.  These  two  spectra  are  figured  by  Plneker 
and  Hittorf  {he.  cit.). 

Sde7iiu?n  yields  two  spectra  like  sulphur. 

Phosphorus,  treHte<l  like  sulphur,  yields  a  spectrum  ofthe  second  order.  The  bright 
lines  characteristic  of  phosphorus  are  a  triple  line  in  the  orange,  and  two  bright  liiM 
in  the  green.  These  green  bands  may  also  be  seen  by  observing  the  spectrum  ol  the 
gri'en  spot  which  maJces  its  appearance  in  the  interior  of  a  hydrogen-flame^  idn 
the  slightest  trace  of  a  phosphorus-compound  is  placed  in  contact  with  the  disBoJriag 
sine.     (Christofle  and  Beilstuin,  Compt.  rend.  Ivi.  399.) 
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Arsenic  alfio  yields  a  well-defined  spectrum  when  treated  like  sulphur  and  plios- 
pJioms. 

Ckiorine^  hromine,  and  iodine  yield  spectra  with  bright  linos,  none  of  which  are 
coincidc'ht.  Drawings  of  these  throe  spectra  are  given  in  Pliickcr  and  HittorflTs 
memoir. 

In  these  cases  of  bodies  whose  spectra  change  from  bands  (first  spectrum)  to  bright 
lines  (second  spoctram)  on  increase  of  temperature,  it  is  found  that  on  cooling  h  re- 
combination  of  the  elements  oocurs,  and  ihe  spectrum  of  the  compound  reappears 
(Plncker).  Alexander  Mitscherlich  (Pogg.  Ann.  cxxi.  469;  jPhil.  Mag.  [4], 
zxriii.  169)  has  examined  the  spectra  of  the  elements  and  their  compounds.  He  arrives 
at  the  eondosion  (already  referred  to),  that  compounds  whose  vapours  can  be  heated  up 
to  incandescence  without  undergoing  decomposition,  yield  spectra  different  firom  those 
of  their  elementary  constituents.  The  salts  of  the  greater  number  of  the  metals  (as, 
for  instancf*,  K,  Na,  Li,  Mg,  Zn,  Cd,  Ilg,  and  Ag)  decompose  at  so  low  a  temperature, 
that  the  compounds  of  these  metals  always  yield  the  metallic  spectrum.  Certain 
metallic  salts  (such  as  those  of  copper)  require  for  their  decomposition  so  high  a  tem- 
Mruture,  that  the  true  metal-spectrum  can  only  be  obtained  when  the  solid  compound 
w  used  as  the  electrode ;  whilst  other  compounds,  such  as  those  of  calcium,  strontium 
and  barium,  are  partially  tlecomposed  at  the  temperature  of  the  flame  of  a  Bunsen's 
gas-Ump.  The  spectra  of  the  elements  consist  of  bright  lines,  those  of  their  com- 
pounds of  broad  bands  with  narrow  dark  spaces  (see  ante),  and  this  division  would 
correspond  to  Fliicker^s  division  of  the  first  and  second  order  of  spectra.  Mitscherlich 
observed  (like  Pliicker)  that  iodine  in  the  spark  shows  bright  lines,  whilst  in  the 
hydrogen-flame  it  exhibits  broad  bands;  and  hence  he  draws  certain  conclusions 
respecting  the  probable  compound  nature  of  this  body.  At  present,  however,  we 
know  so  little  of  the  state  of  combination  into  which  bodies  in  the  flame  may  enter 
(possible  formation  of  hydriodic  acid,  for  example)  that  such  speculations  seem  pre- 
mature. Mitscherlich  has  also  added  some  singular  and  somewhat  improbable  specula- 
tions concerning  a  supposed  relation  between  the  atomic  weights  of  the  haloid  com- 
pounds of  barium,  and  the  distance,  on  an  arbitrary  scale,  read  off  between  the  chief 
IiDes  of  their  spectra. 

Carbon. — Carbon  itself,  when  ignited,  always  yields  a  continuous  spectrum,  but 
the  spectra  obtained  by  the  combustion  of  the  various  carbon-compounds  consist  of 
complicated  bright  bands,  and  appear  different  from  one  another.  Swan  (£d.  PhiL 
Trans,  xxi.  411)  was  the  first,  in  1856,  to  examine  the  lines  in  the  spectrum  of  the  fiams 
of  Bunsen's  gas-lamp,  and  of  the  fiames  of  many  hydrocarbons.  In  the  blue  portion  of 
the  gas-fiame.  Swan  observed  four  bright-blue  lines,  and  these  lines  appeared  in  the 
flame  of  a  large  number  of  hydrocarlx>ns,  their  position  remaining  unaffected  by  alter- 
ation in  the  composition  uf  the  burning  body,  either  in  carbon,  hydrogeu,  or  oxygen. 
Swan  adds  careful  measurements  of  the  position  of  these  lines.  A tt field  (PhiL 
Trans.  1862,  p.  221)  examined  the  lines  in  the  non-illuminating  fiames  of  burr.ing  hydro- 
carbons; he  obtained  similar  results  to  Swan,  but  observed  a  larger  number  of  lines. 
He  attributes  these  lines  to  the  glowing  vapour  of  carbon,  as  all  the  carbon-compounds 
appeared  to  give  the  same  spectra.  Plucker  and  Hi  ttorf  obtained  different  spectra 
from  different  carbon-compounds,  especially  when  their  partich's  were  heated  in  Geissler's 
tubes.  They  found  that  all  the  lines  obtained  by  all  the  various  carbon-compounds 
existed  in  the  cyanogen-spectrum,  but  they  express  themselves  unable  to  explain  fully  the 
various  types  of  spectra  of  carbon.  Dibbi  ts  (Pogg.  Ann.  cxxii.  497)  also  found  a  re- 
markable difference  between  the  spectrum  of  a  hydrocarbon  and  that  of  cyanogen  burn- 
ing in  oxygen. 

The  fiame  issuing  from  the  Bcssemer^steol  converter,  and  especially  that  seen  when 
the  specular  iron  is  poured  into  the  moUcn  iron,  exhibits  the  carbon-lines  most  vividly 
(KoHCoe).  Humns  has  observed,  that  when  air  c^nta'ns  some  quantity  of  carbonic 
anhydride,  severu  new  lines  are  seen  in  the  air-spectrum,  and  these  coincide  with  the 
•pevtrum  of  graphite ;  one  of  the  strongest  and  most  characteristic  of  these  is  a  red  line, 
paher  less  refrangible  than  the  hydrogen-line,  and  this  may  be  used  as  a  test  of  the 
presence  of  carbonic  anhydride. 

Solar  and  Stellar  Clieinlatrj. 

Fraunhofer,  in  1814,  examinc<l  the  relative  positions  of  thedark  lines  observed  in 
the  spectra  of  the  Moon  and  Venus  (reflected  Riin]i<:htK  nnd  found  that  in  the  spectra  of 
both  these  sources  of  light,  the  dark  lines  were  identical  in  number  and  position  with 
those  seen  in  the  solar  spectrum.  Frauuhofer  saw  in  Venus-light  the  double  D  lines, 
b  also  was  seen  double,  and  the  relative  distance  from  D  to  £  and  from  £  to  F  was 
the  same  in  the  Venus  as  in  the  Solar  spectrum.  He  also  examined  the  light  given 
off  by  the  brightest  fixed  stars  (Sirius  for  instance),  and  found  that  lines  or  bands 
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were  preseut  which  do  not  eziit  in  sunlight,  direct  or  reflected.  Amon^  the  liait 
of  Procyon,  Fraunhofer  recognised  the  sol^  line  D,  and  in  those  of  Capellk  and  Brtsl< 
geuz  he  found  both  D  and  b,  but  all  the  stellar  spectra  differed  in  certain  respects  firan 
that  of  sunlight.  Hence  Fraonhofer  concluded  that  the  lines  whidi  we  noiiee  in  tht 
solar  spectrum  are,  in  some  way  or  other,  produced  in  the  sun.  FraunboHBr  nadt 
another  important  observation^-Tis.,  that  of  the  enact  ooinddeiice  at  the  blight 
sodium-line,  Na  a,  with  the  dark  double  solar  line  D.  These  Murly  obaerratkms  ti 
Fraunhofer  have  lately  been  confirmed  by  Miller  and  Huggins  (FhiL  Trans.  1864. 
jx  418).  It  was,  however,  reserved  for  Kirchhoff  (Mooatsbw.  d.  Beriin.  Acsd. 
Oct.  20,  1869)  definitively  to  explain  this  coincidence,  ana  thireby  to  obtain  a  kej  to 
the  determination  of  the  chemical  composition  of  the  son  and  stan. 

7%e  Reversal  of  the  Spectra  of  Coloured  FUmug* 

In  the  year  1849  Foucault  (Institut  1849,  p.  46)  observing  the  speetmm  of  the 
electric  arc,  and  comparing  it  with  the  solar  spectrum,  found  that  in  both  apectia  the 
dark  double  line  D  was  seen,  the  bright  (sodium)  lines  present  being  ehviged  into 
dark  bands  in  the  spectrum  produced  by  the  light  from  one  of  tha  carlxm-poles  wiuek 
had  been  allowed  to  pass  through  the  luminous  are.  This  experiment  was  in  no  wsy 
explained,  nor  did  it  attract  much  attention  at  the  time,  and  it  was  nnknowa  to 
Kirchhoff  aind  Bjuhcu  when  they  began  their  researches  in  1869. 

The  mode  in  which  Kirch  h off  first  obtained  the  true  explanation  of  this importsat 
point  cannot  be  given  more  concisely  and  clearly  than  in  his  own  words  {Seeemrekti, 
part  i.  p.  13):  "In  order  to  test,  by  direct  experiment^  the  truth  of  the  freoventlj 
asserted  fiict  of  the  coincidence  of  the  sodium-lines  with  the  lines  D,  I  obtained  a 
tolerably  bright  solar  spectrum,  and  brought  a  flaime  coloured  by  sodinm-Tapoar  is 
front  of  the  slit.  I  then  saw  the  dark  lines  D  change  into  bright  ones.  Tlie  flame  of 
a  Bunsen's  lamp  threw  the  bright  sodium-lines  upon  the  soUr  spectrum  with  la* 
expected  brilliancy.  In  order  to  find  out  the  extent  to  which  the  intenaitv  of  the  sulsr 
spectrum  could  be  increased,  without  impairing  the  disUnctness  of  the  soainm-lines,  I 
allowed  the  fiill  sunlight  to  shine  through  the  sodium-fiame  upon  tho  sUt,  and,  to  mf 
astonishment,  I  saw  thst  the  dark  lines  D  appeared  with  an  extraoidinazy  degree  of 
clearness.  I  then  exchanged  the  sunlight  for  tbe  Drummond's  light,  giving  aeontinoons 
spectrum.  When  this  light  was  allowed  to  fall  throush  a  suitable  flame  ooloared  bj 
common  salt,  dark  lines  were  seen  in  the  spectrum  in  ue  position  of  the  oodtnm-lioca 
The  same  phenomenon  was  observed  if,  instead  of  the  incandescent  lima,  a  platiauB 
wire  was  used,  which,  being  heated  in  a  flame,  was  brought  to  a  temperaturo  near  to  iti 
melting-point  by  passing  an  electric  current  throng  it. 

**  The  phenomenon  in  question  is  easily  explained  npon  the  suppositkio  thst  tlw 
sodium- flame  absorbs  rays  of  the  same  degree  A  refrangibilitv  as  those  it  nnits»  wfaiht 
it  is  perfectly  transparent  for  all  other  ravs.    This  supposition  is  rendered  ptobaUt 
by  the  fact  whidi  has  long  been  known,  that  certain  gases,  as  nitrons  add  and  iodiat* 
vapour,  possess  at  low  temperatures  the  property  of  such  a  selective  absorptioiL 
The  following  considerations  show  that  this  is  the  true  explanation  of  the  pbenoouMO. 
If  a  sodium-flame  be  held  before  an  incandesoent  platinum-wirs  whose  speetmii  ii 
being  examined,  the  brightness  of  the  light  in  the  neighbourhood  of  the  soainm*Uo« 
would,  according  to  the  above  supposition,  not  be  altered  ;  in  the  position  of  the  sodiiiB- 
lines  themselvL-s,  however,  the  brightuess  is  altered,  for  two  reasons :  in  tbe  flxit  plsei, 
the  intensity  of  the  light  emitted  by  the  platinum-wire  is  reduced  to  a  certain  fiactiaD 
of  its  original  amount  by  abNorptiun  in  the  flame,  and  secondly,  the  lig^t  of  tht  flam 
itself  is  added  to  that  from  the  wire.     It  is  plain  that  if  the  platinnm-wire  e«its  « 
sufficient  amount  of  light,  the  loss  of  light  occasioned  by  absorption  in  the  flaat 
must  be  greater  than  the  gain  of  light  from  the  luminosity  of  the  name :  the  sodiu- 
lines  must  then  appear  darker  than  the  surrounding  parts,  and,  by  oootxmst  with  tba 
neighbouring  parts,   tliey   may  seem  to  bo  quite   black,  althon^   their  doBve  of 
luminosity  in  necessarily  greater  than  that  which  the  sodium-flame  alone  wonld  bin 
produced.     The  absorptive  power  uf  sodium-vapour  becomes  moot  apparent  whes  its 
luminosity  is  smallest,  or  when  its  temperature  is  lowest." 

If  the  spectrum  emitted  by  a  piece  of  sodium  burning  in  the  air  be  examined,  tlie 
true  Hodium-speotrum  will  be  seen  to  be  reversed,  exhibiting  two  dark  lines  (D)ob  • 
background  uf  a  continuous  spi'ctTum.  Here  the  solid  parddes  of  ooda  gtrs  ikt 
continuous  spcrtrura,  and  the  sodium-vapour  absorbs  a  great  portion  of  tbe  ysllu* 
rays.  This  can  be  well  shown  to  an  audience,  and  the  black  absorpCion-bs&d  piO' 
jected  on  a  screen,  by  placing  a  small  piece  of  sodium  on  the  lower  carbon  ia  the 
electric  lamp ;  by  approaching  and  separating  tlio  poles,  this  black  line  can  be  Bsdf 
alternately  to  appear  and  disap[H.^ar  for  the  space  of  severiil  minutes.  Another  Bid* 
ot  showing  that  sodium- vuiK>ur  is  o])a4uo  to  the  light  which  it  emita,  is  to  ban  i 
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tiamll  jet  of  hydrom,  in  whicH  two  Boda-beads  lire  placed,  in  frcnt  of  a  laree  sheet  of 
flane  rendered  yellow  by  burning  a  piece  of  aodium  near  it.  If  the  small  flame  be 
•ow  looked  at  projected  on  a  background  of  the  large  yellow  flame,  the  hydrogen-flame 
appears  surrounded  by  a  dark  zone,  as  if  it  smoked  ;  this  is  due  to  the  absorption  of 
the  yellow  light  of  the  large  flame,  by  the  vapour  of  sodium  at  the  outside  of  the 
•mail  flame  (Crook es).  A  second  method  of  showing  this  same  property  is  to  sejil 
tip  some  sodium  in  a  Tacuons  tube;  on  YoiatiliMing  the  sodium,  the  Tanour  of  the  metal 
appears  colourless  by  white  light,  but  is  dark  and  opaque  when  illuminated  by  the 
yellow  soda-flame.    (R o sc o  e). 

Kirchhoff  has,  in  like  manner,  rerersed  the  red  lithium-line  Li  a ;  if  direct  sunlight 
be  allowed  to  pans  through  a  lithium-flame,  the  spectrum  exhibits,  in  place  of  the  red 
lithium-Une,  a  black  line,  which  in  distinctness  bears  comparison  with  the  most 
mnarkable  of  Fraunhofer*s  lines,  and  disappears  when  the  flame  is  withdrawn.  The 
bright  lines  of  potassium,  strontium, calcium,  and  barium  (Kirchhoff  and  Bunsen), 
and  some  of  the  blue  lines  in  the  copper-spectrum  (W.  A.  Miller)  have  also  been 

Kirchhoff  has  added  to  these  discoveries  a  mathematical  treatment  of  the  pro- 
position upon  which  the  phenomena  are  based  ( Ueber  d^n  Zusammevhang  ewuchen 
Emission  und  Afmorpfum  von  lAcht  und  Wdrttu,  15  Dec  1859,  Monatsberiehte 
d.  Berliner  Acad.,  and  Phil.  Mag.  March  1860).  Tliis  principle  is  known  as  the 
**  Theoiy  of  Kzchanses,'*  and  may  be  thus  expressed :  "  The  relation  between  the 
power  of  emission  and  power  of  absorption,  for  each  kind  of  rays  (light  or  heat),  is  the 
•ame  for  all  bodies  at  the  same  temperature.  Frum  this  proposition  it  follows  that  a 
Rowing  body  which  emits  only  rays  of  certain  wav«^lengths  likewise  absorbs  only  rays 
of  tlie  same  wave-lengths ;  and  from  this  we  learn  how  the  dark  lines  in  the  solar 
spectrum  reveal  the  constituents  of  the  sun*s  atmosphere."  This  definite  relation, 
which  exists  between  the  radiating  and  absorbing  powers  of  bodies  for  definite 
deacriptions  of  light  and  heat,  is  thus  clearly  expreesed  by  Kirchhoff: 

**  Let  R  denote  the  intensitv  of  radiation  of  a  particle  for  a  given  description  of  light 
at  a  given  temperature,  and  let  A  denote  the  proportion  of  rays  of  this  description 

incident  on  the  particle  which  it  absorbs ;  then  -^  has  the  same  value  for  all  bodies  at 

die  aame  tempeiatnre — that  is  to  say,  this  quotient  is  a  function  of  the  temperature  only." 
Other  physicists  had  previously  approached  very  dose  to  the  '*  Theory  of  Exchanges," 
asexpreased  by  Kirchhoff;  thus  Balfour  Stewart,  in  1858  (Trans.  Koy.  Soc.  Edin.), 
ennndated  this  prindple  completely  for  the  heating  rays,  which  indeed  had  previously 
been  proposed,  first  by  Prevost,  and  afterwanis  by  Provostaye  and  I)esains. 
Stewart  afterwards  (Fob.  1860),  applied  this  theory  to  the  luminous  rays,  but  his  pub- 
lication was  later  than,  althoufrh  independent  of  Kirehhoff's.  A  ugstroni,  especially, 
came  near  to  Kirchhoff*s  discovery ;  in  his  Opiiachen  Unttrsucfunyen  (Phil.  Mag. 
iz.  329),  he  states  the  proposition  that  a  body  "  in  the  state  of  mcHudescence  mu^t 
emit  exactly  all  those  kinds  uf  light  which  it  absorbs  at  the  common  temperature." 
In  his  further  development  of  the  subject  there  api>ear  to  bo  some  contradictions,  but 
ha  concludes  by  saying  that — "  I  am  convinced  that  the  explanation  of  the  dark 
lines  in  the  solar  spectrum  embraces  that  of  the  luminous   lines  in  the  electric 


Stokes  and  William  Thomson  (Phil.  Mag.  1862,  p.  158)  seem  also  to  have 
expressed  in  conversation  (although  not  to  hare  published),  the  true  explanation  of  the 
cause  of  the  darii  D  lines,  for  some  years  before  KirchhofTs  publication  ;  but  still,  the 
experimental  verification  and  bcientific  proof  were  wanting,  until  the  latter  physicist 
gave  it,  partly  by  his  theoretical  considerations,  and  pjurtly  by  the  experiments  above 
Rferr«d  to.  (SeeBalfour  Stewart,  Report  011  the  Theory  of  Exchanaea,  BriL  Askoc. 
1861.— Kirchhoff,  On  the  History  of  Analysis  of  the  Solar  Atmosphere^  Phil.  Mag. 
[4]  xxr.  250.— B.  Stewart,  Repiy  to  Kirchhoff s  Paper  on  the  History,  &c  Phil. 
Hag.  [4].  May  1863.) 

£ole  r  was  the  first  to  predict  the  existence  of  the  Law  of  Exchances,  by  assuming,  as 
a  fundamental  prindple,  that  a  body  absorbs  all  the  series  of  oscillations  which  it  can 
itMlf  assume.  Stokes  (Phil.  Mag.  1860),  in  commenting  on  Kirchhoff's  discovery, 
illuMtntes  the  prindple  by  a  dynamical  example  concerning  sound,  in  which  the  well- 
known  phenomenon  of  resonance  is  the  equivalent  to  the  emission  and  absorption  of 
light. 

On  the  Coincidence  of  the  Bright  Rays  of  certain  Metals  vith  the  Dark  Lines  in  the 
Soiar  Spectrum,  and  the  Existence  of  certain  Metals  in  the  Solar  Atmosphere, 

The  eoinddence  of  the  yellow  soda-lines  with  the  dark  J)  line  was  observed  by 
Fiaunhofer,  and  Kirchhoff  having  discovered  the  phenomenon  of  tlie  reversal  of  the 
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brif^ht  lines,  concluded  that  sodium-yaponr  is  present  in  the  solar  atmospbnv.  Ii 
onler  to  determine  with  certainty  whetner  the  bright  lines  of  any  other  metal  wer» 
coincident  with  solar  lines,  Kirchhoff  mapped  the  solar  lines  with*  great  csk",  md 
compared  their  position  with  the  bright  metal  lines.  Fig.  773  gives  a  repiesentatkit 
of  his  drawings  of  a  very  small  portion  of  the  spectrum  between  b  and  F,  dioving  th« 
Cfjincidences  of  many  metallic  lines.  In  thus  examining  the  two  spectn,  Kin£baff 
found  that  dark  lines  occur  in  the  solar  speetmm  in  the  positions  of  all  (aboat  80) 
the  bright  iron  lines,  and  he  believes  that  cAch  of  the  ooinddences  thna  observed  msy 
bo  at  least  as  well  eHtablished  as  that  of  the  sodium-lines  with  the  D  line  was  up  lo  the 
present  time.  Kirchhoff  proceeds  to  calculate^  from  the  average  distance  between  each 
of  the  lines,  and  their  number,  the  probability  that  this  coincidflDce  ia  a  mere  work  ot 

chance;  this  he  finds  to  be  less  than  (J)",  or  less  than  -— — — ^    ^^    ^    ^ -. 

"'  1,000,000,000,000,000,000 

This  probability  is  increased  by  the  fact  that  the  brighter  a  given  iron  line  is  sera 
to  be,  the  darker,  as  a  rule,  does  the  corresponding  solar  line  appear.  Henoe  this 
coincidence  must  be  produced  by  some  cause,  and  a  cause  can  be  assigned  which  ailbrii 
a  perfect  explanation  of  the  phenomena.  It  is  explained,  if  we  snppoae  that  the  nji 
of  light  which  we  thus  examine  have  at  one  time  been  rays  of  all  degreea  of  refrugi* 
bility,  such  as  we  get  from  the  Drummond's  light;  that  this  li^t  has  paaaed  throodi 
the  vapour  of  iron ;  and  that  this  iron-vapour,  absorbing  exactly  the  aame  kind  of  lig^t 
which  it  is  capable  of  emitting,  produces  the  dark  lines  which  we  obaerre.  Tim 
vapour  of  iron  causing  these  dark  lines,  may  be  present  either  in  onr  own  atmospb-n, 
ur  in  that  of  the  sun.  It  is,  however,  very  nnlikely  that  there  can  be  saffideot 
iron-vapour  in  our  atmosphere  to  effect  this  alteration,  and  we  observe  that  the  ita^ 
light  also  passing  through  our  atmosphere  differs  essentially  from  sunlight;  whilst  as 
the  other  hand,  it  docs  not  seem  unlikely,  owins  to  the  high  temperators  which 
we  must  suppose  the  sun's  atmosphere  to  possess,  Uiat  sudi  vaponra  shonld  be  present 
in  it  **  Hence,"  says  Kirchhoff,  '*  the  observations  of  the  sdar  speetmm  appesr  to 
me  to  prove  the  presence  of  iron-vapour  in  the  solar  atmosphere,  with  aa  great  • 
degree  of  certainty  as  we  can  attain  in  any  question  of  natural  scienoe." 

As  soon  as  the  existence  in  the  solar  atmosphere  of  one  terrestrial  element  has  been 
discovered,  the  comparison  of  the  spectra  of  other  metals  is  immediately  soggested,  si 
it  is  reasonable  to  suppose  that  other  bodies  well  known  on  this  earth  may  in  like  manoflr 
be  found  to  be  present  in  the  sun.  In  this  way,  coincidences  were  ibnnd  to  exiit 
between  the  solar  lines  and  those  of  the  following  metals ;  and  although  the  number 
of  these  coincidences  for  each  of  these  metals  is  smaller  than  was  observed  with  irDs, 
yet  they  are  so  characteristic  and  distinct,  as  to  leave  no  doubt  of  the  prweiicii  of 
these  metals  in  the  solar  atmosphere : — 

1.  Sodium.  6.  ChromiunL,  10.  StronUuBL 

2.  Calcium.  V.  Nickel.  11.  CadmhuD. 

3.  Barium.  8.  Copper.  12.  Oobalt. 

4.  Magnesium.  9.  Zinc  13.  Hydrogen. 

5.  Iron. 

There  is  some  degree  of  doubt  about  strontium,  cadmium,  and  cobalt,  either  beeua 
only  a  few  coincidences  have  been  observed,  or  because  one  or  more  promineot  mtal 
lines  have  no  dark  representative  in  the  solar  spectrum.  The  following  elsoMBli 
appear  to  be  absent  from  the  solar  atmosphere : — 

1.  Gold.  8.  Lead.  15.  TiKnthannm. 

2.  Silver.  9.  Antimony.  16.  Didymium. 

3.  Mercury.  10.  Arsfinic.  17.  Rntheniam. 

Lithium.  18.  Iridium. 

Silicium.  19.  P^Jadium. 

Glucinum.  20.  Platinum. 
Cerium. 

Ilydrogen  has  been  shown  by  Angstrom  and  Pliicker  to  be  present  in  th«  am*! 
atraopphere.  The  cause  of  many  of  the  best-known  of  the  Fraunhofez^e  lines  hsi  thai 
been  already  ascertained : 

The  line  C  is  caused  by  hydrogen  (An eBtrom ). 
D      „        „      sodium  (Kirchhoff). 
E      „        „      iron 
C      „        „      mamiesium      „ 
F  and  G    „      hydrogen         „ 
H     „        „      aluminium  (Angstrom). 

•  According  to  Ang<tr6'm,  a  line  of  alumioium  correiponds  to  FraunhoCer*!  H.   KirchlMf'eMpi* 
not  extend  lo  far  aa  tbii. 


4.  Aluminium.* 

11. 

5.  Rubidium. 

12. 

6.  Tin. 

13. 

7.  Potassium. 

14. 
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complicated  oompoiitioii,  as  it  then  contained  all  tboae  labstances  whidi  an  ToU^t 
at  a  white  heat.    The  solar  atmosphere  at  present  possesses  radi  a  constitntMrn." 

[On  the  physical  consUttition  of  the  sun,  see  "  The  HeaTena,"  bjr  GniUenin  ud 
Loekjer  (Bentlej,  1866),  p.  17,  dtc. ;  Braylej,  in  Oompanion  to  the  Almanap.  for  1W4 
and  1866 ;  Memoirs  hy  Carrix^g[ton  and  bj  De  la  Bus,  Stewart^  and  Loewy.] 

SUBar  Ckemuirjf, 

It  has  already  been  stated,  that  Frannhoferwaa  aware  that  the  atar-«pectm  diffrrcd 
from  the  spectra  of  the  son,  moon,  or  planets.  In  1868  Don  ati  pablished  diagruH 
of  three  or  four  lines  in  fifteen  stars  {Iniamo  atie  sirie  degU  updtri  9tdUu%,  H  Noofo 
Gimento,  zy.  292),  but  the  position  of  these  lines  did  not  earrespopd  vith 
Fraunhofer's  results.  In  February  1863,  Hnggins  and  W.  A.  Miller  eammnnieatcd 
to  the  Boyal  Sodety  some  measurements  of  the  lines  in  Sinus,  Aldebaran,  aad  t 
Ononis,  whilst  Rutherford  about  the  same  time  made  similar  observations  (SilL  Aa. 
Jonm.  xxzT.  71).  Secchi  (Astronomische  Nachrichten,  3.  Mica  1868)  alaomeasond 
a  few  lines,  as  also  did  the  Astronomer  Boyal  (Monthly  Notices^  zziiL  190).  Bj  £» 
the  most  complete  and  accurate  inyestigation  of  the  stellar  spectra  is  that  by  H  nggi  ns 
and  W.  A.  Miller  (Phil  Trans.  1864,  p.  413).  The  investigation  was  carried  on 
at  Mr.  Huggins's  observatory,  and  the  spectroscope,  eontiiining  two  prisma  having  each 
a  refracting  ansle  of  60°,  is  fixed  to  an  8-inch  refracting  telescope  by  Alvan  Cluke. 

In  order  to  <^tain  evidence  of  the  presence  of  dark  lines  in  the  stellar  spectrum,  the 
line  of  light  obtained  as  the  spectrum  of  the  luminous  point  required  to  be  sipresd  oat 
to  a  band;  this  was  effBcted  by  a  cylindrical  lens  placea  witlun  the  foenaof  the  objeot- 
ghiss,  and  immediately  in  front  of  the  slit  of  the  collimator  of  the  spectroseo^  Tbt 
apparatus,  when  adHusted,  is  powerful  enough  to  show  the  fine  nidLel  line  within  the 
double  D  line  in  the  solar  antrum.  A  micrometer  movement  is  attached  to  the 
spectroscope,  by  which  the  positioo  of  the  lines  can  be  determined  to  witlun  the  |^ 
part  of  the  distance  of  A  to  U. 

Such  measurements  are,  however,  not  sufBeient  to  determine  the  diemieal  eoostitatioa 
of  the  stellar  atmosphere ;  this  dm  only  be  done  by  direct  comparison  wiUi  themetallie 
spectra,  and  h^nce  arrangements  were  made  for  throwing  the  light  from  a  flame  or  ttom 
the  electric  s^k  into  the  instrument,  so  that  the  two  spectra  are  seen  at  once. 

The  following  gives  the  results  of  careful  comparison  of  the  speetxa  of  Aldebana 
and  Betelgeux  (a  Orionis)  with  bright  lines  of  the  metals : 


Coincident  Elements, 


AltDBBABAM. 


Non-coineidmt  ESemenU, 


1.  Hydrogen  with 

2.  Sodium         „ 

3.  Magnesium  „ 

4.  Calcium 

5.  Iron 

6.  Bismuth 

7.  Tellurium 

8.  Antimony 

9.  Mercury. 


II 


II 
II 


i> 


II 


II 


lines  G  and  F, 
double  line  D. 
triple  line  b. 
four  lines, 
four  lines  and  £. 
four  lines, 
four  lines, 
three  lines, 
four  lines. 


Nitrogen  with  three  lines. 


Cobalt 

Tin 

Lead 

Cadmium 

Barium 

Lithium 


ft 


tt 


II 


tt 


two  linea. 
five  lines, 
two  lines, 
three  linea. 
two  lines, 
one  line. 


Seventy  lines  measured. 


BsTBLOBUx  (e  Oriowis). 


Coincident  Elements, 
1.  Sodium      with  double  line  D. 


II 


II 


II 
II 


triple  line  b. 
four  lines, 
three  lines  and  £. 
four  lines. 


2.  Magnesium 

3.  Calcium 

4.  Iron 
6.  Bismuth 
6.  Thallium  (?) 

Non-coincident  EU-^mente, 

H^rogen  with  C  and  F 
Nitrogen      „    three  lines. 


NoH-coiitcident  EUmeuts  (coot) 
Tin  with  five  lines. 


Lead 

n 

two  lines 

Gold(?) 

Cadmium 

i» 

three  linea 

SUver 

II 

two  lines. 

Mercury 

II 

four  lines. 

Barium 

n 

two  linea. 

Lithium 

II 

one  line. 

Eighty  lines  measuzed. 


Fiff.  774  is  a  copy  of  Hug^ns  and  Miller's  drawing  of  the  spectra  of  Aldebaran  aad 
of  Betelgeux  ^half  original  size). 

The  seventy  or  eighty  lines  measured  indicate  only  some  of  the  strongfor  of  thi 
numerous  lines  which  are  seen  in  the  spectra  of  these  stars.  "  Some  of  theee  are  pio> 
bably  due  to  the  vapours  of  other  terrestrial  elements  which  have  not  been  caBpued 
with  these  stars.  It  would  be  assumption  to  suppose  that  the  sixtj-five  so-edled 
elements  coobtitute  the  entire  primary  material  d  the  nnivene.     Donbtlesi  ia  the 
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tn  of  llw  ttMXt  Um  dotaift  u  iulndiuid  to  miuij  nnr  clnnniti — vonld  UiM  it 
■  poviblti  fbrhim  ta  noagniM  tnd  to  uolsta  them  i  "     (Haggint.) 
I  oolj  two  uut  of  fltlj  Mua  onniiaod  wets  Ehe  liaM  of  hjdnigan,  C  snd  F,  found 
ml  i  thcat  an  ■  Orioiiii  and  0  Prgui : 


•  L™  (Vep) 
PoUnz 

n  wl 
n;  dien 


B  Ilia  Btan  which  h&ve  bnn  rxsminf^  jield  sppctnt  rontuniDg  AtA  linca,  M 
iring  from  tint  only  in  the  gmuping  and  ammgenimt  of  the  numeroiu  fine  liiut 


H«Dca  t£a  phjaieal  coaBtitution  of  Ihr  flird  itiin  rcumbl«« 
■ooiMof  Ibair^tl  it  (olid  or  liquid  tiutt«r  in  m  atata  at  iucao- 
SOMB,  uta  uua  nnclani  is  idrnMBdad  In  Ul  Mnto^bara  of  tha  Tiqxmia  of  anch  of 
daurata  of  the  atar  aa  an  rolatila  at  thair  hi^  tampeiatara.  The  rrflnlta  alnvdj 
■bnd  n^aeting  the  ehemiealcompaaituwof  atallHatinMphweaharBaiiiiiteraatiiig 
ring  i^on  Lf^laM's  oabalar  tivwr,  aa  tlwae  neulta  appear  to  abow  that  tha 
ble  noiTcrtr  la  compowd  maini;  of  the  >atD«  elrnientary  coiutitiieDta,  manj  of 
w  known  on  this  aarth  being  found  in  tha  £kr-di>tant  Man, 

iMae  qtactrnm-obMrrationa  alao  lead  to  [he  prsBumption,  (hat  tlw  well-known  dif- 
DM  JR  oilonr  obMrred  in  the  Man  nuj  be  omwd  by  a  diSereoce  in  the  chemioil 
ititntion  of  the  etellar  atmosphena,  canaing  a  TariatioD  in  the  abnorptioD  of  the 
La  light  of  the  anclena,  and  m\ii  giring  a  difienaca  in  the  ooloiu  to  the  itailight  «• 
ibyoa. 

Be  of  the  mnet  interesting  and  extnotduuuT  of  utrmotnical  obanrTationa  erar 
[■  with  respect  to  the  alan  baa  lately  been  deacribed  by  Hnggina  and  Uiller 
K.  Boy.  Soe.  xr.  116.  Hay  17,  1866}.  On  the  erring  of  M&y  tS,  Hr.  Bnien- 
1,  of  Hanchesta  (an  aiUhoriU  on  vuiiabU  atanl,  obneiTHl  ■  new  star.  "  Th[a,"h«i 
^  "nddenly  bnnt  loith  in  Corona.    It  is  •omewhat  leu  than  a  degree  diaCant  & 

f  that  eonatfllation  in  .,.-....,.., 

f  cqui  in  brilliancy  U  . 

Hr.  Baiendell  tleacribei  the  star  as  eibibitins  a 
alar  were  seen  through  an  overlying  film  of  a  bini 
ins  found  that  it»  apectmm 
.    The  light  of  the  star  is  con 
.   ,  v  Bonrces.    Each  light  fonns 

waoMrpoaed  in  the  teleswpe.     The  chief  apectnun  is  analu^ris  to  that  of  the 
— — ^—  of  dsA  lines  on  a  bright  backgrannd,  ranaed  by  light  from  a  glowing 
're;  the  second  gpectrum  cooaists  ol 
rtned  by  matter  in  th( 
The  ipectmm  of  thia  itar  ia  lepieaented  in  fg,  776- 


lie  bri^itMt  of  the  hiigfatbaDda  coinrided  with  Fmonhofer'a  F,  and  therefore  with 
bhu  hrdiogen-bitDd ;  on  scconnt  of  the  faintneHi  uf  the  red  end  of  the  spectrum, 
coincidence  cnT  the  red  band  with  the  red  hjdrogen-line  could  not  be  determined 
li  equal  ceitaiDtj,  though  it  is  probable.  -  The  phyaical  conatjtntion  of  the  star,  as 
■  Men,  most  be  very  remorkabfe ;  it  mnat  conaial  of  a  solid  nucleus  and  psaeonB 
■o^Mie,  like  an  ordinair  star,  together  with  a  aeparata  outbarat  of  ignited  gaa 
■bably  hydiDgen).  ThBlaminoeity  of  the  BtiirquicUjdiaiini»hed,and  on  May  34  it 
1  iMMtne  as  low  aa  the  tnghth  magnitude  ;  the  bright  (nnde  wen  seen  ^[TBdnHlly  to 
'I'l'*'.  *lul*t  the  other  spectrum  remained.  Hence  the  bold  speculation  suggwti 
itf  that  large  quantitiea  of  gas  haTs  been  erolved  tiy  some  vast  eonvnlaion ;  that  Ihis 
(hydnsen),  by  fanraing,  was  heated  to  incandeKCnce,  nnd  that  thia  heated  the 
ale  solid  matter  and  pbotosphere  of  the  mnr.  but  that,  as  the  hydrogen  becomea 
lausud,  all  tha  pheuumeua  diminish  in  iaicniiity,  and  the  atar  rapidly  wnnea. 


396 


SPECTRAL  ANALYSIS. 


Spectra  of  the  Nthufa  (Huggins,  Phil.  Trans.  1864,  p.  487). — The  spedil  «• 
ami  nation  of  the  bodies  known  as  platif^tary  nebolss  has  proved  that  their  oonsdtntkn 
is  totally  difftrent  from  that  of  sun,  planets,  and  fixed  stars.  They  are  all  foanl  t>) 
y\M  a  8(K'0trum  consisting  entirely  of  bright  lines,  without  any  continuous  spe^-truR. 
Thus  a  bright  nebula  in  Draco  (No.  4373)  gave,  on  caroful  examination,  a  ^pertna 
consisting  of  one  bright  line  coincident  with  the  brightest  of  the  air  (nitzogfn)  liiM.  t 
second  less  brilliant  line  nearly  coincident  with  a  green  barium-band,  and  a  third  itili 
more  refrangible  line  very  much  fainter,  and  coincident  with  one  of  the  hydro^m-lian. 

p.     --g  vi*.  F  of  FriiimhofeT ;  a  ^tn 

rtg.  770.  £jjjj^  ^jj^  Bcarcely  risible  coii- 

'  ^  tinuous  spectmm  was  jut  {»> 

ceived  on  each  side  of  tbe 
group  of  bright  lines,  doe 
proMbly  to  the  solid  or  liquid 
nukttcr  of  tba  nudeus,  vhieb 
in  this  Debolii  i»<  risible  It 
its  greater  lamioosity  in  tlw 
centre.  A  second  bright  ne- 
bula in  Taurus  Poniatovtkii 
(No.  4390)  exhibited  the  unt 
spectrum    as    the    last-nm* 


tionod  nebulte,  and  six  other  nebuhe  showed  either  some  or  all  of  the<se  same  three  lioca 
Of  the  sixty  nobulsi  examined  by  Huggins,  about  one-third  exhibited  these  briglbt 
linrs,  whilst  about  forty,  when  spread  out  by  the  prism,  yielded  spectra  appatvndy 
continuous.  It  is  eridont^  from  these  observations,  that  many  of  the  nebube  cu 
no  lunger  be  regarded  as  aggregations  of  suns,  after  the  order  to  which  oar  awu 
sun  and  the  fixed  stars  belong.  We  have  in  these  objects  no  longer  to  do  with 
a  special  modification  only  of  our  own  type  of  suns,  but  find  ourselTss  in  ths 
presence  of  objects  possessing  a  distinct  and  peculiar  plan  of  structure  (Ha ggini). 
A  qui'stion  of  great  interest  next  presented  itself — viz.,  do  those  nebulae,  whidi  hsT* 
Cf rtainly  been  resolved  by  tlie  telescope  into  star-dusters,  exhibit  a  spectrum  irliidi 
shows  the  source  of  light  to  bo  glowing  gas?  For  this  purpose  Huggins  ezsnused 
the  celebrated  nebula  in  the  sword-lmndle  of  Orion  (Proc.  Boy.  Soc  1865,  p.  39). 
Tlio  light  from  the  brightest  part  of  the  nebula,  near  the  trapesium,  was  resolved  hj 
the  prlums  into  three  bright  lines,  similar  in  all  respects  to  those  of  the  other  gaseous 
nebulae.  When  the  stirs  of  the  trapezium  were  brought  into  the  slit,  a  continooa 
spt'Ctrum  was  at  once  seen ;  but  the  whole  of  the  nebula  emits  the  same  kind  of  light, 
differing  only  in  intensity.  Thus,  whilst  the  eridence  afforded  by  the  largest  telesof*! 
ap]iears  to  be  that  the  brighter  parts  of  this  nebula  consist  of  a  "  mass  of  stan,"  tbe 
conclusions  drawn  from  a  prismatic  analysis  of  the  light,  is  that  these  luminous poioU 
arc>  not  stars,  but  masses  of  gaseous  matter.  Conclusions  respecting  the  distance  of 
tiiese  nebulae,  founded  upon  the  erroneous  supposition  that  they  consist  of  steUir 
masses,  must  therefore  be  given  up,  as  far  at  least  as  concerns  tne  nebulc  which  «n 
prove<i  to  bo  gaseous. 

Co  f nets. — ^The  light  of  comets  has  not  escaped  the  searching  inv^stigatioD  of  Hsg- 
g  i  n  s'  s  spectroscope  (Proc  Boy.  Soc.  xv.  6 ;  Jan.  1866).  He  finds  that  the  speetram  of 
Comet  L  1866  consists  of  a  broad  continuous  spectrum,  with  a  bright  pontaboBt 
midway  between  b  and  F  in  the  solar  spectrum,  and  coincident  with  the  OT^ntnitivgn* 
line  ol)served  in  nuiny  nebulae.  Hence  we  learn  that  the  light  from  the  ooma  of  tbit 
eoinet  is  different  from  that  of  its  nucleus.  The  nucleus  is  self-luminonSfe  and  the  nutta 
of  wh  eh  it  consists  is  in  the  state  of  ignited  gas.  As  we  cannot  soppoae  the  comt  to 
consist  of  incandescent  solid  matter,  the  continuous  spectrum  probably  inifastw  tlitf 
it  shines  by  reflected  sunlight,  and  this  appears  to  be  in  acoorimce  with  obserratioBi 
on  the  polarisation  of  light  in  the  tails  of  some  comets.     (Bond.) 

M'ifors.—^lr.  Alexander  Horschelhas  recently  succeeded  in  observing  the  ipee> 
t rum  of  a  bright  meteor,  and  also  the  spectra  of  some  of  the  trains  which  meteon  kern 
behind  them.  A  remarkable  result  of  his  observations  is,  that  sodium  exists  is  te 
btnt^  of  luminous  vapour  in  the  trains  of  most  meteors. 

The  results  of  the  examination  of  the  spectra  of  the  steUar  bodies  may  be  vhotlj 
summed  up  in  the  words  of  Mr.  Huggins  (Lecture  at  Nottingham  Hooting  of  the 
JJriti&h  Assoc.  1866): 

1.  All  the  brighter  stars,  at  least,  have  a  structure  analogous  to  that  of  the  nn. 

2.  The  stars  contain  materi:il  elements  common  to  the  earth  and  sun. 

3.  The  colours  of  the  stars  have  their  origin  in  the  chemical  constitution  of  tlis 
atmospheres  which  surround  tJiem. 
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4.  Tho  clungra  in  brightness  of  some  of  the  Toriablr  stars  are  attended  with  changes 
in  the  lines  of  absorptiun  of  their  BjH.'ctra. 

6.  The  phenomouA  of  the  star  in  Corona  appear  to  show  that  in  this  object  at  least, 
grcAt  phv(<ical  changtfS  arc  in  operation. 

6.  Thrre  exi^t  in  the  heavens  true  nebula.    These  objects  consist  of  luminous  gas. 

7.  The  material  of  comets  is  very  similar  to  tho  matter  of  gaseous  nebulae,  aud  may 
b«  identical  with  it. 

8.  The  Viright  points  of  the  star-clusters  may  not  be  in  all  cases  stars  of  thn  same 
order  as  the  separate  bright  stars.  II.  K.  K. 

Syn.  with  red  hsmatitc,  or  native  ferric  oxide  (iii.  338, 339). 

An  alloy  of  tin  and  copper,  with  a  small  proportion  of 
v.-nic,  sometimes  also  containing  zinc.     (See  Ooppkk,  Alloys  of,  ii.  44.) 

SFBISS.  A  mixture  of  tlio  sulphides,  arsenides,  or  antimonidcs  of  nickel,  iron, 
and  copper,  which  collects  at  the  bottom  of  the  pot  when  ores  of  cobalt  or  lead, 
Gi>ntainiiig  fulphur  and  arsenic  or  antimony,  are  melted  with  fluxes.  The  tenn  is 
Applied  chiefly  to  the  nickeliferous  product  which  is  obtained  in  the  preparation  of 
■malt  (p.  313),  and  used  as  a  soiirce  of  nickeL 

A  commercial  name  of  zinc. 

Tho  fatty  substance  foimd  in  peculiar  cavities  in  the  head  of 
the  sperm-whale  {Phyatter  mat*r»ct'j)halujt)j  also  of  Ph.  Tursio  and  others,  and  of  the 
JMpiunus edeniui us,  hemgYQpt  iu  solution  in  the  sperm-oil  bvthe  heat  of  the  animal's 
body,  and  crystallising  out  after  death.  It  is  freed  as  much  as  possible  from  oil  by 
filtration  and  by  treatment  with  pota»h-lcy,  and  then  melted.  The  fused  and  solidifle^l 
ma*a.  constituting  the  spermaceti  of  commerce,  is  white,  scalv,  brittle,  soft  to  thn 
touch,  of  specific  gravity  0*943  at  15''  (0-843  at  50°,  0-824  at  81^  0813  at  94<',  the 
■pecifto  gravity  of  water  at  15°  being  taken  as  1 — Saussure);  melting-point  from 
38^  tu  47^;  neutral,  inodorous,  and  nearly  tasteless. 

Sp^rrmaceti  is  also  found  in  small  quantity  in  the  blubber  of  the  Bahena  rostrata 
(Senarling,  J.  pr.  Chem.  xliii.  257),  and,  with  but  slightly  different  properties,  in 
the  oil  of  Drlpkinus  ^lohieem.    (C  h  evr e  ul.) 

VThen  spermaceti  is  freed  from  adhering  sperm-oil  by  means  of  cold  alcohol,  and 
the  residue  repeatedly  crystallised  from  hut  alcohol,  the  spermaceti-fat  (or  cttin  of 
Chevriful)  is  obtained.  This  may  be  still  further  purified  by  cr)'stallisation  from 
Ixaling  other  (i.  838). 

SnBM-OZXta  This  oil  occurs,  together  with  spermaceti — from  which  it  is 
Mparated  by  mechanical  means — in  the  head  of  PhyseUr  macrocepJuibis,  &c. 

When  freeil  as  completely  as  possible  from  admixed  spermaceti-fat,  by  leaving  the 
litter  to  cr^'stallise  out,  it  is  neutral,  remains  liquid  fit  18°,  is  saponified  with 
difficulty  by  potash,  and  yields  by  that  process  the  same  fatty  acids  as  spermaceti -fat ; 
hot  instead  of  elhal,  a  neutral  product  melting  at  23°  (Chevreul,  litcherchr.f,  p. 237). 
8perm-oil  appears  to  Ikj  isomeric  with  FfM^rmaci^ti-fat  or  cetin  (St  en  house). — The  oil 
whieh  runs  off  from  the  s^>ermaceti-fat  solidifies  almost  completely  at  0*^,  to  a  ruinpaet 
light-brown  mass,  in  consequence  of  still  retaining  spermaceti -fat.  AVhen  pai>on'fiei.l  it 
|riv»-»  off  ammonia,  with  traces  of  methyl«mine,  and  yields  phyM'tob'ic  aeid  (iv.  034), 
valerianic  acid,  small  quantities  of  solid  fatty  acids,  with  a  small  quantity  of  glycerin. 
(Uofst&dter.) 

BVBIBATIC  7&17I1I.  The  sexual  secretion  of  the  male,  supplied  mainly  by  the 

tttteSf  Init  pei»eiving  some  of  its  constituents  from  other  glands  {pri>sUU(;  &c.)— -a  rtjpy, 

vhitish,  neutral  or  faintly  alkaline  fluid,  of  a  peculiar  odour.     It  contains  remarkable 

minute  locomotive  bodies  called  ttpermaiozita  (the  essential  agents  of  fecundation), 

swimming,   together  with  sperm-corpuscb's,  mucus-corpu84*les,  and  epithelium-scales, 

in  an  albuminous  medium.     The  spermatozoa,  whii.'h  are  but  very  slowly  affeotiKl  by 

processors  of  decomposition,  and  whose  movements  are  variously  m<xlified  by  sniino 

iolntioDS  of  various  degrees  of  concentration,  and  by  other  ehemieal  agents,  are  rleh  in 

proCagon,  and  appear  to  be  composed,  in  part  at  b'ast.  of  some  albuininoiil  substanee; 

bat  they  offer  great  resistance  to  reagents,  and  lose  their  outlines  only  in  warm  con- 

eentraU<<l  solutions  of  caustic  alkalis.    The  fluid  in  which  they  swim  (.ontuins  an 

albiimiiiuid  matt«r,  resembling  to  some  extent  both  mucin  an<l  easein,  to  which  the 

ii»me  of  sptrmatin  has  been  given.     It  is  coagulated  by  al(H>hol,  but  not  by  heat; 

Nettie  acid  produces  a  pnripitate  which  is  soluble  in  an  excess  of  tho  reagent,  but  can 

W  rt-pn?cipitated  from  the  acid  solution  by  ferroeyanide  of  potassium.   Spermatin  when 

dried  iM-comes  insoluble  in  water,  but  soluble  in  dilute  alkalis,  from  which  it  may  be 

{precipitated  by  the  addition  of  concentrated  solutious  of  the  alkaline  ctvrlionates. 
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Spermatic  fluid  is  rich  in  ulta,  rapcciallpr  id  earthy  phoaphateft ;  ciratab  of  trfit 
phosphate  yeiy  speedily  appear  in  decompoaing  apedmena.  Aceoiding  to  K  o  1 1  i e  k ••  r, 
100  parts  of  the  spermatic  fluid  of  the  oz  contain  17*94  solid  mmttan,  of  vhick  Mi 
are  albuminoid  and  extractives,  2*16  fat,  and  2*637  salts.  The  secrecion  of  the  pmsutt 
of  the  dog  contains,  according  toBuxmann  (Henle  nnd  Meisancx's  Bericht,  18li 
p.  286  j  98*6  per  cent,  of  water,  4*5  per  cent,  and  nearly  1  per  eent.  of  chloride  *i 
sodium,  together  with  small  quantities  of  sulphate  and  phosphate  of  potaasioB  lad 
calcium.  JL  F. 

■VBSSAltTZV.     Manganese  garnet  (ii.  772). 

mwnMKXJL  BBVBTA.      This  fhngas  yields  (?  air-dried)  6*5   per  ent  of  la 

alkaline  ash,  containing  ferric  oxide  and  a  large  quantity  of  ailiea.  ModeialdT 
dilute  hydrochloric  acid  extracts  from  the  plant  about  lialf  ite  fixed  eonstitanti. 
leaving  a  dark-brown  or  black  residue,  which  withstands  the  action  of  all  eonoentnttd 
ninersl  acids  (except  nitric  acid),  imparts  only  a  slight  colour  to  boiling  potash-lir, 
and  yields  (dried  at  120^,  and  calculated  upon  the  substance  f^«e  from  ash),  61*6  per 
cent.  C,  4*0  H,  1*2  N,  and  33*2  O.  The  fungos  yields,  by  drv  distHlatioii,  an  acid  irtid 
distillate.    (A.  and  W.  Knop,  Pharm.  Gentr.  1861,  p.  648.) 

■FBJB&OCOOCIIV    XiZOSXaroxilBB.      Acoording  to  Oonnermann  ud 

Ludwig  (Arch.  Pharm.  [2]  cxi.  204),  this  alga  (fiom  Ceylon}  oontaina  in  its  eelb 
true  starch-grains,  which  are  at  first  coloured  yellowish  by  iodine,  and  turn  Uw  oolj 
on  warming. 

mwwULQfMUWim  A  dub-moss  which  grows  chiefly  on  peat-moors,  and  oft« 
plays  an  essential  part  in  their  formation.  Sph.  acuttfolium  costaina,  aeoofding  to 
C.  Sprengel  (J.  techn.  Chem.  xv.  32),  3*06  per  cent,  ash  (a);  according  to  Vohl, 
(Ana.  Ch.  Pharm.  cix.  186),  the  same  from  a  high  moor  in  Uie  Cknton  of  Zuiek 
contains  0*92  per  cent,  of  ash  (6) ;  and  Sph,  etupidatum,  from  Upper  Bsvirii, 
contains,  according  to  Wittstein  (Jahresb.  1862,  p.  610),  2'014  per  eeot  nk, 
composed  of — 

Kia  voa  CM.  MfO.  Avot.  ntoi.  soi.  no*,  skis,  oosl   gl     9^bl 

Spk.  mcmtifiMmm  (a),      10-9    1»9    .     .      &•«     S-4      7  0     40      .     .    43*8    .    .     Ill      .     .  =l« 
„  „  (b).       8 OS  1-84      S-17    4-93    589    «-»•  4*33    106   41-69  ....    19-91  « »» 

n   c««pjtfatem.  4-N9  6*37    14  Ofi    3-01   8>84  I0>3»    3'16    m    19-M  9r9t     .    .      4-fli  «  Ml 


Syn.  with  Blende.    (See  Zixc.) 

A  calcic  silico-titanate,  occurring  in  monodinic  ayatals  haring  tk 
axes  a  :  6  :  c  »  1*326  :  1  :  0*6678  ;  angle  of  inclined  axes  (6,  c)  ^  60^  27*;  qdP  :  oiP 
»  113^  28';  oP:  Poo  »  169®  34'.  Cleavage  sometimes  distinct,  puaUel  to  aP; 
less  distinct,  parallel  to  the  orthodiagonal  and  to  —  P.  The  mineral  somsriMii 
alito  occurs  niasHive,  rarely  lamellar.  Hardness  »  6—6*6.  Specific  giwii^  ■ 
3*4 — 3*56.  Lutftre  adamantine  to  resinous.  Colour  brown,  grey,  yellow,  greeo,  and 
black.  Streak  white,  slightly  reddish  in  greenoTite..  Transparent  to  opoqne.  firittln 
The  yellow  varieties  do  not  alter  in  colour  before  the  blowpipe;  the  others  tan  yellov; 
they  all  slightly  intumesce,  and  fuse  on  the  edges  to  a  blade  enameL  With  bcaax  thiy 
vield  a  clear  yellowish-green  glass.  The  mineral  is  imperfectly  ablnhle  ia  Iwt 
hydrochloric  add,  and,  if  the  solution  be  concentrated  in  contact  with  tin,  asis—  • 
flne  violet  colour. 

Anafyses. — a.  From  the  St.  Gothard  (Cordier,  J.  dM  Mines,  No.  IzxiiL  67^" 
b.  Felberthal  in  the  Pingzau  (Klaproth,  BeHrdpe^  i.  246 ;  t.  239). — c.  SchwanmHn 
in  the  Zillerthal :  yellow-green ;  specific  gravity  ■»  3*636  (H.  Rose,  Gflbi  Am. 
Ixxiii.  94;  Pogg.  Ann.  Ixii.  253). — d.  Arendal:  brown  (Rosales,  see  H.  Boss).— 
e.  Passau:  brown  (Brooks,  see  H.  RoHe).— /.  St.  Marcel,  Piedmont:  Grtmmik 
(DelosKC,  Ann.  Min.  [4],  vi.  825).— y.  The  same  (Marignac,  Ann.  Ql  PhjB.[1^ 
xir.  47). — A.  Frugard,  Finland :  black-brown ;  spedfic  gravity  w  S'46  (Arpp^ 
Analystfr  af  finsk.  Min.  p.  34). — t.  Grenville,  Canada :  brown ;  spedfie  gnvit]r  ■ 
3'49-3*51  (Hunt,  Sill.  Am.  J.  [2],  xv.  442)  : 

Silica    ....     280     36     32*29     31*20     30*63     301     32*26  31*03    31-81 

Titanic  oxide .     .     333     46     41*58     40  92     42*56     42*6     88*67  43*57    40-flO 

Lime     ....     32*2     16     26*61     22*25     2500     24*0     27*66  21*76    28*31 

Ferrous  oxide 096       506       3  93      .     .       0*76  0*75 

Munganous  oxide 3*2       0*76 

Miifj^eHJa 0*08 

Alumina 1-06 

LoM  by  ignition.      . ^    ._^       .     . 0*38      0*41 

gJTS     98  I01"44     99^3  102^2     99^8  iOOOO     SfW  WW 
*  With  trace  of  manganic  oxide. 
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Mont  of  these  uidyses  may  be  nearly  represented  by  the  fonnuk  Ca^O  ]  |  rp.^^,  « 

Ca"SiO".Ca'TiO',  nqairing  31  13  silica,  40*49  titanic  oxide,  and  2838  lime.  In  the 
brown  Tarieties  of  sphene  the  lime  is  partly  replaced  by  ferrous  oxide,  in  the  mineral 
firom  Arendal  to  the  amount  of  one-seventh. 

The  species  was  formerly  divided  into  sphene  and  titanite,  the  former  including 
the  lighter-coloured,  the  latter  the  brown  and  black  varieties.  The  name  sphene  is 
derived  ftom  v^r,  a  wedge,  alluding  to  the  usual  form  of  the  crystals. — Greenovite, 
from  SL  Mkreel,  was  shown  to  be  identical  in  crystalline  form  with  sphene  by 
Breithaupt  (Fogg.  Ann.  Iviii.  257)  and  Descloiseaux  (Ann.  Ch.  Phys.  [3],  xx. 
84). — LiguriU^  from  a  talcose  rock  in  the  Apennines,  has,  according  to  Dufrenoy,  the 
niiffles  and  characters  of  sphene. 

Sphrne  occurs  in  imbedded  crystals,  in  gneiss,  granite,  mica-slate,  and  grannlar 
Smeiitone;  also  in  beds  of  iron-ore,  in  syenite,  as  at  Strontian  in  Argyleshire,  and  in 
Tolcanie  rocks,  as  at  Lake  Laach,  and  Andemach  on  the  Rhine.    (Dana,  ii.  269.) 

MWWLMMOdtA  WM,  A  mineral  occurring  in  parallel  layers  of  various  thickness  in 
a  bluish  gnaular  limestone  at  Gielleback  in  Norway.  It  is  of  a  pale  greyish-yellow 
colour,  Uunslucent  on  the  edges,  has  a  splintery  fracture,  and  often  breaks  into  wedge- 
shaped  frigments  when  struck.  Specific  gravity  b  3*2.  Hardness  nearly  equal  to 
that  of  orthoclase.    Fusible.    Gives  by  analysis : 


«0S. 

AI^C. 

Fe'0» 

CiiO. 

MgO. 

MnO. 

46-08 

1304 

4-77 

26  50 

6-25 

3-23 

leading  to  the  formuUi  3(4M^0.3SiO*).(2R'0*.3SiO*).    (Von  Kobell,  J.  pr.  Chem. 
zci.  344.) 

■JPMJUi  OBUTfl.  Shepard's  name  for  a  peculiar  mineral  resembling  sphene^ 
which  be  supposes  to  exist  in  certain  meteorites. 

See  Hbat  (iii.  88). 

A  variety  of  native  ferrous  carbonate,  occurring   in 
greenstone  at  Hanhau,  Steinheim,  Dransbeig,  and  other  places. 

•raSBOSTIUUTB.    See  Stilbitb. 

MWMMtLnXtMm  Kidneystone.  These  names  are  applied  to  certain  spherical 
granules  occurring  imbedded  in  pitch  stone  and  pearlstone.  They  are  of  grey,  yellow, 
or  red  colour,  with  little  or  no  lustre,  translucent  or  opaque,  and  have  a  splinterv 
fkaeture;  hardness  «  T:  specific  gravity  »  2*4  to  2'5.  Analysis  by  Erdmann  (J. 
techn.  Chem.  xv.  32),  77*20  per  cent  SO',  1247  AlK)«,  227  Fe«0«,  334  CaO,  073 
M^.  4-27  NaH)  and  KH)  (»  10028). 

■KBSB*  Spider-threads  appear  to  consist  essentially  of  the  same  substance  as 
nlk  and  gossamer-threads,  vis.  sericin  (p.  235). — The  excrements  of  the  spider  eon- 
tain  g  ma  n  i  n  e.    (Handw.  d.  Chem.  viii.  99.) 

SVSOSIblA*  A  genus  of  plants  belonging  to  the  gentianaceous  order.  &d.  anthel' 
wuMtica,  a  South  American  annual,  contains,  according  to  Fen eu lie  (J.  Pharm.  ix. 
197X  in  the  leaves,  together  with  fixed  oil,  and  in  the  root  together  with  volatile 
oil,  an  amorphous,  very  bitter,  nauseous  substance,  soluble  in  water  and  in  alcohol, 
to  which  he  attrilmtes  the  anthelmintic  action.  Ricord-Madiana  (Brandes, 
Ardiiv.  zxv.  28),  on  the  other  hand,  did  not  find  any  such  substance. 

Tfy^  ItTTi  OLum  8pica, — A  volatile  oil,  obtained  by  distilling  Lavandula 
Spioa  with  water.  It  has  a  less  agreeable  odour  than  true  lavender-oil,  is  specifically 
heavier,  and  is  said  to  deposit  a  larger  quantity  of  camphor.  According  to  Gastell, 
^Hke-oil  is  obtained  from  the  leaven  and  stalks,  true  luveuder-oil  from  the  flowers,  of 
several  species  of  Lavattdula.  Spike-oil  is  frequently  adulterated  with  oil  uf 
turpentine,  which  may  be  detected  by  its  smiillfr  solubility  in  alcohol.  According  to 
GaKtell,  pure  fq}ike-oil  does  not  require  more  than  5  pts.  alcohol,  of  specific  gravity 
0*894,  to  dissolve  it. 

•VZ&AirrBXS  OUBRACMA.  An  annual  synantberous  plant,  indigenous  in 
India  and  in  South  America.  It  has  a  sharp  taste,  ap»parently  dup  to  thi;  preN«iic»*  of 
a  volatile  oil  The  alcoholic  tincture  of  the  leavts  and  flowers  is  known  as  Paraguay 

red. 

SpUanthet  ttnctoria  contains  a  substance  which  yields  indigo  on  exposure  to  the 

air. 

UWTMA€Mm  Spinaeia  oleraeea. — The  leaves  of  this  well-known  culinary  herb, 
V^luLging  to  the  chenopodiaceous  order,  contain,  according  to  Braronnot,  acid  oxalates, 
malatefi,  and  phosphates.     Richardson  (Jahresb.  1847,  p.  1<>74)  found  in  the  air- 
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dried  plant  2*03  per  cent,  ash;  and  Saalmuller  (Ann.  Ch.  Phann.  Iviii.  3S9)  (<ml 
iu  the  plant,  dri^  at  100^,  10*7  per  cent,  ash,  contaming: 


K«0. 

N.«0. 

CaO. 

MgO. 

SO*. 

SIO». 

p«o».  F«r'Po<.  N«a.  r^o». 

9-7 

360 

131 

6-3 

9*3 

31 

7-9     8-7       7*9     .  . 

RicfaardsoD. 

23-4 

24-6 

10-6 

7-6 

4-4 

6-9 

8-6      .  .      12-8      21 

Saalmuller. 

Euonymu8  europaiu.  A  celastraceons  tree,  the  light  vood 
of  which  yields  eood  charcoal  for  gunpowder.  The  red  seed-capsnles  hare  a  s&liD« 
taste,  and  contain  grape-sugar,  cerin,  tannin,  resins,  citric  add,  &c  The  onnst- 
coloured  seed-coating  contains  a  &t  oil,  which  dissolyes  out  the  colotuiDg-matter  vIko 
expressed. 

The  rose-coloured  shell  of  the  seed  contains  tannic  acid,  gum,  minenJ  constituentj^ 
&c. ;  fhe  kernels  contain  3*9  per  cent,  resin  and  28*1  fat  oil,  together  with  emulsiA, 
sugar,  &C. 

■PZVOIU^-TSBB  OI&.  The  fiittr  oil  expressed  from  the  seeds  of  ths 
spindle-tree  is  clear,  riscid,  red-hrown,  yillow  in  tnin  layers,  has  a  repuLnvv  odoir, 
and  a  bitter  taste,  with  irritating  after-taste.  Specific  gravity-  —  0*938.  It  is 
sparingly  soluble  in  alcohol,  easily  in  ether.  It  solidifies  between  12^  and  16^,  a  oriih 
siderable  portion  of  the  colouring-matter  separating  out  with  the  fat^  and  remaioing. 
if  the  oil  is  carefully  melted,  in  beautiful  red  granules  on  the  sides  of  the  vessel 

The  oil  contains,  in  addition  to  the  colouring-matter,  a  bitter  resin  called  bj 
Riederer  (Buchnei's  Repert.  [2],  xliv.  1)  Bpindie-tree  bitter  or  €m4mymin\  aki 
volatile  acids.  By  the  saponification  of  the  £at-oil,  Schweiser  ( J.  pr.  CheoLliii. 
437)  obtained  oleic  and  margaric,  together  with  acetic  and  bensoic  adds,  the  last  tvo 
remaining  in  the  imder-ley  after  the  saponification  of  the  oil. 

Spindle-tree  oil  is  prepared  chiefly  in  Switzerland,  where  it  is  used  for  homing  in 
lamps,  and  for  destroying  vermin  in  the  hair  of  men  and  animala;,  also  ss  an  appheatioa 
to  wounds. 


Spinelle,  including  Ceylanite  or  Pleonaste,   SpindU  Ruby,  BmIom  Bvif, 
AlmafuUne  Buby,  Candite,  Gahnite  or  Auiomolice,  Dyduite^  Hercinite,  Kreittc^, 

Chlorospinel. — A  mineral  species  represented  bv  the  general  fonnnhi  MTO.B'O', 
in  which  M"  «  Mg,  Fe,  Ca,  Zn,  and  Mn ;  and  K^  =  Al  or  Fe.  The  cnrstalliw 
form  is  monometric,  generally  the  cube,  rhombic  dodecahedron,  and  intermediiOe 
forms,  also  with  cubic  faces  (CRitfTAJJjOQnATKY.figs.  172, 174, 176,  176, 178»  199, 200.) 
Cleava^  octahedraL    Twins  like^.  319  (ii.  160). 

Hardness  «  8.  Specific  gravity  =i  3*6 — 4*9.  Lustre  vitreous.  Colour  rrf, 
especially  carmine-red;  also  bluish-red  to  blue,  brown,  or  yellow;  pore  magsfiie 
aluminate,  MgAl'O^  is  colourless.  Transparent  to  nearly  opaqne.  Fmettm  eoo- 
choTdal,  brittle.  Infusible  before  the  blowpipe.  Insoluble  in  acids,  hnt  beeoOMs  cob- 
pletely  soluble  after  fusion  with  acid  potassic  sulphate.  Gives  with  finxes  t^ 
reactions  of  iron,  and  occasionally  of  chromium. 

The  name  ^pind  is  restricted  by  Rammelsberg  and  others  to  the  varietiM  oonsbdng 
of  nearly  pure  magnesic  aluminate,  and  having  only  a  small  proportion  of  the  magiiMit 
replaced  by  ferrous  oxide ;  whik  those  in  which  the  proportion  of  iron  is  laiger  ut 
regarded  as  forming  a  distinct  species,  called  Ceylanite,  Pieoruute,  Candite,  or  Ckrjfm' 
fnelane:  they  all,  however,  ciystallise  in  the  same  forms,  and  the  gradations  of  cbeiual 
composition  are  not  very  sharply  defined- 

Pure  magnesian  spinel,  MgOAlK)',  would  contain  71*97  per  cent,  almmnnni  lod 
28*03  magnesia.  Red  (precious)  spinel  from  Ceylon  contains,  according  to  Alxrii'i 
aual3*sifl  (corrected  by  Rammelsberg),  70*43  alumina,  1*12  chromic  oodde,  86*75  mi^ 
nesia.  and  0*73  ferrous  oxide ;  blue  spinel  from  Aker  in  Sweden  contains,  aoeoidii^te 
the  same  authority,  70*53  alumina,  26*31  magnesia,  and  3*67  ferrons  oxide.  Rvdoiii 
spinel  is  distinguished  by  several  names,  according  to  its  colonri  the  deep  ml 
variotv  being  called  rvby  spinef,  the  pale  red  bal€u  ruhy^  the  browniah-rri  (fivn  Hi 
res(>n)blanoo  to  some  garnets)  almandine  rttb^t  and  the  yellowish-red  rubieelU. 

Th(>  following  are  analyses  of  the  more  ferruginous  varieties,  ceylanite  or  pJeoontt 
{liammehherg'8  Mt'nera/c)temie,  p.  162): 

A.  Ovitaininff  all  the  iron  asferrotu  oxide. — a.  Harmalain  Finland  (Thoreld).— 
ft.  Barsowskoi,  near  Kyschtimsk  in  the  Ural  (Abich). — c.  Tunabers  in  Sweden :  dirk- 
gT('<'n  (A.  Krdmann). — d.  Ronsperg  in  Bohemia,  Htrcinite  (Qnadrat). 

B.  Containing  ferric  as  wff/  as  firrous  oxide. — a.  Vesuvius  (Abich). — h,  FiukliB, 
New  Jersey:  large  greenish-black  octahedrons,  accompanied  bj  red  rinc-cr^  lod 
calo.xpar  (Vogel). — c.  Stulgrabe,  near  Arendol  in  Norway  (Scheerer). — d,  Cejlv* 
(C.  Gmelin). — e.  Iserwiese  in  the  Riesengebirge  (Abich): 
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^  r- —  X 

o»  e.         d,  a,  6,  c.  d.  «, 


Alumina         •        .    6790  6605  6206  61*17  68-31  6701  6812    5000  61*30 

F«rrie  oxide 3*37  2*47  11*41     10*54  7*09 

Femnu  oxide.        .     11*88  14*33  23*46  35*67  206  8*55  11*88*  11*86  13*42 

Uagneeia       •        .     1900  18*03  13*03    2*92  26*26  21*97  18*59     18*60  18*19 
Zinc-oxide      .        .      1*88 


10016  99-31  99*44  99*76  100*00  10000  100*00  100*00  100*00 

Gaknite  or  AuiomolUe,  from  Fahlun  in  Sweden,  is  a  ipinel  in  which  the  magnesium 
IS  wholly  or  in  great  part  replaced  bj  xinc  (iL  757). 

KrritUmiU  is  a  black  spinel,  of  specific  gravity  4*49,  nearly  allied  to  gahnite, 
and  containing,  according  to  v.  Kobeil,  49*62  per  cent  A1K)«,  18*48  FeK)*,  26*67  ZnO, 
a-40  HgO,  and  1*44  MnO  («  99*61). 

DjfduiU  (ii.  360)  from  Sterling,  New  Jersey,  is  a  ferrico-aluminate  of  xinc  and  man- 
gane•^  containing  30*49  per  cenL  A1K)«,  41*93  Fe'O',  16*80  ZnO,  7*60  MnO,  2*96 
•Uica,  and  0*40  water.    (Th o  m  s o n.) 

Cklorotpinel  is  a  grass-green  spinel  from  Slatoust,  of  specific  gravity  3*591 — 
S'694»  eontaining,  aceurding  to  H.  Rose : 

A\H)»,         Ft^O*.  MgO.  CoO.         CftO. 

64*13  8*70        26*77        0*27        0*27     -     10014 

57*34        14*77        27*49        0*62        .     .     -     100*22 

Spinel  ooenrs  imbedded  in  granular  limestone,  and  with  calcareous  spar  in  seipen- 
tine  and  g^ias ;  it  also  occupies  the  cavities  of  volcanic  rocks.  In  Ceylon,  Siam,  and 
other  Ea^em  countries,  it  occurs  of  beautiful  colourSj  as  rolled  pebbles  in  the  channel! 
of  riven. 

.    A  Uue  variety  of  nosean  (iv.  135). 

Syn.  with  Spexxk  (p.  398). 

Meadow-sweet. — The  fiowers  of  this  rosaceous  plant 
▼ield  by  distillation  with  water,  a  volatile  oil  consisting  for  the  most  part  of  sal  icy - 
lol  (p.  167  X  which  however  appears  not  to  exist  ready-formed  in  the  plant,  but  to  be 
pvodfoced  by  the  action  of  water ;  it  contains  also  a  neutral  oil  (likewise  obtained  by 
agitating  the  distilled  water  with  ether),  cumpoeed  of  71  2  per  cent,  carbon,  10*1  hydro- 
gan,  and  18*7  oxygen,  and  a  camphoruidal  substance,  which  crystallises  in  white 
nacreous  scales,  and  remains  solid  at  ordiuaiy  temperatures. 

When  the  dried  fiowers  of  meadow-sweet  are  exhausted  with  ether,  a  colourings 
matter  called  spirein  is  dissolved  out,  together  with  fat,  wax,  traces  of  a  neutnl 
TDlatile  ml,  and  a  volatile  acid,  but  no  iialicylol.  The  volatile  oil  is  the  same  that  is 
obtained,  together  with  salicylol,  by  distilling  the  fiowers  with  water.  The  volatile  acid 
jost  mentioned  is  found  also  in  the  watery  distillate ;  it  crystallises  in  colourless  needles, 
diaK>lve8  easily  in  water,  with  difficulty  in  ether,  and  colours  ferric  salts  red.  (Handw. 
d.  Chem.  viiL  100.) 

MWTMLMOim  (Lowig  and  Weidmnnn,  J.  pr.  Ch^m.  xix.  236.) — The  yellow 
rolouring-matter  of  the  fiowers  of  Soiraa  ulmaria^  whence  it  may  be  extracted  by  ether. 
The  ethereal  solution  is  precipitatea  by  water,  the  precipitate  is  dissolved  in  hot  alco- 
hoL  which  on  cooling  deposits  a  quantity  of  fatty  matter;  the  filtered  liquid  is 
evaporated ;  and  the  spirsein  thereby  deposited  is  diseolved  several  times  in  alcohol. 

Spinein  thus  obtained  is  a  yellow  crystalline  powder,  insoluble  in  water,  very  soluble 
in  ether  and  in  alcohol ;  the  solutions  are  of  a  deep  green  colour  whf  n  concentrated, 
yallow  when  dilute,  and  redden  litmus  slightly.  Spirsein  is  not  volat-ile  without 
decomposition.  It  gave  by  analysis  59*62—59*94  per  cent,  carbon  and  5*32 — 5*14 
hydrogen,  whence  Lowig  and  Weidmann  deduce  the  formula  C**H**0'*,  requiring  58*6  C, 
4*9  H,  and  36*5  O.  Geriiardt  suggested  C**H**0'*,  which  however  does  not  agree  so 
well  with  the  analysis. 

Hot  concentrated  nitric  acid  dissolves  ppirsein,  forming  a  red  solution,  and  decomposes 
it  only  alter  prolonged  boiling,  but  without  formation  of  oxalic  acid.  It  dissolves 
without  alteration  in  sulphuric  acid,  and  is  precipitated  therefrom  by  water.  Hydro 
chloric  acid  has  no  action  upon  it. — ^With  bromine  it  forms  a  red  moMi,  consisting  of 
peveral  substitution-products. — ^When  oxidised  by  chromic  acid.,  it  yields  formic  and 
earbonic  acids. — It  dissolves  with  yellow  colour  in  caustic  alkalis,  decomposes -/lO^aAvro 
carbonate  when  heated,  and  is  precipitated  from  its  alkaline  folutions  by  acids.  Thu 
aame  solutions  turn  brown  and  decompose  on  exposure  to  the  air. 

The  alcoholic  solution  of  spinein  forms  yellow  precipitates  with  baryta-water,  shI* 
pkate  of  aluminium,  and  tartar-emetic  ;  with  acetate  of  lead  a  crimson  precipitate,  whid> 

*  With  in;tnKaii')U»  oxide. 

Vol.  V.  1)  I) 
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blackens  on  drying ;  with  ferrous  salts  a  dark-grepn,  with  ferric  saUs  a  Uadc  pne^Htate; 
with  einc'salts  mixed  with  a  little  ammonia,  a  yellow  precipitate  •olnble  in  exeeai  of 
ammonia ;  with  cu^pric  salts  a  grass-greon  precipitate ;  with  nitrate  of  tUver  on  addition 
of  ammonia,  a  black  precipitate  insoluble  in  ammonia ;  witih  mstcurous  nitrate  a  yel- 
lowish-bruwn  precipitate  which  soon  becomes  dark-brown;  no  precipitate  with 
mercuric  or  platinic  chloride. 

■FZRZT.  Spiritus. — The  word  spirit  was  naed  in  old  chemical  language  u  t 
generic  name  for  liquids  obtained  by  distillation.  At  the  present  day  it  is  applied  in 
ordinaiT  language  chiefly  to  ethylic  alcohol,  which  is  called  spirit  of  tptHe,  and  methy- 
lie  alcohol,  which  is  also  called  wood-s^rU.  In  pharmaceutical  language  it  is  still  used 
as  a  generic  name  for  aromatic  alcoholic  distillates  and  certain  alcoholic  solutions — e.g^ 
Spiritus  cochlearugy  8p.  lamndul(Bf  8p.  camphoratus,  8p.  sa^onatus, 

Spiritus  abstractuSy  Sp.  aromaticus.  —These  names,  especially  the  latter,  are  applied 
to  odoriferous  products  obtained  by  distilling  various  substances  with  moderately 
strong  aqueous  alcohol ;  they  are  forther  distinguished  as  S^nritus  aromatieus  simpla^ 
and  compositus. 

Spiritus  acetidulcificaiuSfB.8p,dul4ns)    or  Liquor  anodinns  vegstabUis.    A  tolutioQ 

Spiritus  acetico-eethereus  \       of  acetic  ether  in  aloohoL 

Spiritus  AeruginiSf  s.  Sp,  Veneris,  Spirit  of  Verdigris, — ^An  old  name  of  the  eon - 
centrated  acetic  acid  obtained  by  distilling  crystallised  cupric  acetate  (L  10). 

Spiritus  aroTnaticus,  s.  Sp.  abstractus. 

Spiritus  CercBf  Spirit  of  Wax. — The  watery  liquid  containing  empyreumatie  oils, 
acetic  acid,  &c.,  obtained  by  the  dry  distillation  of  wax. 

Spiritus  Comu  Cervi,  Spirit  of  Hartshorn. — The  solution  of  impure  ammonium- 
carbonate  obtained  by  the  distillation  of  animal  matters  (L  190). 

Spiritus  Mindereri. — An  aqueous  solution  of  ammonium-acetate  (i.  13). 

Spiritus  n/iuriatico-atheretiSt  s.  Spiritus  Salis  dulcist  Sioeet  Spirit  of  Sait^  Bmvf 
Hydrochloric  Ether. — The  product  obtained  by  saturating  alcohol  with  hjdrochlorie 
acid  and  distilling  it  over  peroxide  of  manganese,  or  by  distilling  a  mixtnre  of  akohol 
and  sulphuric  acid  over  a  mixture  of  common  salt  and  peroxide  of  irmngnnnsn  (iL  M2). 

SpirUus  muriaticus. — Hydrochloric  acid. 

Spiritus  nitro-acidus. — Nitric  acid. 

Spiritus  nitro-athereuSf  s.  Sp.  dulcis^  Sweet  Spirit  of  Nitre. — (See  Nitboub 
IV.  76.) 

Spiritus  rector. — Boerhave  supposed  that  volatile  oils  were  oomponnda  of 
with  a  peculiar  odoriferous  substance  which  he  called  by  this  name. 

Spiritus  Sctli  ammoniacus,  Salmiakgeist. — Aqueous  ammonia. 

Spiritus  Salis  dulcis. — See  Spiritus  muriatioo-athereus. 

Spiritus  Salis  fumanSf  or  J^,  Salis  fumans  Qlauheri. — ^Fuming  hydzoehlonc 
acid. 

Spiritus  sulphurico-athereus. — Common  ether  containing  alcohoL 

Spiritus  Swphuris  per  campanam. — Obsolete  name  for  aqueous  snlphnrons  add. 

Spiritus  Sulphuris,  s.  Sp.  sulphuratus  volatile  Beguini. — A  solution  of  Tarioui 
polysulphides  of  ammonium,  strong  enough  to  fume  in  the  air  (i.  194). 

Spiritus  sylvestriSf  Gas  sylvestre. — An  old  name  of  carbonic  anhydride. 

Spiritus  Tartaric  Liquor  pgrotartaricus. — An  old  name  for  the  brownish  emprreo* 
matic  liquid,  containing  empyreumatie  oils,  pyrotartaric  add,  acetie  add,  and(ae* 
cording  to  Gobel)  formic  acid,  obtained  by  dry  distillation  of  tartar. 

Spiritus  Veneris. — See  Spiritus  Acruginis. 

Spiritus  Vini,  Spirit  of  Wine. — ^Aqueous  alcohoL 

Spiritus  VitrioJi. — Dilute  sulphuric  acid. 

Spiritus  Vitrioli  coagulabUis. — ^An  old  name  of  potassic  sulphate. 

BTIMOOTRIL  QUlJiUrA.  A  fresh-water  alga,  which  contains  97*5  ptrti 
wat4*r  to  2*5  dry  substance,  the  latter  containing  7'5  percent  nitrogen  and  0*8  asL  The 
ash  yields  35*8  per  cent,  carbonates  and  sulphates  of  the  alkali-mrtals  and  chloride  of 
feo<lium,  1*5  carbonate  of  calcium,  9*8  carbonate  of  magnesium,  18'4  pbosphsts  of 
calcium,  3*4  phosphate  of  magneaium,  and  31*6  silica,  with  traces  of  feme  osda 
(Handw.  d.  Chem.  viii.  160.) 

SPZSOXi.  A  name  applied  to  phenylic  alcohol,  because  it  may  be  obtained  firaa 
spiroylic  (salicylic)  acid,  m  th<)  same  way  as  bensol  from  benzoic  add. 

SPZSOTXi.  Ld wig's  name  for  the  radide  C^H*0'  (more  generally  called  Mcjil, 
or  salicosyl),  which  may  be  supposed  to  exist  in  oil  of  spirsa  (salicylol).  (See  pp.  Id0| 
167.) 

SPZSOTXiZC  ACZB.    Syn.  with  Salicylic  Acm. 

SPZSOYXOVS  ACZD.     Syn.  with  Saucyloi.. 
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&C.     Names  givcfn  by  BeneliuB  to  Sab'ey], 
Salicylic  acid,  &c 

UWWtMMMm  The  largest  of  the  **  yascalar"  or  "  ductless  glands'*  of  the  body. 
fiesidn  albuminoid  matters  (among  them  one  precipitable  by  acetic  acid,  and  con- 
taininff  much  iron,  possibly  as  phosphate),  pigments,  fats,  and  cholesterin,  there  have 
been  Smnd  in  the  spleen,  formic,  acetic,  butyric,  lactic,  succinic,  and  uric  acids  (the 
juice  of  spleen  is  add),  inosite,  sarcine,  xanthine,  leucine,  and  tyrosine.  In  100  parts 
of  spleen  are  fi>und  vater  74*031,  organic  matter  24*866,  inorganic  matters  1*103. 
The  following  table  (from  Ludwig)  gives  the  percentage  composition  of  the  ashes 
of  spleen,  according  to  Oidtmann: 

FH>B.      80*.   8iO>.     RSO.       N«sO.    CaO.     llfO. 
2711     2-64    '07      919    43*80    7*60       39 
18-87     1*48    -72     17*41     3512    7*26     1*02 


Man 
Woman 


CI. 
•65 
1*31 


Fe-Oa.  MoO.  CuO.  PbO. 
7*27     *08    -01 
16*20     04     -40     OS 


Infant    8303      9*58      *50    -95 


43^ 


3*35       20 


A  hard  kind  of  coal  having  a  brown-black  to  deep  black 
eolour,  lesinous  lustre,  splintery  cross-fracture,  and  uneven  principal  fracture :  it  is 
leas  easily  inflammable  than  caking  coal,  but,  when  once  set  on  fire,  bums  with  a 
bright  flame  and  great  evolution  of  heat. 

WMOmUWMMMWL  TViphane.  Swedish  Zeolite. — A  silicate  of  aluminium  and  lithium 
(potasBinm  and  sodium),  occurring  in  monodinic  prisms,  isomorphous  with  augite, 
snedaUy  with  diofwide.  Angle  of  inclined  axes  -  69''  40*;  ooP  :  ooP  »  87°  ;  oP  : 
[SPoo  1  -■  130®  30 .  The  crystals  are  usually  lar^e,  exhibiting  very  perfect  cleavage 
puallel  to  odP  od  ;  distinct  also  parallel  to  odP  ;  m  traces  panllel  to  [Poo J  ;  seen  in 
■tris  on  [  obPoo  ].  Twins  occiir  with  huce  of  composition  parallel  to  obPoo  .  The 
aiinend  abo  occurs  in  cleavable  masses. 

Ifardnass  —  6*5  to  7.  Specific  gravity  -  3*132 — 3*137  (Rammelsberg).  Lustre 
penrlj,  vitreous  on  the  cross-fracture.  Colour  greyish-green,  passing  into  greenish- 
vliite  and  greyish-white,  rarely  faintly  reddish.  Streak  uncoloured.  Translucent  to 
nbtimnaliieeot  Fracture  uneven.  Before  the  blowpipe  it  loses  its  transparency  and 
ealoar,  intumeaces,  and  melts  to  a  glass  globule ;  gives  the  reactions  of  lithia. 

Analyses  (Bammdaberg's  Mtnercdchemie,  p.  500). — 1.  Island  of  Uto,  Siiderman- 
land,  Sweden.  Specific  gravity  —  3*133  (Rammelsberg). — 2.  Sterdnginthe  Tyrol: 
nedflc  gravity  «  8*137  (IL).~8.  Sterling,  Massachusetts;  specific  gravity  —  8*182 
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The  analyses  bv  Hagen  and  Rammelsberg  lead  to  the  formula  3(LiK).SiO*).4(  Al'O*. 
SSiO*)^  thelithia  beinff  partljr  replaced  by  potash  and  soda.  A  pure  lithia-spodumene 
Ibna  composed  wovda  contain  64*98  per  cent  silica,  28*88  alumina,  and  6*14  lithia. 
The  North  American  specimens,  except  the  last,  had  undergone  some  decomposition. 

Spodnmene  occurs  also  at  Lisens  in  the  Tyrol,  at  luiliney  Bay  near  Dublin, 
and  at  Peterhead  in  Scotland ;  also  at  Goshen  and  other  localities  in  Massachusetts,  at 
Windham  in  Maine,  and  Brookfield  in  Connecticut. 

SVOVOBi  Sponges  are  organisms  living  in  water,  and  consisting  of  a  soft 
felatinoDs  mass,  mostly  supported  by  an  internal  skeleton  composed  of  reticular 
aaastomosing  hairy  fibres,  in  or  among  which  are  usually  imbedded  calcareous  or 
lometimes  silicious  spiculas.  They  are  found  adhering  to  rocks,  chiefiv  in  the  Medi- 
terranean, where  they  are  collected  by  divers,  and  tret^  with  hydrochloric  add  to 
leaiofve  the  lime.    Two  or  three  species  are  found  in  fresh  water. 

Sponge  baa,  by  some  naturalists,  been  referred  to  the  vegetable,  by  others  to  the 
nnimalkingdom ;  of  lata  yean,  however,  the  evidence  has  appeared  to  M  condusiTe  ai 
to  its  animal  nature. 

dd2 
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The  organic  matter  of  sponges  was  formeriy  regarded  as  identical  with  hornj  tisfv, 
till  Posselt  (Ann.  Ch.  Pharm.  zly.  192)  and  Orookewit  {ibid.  zl?iii.  48)  ihoW 
that  it  exhibits,  in  many  respects,  the  same  chaiactezB  as  the  fibro&i  of  silk  and  of 
gossamer-threads.  Stadeler,  however  {ibid.  cxi.  12),  has  shown  that  the  o^ptmc 
matter  of  silk,  when  treated  with  sulphuric  acid,  yields  leucine  and  tyrosine,  whmsi 
that  of  sponge  yields  leucine  and  glycodne,  without  a  trace  of  tyrosine :  he  aeoording)/ 
designates  the  organic  matter  of  sponges  as  spongin,  restrictinff  the  name  fibroia 
to  that  of  silk  and  gossamer-threads.  Schloesberger,  on  the  other  nand,  designates  th« 
former  as  fibro'in,  the  latter  as  sericin.  In  some  sponges,  the  fibroin  is  oombtnM 
with  iodine,  sulphur,  and  phosphorus. 

Charred  or  burnt  sponge,  Spongia  vsta^  has  long  been  used  in  medicine ;  its  action  is 
doubtless,  to  be  attributed  to  the  iodine  which  it  contains.  Herberger  found  in  it  M 8 
per  cent,  potassium-iodide,  0'702  potassium-bromide,  and  traces  of  cupric  oxidf. 
Preuss  found  2*14  per  cent.  KI,  and  0*76  NaBr.  In  preparing  burnt  sponge,  care  mw< 
be  taken  not  to  employ  too  high  a  temperature,  as  a  loss  of  iodine  may  thereby  U 
occasioned. 

BPOirOZV.  StfideWs  name  for  the  organic  matter  of  sponge.  He  prepares  it  br 
exhausting  the  sponee,  cut  up  into  small  pieces,  with  dilute  hydrochloiie  acid,  then  with 
weak  soda-ley,  washing  it  thoroughly,  and  drying. 

BPSAT.  Clupea  Sprattus  ;  Fr.  Espret ;  ItaL  Sordino, — ^These  fishef,  when  prespcd 
and  dried,  contain,  in  100  parts,  64  parts  water,  19  fat,  and  1*94  nitiof^,  eqnirslent  to 
12*3  per  cent,  albuminoid  substance.  They  yield  2*1  per  oent.  wit,  eootainis^ 
according  to  Way  (Jahresb.  1849,  p.  658): 

K20.   Nh«0.  ChO.    MeO.  Fe^OS.   SO*.       SiQS.    P>OS.    KCU  NaCU 

17*2     1*2    23-6    30    0*3    trHce    trace    48*6    .   .     11*2     »     100 

21-9    .   .    27*2     3-4    0*6      1*4       0*3      40-6    2*8      2*8     ••     100 

Sprats  are  caught  in  large  quantities  on  the  coasts  of  Sussex,  Kent^  mod  Essex,  sad 
are  there  used  for  the  preparation  of  artificial  manure. 

■QVA&ira.  The  liver  of  the  Basking  Shark,  Squalm  maximuB  (Linn.),  yields  about 
80  per  cent,  of  oil,  which  has  a  faint  yeUow  colour,  a  density  of  0*870  to  9*876,  and  « 
repulsive  odour ;  does  not  solidify  at  a  few  degrees  below  0°.  By  dry  distillatioD  it 
yields  a  yellow  oil  having  the  odour  of  acrolein,  but  no  sebacic  add.  It  appears  t4 
contain  a  peculiar  oleic  acid.    (Ronalds,  Chem.  Ghic.  1852,  p.  420.) 

STAJbAOMZTBS  and  aTAXakCTZTas.  Deposits  formed  in  carems,  chiedr 
in  limestone  rocks,  by  water  filtering  through  the  rock  and  taking  up  some  of  'M 
substance,  and  subsequently  dripping  from  the  roof.  The  solution  (of  calcic  carbonAte, 
for  instance),  on  exposure  to  the  air,  deposits  the  solid  matter,  which  partly  fonni 
stalactites,  depending  from  the  roof  like  icicles,  partly  deposits  called  stalagmitet, 
on  the  fioor  of  the  cavern. 

BTA1LA.01IKOBKBTBR  (o-raXay/u^s,  drop;  ftcrptiv,  measure).  An  instnm«&t 
employed  by  Guth  rie  for  measuring  the  size  of  drops.  A  drop  is  defined  as  s  mors 
or  less  spherical  mass  of  liquid  matter,  which  has  been  separated  from  other  suttrr 
by  gravitation.  Such  a  definition  is  necessary,  because  the  term  "  drop  "  ia  freqneDtir 
applied  to  a  variety  of  liquid  matters,  having  little  or  nothing  in  oommoo,  nst^ 
shape,  either  as  to  origin  or  condition. 

The  substances  concerned  in  drop-formation  are — 1.  The  substance  to  which  the  dmp 
clings ;  2.  The  substance  of  which  it  is  formed ;  3.  The  medium  in  which  it  is  fbnnHl 
If  the  drop  be  formed  in  a  liquid  medium  more  dense  than  the  drop^  the  drop  n»«. 
If  the  dropping  fluid  be  a  gas,  and  the  medium  a  liquid,  the  drop  beoomea  a  babble. 
Hence  there  is  no  essential  diflference  between  the  formation  of  a  drop  and  that  uf  i 
bubble ;  there  is  vXao  an  agreement  in  the  laws  which  govern  the  sises  A  the  twa 

The  factors  which  are  found  experimentally  to  be  most  concerned  in  determiniBg 
the  size  of  a  drop  in  the  case  of  a  liquid  dropping  from  a  soh'd  throngh  a  oas  are: 

1.  The  rate  at  which  the  dropping  takes  place,  or  the  growth-time,  gt^  of  the  dropi— 
2.  The  quantity  and  chemical  nature  of  the  solid  matter  which  the  dropping  liqnd 
holds  in  solution. — 3.  The  chemical  nature  of  the  droppingliqnid. — 4.  The  sue  aad 
shape  of  the  solid  at  the  part  from  which  the  drop  falls. — 5.  The  chemical  nafursoftbe 
solid  from  which  the  drop  falls. — 6.  The  temperature  at  which  the  dropping  takes  plan. 

In  the  case  of  a  liquid  dropping  through  a  liquid,  the  additional  facton  are— 7,  thi 
chemical  nature,  and  8,  the  density  of  the  liquid  medium. 

The  Btalagmometer  consists  of  two  parts  :  the  first  to  produce  a  perfectlv  uulom 
flow  of  tlie  dropping  liquid ;  the  second  to  collect,  and  either  measure  or  weig^  a  grren 
niiml)er  of  drops  formed  under  various  conditions.  For  particulars  of  the  experimrtts 
and  descriprion  of  the  diflerent  forms  of  stalugmometer,  see  Proc  Hoy.  Soe.  (liii.  414, 
457 ;  xiv.  22). 

The  following  are  the  main  laws  which  have  been  deduced : 
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A.  Wktit,  from  a  9oUd,  a  liquid  drops  through  a  gm, 

1.  TIm  diop-fise  dependi  upon  the  rate  of  dropping.    Generally,  the  quicker  the 
eoewon  of  the  drops,  the  greater  is  the  drop.    The  sbwer  the  rate,  the  more  strictly 


the  ease.    Example 

Drop-ili«ofcoco«nut-on,jr<  »  0*5*'  ^  S0*I7 
I>rop-«iM  of  cocouiut-oil,  gf  s  VtV       62'bO 

2.  The  drop-sue  depends  npon  the  nature  and  quantity  of  the  solid  which  the 
dropping  liquid  holds  in  solution.  If  the  liquid  stands  in  no  direct  chemical  relation 
to  tne  solid,  the  drop-siie,  in  general,  diminishes  as  the  quantity  of  solid  contained  in 
the  liquid  incrsases. 

3.  The  drop-aiae  depends  upon  the  chemical  nature  of  the  dropping  liquid,  and  little 
or  not  at  all  npon  iti  density ;  or,  rather,  increase  of  density  implies  increase  of  cohesion. 
Of  all  the  liquids  examined,  water  has  the  greatest  and  acetic  hydrate  the  smallest  drops. 
Water  -  148*2.  Qlyoerin  »  102-8.  Butyric  add  -  680.  Mercury  -  67*9. 
Benzene  «  66*2.  Oil  of  turpentine  «  50*1.  Alcohol  —  49*6.  Acetic  ether  —  46*4. 
Acetic  hydrate  -  43*0. 

4.  The  drop-sise  depends  upon  the  geometric  relation  between  the  solid  and  liquid. 
If  the  solid  be  spherical,  the  laigest  drops  fall  from  the  largest  spheres.  The  drops 
mn  laigsst  which  All  fiom  a  plane.  Absolute  difference  in  radius  takes  a  greater 
eflbct  npon  the  drops  formed  from  smaller  than  upon  those  formed  from  larger  spheres. 
Of  eirenlar  horizontal  planes,  within  certain  limits  towards  the  minimum  size,  tha 
drop-dze  varies  directly  with  the  size  of  the  plane.    ExampU$ : 

Drqp-sisa  of  water  from  sphere  of  radius    »      «  26-5 

1131   -  24-8 

472  -  22-6 

100  -  14-3 

71  -  12-8 

Biop-iiie  of  water  from  disc  of  radius  6  —  16*3 


H 
•» 

n 
f»  ft 


ft 


4  -   14*9 
3  a     9*6 


2  -     7*3 

1     a       4-1 


If  f» 

ff  ff 

5.  Th9  drop-size  depends  upon  the  chemical  nature  of  the  solid  from  which  the  drop 
frUa,  and  little  or  not  at  all  upon  its  density.  Of  all  the  solids  examined,  antimony 
dsliran  the  least  and  tin  the  mrgeet  drops.    Example: 

Drop-size  of  water  from  antimony  ■>  1 19*8 

„  „  sulphur  B  120*2 

„  „  cadmium  —  121*8 

,,  ^  zinc  —  122*4 

„  „  lead  -   122*6 

„  „  phosphorus  —  122*7 

„  „  bismuth  -  122*8 

„  „  tin  «  124*2 

6.  Tb»  dzop-cize  depends  upon  temperature.  Generally,  the  higher  the  tampeiatnio 
the  sbmUbt  the  drop.    Example : 

Drop-size  of  water  at  20*4°  C.  «  132*6 
„  „  30*6°  C.  «=  130*6 

„  „  40  30  c.  -   129*8 

B.  Whmtfrom,  a  solid,  a  liquid  drops  through  a  liquid, 

7.  The  dzop-cize  does  not  depend  mainly  upon  the  density  of  the  medium,  and  oonse- 
^fltat  Tarimtion  of  the  wei^ty  in  the  medium,  of  the  dropping  liquid. 

8.  If  there  be  two  liquids,  A  and  B,  which  drop  under  like  conditions  through  air, 
and  the  drop-size  of  the  one.  A,  be  greater  than  tnat  of  the  other,  B,  then,  if  a  third 
liquid,  C,  be  made  to  drop  through  A  and  through  B,  its  drop-size  through  A  will  be 
greater  than  its  drop-size  through  B. 

9.  If  the  drop-size  of  A  through  B  be  greater  than  the  drop-size  of  A  through  C, 
then  the  drop-size  of  D  through  B  will  also  be  greater  than  the  drop-size  of  D  through  C. 

10.  If  a  liquid,  A,  drop  under  like  conditions  in  succession  through  two  liquids,  B  and 
C,  then  ita  drop-size  through  any  mixture  of  B  and  C  is  intermediate  between  its 

diop-aise  through  B  and  its  drop-size  through  C ;  and  the  greater  the  proportion  of  q  - 

the  mixture,  the  more  nearly  does  the  drop-size  of  A  through  the  mixture  approach  to 

the  drop-aiae  of  A  through  q  alone. 
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11.  The  drop-fdze  of  any  mixture  of  two  liquids,  A  and  B.  dxopping  tbrondi  a  tb'rtl 
liquid,  G,  is  intennediate  between  the  drop-size  of  A  thion^  C  and  ttiat  of  B  throo;:!! 

G;  and  the  greater  the  proportion  of  -d  in  the  mixture,  the  more  nearlj  does  the  drop- 
size  of  the  mixture  approach  to  the  drop^size  of  -g  alone,  whether  the  dxopping  liquid 
be  heavier  or  lighter  than  the  liquid  medinm. 

12.  If  the  liquid  X  has  a  larp;er  drop-size  than  the  liquid  T  in  the  liquid  Z,  then  the 
liquid  Z  has  a  larger  drop-size  m  X  than  it  has  in  T. 

13.  If  a  liquid  X  has  a  larger  drop-size  in  air  than  a  liquid  T,  then  the  drop-size  of 
X  through  Y  is  larger  than  the  drop-size  of  Y  through  X. 

14.  If  the  drop-size  of  X  be  greater  than  the  drop-size  of  Y  in  air,  and  the  drop-siz« 
of  Y  greater  than  the  drop-size  of  Z  in  air,  then  the  ratio  between  the  dit>p-size«  uf  X 
in  any  mixture  of  Y  and  Z,  and  the  drop-size  of  that  mixture  of  Y  and  Z  through  X,  is 
greatest  when  the  ratio  between  Y  and  Z  is  unity. 

Laws  10  and  11  may  be  applied  to  quantitative  analysis,  Thiu,  a  mixture  of 
benzene  and  oil  of  turpentine  causes  water  to  assume  a  greater  or  less  drop-siae,  accord- 
ing to  the  proportion  of  its  constituents.  It  is  easy  by  means  of  the  staiagmom^^r  to 
detect  a  difference  of  one  per  cent,  in  the  proportion  of  either  of  the  constituents. 

The  term  "  bubble  "  is  also  in  common  speech  applied  to  a  variety  of  disninilar  thinga 
The  definition  adopted  has  been  already  given  in  speaking  of  drops. 

In  measuring  the  size  of  a  drop,  the  barometric  pressure  is  found  to  have  little  or 
no  influence.  In  the  case  of  bubbles  it  forms  an  important  fiftctor.  Alao  the  tempeia> 
ture  is  of  greater  influence  with  bubbles  than  with  orops.  The  chief  points  of  inteivst 
with  regard  to  bubble-size  are  the  influences  of  change  in  the  chemittl  nature  of  the 
gas  and  of  the  liquid  medium. 

The  chief  results  at  present  obtained  with  regard  to  bubble-size  are  these: — 

15.  Every  different  liquid  causes  the  same  gas  which  bubbles  throng  it  under  the 
like  conditions  to  assume  a  different  bubble-size. 

16.  If  the  bubble-size  of  a  gas  through  a  liquid,  A,  be  greater  than  its  bubble-tia 
through  B,  then  its  bubble-size  through  any  mixture  of  A  and  B  is  intermediate 
between  its  bubble-size  through  A  and  its  bubble-size  through  B. 

This  law  is  quite  analogous  to  Law  10.  Further,  the  singnlar  connection  between 
drops  and  bubbles  is  shown  in  the  following  law : — 

17.  If  the  liquid  A  has  a  larger  drop-size  than  the  liquid  B  in  dropping  thrcngh 
the  gas  C,  then  the  gas  G,  in  bubbling  through  the  liquid  A,  has  a  larger  babble- 
size  than  in  bubbling  through  the  liquid  B.  F.  G. 

See  TiN-BADICLBS,  OSOAMIC. 

Salts  of  stannic  acid.    (See  Tnr,  Oxidbs  of.) 
■    See  Tm-BASiCLBS,  OnoAinc. 
■TATOZC  ACZB,  STAVirZC  OXZBS.     See  Tnr,  OxiDBS  OF. 
Syn.  with  Tin-Ptbitbs  (q.v.). 

Salts  of  stannous  oxide  (see  Tor,  Oxidbs  of.) 
BTAXnr-BUBTB'TZi.     See  Tin-radiclbs,  OBOAino. 
■TATOOV8  ACZ2>,  STAVVOUa  OXZBB.     See  Tnr,  OxiDBS  OF. 

Syn.  with  Tin. 
Syn.  with  A2n>Ai.x78iTB  (i.  291). 

A  genus  of  apocynaceous  plants,  indigenous  at  the  Cape  of  Gnod 
Hope.  Stapeiia  hirsuta,  after  being  scratched  with  a  Imife,  yields  a  limpid  gnmmj 
juice,  which  hardens  to  an  amorphous  mass  on  exposure  to  the  air,  ana  containi  a 
oitter  substance  soluble  in  water,  alcohol,  and  ether.  (Bernap^  Bepert.  Phsia. 
Ixxxviii.  95.) 


A  peculiar  acid,  said  by  Hof schliger  (Brandes 
Archiv.  xix.  160)  to  exist  in  the  seeds  of  Delphinium  Stapmsagria.  It  is  described  as 
white,  cr}'6talline,  sublimable,  and  as  exerting  an  emetic  action ;  but  the  statementi 
respecting  it  are  very  doubtful. 


An  alkaloid  existing,  according  to  Gouerbe  (Ann.  CIl 
Phys.  [2],  lii.  352),  in  the  seeds  of  Delphinium  Staphiaagria^  and  ooostitutiog  the 
matter  insoluble  in  ether,  obtained  in  the  preparation  of  delphinine  (ii.  310)  faun  thet 
plant.  It  is  a  slightly  yellowish  body,  having  a  sharp  taste,  nearly  insoluble  io  wat«f 
and  in  ether,  easily  soluble  in  alcohol.  It  dissolves  also  in  acids,  but  without  nentxafae- 
in^  them.  It  is  decomposed  by  chlorine,  and  converted  by  hot  nitric  add  into  a  bitt« 
resinuus  substance. 
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Syn.  with  SrAPmaioBiNa. 

OI&.  A  Tolatile  oil  obtained  from  the  seedi  and  Med-oammlet 
oS  JSidttm  anisaiumt  a  magnoliaceooa  tree  indigenous  in  China  and  Japan.  It  nas  a 
pale-jellow  colour,  and  xesemblee  anise-oil  from  Pimpiiulla  AnUum  (i.  297)  in  taste 
and  odour,  bat  is  more  mobile,  and  remains  liquid  at  +  2^  At  lower  temperatures  it 
deposits  a  camphor  or  stearoptene  identical  with  that  of  ordinary  anise-oil.  Star-anise 
oil  likewise  aerees  with  ordinary  anise-oil  in  nearly  all  its  reactions ;  but,  according  to 
Limpricht  and  Ritter,  it  is  not  airi>ctly  converted  by  nitric  acid  into  anisol  and  anisic 
add,  bat  yields  an  intermediate  product  which  they  designate  as  anitoio  acid  (i.  304). 

STABCS.  CTI'*0»  or  C'«H*0»»  Ffcula,  Amidin,  Amidon,  Amylum,  MatUre 
mmyiaeie.  Stirii,  SaUmekl^  Kraftmehl.  (For  a  complete  list  of  memoirs  relating  to 
8Ureh,  down  to  1862,  see  Gfi^ehfCa  Handbook,  zr.  72.) 

This  labstance  is  yery  widely  diflhsed  in  the  yegetable  kingdom,  occurring  in  rariable 
quantity,  for  a  time  at  least,  in  eyeiy  plant  that  has  been  examined.  It  is  especially 
abundant  in  certain  families  of  plants,  and  often  occurs  in  yery  large  quantity,  especially 
in  the  albumen  of  the  seed,  in  the  cotyledons  of  the  embryo,  in  the  pith  of  sterna  and 
•talks,  in  bulbs,  tubers,  rhisomes,  and  roots;  also  in  the  bark'  and  splint  of  trees  in 
tha  winter  season ;  sometimes  in  flowers. 

Starch  is  formed  in  plants  only  when  the  nutriment  is  in  excess,  and  is  dissolyed  and 
nsed  np  at  a  later  stage  of  the  yegetatiye  process,  when  the  nutriment  becomes 
deficient  (Pa y  e  n ) ;  it  is  probably  formed  from  yegetable  mucus  (S  c  h  1  e  i  d  e  n).  Before 
the  starch  appears  in  the  cells,  they  are  filled  with  a  granular  or  a  homogeneous  mass, 
Um  development  of  which  is  slower  than  that  of  the  cell ;  so  that  it  spreads  itself^  in  a 
layer  of  yarying  thickness,  oyer  the  inner  surfoce  of  the  cell,  enveloping  the  nucleus 
perhaps  already  present*  and  sometimes  spreading  in  a  thread-like  form  oyer  its  sur£eu;e ; 
the  atareh  is  most  frequently  formed  in  this  protoplasma,  more  rarely  on  the  surface  or 
in  the  interior  of  the  nucleus.    (Tricul,  Compt.  rend,  xlyii.  782.) 

The  ftiUowing  table  exhibits  the  proportions  of  starch  in  yarious  alimentary  sub* 
fti'M^f.  aa  dMermined  by  Krocker  (Ann.  Ch.  Pharm.  lyiii.  212): 

I.  II. 

Fore  floor  of  Haricot-beans 99*96 

Wheat-floor,  No.  1 66*21  66*16 

M  No.  2 66*93  67*42 

Ho.  8 67-70  67*21 

Takyera  wheat 66*92  66*29 

Whittington  , 63*06  61*84 

Sandonier     „ 63*83  6292 

Bye-flour,  Nal 61*26  60*66 

„        No.  2 64*84  6412 

No.  8 67-07  67*77 

Bye  (^Seoofo  cereal) 46*39  44*80 

„  (Sec,  cer,  arundin) 47*71  47*13 

Oats 27*93  36*90 

H  Kamtschatka 39*66  40*17 

Bariey-flour 64*63  6418 

Barley 38*62  37*99 

„    Jerusalem 42*66  42*03 

Bockwheatrfloor 6606 

Buckwheat 43*80  44*46 

Haiie-flour 77*74 

Maisa 66*88  66*80 

Hillet 66*61  63*76 

Haricot-beans 37*71  37*79 

Peas 88*81  38*70 

Lentils 39*62  4008 

Potatoes  (air-dried) 23*20  22  80 

^ 18*14  17-98 

„ 16-48  16*09 

Preparation :  1 .  I^rom  Whiot, — ^Wheat,  after  being  softened  in  oold  water,  is  pressed 
«nder  millstones  or  rollers,  or  in  bags  under  water,  as  long  as  milky  wat^r  runs  off 
from  it^  This  liquid,  when  left  to  itself,  deposits  ntarch  containing  gluten ;  the  latter, 
howeyer,  dissolyes  for  the  most  part  in  the  supernatant  liquid,  whi(£  gmdually  turns 
■oar:  and  on  decanting  this  acid  liquid,  repeatedly  stirring  up  the  starch  with  fre»h 
water,  and  leaying  it  to  settle,  it  is  at  length  obtained  pure,  and  may  be  dried  in 
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Buitftble  desiccating  diaml)6n.  Or  wheat-flonr  is  mixed  with  fonr  to  ft^e  Tohnet  of 
water,  and  }  to  ^  toL  boot  water  obtained  from  former  operations :  this  acta  up  a  fermen- 
tation, which  lasta  from  two  to  four  weeks,  according  to  the  temperature,  and  is  intn- 
rupted  as  soon  as  the  nitrogenised  substances  are  decomposed  and  dissolved.  Tbs 
seaiment  of  starch,  which  remains  at  the  end  of  a  fermentation,  is  repeatedly  washed 
with  water,  sifted,  and  dried  in  desiccating  chambers.  Starch  maj  be  firecd  from 
gluten  bj  means  of  cold  dilute  potash-ley  (Kirchhoff),  or  distilled  tinegv 
(SauBSure) ;  from  pieces  of  fat  and  other  matter,  by  prolonged  treatment  with  cold 
water,  alcohol,  or  ether. 

2.  From  Potatoes. — ^Washed  and  rasped  potatoes  are  drenched  in  a  sieve  with  a  con- 
tinued stream  of  cold  water,  and  the  milky  liquid  which  runs  through  is  set  aside  fori 
few  minutes,  till  the  heavier  impurities  have  settled  down,  and  then  left  to  stand  fur  thxvs 
or  four  hours  in  another  pan.  The  starch  which  collects  at  the  bottom  of  the  clear  liquid 
is  stirred  up  with  water,  poured  through  hair-sieves,  then  left  to  settle,  repeatedly 
washed  with  cold  water,  and  dried,  first  on  plates  of  gypsum,  afterwards  in  desiccatisg 
chambers.  The  starch  thus  obtained  is  purified  W  successive  washing  with  tht 
following  b'quids: — 1.  Cold  alcohol. — 2.  Water. — 3.  Water  containing  0*002  per  c^nt 
hydrochloric  acid. — 4.  Water. — 5.  Water  containing  0'006  per  cant,  p^aah. — 6.  Water 
(Payen).  After  this  treatment,  the  starch  contains  hydrochloric  add  (JacqueUin, 
G-erhardt,  Traiti,  ii.  486),  but  may  be  purified  by  boiling  with  alcohol  cantaining 
0*1  per  cent,  hydrate  of  potash,  then  washing  with  pure  alcohol  and  with  water. 

3.  From  the  root-sprouts  of  Afaranta  mdiea  and  31.  anmdinacea:  Am  eric  aa 
starch,  Arrowroot. — Mode  of  preparation  the  same  as  firom  potatoes. 

4.  From  the  roots  of  Janwna  Manihot:  Tapioca. — The  washed  and  bmiaed 
roots  are  pressed  in  bags  un(]fer  water ;  the  starch  which  separates  from  the  milky 
liquid  is  mealy  tapioca;  after  drying  upon  hot  plates,  it  becomes  granitlar  tapioca; 
the  portion  of  the  pulp  which  remains  after  waishing  and  pressinff  is  spread  oat  os 
iron  plates,  in  a  layer  one  or  two  inches  deep,  and  strongly  dried  into  cakea ;  this  ii 
Cassava-bread  ;  when  pulverised  it  forms  Manjok  flour,  and  when  again  heated  oa 
iron  plates  till  it  swells  up,  Mandiokka.    (Sure an,  J.  Fharm.  zz.  622.) 

5.  From  the  stems  of  several  species  of  8agus  and  Cycas:  Sago. — The  starch  ii 
washed  out  of  the  pith  of  the  stems  on  sieves  in  a  stream  of  water,  then  left  to  settle, 
washed  on  cloths  or  mats,  rubbed  when  half  dry  through  metal  sieves;  and  when  thu 
granulated,  it  is  dried  at  about  60^  in  ovens  of  peculiar  construction. 

6.  From  Bice. — Rice  is  heated  with  weak  soda-ley,  which  dissolves  the  nitrogenons 
impurities,  and  leaves  pure  starch  ;  then  with  a  solution  of  borax,  cream  of  tartar,  or 
some  other  salts,  to  facilitate  the  separation  of  the  starch  from  gluten. 

7.  From  Horse-chestnuts^  j-c. — The  same  method  as  in  2,  excepting  that  the  starch 
is  likewise  well  washed  with  a<^ueou8  sodic  carbonate  to  remove  the  bitter  principls 
(Flan din,  Compt^  rend,  xxvii.  849);  or  merely  with  water,  like  potato^staick 
(Be Hoc,  iind.  xxviii.  83.) 

For  details  on  the  manufacture  of  Starch,  see  lire's  Dictionary  of  Arts,  dtc, 
iii.  745. 

Properties. — Starch  is  a  white  shining  powder,  soft  to  the  touch,  grating  betwees 
the  fingers  or  the  teeth,  sometimes  consisting  of  amorphous  masses,  but  more  frsquenilj 
of  granules  recognisable  by  the  microscope.  These  granulea,  of  varioas  dianwtcr 
[from  j^  to  g^3  of  a  line  (F  r  i  t  z  s  c  h  e),  from  *  1 85  to*002  millimetre  (F ay  e  n)], and  variooi 
form,  have  commonly  a  small  eccentric  nucleus,  surrounded  by  layers  anangsdeoDceB- 
trically  one  over  the  other.  These  envelopes  increase  by  the  successive  deposition  of  nev 
layers  within  the  old  ones,  so  that  each  layer  is  younger  and  less  eompaetlj  sggwgatid 
than  the  one  which  immediately  surrounds  it ;  and  since  the  lavers  are  forme  mois 
part  of  variable  thickness,  they  cause  the  granule  to  deviate  gradually  in  finrnfroDthi 
originally  spherical  nucleus,  and  assume  for  the  most  part  an  ovoid  form.  Aoomding  t» 
Maschke,  the  starch -granules  appear  hke  bundles  of  three  to  six  concentric  hladdfli^ 
with  light  and  dark  rings,  the  light  rings  being  formed  of  insoluble,  the  dazk  of 
soluble  starch,  and  enclosing  the  central  cavity  of  the  innermost  bladder,  which  ii 
either  empty,  or  filled  with  liquid  amylone. 

The  following  table  exhibits  the  greatest  diameter  of  several  kinds  of  stszeh*gFtnsIe^ 
according  to  Payen : — 

Starch  from:  MIHiBcCra. 

Large  Rohan  potatoes      .        .        .        .        •        •        •        •0*185 


Menispermumfenestratum  (colombo-root)  • 
Rhizomes  of  Canna  gigantea    .... 

„         „  Canna  discolor     .... 

„  „  Afaranta  arundinaeea  (arrowroot) 
Various  kinds  of  potato    ..... 

Bulbs  of  the  lily 

Tuhen  of  Oxalis  crenata,        •        •        .        • 


•180 
•175 
-150 
*140 
•140 
•115 
•100 
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from  common  starch  by  the  action  of  diastiue  at  ordinafj  tempnrntarM ;  by  bflttin;  h 
for  a  certain  time  with  dUute  sidphuric  add ;  by  heating  with  glacial  aeetie  aeii  in  % 
sealed  tube,  or  with  strong  nitric  acid  till  red  yaponis  begin  to  pass  off;  by  boilice 
with  chloride  of  sine ;  and  bv  trituration  for  a  short  time  in  the  cold  with  strong  nipnr  • 
acid.  If,  however,  the  action  of  the  diastase  takes  place  at  a  temperatore  o^  66^— hi.' 
(it  is  completely  interrupted  by  boiline),  or  if  the  heatine  with  dilute  arid^  te  c  > 
tinupd  beyond  a  certain  time,  the  stanm  is  converted  into  dextrin,  and  ultimatelj  il* 
dextn^lucose. 

Starch  is  also  converted  into  dextrin  and  sugar  by  boiling  with  aqneons  aza'>  -: 
dilute  acetic  acid;  by  contact  with  glutin  at  a  moderately  high  temperature.  al«-:i  W 
contact  with  saliva ;  into  sugar  also  by  contact  with  beer-yeast,  and  with  Tuiuci 
animal  substances — viz.,  pancreatic  juice,  gdatin,  mucous  membrane^  urine,  hil.  »:-r. 
viatic  fluid,  bfoodscrum,  animal  tissue,  and  by  wateiy  infusions  prepared  at  40"  frxi 
the  heart,  brain,  lungs Jiver,  kidneys,  splven,  and  muscles.     (Gm.  xr.  92.) 

On  the  conversion  of  starch  into  dextrin  and  sugar,  see  also  Ma  seal  us  iCvLp. 
rend.  liv.  194  ;  Ann.  Ch.  Phys.  [31,  Ix-  203 ;  Jahresb.  1860,  p.  602  ;  1861,  p.  717.' 

Starch  dissolves  in  glycerin  when  heated  thcrf^th  for  a  considerable  time,  and  i^ 
precipitated  in  the  soluble  modification  by  addition  of  alcohol  to  the  solution.  iT 
Kabsch,  Zcitsohr.  anal.  Chem.  ii.  216.) 

Starch  triturated  in  the  cold  with  oU  of  tfitriol,  is  converted  suocessirely  into  tolo'^ 
starch,  sulphamidonio  acid,  dextrin,  and  sugar. 

With  nitric  aeid,  starch  yields  various  products,  acconUng  to  the  strength  of  *Jh 
acid,  the  temperature,  and  the  duration  of  the  action  : 

a.  Cold  concentrated  nitric  acid  (specific  gravity  »  1*52)  dissolves  starch  witboit 
evolution  of  gas ;  water  added  to  the  solution  precipitates  xyloTdinornitramiii  a. 
C*H*(NO')0*,  as  a  white  powder  (Braconnot,  Pelouze).  If  water  is  add»i  imM- 
diately,  nothing  remains  oissolved;  but  if  the  solution  is  allowed  to  stand,  it  e-''* 
with  water  less  and  less  xyloidin,  and  at  last  none,  while  a  substance  resembiu 
saccharic  acid  remains  in  solution.     (Pe louse,  Compt  rend.  rii.  713.) 

b.  If  starch  is  mixed  with  its  own  weight  of  concentrated  nitric  acid,  and  tvire  'm 
weight  of  ordinsiry  nitric  acid  (2NHO'.3H»0),  and  allowed  to  stand  for  24  or  30  honn 
at  the  mean  tempomture,  or  if  it  is  mixed  with  enough  common  nitric  acid  to  form  « 
thick  mud,  and  heated  in  the  water-liath  until  red  fumes  are  evolved,  iinoi^i<^ 
insoluble  starch  is  at  first  produced,  then  starch  soluble  in  hot  water,  and  lastly  itar^ 
soluble  in  cold  water  (B^ champ). — Starch  that  has  been  moistened  with  ^  per  cvcL 
nitric  acid  and  wator,  and  then  allowed  to  dry  spontaneously,  yields  dextrin  irhta 
heated  (Pa yen).  A  mixture  of  stanch  with  2  per  cent,  nitric  acid  and  4  per  ettL 
water,  dried  at  first  in  the  air,  afterwards  in  a  wat^r-bath,  gives,  with  6  paitH  of  wira 
water,  a  solution  which  solidifies  to  a  jelly  like  lichenin  on  cooling,  and  gives  in^ 
when  boiled  with  acids.     (Mitscherlich,  P<^.  Ann.  Iv.  121.) 

c.  Hot  nitric  acid,  either  concentrated  or  dilute,  employed  in  excess,  evolves  nitron 
gas  and  forms  oxalic  acid,  together  with  malic  ana  acetic  acids. — Citric  pt«nv 
acting  on  starch  neither  evolves  gas  nor  produces  oxalic  acid.  (Bonijs -Ballot,  J.  pr. 
Chem.  xxxi.  211.) 

A  mixture  of  strong  nitric  and  sulphuric  acids  converts  starch  into  an  explosive  enn- 
poimd.  analogous  to  or  identical  with  gun-cotton  (De  Vrij,  Compt.  rend.  xiL  12ii). 
According  to  Bechamp  (Ann.  Ch.  Phys.  [3],  Ixiv.  322),  the  product  eonsisttf  of 
nitroxyloidin  or  dinitramidin,  C«H"(NO«)«0*. 

Chl(trinc-ga^,  either  dry  or  moist,  does  not  act  upon  starch  either  at  oidinaxy  temp*> 
ratures  or  at  100°;  when  starch  is  exposed  under  water  to  the  action  of  chloriv  for 
eight  hours,  only  ^^\s  decomposed,  with  evolution  of  carbonic  anhydride  (Liebipl— 
Starch  distilled  with  hydrochloric  acid  and  manganic  peroxide  yields,  among  ocbff 
products,  trichlorinated  acetic  aldehyde  (chloral)  and  pentachlorinated  propionic  sld^ 
hydo. 

When  Itromine-water  is  added  to  a  solution  of  starch  in  dilute  hydrocUorie  acid,  u 
orange-yellow  powder  is  formed,  consisting  of  a  compound  of  starch  with  bnniwi 
which,  however,  cannot  be  dried  without  loss  of  bromine. 

Starch-paste  is  coloured  deep-blue  by  an  aqueous  solution  of  iodiftf,  or  by  mixiof  it 
with  solution  of  potassic  iodide,  and  then  adding  a  drop  of  chlorine* water,  niiroo!>  tni 
sulphuric  Jicid,  &c.,  to  set  the  iodino  free.  This  blue  coloration,  which  aflords  « 
extremely  delicate  test  either  for  starch  or  for  iodine,  is  due  to  the  fbrmatioo  m*  i 
loose  combination  of  starch  and  iodine,  or  perhaps  to  the  mere  mechanical  prsripitS' 
tion  of  the  iodine  upon  the  starch,  inasmuch  as  it  is  destroyed  bv  alcohol.  poivi\ 
snlphydric  a^^'id,  and  in  general  by  all  liquids  which  take  up  the  ioaine.  The  liqatd 
may  also  bo  decolorised  by  ebullition,  whereby  the  iodine  is  volatilised ;  if.  howey** 
the  boilinj^  be  not  continued  for  a  sufficient  time  to  volatilise  the  whole  of  the  ioilia#. 
the  blue  colour  nappoary  as  the  liquid  cools.  When  potato-starch  is  powderwiin  % 
mortar  with  cold  water,  the  tiitercd  liquid  is  coloured  blue  by  iodine ;  this  tfffct  itwi 


Dg  w  flioBQ6«a  iijompi.  rraa.  in.  4uaj,  Btarcn  unites  intli  a 
ha  compound,  C'H"0'.NU'  caUed  amidi&,  which  acta  like  ■  wnk  boM, 
ith  kdd^  bnt  is  not  eapabln  of  dMompoiIng  metsllie  aalta. 
swoa  wlutioa  of  aUrch  ii  preapitatpd  hj  tannic  add. 
Hm  «Brf  Brparation  of  StarcK—Tiie  following  mediod  of  aitinuting  itueh 
ihet|^B,&c.,  given  bjDragendorfffJHhnsb.  1862,  p.  631),  drpcnda  npon 
UG^  tif  Bturch  in  &lniholic  poCuh,  imd  its  aolubilitj  in  diutau  uid  whan 
ih  dilntd  acids.  Two  or  three  graina  of  the  anbatHncc  dried  at  100",  and 
\,  an  mixed  with  16  to  30  gnina  of  a  solntion  of  fi  t«  G  pta.  potaaaie  hjdnta 
IB  pta.  of  abaolata  alcohol,  and  digeatcd  at  100°  for  18  to  SO  honn  in  a  ' 
le  (or  a  iiA  which  cui  be  doeed  sinigbt  ] ;  and  the  contents  ara  thrown,  while 
OB  a  weighed  Alter  and  thoroughly  waohed,  fliat  with  hot  abeolnte  aleohol, 
I  cold  Bpirit  of  ordiaaty  Btrenglh,  and  flnally  with  diatilled  water  miiad 
iM  of  Bumm;  Bubatuicei)  vilb  a  amall  quantity  of  &lcohol.  The  filter,  with 
H,  ia  diied,  lirst  at  611°,  than  at  lOU",  and  wei^hH].  The  differeace  betwem 
tthn  obtaiand  and  ihat  of  the  origimd  aubstaoce  girea  the  quantity  of  pro- 
aaeea,  £kl.  sugar,  and  part  of  the  aolta  preeent.  The  raaidne,  together  with 
eu  in  pieces,  is  next  heatiMl  with  water  coutaining  6  p«r  ceiit,  hydrocbluric 
a  Mmpla  ia  no  longer  turned  blue  by  solatioa  of  iodine:  and  the  leaidue 
frcrn  the  acid  liquid  is  washed,  dried  at  100°,  and  weighed.  The  looa  of  weight 
1  fare*  very  nenrly  the  quantity  of  atxTch  in  tbrsubstunceanderexamimition. 
lu  ntutaneea  insoluble  in  potush,  alnihol,  end  water,  but  lolubla  in  hydro- 
id,  that  would  introdnce  an  error,  may  be  eatimatad  by  eraporating  the  add 
iijuiM,  and  incinerating  the  rexidua  at  as  low  a  temperature  ta  postible. 
r  nay  alio  be  aroided  bv  axtntctiDg  the  slArch  with  concentrated  extract  of 
6",  inatead  of  acidulated  water,  hi  the  case  of  aubctancea  which  contain  b 
ntity  of  mncua.  it  ia  beet  to  p^rfurm  the  extraction  with  a  concentrated 
d  eommou  salt  allghUy  aciduuted  with  hydrochloric  ftdd,  and  waah  the 
(Mldiie  with  weak  apiiit. 

idna  left  after  the  eittaclion  of  the  atarch  eontaina  cellnloM,  maeoB,  lignin, 
lod  eoik-eubatance,  the  last  four  of  w&ich  may  be  SppAisled  from  the  eelln- 
gMtion  with  chlorate  of  potaaaium  and  dilute  nitric  acid. 
may  also  be  eatimated  by  converting  it  into  glncoae,  and  detenniniiig  tha 
of  that  product  For  this  porpoae  Siegerl  <Jahraab.  186fi,  p.  H3) 
e  pmmme  of  the  air-dried  aubatance  (potaloea  for  inatance)  with  fiO  cc  water 
BBua  oil  of  vitriol  on  the  water-bath  for  two  boara ;  then  dilutee  to  100  ej;., 
wanna  60  c.e.  of  the  filtered  liquid  with  t  grammei  of  anlphuric  add  to  eS° 
er  right  houra.  The  bugar^olation  tbne  obtained  ia  then  made  up  to  100  e.c. 
r,  or,  if  very  much  colnured,  with  baaic  acetate  of  lead,  and  the  amount  of 
Iftarminad  with  an  alkalioe  cnpric  solution  in  tha  usual  way  (ii.  SS6). 
immeiaed  in  •  aaturatad  aolutiou  of  hromidt  or  iodidt  afpotamium  swelU  up 
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8TAX8,  SPBOTmA  or.    See  Sfbgtbai.  Akaltsu  (p.  894X 

STABSFintTBZTB.    A  borato-chloride  of  magneniun,  occurring  in  th«  nk- 

beds  of  Stassforth  near  Maffdebuig,  in  masseft  having  a  microcrystalluie  itnutBR: 
hardness  »  4  to  5,  and  specific  gravity  »  2*913.  Contains,  according  to  the  man  of 
recent  analyses  by  Heintz  and  Lndwig,  8*20  per  cent,  chlorine,  2*77  magnennm,  U-t{ 
magnesia,  60*82  boric  anhydride,  and  1*97  water,  agreeing  nearly  with  the  fannTiU 
3SlgXR2(3Mg''0.4B«0«)   +   4  aq.    {Rammdsberg's  Mmertdehemie,  p.  256.) 

BTATZCBs  A  genus  of  plumbaginaceoua  plants,  growing  in  the  neighboozhood  of 
the  sea  or  of  salt-springs,  and  containine;  considerable  quantities  of  common  salt.  10-j 
pts.  of  Statice  G-nuslini^  air-dried,  yield  7*7  per  cent,  ash,  of  which  11*6  per  cent  c» 
soluble  in  water,  and  88'5  per  cent,  insoluble.  8t,  suffruticosa  yields  5*7  per  cmi 
ash,  of  which  45*75  per  cent,  is  soluble  in  water.  The  soluble  portions  of  the  tvo 
contain,  in  100  pts.: 

K^SO^.  Na^SCH.  N«Ct.       NaK^QS.         MaUO. 

Statiee  Chnelini      .        22*2  29*7  290  7*0 

Statice  mjfruticosa  18*4  24*8  46*0  2'7  12 

■TAUSO&ZTB.  Staurotide,  Granatite^  Oroisette,  Pierre  de  Croix,  ^eM 
eruciformt  grknatite. — These  names  are  applied  to  certain  silicates  of  alnmlnini 
occurring  in  trimetric  crystals,  often  forming  crucifonn  groups,  on  the  8L  Gotbard,  ia 
the  Ural,  and  other  localities.  Staurolito  from  the  St  Gothard  has  the  compositiaQ 
4Al*0'.3SiO';  that  from  Airolo,  in  Tessin,  is  10Al*O'.9SiO*;  that  from  Pdewikiiii 
the  Ural,  is  8Al'0'.9SiO* ;  that  from  Bretagne  is  5Al*0*.6SiO*.  (See  SzuCiLXis,  p  26i; 
also  Dana,  ii.  261 ;  Rammelsberg,  p.  567.) 

The  name  staurciite  is  also  used  as  a  synonym  of  harmotome. 

8TAUS0SC091I.  An  optical  instrument,  invented  by  F.  ▼.  Kobell,  for  a- 
amining  the  polarising  structure  of  crystalline  bodies.  (Pogg.  Ann.  zcr.  320 ;  J.  pt 
Chem.  Ixiv.  389.) 

Syn.  with  Staxtboltts. 

C'^HTSO    -   N I  ^*^^.— Obtained    by    heating   etlijbe 

stearate  with  alcoholic  ammonia  for  20  to  25  days  in  a  sealed  tube  immened  in  s 
salt-bath,  and  purified  by  reoystallisation  from  hot  alcohol  and  repeated  wuhiog 
with  cold  ether.  After  melting  it  solidifies  at  107*5°.  (Carlet,  BulL  Soe-Chim. 
[1859],  i.  76.) 

■TSASAXrZXiZBB.    Phenyt-siearaiMide,    C**H<'KO  »  N  J    C«H*  .—When  u 

(      H 

excess  of  aniline  is  distilled  over  stearic  acid  heated  to  230^  in  an  oil-bsth*  the  whole 
of  the  stearic  acid  is  converted  into  aniUde.  The  product  is  purified  by  repetttd 
crystallisation  from  alcohol : 

C'*H"0«  +  CH^  -  C"H«NO  +  HK). 

It  forms  white,  delicate,  shining  needles,  melting  at  93*6^,  and  solidifyinff  to  a 
of  radiated  crystals. — An  alcoholic  solution  does  not  precipitate  nitrate  of  stiver. 

See  Stba^onb. 


The  fat  contained  in  the  wool  of  Merino  sheep  is,  aooocdiag  to 
Chevreul  (J.  Pharm.  xxvi.  123),  a  mixture  of  a  more  liquid  fat,  elaerin,  andt 
more  solid  fat,  stearerin.  This  latter  melts  at  60°,  and  dissolves  only  in  100  pu. 
aJcohol  of  specific  gravity  0*805,  whereby  it  may  be  separated  from  the  modi  wm 
soluble  eluerin.  When  treated  with  strong  potash-ley,  it  yields  a  salt^  steareratsof 
potassium,  which  is  more  like  a  resin-salt  than  a  true  soap.  The  fiU  is  piobablj 
only  a  mixture. 

8TBARZC  ACZ]>.    C"H*^'  «  C><H»0 1  q^j^i^^^  sUanque,  AdtU  margtmt, 

Talgsdure.  (Chevreul,  Ann.  Chim.  Ixxxviii.  225:  Ann.  Ch.  Phys.  [2],  iL  354;xiiiL 
19;  Recherchea  8ur  les  corps  graa. — Braconnot,  Ann.  Chim.  xciiL  250. — ^Bsdten- 
batcher,  Ann.  Ch.  Pharm.  xxxv.  46. — Bromeis,  ibid.  xxxv.  86;  xzzviL  303.— 
Stcnhouse,  ibid,  xxxvi.  57. — Erdmann,  J.  pr.  Chem.  xxv.  497. — ^Francis,  Aim. 
Ch.  Pharm.  xlii.  256. — Gottlieb,  ibid,  Ivii.  35. — Laurent  and  Gerhardt,  ibd. 
Ixxii.  272.— Hard  wick,  Chem,  Soc  Qu.  J.  ii.  232.— Crowder,  PhiL  Hi«.  [4],  it. 
21. — Heintz,  sec  references  under  Mybjstio  Acm,  iii.  1069. — Berthelot,  Ann.  Ql 
Phys.  [3],  xli.  216,  432;  xlvii.  297.— Pebal,  Ann.  Ch.  Pharm.  xd.  138.— Gm.  xril 
103.) 
Stearic  acid  was  discovered  by  Chevreul  as  a  constituent  of  the  more  solid  &U  cl 
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the  •aimal  kingdom.  It  is  movt  abandant  in  these,  espe.ially  in  l>eef-  and  mntton- 
•n«t ;  but  exists  also,  together  with  palmitic,  myristic  acia,  &c,  in  the  softer  &ts,  such 
mm  the  batter  of  cow's  mUk,  hnman  fat,  in  that  of  the  goose,  of  serpents,  of  cantharides, 
and  in  spermaceti.  It  occnrs  also  in  vegetable  fats,  especially  in  cacao-fat;  le«s 
•bondantly  in  olive-oil,  in  the  fiit-oil  of  block  mustard,  in  the  fat  of  Brindonia  inUica, 
end  many  others.  The  stearophanic  acid,  prepared  by  Francis  from  the  berries  of 
CteevluM  indiau,  and  the  bassic  acid,  obtained  by  Hardwick  from  bassia-oil,  have 
been  shown  by  Crowder  to  be  identical  with  etch  other,  and  by  Heintz  to  be 
identical  with  the  stearic  add  obtained  from  mutton-suet.  Stearic  acid  appears,  then, 
to  be  a  frequent  constituent  of  fate,  both  of  the  animal  and  of  the  vegetable  kingdoroH  ; 
it  rarelv,  however,  occurs  in  the  tree  state,  but  almost  always  as  a  glyeeride,  viz.  in  the 
form  of  tristearin  (p.  422).  In  the  fat  of  coccuIus-graiuB,  part  of  the  stearic  acid  is  in 
the  free  state. 

Preparatian. — Stearic  acid  is  prepared  from  beef-  or  mutton -suet^  or  better  from 
cacao -fat,  bv  saponifying  the  fat  with  soda-ley,  heating  the  soap-paste  with  water 
mod  dilute  solphunc  acid,  removing  the  separated  fatty  acids  after  cooline,  washing 
them  with  water,  and  then  dissolving  them  in  as  small  a  quantity  as  possible  of  hot 
■IcohoL  On  cooling,  the  greater  part  of  the  solid  acid  separates  out,  while  the  oleio 
■cid  remains  in  solution ;  and  may  be  senan^ed  by  subjecting  the  mass,  after  draining, 
to  atitmg  pressure,  redissolving  the  resiaue  in  a  small  quantity  of  hot  alcohol,  leaving 
it  to  separate  by  cooling,  and  sgain  pressing  the  solid  mass.  From  the  mixture  of 
•olid  fatty  sdds  thus  obtained,  the  stearic  acid  may  be  separated,  in  a  comparatively 
pore  state,  by  repeated  crystallisation  from  considerable  quantities  of  alcohol,  only  the 
portion  which  first  sefjarates  being  each  time  selected.  But  to  obtain  puro  stearic 
acid,  it  is  better  to  subject  the  alcoholic  solution  of  stearic  and  palmitic  acids  to  frac- 
tioiial  precipitation  with  acetate  of  lead,  barium,  or  magnesium,  the  stearate  then 
■eparatmg  out  first 

For  this  pnipose  Heintz  dissolves  the  impure  stearic  add  (4  pts.),  melting  at  about 
YO^,  in  such  a  quantity  of  hot  alcohol  that  nothing  will  separate  out  on  cooling,  even 
to  0^,  and  mixes  the  hot  liquid  with  a  boiling  alcoholic  solution  of  magnesic  acetate 
(1  pt).  The  magnesium-salt  which  separates  on  cooling,  is  pressed  and  boiled  for 
some  time  with  a  large  qnsntity  of  dilute  hydrochloric  add,  and  the  stearic  acid 
thereby  separated  is  repeatedly  crystallised  from  alcohol,  till  it  melts  constantly 
between  69^  and  70^. 

Stearic  add  is  also  easily  prepared  from  stearophanin  (?  tristearin),  the  fat  of 
eoocuius-berries,  by  saponi^ing  it  with  potash,  salting  out  the  soap,  decomposing  it 
with  hydrochloric  add,  and  ciystallising  the  separated  fat  from  alcohol.  The  fatty 
acid  ia  thus  obtained  in  small  needles,  melting  at  68° :  probably  not  quite  pure  stearic 
acid. 

According  to  Buff  and  Oudemanns  (J.  pr.  Chem.  Ixxxix.  216),  the  best  material 
§Dr  the  preparation  of  stearic  add  is  shea-butter,  which  contains  about  70  per  cent, 
stearic  and  80  per  cent,  oleic  add,  but  no  other  solid  fatty  add. 

Od  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manufEu^ture  of  stparin-candlos 
by  saponifying  some  of  the  harder  fats,  generally  with  lime.  The  resulting  lime-soap, 
decomposed  by  sulphuric  add,  yields  a  mixture  of  fatty  adds,  which  are  pressed  first 
in  the  cold,  and  afterwards  at  a  higher  temperature,  in  order  to  separate  the  oleic  acid 
from  the  less  fbsible  palmitic  and  stearic  adds. 

Another  method,  applit<i  chiefly  to  palm-oil,  consists  in  decomposing  the  fat  with 
niperfaeated  steam,  as  described  under  Glycerin  (ii.  885). — A  third  method  oonsihts 
IB  treating  the  fat  with  sulphuric  add  and  distilling  the  product.  When  a  hot  fat  is 
brought  m  contact  with  strong  sulphuric  acid,  it  is  immediately  resolved  into 
fiitty  add  and  glycerin,  which  unites  with  the  sulphuric  acid,  forming  glyceryl- 
snlphnric  acid.  In  the  original  process,  patented  by  Gwynne,  Wilson,  and  Jones,  37 
per  cent,  sulphuric  add  of  60^.  Bm.  was  introduced  into  the  hot  fat,  and  the  mixture 
was  heated  for  24  houn  to  90^ — 02°.  It  was  soon  found,  however,  that  the  quantity 
€>f  sulphuric  add  might  be  considerably  diminished  (5  to  9  per  cent,  being  sufficient  for 
many  fiits),  provided  the  temperature  was  raised  proportionately  higher  (to  165°  when 
the  quantity  of  sulphuric  acid  was  small).  (For  details  of  the  stearin-candle  manu- 
&crure,  see  Uris  DicHcmary  of  ArU^  &c.,  iiL  754 ;  Chemical  Technology^  vol.  i.  part  iu 
p.  432;  Handw.  d,  Chem,  viii.  201.) 

Properiiet. — ^Pure  stearic  add  crystallises  from  alcohol  in  nacreous  laminae  or 
needles;  it  is  tasteless  and  inodorous,  and  has  a  distinct  acid  reaction  (Chevreul, 
Heintz).  At  low  temperatures  it  is  heavier  than  water,  having  a  spedfic  gravity  of 
rOl  at  0®  (Saussure);  but  between  9°  and  10^,  its  specific  gravity  is  the  same  as 
that  of  water.  It  melts  at  69° — 69*2°  (Heintz)  to  a  eolourloss  oil,  which  on  cooling 
-0olidifies  to  a  white,  scaly,  crystalline   ma&b,  lamino-cryt>talliuo   on  the  receuiiy- 
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fractured  surfaces.  The  impure  acid  solidifies  in  masses  of  aeiciilar  or  vaTdlitie 
structure.  The  melting-point  was  found  by  Chevreul  to  be  75^  (solidifying-pomtTtP), 
by  Duffy  68°  (solidifying-point  65-8°),  l^  StenhouM  69^;  by  B«dtenbacfaer,  Eopp, 
and  others,  70° ;  by  Hard  wick,  70 '5°.  Pebal  found  that  the  pureat  add  melted  tk 
69-20. 

When  stearic  acid  is  melted  with  more  fusible  fatty  adds,  the  mixture  fuses,  not 
at  the  medium  fusing-point,  but  mostly  at  a  lower  temperature,  often  eren  below  tbti 
of  the  most  fusible  acid  in  the  mixture :  this  phenomenon  is  similar  to  that  which  ii 
exhibited  by  many  metallic  alloys,  as  of  lead  with  tin,  or  with  tin  and  bismuth.  Tit 
following  tables  exhibit  the  melting-points  and  modes  of  solidification  of  mixtaresoC 
stearic  acid  with  lauric,  myristic,  and  palmitic  adds,  in  Tarions  proportions,  as  d^ 
termined  by  Heintz : 


A  mixture  of: — 


1.  Stearic  and  Lauric  Adda, 


Stearic  acid. 

Laurie  acid. 

S  eltg  at 

ModAofsoUdiiyiDf. 

10 

90 

41-6° 

Non-ciystalline 

20 

80 

38-5 

Non-crystalline,  wartgr 

Small  shining  crystalnne  fiicets  on  the  smfus 

30 

70 

43-4 

40 

60 

60-8 

"Warty,  non-crystalline 

60 

60 

65-8 

Scarcely  crystalline,  slightly  granular 
More  distinctly  granular;  commenceroeDt  of 
scaly  crystallisation 

60 

40 

690 

70 

30 

620 

Somewhat  more  distinctly  grannlo-scafy 

80 

20 

64-7 

Distinctly  scaly-crystalline 

90 

10 

67-0 

The  same 

A  mixture  of: — 


2.  Stearic  and  Myristic  Add*, 


Stearic  acid. 

Mjrlttic  acid. 

Melts  at 

ModeofMlldiiyinf. 

1 

10 

90 

61-7<> 

Non-ciystallme,  opaque 

20 

80 

47-8 

Indistinctly  crystalline 

30 

70 

48-2 

Lamino-crystalline 

40 

60 

60-4 

Beautiful  broad  lamina 

60 

60 

64-6 

Non-crystalline,  opaque 

60 

40 

69-8 

of  scaly  crystallisation. 

mimm 

70 

30 

62-8 

More  distinctly  scaly 

80 

20 

650 

Still  more  distinctly  scaly 

90 

10 

671 

Scaly-crystalline 

A  mixture  of: — 


3.  Stearic  and  Palmitic  Acids, 


Stearic  add. 

Palmitic  acid. 

Melu  at 

Solidifies  at 

ModaofidUdlQrinc. 

90 

10 

67-2° 

62-5° 

Scaly-crystalline 

80 

20 

653 

60-3 

Finely  adculo-crystallins 

70 

30 

62-9 

59-3 

The  same 

60 

40 

60-3 

66-5 

Rough,  non-ciystalline 

50 

60 

66-6 

65-0 

Brof^,  lamino-crystalline            1 

40 

60 

56-3 

64-5 

The  same                                     1 

35 

65 

56-6 

54-3 

Non-crystalline,  waTy,  shining     1 

32-5 

67-5 

56-2 

640 

The  same 

30 

70 

651 

540 

Non-crystalline,  wsTy,  dull 

20 

80 

67-5 

63-8 

Scarcely  adcular 
Beautifully  adcular 

01 

90 

601 

64-6 

4.  Stearic,  Palmitic,  and  Myristic  Acids. — The  melting-point  of  a  mixture  of  3W 
per  cent,  palmitic  acid  with  67'5  per  cent,  myristic  acid,  which  is  situated  it  461^1 
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of  8p«cific  gravity  0*821,  and  washine  the  needles,  which  then  sepante,  with  eoU 
alcohol  (Cheyreul).  According  to  Heints,  it  is  most  easilj  obtained  in  thepm 
state,  by  miziiig  a  boiling  alcoholic  solution  of  the  acid  with  a  hot  aqneoos  solmioB 
of  potassic  carbonate  in  excess,  eyaporating  the  maM  to  dryness,  ezhanstingthe  TtmAwt 
with  boiling  absolute  alcohol,  and  leaving  the  filtered  solution  to  erytit&lliae.  Itfmmi 
shining  delicate  needles,  scales,  and  laminie,  which  aggregate  into  a  hazd  soap;  it 
has  a  faint  alkaline  taste. 

In  air  saturate  with  moisture,  it  takes  up  one-tenth  of  its  weight  of  water.  One 
pt.  of  the  salt  forms,  with  10  pts.  of  cold  water,  an  opaque  ffum,  which  melts  at99^ 
and  solidifies  to  a  pearly  gum  on  cooling.  One  pt.  of  the  sidt  dissolves  completely  is 
26  pts.  of  boiling  water,  forming  a  liquid  which  is  still  limpid  at  92^,  and  solidifies 
to  a  pearly  mass  on  cooling. 

The  solution  of  1  pt.  of  the  salt  in  100  pts.  of  hot  water  deposita  on  cooling  s 
mixture  of  neutral  and  acid  stearate  of  potassium,  while  one-fourth  of  the  entire  quan- 
tity of  potash  remains  dissolved.  When  the  solution  of  the  salt  in  alcohol,  or  in  20 
pts.  of  boiling  water,  is  mixed  with  1,000  pts.  of  boiling  water,  or  6,0<>0  pts.  of 
cold  water,  it  deposits  all  the  stearic  acid  as  add  salt,  whilst  half  the  potash  remain^ 
disbolved  in  the  water.  In  like  manner  the  neutral  salt,  when  dren^ed  with  50UU 
ptfi.  of  cold  water,  gives  up  half  its  potash,  and  is  converted  into  the  add  salt  without 
forming  a  gum.  In  these  cases  the  alkaline  water  contains  a  trace  of  stearic  add  in 
solution  (Chevreul).  It  dissolves  at  10^  in  231  pts.  alcohol  of  specific  gr&viij 
0*794,  in  10  pts.  at  66°,  the  latter  solution  becoming  turbid  at  56^,  and  solidi- 
fying at  38^ ;  in  6*7  pts.  of  boiling  alcohol  of  specific  gravity  0*794,  forming  & 
liquid  which  gelatinises  on  cooling.  It  dissolves  in  ether-alcohol,  and  ciystalhiM 
therefrom  (Crowd er,  Hardwick).  Boiling  ether  withdraws  from  the  neutial  salt 
a  certain  quantity  of  stearic  acid,  leaving  a  compound  richer  in  potash.     (Chevreul) 

/5.  The  acid  salt,  C"'H»KO«.C"'H"0«,  is  obtained  by  decomposinijr  the  neutral  s&It 
with  1,000  pts.  or  more  of  water.  When  pressed,  dried,  and  dissolved  in  boiling  alcohol, 
it  separates  on  cooling  in  silvery  scales,  inodorous,  and  soft  to  the  touch.  It  does  not 
melt  at  100°.  It  is  not  altered  by  cold  water,  but,  when  boiled  with  1,000  pta.  of  water, 
yields  a  milky  liquid,  consisting  of  a  solution  of  the  neutral  salt*  in  which  a  more 
acid  salt  is  suspended ;  towards  76°  this  liquid  becomes  dearer,  but  again  turbid  at 
67° ;  if  the  liquid  be  filtered  at  the  boiling  heat,  the  more  add  salt  remains  on  the 
filter. 

100  pts.  of  absolute  alcohol  dissolve  27  pts.  of  add  potassic  stearate  at  the  hoiliug 
heat,  but  retain  only  0*36  pt.  of  it  after  coohng  to  24°.  In  consequence  of  the  tendency 
of  the  alcohol  to  decompose  the  add  salt  into  the  neutral  salt  and  stearic  add,  the  por- 
tion which  remains  dissolved  contains  a  salt  richer  in  stearic  add  than  the  crrstallu^ 
salt.  When  the  acid  stearate  is  dissolved  in  boiling  aqueous  alcohol,  and  the  solutiua 
is  mixed  drop  by  drop  with  infusion  of  blue  litmus,  the  liquid  is  ultimately  reddened 
by  the  excess  of  acid  in  the  salt ;  but  on  adding  a  larger  quantity  of  water,  whidi 
precipitates  a  hyperacid  salt^  and  sets  free  a  certain  quantity  of  alkali,  the  Uue  eolonr 
18  i^stored 

7.  Hyperacid  salt,  C"H«»KO«  3C'«H"0*  (?).— Produced  when  the  add  salt  ^  u 
decomposed  by  boiling  water.  It  melts  in  boiling  water,  and  solidifies  on  coohnir; 
swells  up  in  cold  water.  When  dissolved  in  boiling  alcohol,  it  separates  into  the  and 
salt  which  is  deposited,  and  stearic  acid  which  remains  dissolved. 

Stearate  of  Silver,  C'H^AgO*. — Obtained  by  adding  a  solution  of  20  gms. 
of  .the  sodium-salt  in  5  or  6  oz.  of  strong  alcohol  to  a  solution  of  12  to  18  grais.nlvn^ 
nitrate  in  an  equal  quantity  of  alcohol  (Crowder).  Amorphous  white  pred|ntat^ 
very  loose,  and  strongly  electric  when  dry.  Assumes  a  purple  colour  when  exposed  to 
light  in  the  moist  state ;  not  altered  by  light  when  diy.  Insoluble  in  water,  alcohd, 
and  ether,  easily  soluble  in  aqueous  ammonia. 

Stearatet  of  Sodium.— a.  The  neutral  salt,  C"H~NaO«,  is  obtuned,  like  tb(» 
potassium-salt,  by  treating  a  hot  alcoholic  solution  of  stearic  add  with  excess  of  sodie 
ctirbonate,  evaporating  the  solution  to  dryness  with  addition  of  a  little  water,  and 
l)oiling  the  finely-pulverised  residue  with  absolute  alcohol,  which  leavee  the  sodie 
carbonate  undissolved.  The  hot-filtered  alcoholic  solution  is  then  immediately  muvd 
with  \  of  its  volume  of  hot  water,  whereupon  the  greater  part  of  the  sodie  steanu 
separates  on  cooling  in  the  form  of  a  jeUy,  while  the  water  retains  in  sohitioD  the 
small  quantity  of  sodie  carbonate  still  present  The  sodie  stearate  thus  aepanted  ii 
then  strongly  pressed,  and  dried  between  100^  and  120*^. 

Neutral  sodie  stearate  is  very  much  like  the  potassium-salt,  but  harder.  Fn»  i 
hot,  concentrated,  alcoholic  solution  it  separates  as  a  jelly,  which,  on  •tanding.iscoo- 
verted  into  shining  translucent  lamins.  Francis  obtained  it  (from  stearophanie  aeid) 
in  prismatic  cr}'8tal9,  having  a  fine  mother-of-pearl  lustre.  It  is  tastelesa  at  first,  bit 
after  some  time  produces  a  distinct  alkaline  taste.  It  is  permanent  in  air ;  in  Bodsntclj 
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drymr,  tad  eren  from  air  Batnntad  with  moistnrp,  it  absorbe  only  7*5  percent  water  in 
twelTe  dajB,  afterwards  not  any  perceptible  quaDtitpr.  It  dissolves  in  10  pts.  boiling 
water,  to  a  thick  semitransparsnt  mass,  which  sohdifies  and  becomes  opaque  at  62^. 
When  eorered  with  600  pts.  of  cold  water,  it  becomes  more  opaque  in  14  days  by 
taking  np  water,  and  gives  up  to  the  water  a  trace  of  soda.  With  10  pts.  water  at  90°, 
it  forms  a  thick,  nearly  transparent  solution,  which  solidifies  to  a  white  mass  at  62° ; 
and  this,  when  heated  with  40  pts.  more  water,  forms  a  solution  which  is  still  filtrable 
below  100°,  and  when  mixed  with  2,000  pts.  more  water,  deposits  the  acid  salt  on 
cooling,  while  half  the  soda  and  a  trace  of  stearic  acid  remain  in  solution.  It  is  this 
decomposition  by  water  which  renders  the  soap  available  for  washing.  It  dissolves  at 
10^  in  499  jits.  alcohol  of  specific  gravity  0*821,  and  in  20  pts.  at  the  boiling  heat ;  the 
latter  solution  becomes  turbid  at  70°,  and  solidifies  on  cooling  to  a  transparent  jelly, 
which  afterwards  becomes  opaque,  and  contracts,  from  formation  of  numerous  shining 
etystals.  Boiling  ether  withdraws  from  the  salt  a  small  quantity  of  stearic  aci<( 
together  with  a  trace  of  soda,  and  yields  a  slight  deposit  on  cooling.  (Chev- 
reuL) 

»,  The  acid  salt,  C'"H»»NaO«.C'«H»0«  is  formed,  as  above  mentioned,  when  a 
solution  of  the  neutral  salt  in  10  to  40  pts.  of  hot  water  is  mixed  with  2,000  pts.  or 
more  of  oold  water,  or  when  a  solution  of  the  same  salt  in  2,000  to  3,000  pts.  of  boiling 
wmter  is  left  to  cool.  It  then  separates  in  nacreous  laminae.  It  dissolves  in  alcohol, 
Ibrming  a  solution  which  reddens  litmus  ;  and  on  addition  of  a  large  quantity  of  water, 
deposits  a  still  more  acid  salt,  while  free  alkali  remains  in  solution. 

Sitaraie  of  Strontium,  C*H''Sr"0*,  is  prepared  by  precipitation,  like  the 
berium-ealt,  which  it  resembles  in  every  respect. 

Substitution-derivatives  of  Stearic  Acid, 

Bsauiogf  rtc  Aeid,  C'^H^BrO*.  (Oudemanns,  J.  pr.  Chem.  Ixxxix.  195.V- 
Obtained  by  heating  stearic  acid  (7  pts.)  with  water  and  bromine  (4  pts.),  in  a  sealed 
tnbe,  to  130°  or  140°  at  most,  till  the  brown  colour  of  the  bromine  disappears,  and 
the  mixture  assumes  the  appearance  of  a  yellow  oil,  cooling  to  a  crystalline  solid. 
After  washing  away  the  hydrobromic  acid,  the  contents  of  the  tube  are  dissolved  in 
SO  times  their  weight  of  warm  alcohol  of  80  per  cent.,  and  the  unchanged  stearic  acid 
is  separated  by  cooling  to  — 10°.  The  liquid  is  then  mixed  with  an  equal  volume  of 
water  and  an  excess  of  crystallised  sodic  carbonate,  and  evaporated  to  dryness  over 
the  water-bath.  The  tough  saline  mass  thus  obtained  is  boiled  with  1 0  volumes  of 
alcohol  of  80  per  cent-.,  and  filtered  as  hot  as  possible  ;  and  the  ciystals  of  sodic  bro- 
mostcttrafte,  wnich  form  in  the  filtrate  (and  of  which  more  may  be  obtained  by  evapo- 
rating the  solution),  are  collected  and  purified  by  repeated  crystallisation  from 
aleoboL    The  mother-liquor  contains  dibromostearate  of  sodium. 

From  the  sodium-salt  the  bromostearic  acid  is  separated  by  dilute  sulphuric  acid,  as 
a  yeUow  indistinctly  crj'stalline  mass,  melting  at  41°,  and  of  specific  gravity  1*0653 

St  SC^. 

It  is  very  slowly  decomposed  by  heating  with  excess  of  caustic  potash.  Bromo- 
st^arate  of  silver,  heated  with  water,  forms  bromide  of  silver  ana  stearidic  acid, 
C»»H»*0«. 

The  acid  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  in  ether.  It 
forms  with  the  alkalis  soap-like  compounds,  which  crystallise  from  alcohol. — Bromo* 
st^arate  of  potassium  is  more  soluble  tnan  the  sodiimi-salt.  The  alkaline  bromostearates 
form  precipitates  with  most  metallic  salts. 

lMte«mostettiie  Add,  C"H'*BrH)^ — Formed  as  above  in  the  preparation  of 
bromostearic  acid,  and  obtained  in  the  form  of  an  uncr}*stallisable  sodium -salt  This 
salt  is  brown,  tenacious,  very  hygroscopic,  dissolves  easily  in  alcohol,  and  forms  with 
water  an  opaque  soapv  solution.  After  drying  at  130°,  it  contains  32*5  per  cent  of 
bromine  and 6*50  of  s(raa,  approximating  to  the  formula  C'^H'^NaBr.  (Oudemanns, 
ioc  eii.). 

Otalovo0te«ie  Aold,  C'"H**C10'.  Chhrobassic  acid  ^Hardwick,  Chem.  Soc 
Qn.  J.  ii.  232). — Formed  by  treating  stearic  acid  at  100°  with  dry  chlorine,  whereupon 
it  first  becomes  thicker,  and  is  ultunately  converted  into  a  solid  resin,  which  forms 
with  potash  an  amorphous  soap,  not  crystallisable  from  alcohol.  The  barium-^aU 
and  Uad'SaU  are  insoluble  in  water. 

WrmhMXC  AraTBaXBB.  C**H'*0>  «  (C"H'H))*0.~ObUined  in  a  similar 
mannertobenxoic anhydride  (i.  657),  but  difficult  to  free  from  stearic  acid.  (Chiozza, 
Ann.  Ch.  Pharm.  xci.  104.) 

Bntsostearic  Anhydride,  Btnsoic  Stearate,  or  Stearic  Benzoate,  C**H*H)*  — 
(C'HH)XC*"H**0)0. — Obtained  by  heating  p«)ta»bic  stearate  with  benzoic  chloride  to 
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100^,  rind  exhausting  the  product  with  ether,    dystalliaes  in  shining  lanune,  vVk% 
melt  ut  100'^.     (C  h  i  o  z  z  a.) 

BTBAmZC  BTBXS8.  a.  SUarie  Ethers  eoniainina  the  MeoM-^radkisB,  OE*^ 
and  (C»H*T.  Mbthtlic  Stbabatk,  or  MdkyUUarie  Ether,  C»»H»0*- 
C»»H»»(CH»)0«.  (Lassaigne.  Ann.  Ch.  Phann.  ariii  168.)— Produced  by  heating  2 
pta.  methylic  alcohol  with  2  pts.  sulphuric  acid  and  1  pt  stearic  add,  or  b?  heatuiK 
stearic  acid  with  methylic  alcohol  in  a  sealed  tube  for  a  day.  It  is  a  neutral,  ciysiAi 
line,  semitransparent  mass, insoluble  in  water,  melting  at  85^?  (Lassaigne);  at  38' 
(Han hart,  Compt.  rend,  zlvii.  230.) 

Ethtlic  Stbabatb,  commonly  called  Stearic  Ether,  C^^* ^  C*^V^C^*0^. 
^assaigne,  loc.  cit. — Redtenbacher,  Ann.  Ch.  Pharm.  zzzr.  51. — 8tenhou»e, 
ibid,  xxxTi.  68. — Francis,  ibid.  xlii.  261. — Crowder,  J.  pr.  Chem.  Irii.  292.— 
Heintz,  see  Memoirs  cit^d,  iii.  1069. — Duffy,  Chem.  Soc  Qu.  J.  v.  197. — ^Pebtl, 
Ann.  Ch.  Phann.  xci.  153. — Berthelot,t^u^.  bcczriii.  312. — Hanhart,  Compt.  rend. 
xlvii.  230.— Berthelot  and  Fleurien,  Ann.Ch.  Phys.  [3],  Ixvii.  79.)--This ether ii 
produced :  1.  By  heating  stearic  acid  with  alcohol  to  200^ ;  small  quantities  are  prodne^-i 
also  by  heatine  the  materials  together  to  100°  for  102  hours  (Berthelot);  or  by  boil- 
ing stearic  acid  with  alcohol  (L  a  s  s  a  i  g  n  e). — 2.  By  passing  hydrochloric  acid  gas  into  »o 
alcoholic  solution  of  stearic  acid  (Redtenbacher);  by  heating  alcoholic  stearic  ftirid 
with  acetic  acid  to  100^,  the  whole  of  the  stearic  add  then  entering  into  oombination  in 
102  hours  (Berthelot). — 3.  By  the  action  of  alcohol  on  the  product  formed  by  heating 
stearic  acid  with  pentachloride  of  phosphorus  (Pebal). — 4.  By  boiling  tristearin  with  i 
solution  of  sodium  in  absolute  alcohol  (Duffy),  or  by  heating  tristearin  with  imail 
quantities  of  alcoholic  potash.     (Bonis,  Compt.  rend.  xlv.  35.) 

Properties. — Ethylic  stearate  is  a  crystalline  mass,  semitransparent,  and  resembliDj; 
white  wax.  Melts  at  33-7°  (Duffy,  Heintz);  at  27°  (Lassaigne);  S0«>— 31* 
(Redtenbacher);  31°  (Hanhart);  32°  (Francis);  82-9<>  ^ebal);  8S-8* 
(Crowder).  Solidifies  to  a  translucent  mass  (Duffy);  to  a  ciTstalline  mass,  »ift 
at  first,  aft^wards  becoming  hard  and  brittle  (Heintz).  Volatilises  a  little  at  the 
heat  of  the  water-bath  (Crowder)  ;  boils  at  224^  with  partial  decomposition,  learin^ 
a  residue  of  charcoal  (D  uf  fy).  Tasteless ;  melts  on  the  tonsue,  producing  a  senaatk« 
of  cold  (Crowder);  has  a  buttery  taste  (Francis).  Inodorous  in  the  cold;  imeUi 
faintly  wnen  heated.     (Francis.) 

It  dissolveR  very  easily  in  alcohol  and  in  ether,  and  ciystaUises  from  alcohol,  but  not 
from  ether.     (Duffy.) 

Decomposition 8. — 1.  For  the  decomposition  by  heat,  see  abore. — 2.  Bj  water  it 
100°,  it  is  partially  resolved  in  102  hours  into  alcohol  and  stearic  acid,  mora  aboii- 
dantly  by  a  mixture  of  1  vol.  acetic  acid  and  2  to  3  vols,  water,  the  latter  reaction  taking 
place  without  any  formation  of  acetic  ether  (Berthelot). — 3.  Fuming  kydrocklerw 
acid  at  100°,  converts  it  in  106  hours  into  chloride  of  ethyl  and  stearic  add  (Berthe- 
lot).— 4.  It  is  decomposed  by  alcoholic  but  not  by  aqueous  potash  (DuffyV-^ 
5.  Anhydrous  baryta  heated  with  the  ether  to  200^  m  a  sealed  tube,  decomposes  it 
completely,  and  the  product  heated  with  water  yields  alcoholateand  stearate  of  bariiun: 

2C»H«0*  +   2Ba''0  -  C"H»»Ba"0«  +   OWBaTO*. 

These  are  the  only  products ;  no  ethylic  ether  is  formed  (Berthelot and  Fleurieol 
— 6.  Heated  to  100°  with  glycerin,  it  does  not  yield  stearin,  even  in  presenee  d 
hydrochloric  acid.     (Berthelot.) 

Ethtlenic  Stearate,  C»«H'<0«+ (^^"P)*|o«  (Wnrta,  Ann.  Ch.  Phm 

[3],  Iv.  436).  Glycolic  Bistearate,  Glycol  distiarique. — Obtained  by  the  actioB  ol 
bromide  of  ethylene  on  stearate  of  silver.  The  product  is  exhausted  with  ether,  th« 
ethereal  solution  treated  with  potassic  hydrate,  and  the  filtrate  left  to  evapoiatc.  It 
forms  light  shining  laminae,  melting  at  76°,  and  resembling  tristearin. 

Amtlic  Ste  abate,  C«*H"0«  -  C"H"(C*H")0.--Obtained  by  heating  stearic 
acid  with  amylic  alcohol  to  200°  in  a  sealed  tube  for  a  day ;  or  by  passing  hyifo- 
chloric  acid  gas  into  a  solution  of  the  acid  in  amylic  alcohol,  or  bj  boQiog  tri- 
stearin with  a  solution  of  sodium  in  amylic  alcohol.  It  is  a  neutral,  soft^  visooitf, 
transparent  mass,  melting  at  25'5°  (Duffy);  at  25°  (Hanhart).  It  is  decooi- 
posed  by  alcoholic  but  not  by  aqueous  potash;  dissolves  slightly  in  alcohol,  thi 
solution  solidifying  to  a  jelly.     The  ethereal  solution  does  not  yield  crystals. 

OcTTLio  Stearate,  C»«H"0«  »  C"H»»rC«H")0*.— Obtained  by  beatiB; 
stearic  acid  with  octylic  alcohol  to  200°  in  a  sealed  tube  for  a  day.  It  is  coIonriMi^ 
inodorous,  tasteless,  neutral,  and  melts  at  45°.     (Hanhart,  loe^  eiL) 
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CiTTLic  8t«a»at«,  C»«H"0«  -  C»»H»\C'«H")0«.  (Berthelot,  Ann.  C3h.  Phyi, 
[9]  Iri.  70.) — ^A  mixture  of  1  part  of  ethal  with  4  or  6  parts  of  stearic  acid  is  heated 
to  200^  in  a  sealed  tube,  for  8  or  10  hours.  The  product  is  mixed  first  with  a  little 
ether,  and  then  with  slaked  lime,  which  takes  up  the  uncombined  stearic  acid;  and  the 
«^le  is  heated  to  100^  for  some  minutes,  and  afterwards  boiled  with  ether,  whereby  the 
•thai  and  cetjlic  stearate  are  dissolved,  and  remain  behind  on  eTHporating  thefolutinn. 
From  the  mixture  thus  obtained,  the  free  ethal  is  removed  by  boiling  five  or  six  times 
with  6  to  10  pts.  of  alcohol,  and  the  undissolved  cetyl-com pound  is  then  allowed  to 
errstallise  from  ether.  It  forms  broad  shining  laminae,  resembling  spermaceti,  melting 
at  66°  to  60^,  and  cooling  to  a  crystalline  sofid.  It  is  neutral,  but  decomposes  partly 
by  volatilisation,  with  formation  of  a  little  free  acid. 

$.  Stforie  Eikers  containing  other  Organic  BadicUs. — ^Berthelot  (Ann.  Ch.  Phya. 
[3]  xlvii.  324;  Ckinm  organtque^  ii.  191 — 219),  by  heating  stearic  acid  with  glucose^ 
mannitf,  dmleite,  pinitet  and  auereite,  and  purifyine  the  product  in  the  manner  described 
under  Munrm  (ilL  824),  naa  obtained  the  foUowing  fatty  compounds  resembling 
stearin  and  palmitin : 

OlncicDiftearmta C"H"0'    =  (C'"H«0)»  Co*. 

n«      J 

(C-H»)^  ) 
DalcHic,  Mannitic,  Pinitic,  Quercitic  Distearate  C'*H"*0'    -  (C"H'>0)nO*. 

C-H.-0.   -  (^^)-.J0.. 

(CTI")'«  ) 
JUnnitic  and  Pinitic  Tetrastearate  .  C'"H'*K)"  -- (C»H'K))«VO'. 

H*       ) 
Mannitie  Hexstearata C"'H"*0»? 

All  these  oompoonds^  when  heated  with  hydrate  of  barium,  are  resolved  into  stearic 
acid  and  the  respective  sngars.    Their  formulae  require  confirmation. 

Camphic  Stiabatx,  C*H^«  =  C"ff^(^'   51f«ara/<? o/ ai«/)Ay/.    Oampkot 

tUmriqm.  SUarinsaures  Someol. — Obtained  by  heating  stearic  acid  with  bomeol 
(L  626)  to  200^  for  eight  or  ten  hours  in  a  sealed  tube ;  water  is  then  eliminated,  and 
a  mass  is  formed,  from  which  the  uncombined  stearic  acid  is  removed  by  cautious  and 
npid  treatment  with  ether  and  slaked  lime,  and  the  free  bomeol  by  heating  the 
•taponted  ethereal  solution  to  160*^  in  an  air-bath  for  half  a  day  or  longer. 

£  is  a  thick,  colourless,  and  inodorous  oil,  which  solidifies  to  a  ciystalline  mass 
altar  some  days  or  months ;  neutral  when  freshly  prepared ;  volatile  (without  decom- 
position ?X  decomposed  b^  alkalis  into  stearic  acid  and  bomeol. — Dissolves  slightly 
m  cold,  and  easily  in  boiling  alcohol  and  in  ether.  (Berthelot^  Ann.  Ch.  Phys.  [3] 
Ivi.  89.) 

Oltcbbic  Stxabatxs.    See  Stbirins. 

Mbooxic  or  OpiAMTLic  Stbabate,C*«H'»0«-..^]2mo)«[^*^  Stearate  qf 
Mtamin,  StearaU  qf  Opianyl.  Meconine  atearique. — Formed  by  heating  meconin  with 
stearic  add  to  100®  for  sevenl  hours ;  boiling  the  product  with  water,  which  takes  up 
uieombined  meconin ;  and  removing  the  excess  of  stearic  acid  with  lime  and  ether,  as 
in  the  case  of  oetylic  stearate.  It  is  a  neutral,  white,  solid  mass,  which  melts  easily, 
and  solidifies  veiy  slowly.    (Berthelot,  Ann.  Ch.  Phys.  [3]  Ivi.  75.) 

Stbabatx  op  Oaciir,  C»H«0«  -  [^g^|o«?— When  orcin(iv. 211)  is  heated 

with  stearic  acid  to  200^  in  a*  sealed  tube  for  some  hours,  a  mixture  is  obtained  from 
which  water  extracts  the  uncombined  orcin.  On  separating  the  excess  of  stearic  acid 
from  the  residue,  by  means  of  ether  and  slaked  lime,  the  stearate  of  orcin  remains 
dissolved  in  the  ether,  and  may  be  purified  by  evaporation  and  solution  in  sulphide  of 
carbon. 

It  is  a  slightly  coloured,  tasteless,  neutral  wax,  which,  when  heated,  evolves  an 
odour  of  oxein  and  stearic  acid,  and  volatilises.  Combustible.  Assumes  a  red  colour 
with  ammonia.  Heated  to  100®  for  some  days,  with  moist  calcic  hydrate,  it  yields 
calcic  stearate,  and  a  substance  soluble  in  water  and  alcohol ;  the  latter  body  becomes 
coloured  with  ammonia,  like  orcin,  but  does  not  form  czystals. 

fitearate  of  orrin  is  insoluble  in  water,  but  easily  soluble  in  ether  and  bimlphitU 
•/  ear6<m.    (Berthelot,  Ann.  Ch.  Phys.  [3]  Ivi.  74.) 


STEAiaDIC  ACID— STEAEINS 

MO  AOXIK  C»HHO*.  (OndeoaDiiB,  J.  pr. 
ric  with  uleLe  acid,  obuined  bj  heMiikg  bramottcan 
phoiu  mua,  ntembling  Chs  «oEl  animsl  Uia;  bu  » 
■nd  diitilB  uDchangBd.  It  dinolreB  in  Ueohol  m 
I  not  crjat&UiiB  from  tbs  aolMtion.  With  the  tiki 
tiooi  of  which  give  preci[ritBtM  witli  meUllic  Mlts. 
VB,  Glt/efrk  Sttaraiet,  Strarata  of  Glyctn/l.— 
I,  (C^'j'.H'.O*.  by  tba  replacement  of  \.  \,  or  U 
tha  monatomic  radicle  ateaiyL  They  ma;  all  b( 
Murie  BCid  with  glyecrin;  triatearin  ii  alao  k  Conati 
ts  of  the  animal  and  vegetable  organiima. 

iBiM,  C"H'*0'  -  CH-OVO*.    {Berthalot,  A 

H»     > 
red  bj  baating  a  mixtore  of  rjiibI  parts  of  aUmii 

led  tobr  for  3S  hoim,  thsii  leaviag  it  lo  coul.  One 
ing  OD  the  eiceaa  of  glfcerin,  a  aolid  luTrr.  i^ODtu 
[tearic  acid.  This  layer  ia  melted,  mixed  with  a  n 
ked  lime,  and  heaUd  to  1 30°  for  a  quarter  of  an  ho 
I  to  nmle  with  lime.  The  monoet«ariD  ia  BepMBt 
lutajieuaa  eTaporation. 

n  forme  very  email  white  needlea,  aggregated  in  n>i 
>lidi^og  at  6U°  U)  ■  baid,  friable,  waiy  maaa.  It 
atiliaM  witbout  decompoiition  in  a  TBcnam.    Ye 

n  dscompom  when  itattd  in  a  tube,  wi\k  tbRoatii 
n  platinom-fbil,  a  portion  eraporalf  a,  while  tfae  r 
white  Tery  Inminona  flame.  Healed  with  fbni 
•Baled  tobe  for  110  hoora,  it  ia  almoat  wholly  . 
id.  A  tnce  of  a  iHmtnl  chJorinated  liquid  ia  far 
ia  decomposed  by  heating  for  some  bours  to  100° 
ling  ncerly  35  par  cant,  glyeeria  (calc  £fi'fi6  p.  i 
y  hestuig  to  IO<P  for  2fl  boore  with  alrohoUc  aeetii 

iif.C^'S)'  -  (C"H-0)'>0'.  (BerthB]ot,fa;.i 

H  ) 
stearin  with  3  pta.  of  stearic  acid  to  2fla°  far  three 
FJt))  an  eqoal  qnantity  of  glycerin  to  100°  for  114 
-3.  By  beating  tbe  atearin  of  natural  &ta  with  eic 
Separated  like  monoatearin.  It  foma  white  mici 
,  and  aoVdity,  like  monoatearin,  at  66°,  Obti 
iraporatian  from  ether.    Nentral;  decomposible  1 

[l»,C*^i"0'-  <^X,{0'.  SOarinimSiiitla 
ifBraconnot.     T^gfttt,    (Cherrenl,  ffacVrcAu 

Ann.  Ghim.  zeiiL  32S.— A.  Vognl,  iUif.  Iviii.  IM. 
S.— 'Linbig  and  Felonie,  tAU.  ziz,  Sfil.— Redte 
lie,  Had.  lUi.  264.— Aribiicher,  iMd.  Ixz.  330.— 
.  (iii.  1089).— Dnffy,  Chem.  Soc  Qu.  J.  v.  107,  SO 
I]  zli.  S16,  433 ;  ilTii.  397 ;  also  0*imw  «xkm 
in.  Ch.  Fharm.  xcili.  1S4.— Bonis,  Compt-rend.  xl 
lis  and  Fimentel,  Compt.  rend.  zliv.  13SS ;  Ja 
I.) — Tins  eomponnd  waa  Snt  prsparod,  though  ii 
net  by  Braeonmt    Bertbelot'sresearcheabaTedni 

of  natmsl  &ts  with  triat«arin.  It  oeenn  in  many 
and  larda  of  the  animal  kingdom  (d.  413). — The  n 
gd  by  aaponifleatjon  into  staaric  acid  and  glycerin,  I 
its  melting-point  (p.  436). 

1. — Honoatearin  ia  beat^  for  three  hoois  with  IC 
1  to  270°  in  a  arsled  tube,  and  the  prodnct  ia  porifli 
[n  (Berthelot).  Heints (Ann.  CV  Fharm.  icii.  I 

to  200°  for  24_hour«,in  a  aealed  tube  filled  wit 
then  opened;  the  glycerin  decanted;  tha  free  it 
h  ether  and  lime ;  uid  the  maaa  of  gtyeendaa  die 
iztnn  thna  obtained  already  containa  monoatearin, 
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Into  triftearin,  hj  heatiqg  to  270^  for  eight  boon  with  a  laige  ooeaM  of  ffcearie  acid ; 
the  nnoombmed  stearic  acid  may  then  be  removed  aa  before,  and  the  triitearin  diaaolyed 
out  bj  hot  ether. 

Cherreuls  stearin  ia  obtained,  by  diasolving  mutton'Suet  in  boiling  alcohol,  and 
ncr)-8tallising  the  fat,  which  separatee  out,  till  the  melting-point  becomes  constant. 
Purer  than  this  is  Braconnot's  stearin,  obtained  by  repeatodly  melting  mutton-suot 
with  oil  of  turpentine :  still  purer  is  that  of  Lecanu,  who  melts  mutton-suet  in  the  water- 
bath,  adds  an  eqiuil  quantity  of  ether,  stirring  all  the  while ;  prcssM  the  fat  when 
cold,  and  reciystallises  it  till  the  molting-puint  risi«  to  62^.  Above  this  temperature 
the  melting-point  does  nut  appear  to  be  raitned  by  repeated  crystallisation  from  small 
quantities  of  ether ;  but  it  may  still  be  raised  by  repeated  crystallisation  from  10  to 
100  times  its  volume  of  ether.  After  32  cr}'stallisations  thus  performed,  the  melting- 
point  rises  to  69'7^  (Duffy) ;  but  the  fat  thus  treated  is  still  a  mixture  of  tristearin 
and  tripahnitin  (Heintz),  as  shown  by  its  melting-point,  and  by  that  of  the  acids 
(  »  66*6^)  separated  from  it  by  saponification.  The  melting-points  of  the  fatty  acids 
obtained  by  saponifying  different  varieties  of  stearin,  are  as  follows: — 

Cherrenl's  stearin,  solidifying  at  44^,  yields  &tty  acids  melting  atS3^ 
Biaoonnot's     „  „  61^  „  „  62*8^ 

Lecantfs  „  ..  62o  „  „  66» 

Heintifs  »  „  62^  „  „  64^ 

From  brindonia-tallow,  according  to  Bonis  and  Pimentel,  pure  tristearin  may  be 
•eparated  by  recrystallisation,  yielding  by  saponification  an  acid  having  the  melting- 
point  of  stearic  nad. 

J^vptrtitM. — ^Tristearin  forms  white,  pearly,  shining  nodules,  together  with  very  fine 
needlea  (Bonis  and  Pimentel);  small  pearly  laminae,  resembling  spermaceti  or 
■tearie  acid  (Lecanu).  Inodorous ;  tasteless;  neutraL  Volatile  without  decomposition 
in  a  Yacnnm  (Chevron  1).  A  non-conductor  of  electricity.  (Kousseau,  J.  Fharm. 
ix.  687.) 

The  stearin  of  the  natural  fata,  as  well  as  that  artificially  prepared,  exhibits  two 
(or  three)  different  melting-points,  since  when  heated  it  first  becomes  fluid  and  trans- 
parent ;  afterwards,  when  further  heated,  again  solid  and  opaque ;  and,  lastly,  a  second 
time  fluid  (Heintz,  Duffy,  Kopp).  It  expands  when  heated,  but  on  first  melting 
undergoes  a  contraction  of  about  2\  per  cent. ;  near  its  second  melting-point  it  again 
expands, and  at  the  moment  of  melting  increases  about  5  per  cent  in  volume  (Kopp). 
Tvlow-stearin  melts  first  at  51—52  ,  and  the  second  time  at  62^  ;  at  58*'  it  is  quite 
opaque  (Heintz).  With  purer  or  less  pure  tallow-stearin  somewhat  different  tem- 
peratures are  observed. 

This  phenomenon  is  not  produced  by  the  splitting-up  of  tristearin  into  distcarin 
and  fre«4  acid,  inasmuch  as  alcohol  of  56^  takes  up  no  stearic  acid  tlierefrom  (U  ei  n  tz). 
According  to  Dufi^,  it  is  to  be  explained  by  the  hypothesis  of  three  modifications  of 
•tearin.    (Gxtobbidis,  ii.  879.) 

a.  FirMt  modification, — Produced  when  stearin  melting  at  69*7^  is  heated  to  73*7^ 
or  higher,  and  then  cooled,  when  it  solidifies  only  at  51*7^.  It  is  solid  below  52'', 
but  melts  at  that  temperature,  passing  into  the  second  modification.  Shining  nodules 
of  specific  gravity  0-9867  at  15^  0-9600  at  51-6°  (Duffy),  0*987  at  10^  (H.  Kopp.) 

$.  Second  modification. — Produced  by  heating  stearin  of  the  first  modification  to 
6S^,  or  a  few  degrees  higher,  for  some  time,  until  the  fused  mass  has  again  become 
solid.    Lamellar,  melting  at  64-2^     Specific  gravity  »  10101  at  15°.     (Duffy.) 

y.  Third  modification.  -Forms  the  crystals  of  stearin  which  separate  from  ether. 
It  is  also  formed  when  stearin  is  heated  to  65°  or  66°,  after  which  it  solidifies  slowly, 
at  62  —63°,  to  an  opaque,  friable,  highly  cn'stalline  mass,  and  melts  again  only  at 
•97'.  Specific  gravity  at  15°  -  10179;  at  515°  -  1009;  at  66-5°  =  09931 ;  at 
•8-2«>  -  0-9746.    (Duffy.) 

The  specific  gravity  of  melted  stearin  at  6d'r)°  is  0-9245  (Duffy).  Duffy's  second 
modification  is  not  obtained  from  pure  stearin,  which,  however,  contuns  the  first  and 
third  modifications,  even  after  several  recr}'Btallisation8 ;  it  is,  therefore,  not  to  be 
ivgarded  aa  pure  stearin  (Heintz).  Tallow-stearin,  melting  at  60°,  pottsesses  at  50°, 
in  the  first  modification,  a  volume  »  1-031,  and  after  passing  into  the  second  modifi- 
cation a  volnme  »  1*008,  the  volume  at  0°  being  =>  1 ;  its  volume  incruases  to  1-076 
at  the  melting-point,  and  on  melting  to  1-127.     (H.  Kopp.) 

Melted  steann  soUdifies  on  cooling  to  a  very  indisUnotfy  crystalline  mass  (Heintz); 
to  a  blistered  mass,  which  exhibits  transparent  and  dead-white  portions  (Bonis  and 
Pimentel).     The  temperature  of  melted  stearin  falls  several  degrees  below  the 
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Bolidifying-point  before  the  mass  beccmies  solid,  but  xises  agsin  dnzing  lolidHlflit-'oi 
to  44^  (Chevreul),  64°  (Leeanu);  it  forms  a  semitxanspannt  nuuM,  haTiDg  u 
even  surface,  the  central  part  of  which  ultimately  solidifies  in  ndiited  erjitMh, 
^Chevreul.) 

The  percentage  composition  of  tristearin  is  as  follows  :-^ 

Calemlated,  Chetreul.  Lectuiu.  LWrig  and  Friflotc 

C»'      .        .        .     684            76-85            777  76-91  74-62  to  76-W 

H>'»    .        .        .110            12-36            11-8  12-39  12-39  „  12-32 

0*      .        .        .    _96            10-79            10-6  10-70 

0»'H»"0«  890  10000        100-00 

Arsbicher.  Duflj. 

^ * . 

C  .  .  .  76-61  7712  76-32  76-87 
H.  .  .  12-28  12-30  12-32  1220 
O  .         .         .     11-21         10-58         11-36         10-93 

100-00       100-00       100-00       100-00       100^       100*00 

Berthelot  analysed  artificially-prepared  tristearin.  The  stearin  of  beef-suet  contaisi, 
according  to  Arzbacher,  78*74  per  cent  C ;  but  Heintc  (b)  and  DufFf  (c)  found  it  to 
have  the  same  composition  as  that  from  mutton-suet.  Duf^^  examined  stearin  melting 
(a)  at  62*6°  and  (6)  at  69-7°.  The  formula  of  tristearin  was  deduced  bj  Berthelotfron 
the  combining  proportions  of  glycerin  with  acids  (Ethebs,  ii.  619;  Gi.TGnBiDBS,  u.  877^ 
Duffy  having  previously  shown  that  in  the  formation  of  1  at  stearic  acid  from  stcshi 
1  at  carbon  is  eliminated.  Berthelot's  formula  alone  explains  how,  in  the  saponiAcs* 
tion  of  stearin,  the  undermentioned  amounts  of  glycerin  and  acid  ara  prodnoed. 

Stearin  is  not  perceptibly  soluble  in  al^xhol  of  30°  B.,  nor  eTen  in  alcohol  of  97  per 
cent ,  in  the  cold  ;  it  dissolves  abundantly  in  hot  alcohol,  and  separates  in  fiockioi 
cooling  (Leeanu).  100  pts.  of  boiling  alcohol,  of  specific  gmvity  0*795,  disiolTt 
15*04  to  16*07  pts.  of  Chevreul*s  tallow-fat  from  mutton-suet;  16-48  pU,  of  tint 
from  beef-suet;  ]8'25  from hog's-lard ;  and  36  from  goose-fat  100  pts.  of  boilisg 
alcohol  of  specific  gravity  0*806, dissolve  6-63  pts.  of  tallow-fat;  100  pts. of  spedfe 
gravity  0*822  dissolve  1*45  of  the  tallow-fat  of  butter,  which  is  deposited  almost  entinlT 
on  cooling  (Chevreul).  Stearin  precipitated  from  an  alcoholic  solution  retains  aleolw 
even  after  prolonged  fusion.    (S  a  u  s  s  u  r  e. ) 

Stearin  (ussolves  very  freely  in  boiling  ethers  which  retains  ^th  on  cooling  (LeeaaiV 
It  dissolves  in  hot  acetone  more  freely  than  in  cold,  and  is  precipitated  on  oooling,  9 
by  the  addition  of  water  (Chenevix).  It  is  easily  soluble  in  tolatiU  oiZi,  and  misi 
with  melted  camphor,  and  with  drying  and  oil-fat  A  solution  of  1  pt.  ol  stearia  ii 
160  pts.  almond-oil  deposits  white  flocks  of  stearin  when  mixed  with  170  pts.  of 
ether ;  it  is  therefore  not  rendered  more  soluble  in  ether  by  admixture  with  a  httf  oil 
(Leeanu.) 

Df  compositions. — 1.  Stearin  yields  by  dry  distillation  the  products  of  decompositioB  of 
stearic  acid  and  of  glycerin — viz.,  carbonic  anhydride,  gaseous  and  liquid  hjdrocartoBi^ 
acrolein,  acetic  acid,  water,  and  free  carbon ;  part  of  it,  however,  passes  orar  nnalteni 
The  hydrocarbons  boil  between  190°  and  245°,  and  are  polymeric  with  eChjlBBi 
(Gerhard t). — 2.  Pure  stearin  does  not  alter  by  exposure  to  the  air,  and  impsit 
stearin  probably  turns  rancid  only  when  it  contains  olein  or  diring  oiL    (ChevreoL) 

3.  Tristearin  is  easily  saponified  by  Mali's^  U4id-oxide,  and  other  bases,  yieUiiii 
stearic  acid  (melting  at  70°)  and  glycerin,  1  at  of  pure  tristearin  yielding  S  at  itMiie 
acid,  and  1  at.  glycerin  : 

(0C^;r.|o.,3H.O.s(C-^|o).(<^)> 


Pure  tristearin  from  Brindonia  indica  yielded  95*7  per  cent  stearic 
stearin  yielded  95*5  per  cent  stearic  acid,  and  10*2  glycerin  dried  in  Tacno  (Heiati): 
the  quantities  required  by  calculation  are  95*7  stearic  acid,  and  10*8  gljoeriB;  thi 
purity  of  the  substance  and  the  correctness  of  the  formula  are  therefore  fulj  piofid. 

4.  A  solution  of  sodium-ethyl<Ue  in  absolute  alcohol  decomposes  stearin  when  hsstd, 
yielding  sodic  and  ethylic  stearate,  together  with  glyoenn :  in  like  buiumk;  vxft 
soc/ium-ami/late,  it  jdelds  amylic  stearate  (p.  421). 

6.  A  solution  of  dry  ammonia-gas  in  absolute  alcohol  does  not  act  on  ■teeria,  sm 
after  prolonged  boiling. 

6.  Bromine  and  chlorine  decompose  stearin,  forming  substitution-porodncfei,  whick  are 
softer  and  more  soluble  than  stearin  itself.  The  chlorine-compoond  oontabis  21*Spfr 
cent,  chlorine;  the  bromine-compound  36-9  bromine.  (Lefort,  J.  Phum.  fS], xir. 
24.) 
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MAMOrUMMXM.    The  gjjmride  obtaiacd  froa 

listeariD  in  nml;  all  iU  propurties,  bnt  waa  fix 
lower  tnnpenCuTe,  ris.  it  36°  t«  36°,  donbtleaa  in  i 
of  lower  mdliDg-pomt. 

) 

BAmOTX.    WelUian'B  name  for  tha    hjilnicvt 
wd  toexiat  in  iteaniae,  ngaiding  it  m  (C"H*')*0. 
KA«T&.    C"H"0.— The  ndiele  of  lUanc  add,  • 
■ATSW.    8ja.  with  CuuBon  (i.  830). 
■AnTK    A  minemlogiall  tonn  oMd  ajnonjiiu 

<p.  324),  aomMJmca  with  Taix  (;.«.). 

■ATOm.    A  n»Bis  applied  to  atfjitntUM    OC0 

■■&.  Aeitr.  fKdU.— Tba  pwtinilar  kind  of  metal 
i  poaaeaaM  character*  which  rrader  it  to  some  eitti 
od  w^Mt  i*  oomnKmljr  knowa  aa  maUesble  iron,  w 
>y  the  eap«biUtj  of  actiniring  Teiy  conaiderable  lui 
codfd,  and  of  becoming  aoft  again  when  heated 
!■  geDcnUT  tuudased  hj  plnnging  it  wliile  hot  into 
liquid.  The  greater  tie  redaction  of  tnnpsnture,  ■ 
the  greater  ia  the  degree  of  haidnen  prodnced. 
len  immened  in  cold  meccarj,  aaqnim  a  degree  of  I 
harden  white  caat-iroD,  or  fTen  of  diamond.  Itieth 
ig  such  hardened  ateel  again,  and  alJowinsittoooolgi 
rittle.  It  is  in  nrtne  of  thii  capabiLitj,  which  ia  one  c 
f  steel,  that  nrioui  dwreei  of  hiudjieei  m&T  be  coi 
le  tempetatnre  to  wbidi  the  hardened  metal  is  bet 
(isdoallf,  or  to  which  tha  aofl  metal  ia  heat«d  b 
toola  and  inatrumente  are  made  lUid  Qniehed  while 
ha  requisite  degree  of  bardnaee  ia  given  to  them 
tian  is  called  iempaiM  {Irmper;  anlaaim).  The 
■Pa  to  be  heated,  in  order  to  acquire  different  degr« 
)  coloDni  whii^h  it  assumea  when  heated,  and  whiah 
tiemely  thin  Sim  of  oxide  on  the  inrface.    They  sri 


S30°C.  .    Faint  jcllow      .        .    for  anrf 

230      .        .    BtcBW-^allow      .        .    for  mxc 

2S6     ,        ,     Brownub-jellow         .    (or  acis 

26(      .        ,     Purple  ipota  .    for  axei 

377      .        .    Fnrple       .        .        .    fbrtabl 

2S8       .         .     Pa]e-blDa    .         .         .     Ibrnro 

SB)       ,         .     Dark-blue  .     for  fine 

31S      .        .     Blackiih-blna  for  hai 

t  diltinction  between  ateel  and  eaat-iron  or  malleab 

ite,  bnt  connata  nther  ia  the  dan-ee  to  which  a 

ililj  of  acquiring  that  character,  is  aaaoriated  wi 

dii^f,  there  are  nnmettius  rorictiee  of  steel  appro: 

>r  to  malleable  iron.     Togrthar  with  sucb  differenec 

lel,  it  hag  genemllj  been  fanod  that  there  are  corr 

□t  of  carbon  the  metal  contains ;  (he  doaer  the  app 

natler  ia  the  amount  of  carbon  in  the  metal,  and  thi 

rbon  ii  leas  than  about  0'6S  per  cenL,  the  cspabiiib 

ng  or  Ter;  slight.    When  it  amounts  to  ITS  per  c 

made  vary  hard,  but  its  tenacitj  i«  much  reduc 

aed  and  tempered  is  combined  with  the  maiimu 

nts  to  about  I'fi  per  cenL     Tha  opinion  that  these 

J  eonnected  with  the  smonnt  of  carbon  it  cantaini 

:  a  atill  uncertain  in  what  manner  tbeae  facts  sje  n 

long  tlie  TariouB  snbstanMa  which  are  frequently 

itiea,  those  which  appear  to  be  moat  prqjndicial  to  t 

tkoipluiTVI. 

e  fad  that  CMtais  imi-orN  eonUi  ' 


1  in<]ireetJ]r  b;  gnaeoui  carbon-compoundB,  aach  At  carlionic 

».      At  ft  nifficiently  high  Umperature,  c&rhoaii        

I,  ud  ia  OTnverled  icto  carlwaic  acid,  whilf 

poacd  in  lika  manner  b;  iron,  Tielding  c&rbimUrd  iron  uid  hydrogen.    Soma 

■gi^  Hadntoah  propoaed  to  manufnetan  itrpt  bj  heiiting  bar-min  in  an  atmo- 

of  ooal-gaa ;  And,  thoogh  ibis  method  hu  not  come  into  use,  good  ateet  can  ba 
aj  It,  if  the  gu  Dsed  far  the  pirpoBc  be  Tree  from  aulphur.  Aaimal  chnrcoal, 
UTiiigi,  ferrocjanidea,  6x.,  are  Bometimeg  mixed  with  the  charcoal -powder  lued 
dnang  ite^l   by  ceoiantation,  and  these  suhatouces  faeilitut^  tho  coaTeimop, 

bj  jialdiDg  guieoua  carbon-compounds. 

iKiawnnuTioN  Hrmona. — In  all  these  methods  the  abatmction  of  carbon  from 

t>iran,  and  it«  coaToniun  into  steel,  is  effected  hj  the  oxidising  action  of  atmo- 

:  air,  either  directly  or  iadirectly,  tiirough  the  medium  of  slags  containinft  ferroua 

tod  the  nature  of  the  product  depends  very  much  upon  the  extent  to  vliich  that 

ia  allowed  to  continue. 

mluntt  SIrti  ia  produced  W  melting  white  cast-iron  (SpUceliiifn),  oi  easil/ 

■117  east-iroD,  with  charcoal,  in  a  finery-hearth  or  fbr»,  and  under  a  blast  of 
^la  mrthod  of  mnnufactara  is  restricted  to  countries  where  very  pure  cast-iron 
twarl.  by  smelting  spathic  and  magnetic  iron-orea  with  charcoaL  It  is  practised 
ilofaalia,  Silesia,  Styiia.  Carinthia,  Sweden,  and  some  other  places,  with  a  variety 
imcBtions,  arising  chiefly  from  the  nature  of  the  cast-iron  to  be  worked,  or  frum 
OCbI  drcnmstuncos.  The  pra^osg,  howtTer,  is  essentially  the  same  in  all  casj-s, 
Hhra  from  thiit  already  described  as  taking  place  in  the  conTcreioa  of  cast-iron 
alkable  iron  (iit.  315),  only  in  so  far  that  the  decarbnialiun  is  not  carried  to  such 
at  as  in  the  manubcture  of  uialleabte  irou. 

^iidltd  Slul  is  prodnced,  from  soch  linds  of  cast-iron  as  do  not  contain  auV 
■  p^ndidal  to  steel,  byoperating  npon  it,  in  leTerberatory  furnaces,  in  the  surna 
mt  east-iron  is  converted  into  mallBable  iron,  but  so  ac  tu  effect  Only  a  less  ad- 
I  daearbumtion. 

taanur  Stfsl  is  produced  by  fbidng  atmospheric  air  into  melted  cast-iron.  The 
1,  Iieing  oxidised  more  readily  tlian  the  iron,  is  coDTeited  into  caibonie  toide, 

MCapn  in  a  snffldently  heated  stata  to  take  fire  on  coming  in  contact  with 
ibcric  air.  Considerable  heat  is  generated  by  the  oxidation  of  the  carbon  and 
a  tliat  the  tempciaturc  is  kept  above  the  melting-point  of  steel  during  the  whole 
op«ntion.     Wien  the  decarhnrution  has  been  carried  far  enough,  the  curront  of 

Bbqtped,  and  a  small  quantity  of  while  pig-iron,  containing  a  large  amoDnt  of 
aaae,  is  dropped  into  the  liquid  metsl  This  serves  to  facilitate  the  separation 
'  pa  retaioM  within  the  melted  metal,  which,  after  a.  few  minutes*  rest,  is  run 
got-mooldi. 

ban  of  blister-steel  obtained  by  cementation  ore  never  uniform  throughout 
ntin  mass,  the  exterior  portion  being  more  highly  csrbnrised  than  the  interior. 
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method,  to  have  at  command  cast-iron  of  good  quality,  and  free  from  enlphiir  la^ 
phosphonu,  which  are  so  pivjadicial  to  the  quality  of  steel,  and  axe  not  •l»w»i«*tft4  in 
the  process  of  conversion,  ont  are  rather  relatively  increased  in  mmonnt  in  the  prodiet 
obtained  by  the  Bessemer  method,  when  they  are  contained  in  the  i»g-ixan  opentcd 
upon.  The  growing  importance  of  this  method,  and  the  rapid  application  of  Heel  to 
new  purposes,  for  which  iron  has  hitherto  been  nsed,  render  it  extremely  dMinl4a 
that  a  mode  should  be  devised  of  sm<dting  iron-ores,  so  as  to  prevent  these  deletoiou 
substances  from  being  retained  in  the  pig-iron,  or  Uiat  some  meana  of  effecting  tbrir 
separation  should  be  discovered.  KH.P. 

Syn.  with  Dichbo'itb. 

The  name  applied  by  Zippe  to  a  mineral  from  Fnibna 
in  Bohemia,  containing  the  sulphides  of  lead  and  antimony.  It  ia,  howerer,  on^giina 
contaminated  with  accidental  admixtures. 


Syn.  with  Pectoute. 

Brittle  Silver-tfre.  Brittle  SUver-glanee.  Black  Silver.  BritSt 
Stdphuret  of  Silver.  Sprodglaserz.  Sprodglanzere, — ^A  solpli^timonite  of  lilrs 
occurring  in  trimetric  prisms,  homoeomorphous  with  arragonite.  Observed  eombias- 
tions:  oP.  wP  .  afoo,  P  .  2? oo .  Angle  ooP:  ooP  -  116«>  89*.  Batio  of  tui 
a  :  b  :  c  =  \  \  1*5844  :  1*0897.  Cleavage  imperfect,  parallel  to  S^oo  tad 
OD^so .  Twins  are  frequent,  with  plane  of  composition  ooP.  The  mineral  alao  oocis 
massive,  compact,  and  disseminated.  Hardness  =-  2  to  2*6.  Specific  gravity  «  6*291, 
Lustre  metallic.  Colour  and  streak  iron-black.  Fractare  uneven.  SeetiJe.  Heatod 
in  an  open  tube,  it  melts  and  jrields  a  sublimate  of  antimonions  oxide,  eometiniM  mixad 
with  arsenious  oxide.  Before  the  blowpipe  on  charcoal  it  foses  somewhat  nsdilf, 
sometimes  emitting  an  arsenical  odour,  to  a  dark-grey  bead,  which  when  heated  in  tie 
reducing  flame,  either  alone  or  with  soda,  yields  a  button  of  silver.  It  dissolves  fftdlj 
in  warm  nitric  acid,  with  separation  of  sulphur  and  oxide  of  antimony. 

Analyses:  a.  From Schemnitz  (H.  Rose,  Pogg.  Ann.  xv.  474). — d.  Ytom  Aadi«»> 
berg(Kerl,  Berg-  u.  hiittenm.  Zeitnng,  1863,  Ko.  2) : 

S.  Sb.  Ar.  Fe.  Cn. 

a.  16-42        14*68        68*64        .      .        0*64     -     100-28 

b.  16*61         16*79         68*38        0*14        .     .     m,     100*82 

These  analyses  may  be  represented  by  the  formula  6Ag^.Sb9,  xeqoiring  16*6  ps 
cent,  sulphur,  14*0  antimony,  and  70*4  silver. 

Steplianite  is  a  valuable  ore  of  silver,  occurring  in  veins  with  other  silverom  tf 
Freiberg,  Schneeberg,  and  Johanngeorgenstadt  in  Saxony,  at  Pndbram  and  Rabebor 
zitz  in  Bohemia,  at  Schemnitz  andlCremnitz  in  Hungary,  at  Andreasbezg  in  the  Hut^ 
at  Zacatecas  in  Mexico,  and  in  Peru.     (Dana,  ii.  86.) 

8TB&CORZTB.  Herapath*s  name  for  sodio-ammonio-hjdric  plmphiii^ 
Na(NH<)HP0*.4aq.,  found  in  the  guano  of  Ichaboe  (iv.  681). 

STESITBB&OZTB.    A  sulphide  of  silver  and  iron,  occurring  at  Joachimsdnl  ii 

Bohemia,  and  at  Schneeberg  and  Johanngeorgenstadt  in  Saxony,  in  tabnhir  orthoriiaB- 
bic  crystals,  commonly  implanted,  and  forming  rose-like  or  fim-like  aggregatiosa 
Angle  ocP  :  c»P=- 119^  30' ;  oP  :  Poo  =  121®  49*.  Axes :  a  :  6  :  c->  1 :  1-7146  :  1*4«7». 
Crystals  sometimes  compound,  parallel  to  oop.  Cleavage  perfect,  parallel  to  the  \mk 
The  mineral  is  opaque,  has  a  dark  pinchbeck-brown  colour,  occasionally  with  a  Uiifh- 
violet  tarnish,  and  a  semimetallic  lustre;  flexible  in  thin  laminae;  very  seetil«; 
leaves  tmces  on  paper  like  plumbago.  Hardness  «=  1  to  1*6.  Spedfie  grafitj—4-fttf 
4*25.  Before  the  blowpipe  on  charcoal  it  melts,  with  evolution  of  snlphnrooi  asby* 
dride,  to  a  magnetic  globule  covered  with  silver ;  with  borax  it  yields  a  globule  of  d- 
ver,  and  a  glass  coloured  by  iron.  It  dissolves  in  nitromuriatic  acid  with  separstioi 
of  sulphur.  Contains,  according  to  Zippe  (Pogg.  Ann.  xxvii.  690),  38*2  per  eeoL 
fiilver,    36*0    iron,  and    30*0  sulphur,   agreeing   approximately  with    the  ftmsli 

(^Ag3S.|Fe'S)\]fe'S*,  which  requires  34*18  per  cent   silver,  36*44  iron,  and  IO-8t 
sulphur. 

8TBTBA&,  or   STBTHYIilC     AILCOBOXn      C'*H"K)  -   C**H*'.H.O.— Tte 

alcohol  of  the  series  OH^'*''0,  corresponding  to  stearic  acid.  It  has  not  been  obtaiiwd 
in  the  separate  state,  but  occurs  in  spermaceti,  together  with  ethal  or  oetylie  aleobol 
(C'«H»*0).  methal  (C'*H*»0),  and  lethal  (C»"H"0).  All  these  alcohols  ai«  sepantd 
together  from  the  fatty  acids  of  ^permHceti,  when  that  substance  is  saponified  by  ile^ 
holic  potash,  in  the  manner  described  under  Cettijc  Axcohoi,  (i.  841%  the  tfU 
forming  bv  far  the  largest  portion  of  the  alcoholic  mixture.  The  presence  of  tbMi 
several  alcohols  is  manifested  by  their  behaviour  with  potash-lime,  by  which  tbej  an 
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I  into  ft  miztni«  of  palmitic  and  ^the  principal  portion),  Ibrmed  ftom  etbol, 
Hftft ric  acid  horn  stethal,  mjristic  acid  from  methai,  and  laoric  acid  from  lethal.  When 
tha  fthal  is  crystalliiied  svVOTal  timen  from  alcohol,  till  its  melting-point  is  brought  to 
49^.  a  portion  of  the  ethal,  together  wtb  the  whole  of  the  methai  ana  lethal,  remains  in 
the  mother- liquor,  while  the  portion  which  crjrstallises  out  contains  the  stethal  together 
withethal.     (Heints.) 

SnSMT A I JU*  STIBMSTSTXy  Ac.  See  AifmioxY-RADiCLBS,  Oboakio 
(i  339). 

•TZXnUTB.  StihtofUe.  Stihlite.  SiihiconUe. — An  oxide  of  antimony,  formerly  re- 
ferrvil  to  antimony-ochre (i.  324),  occurring  at  I/>saeio  in  Spain,  Fclsobanya  and  Krem- 
nitz  in  Hungan*.  Goldkraniich  in  Ikvnria,  and  in  the  Camion  mine  at  Zacualpan  in 
Mexico,  forming  masK^  of  fine-grained  to  comjiacf  trxture,  sometimes  porouH  and 
cracked,  alBO  pseudomorphs  after  stibnite  (i.  329).  Hardn<-8H  «  6*5.  Specific  gravity 
»  6*78.  Colour  sulphur-,  lemon-,  or  8traw-yellow  to  yellowish-white;  lustre  waxy  to 
dall ;  opaque  ;  streak  yellowish-wliite  and  shining.  Retlucible  to  antimony  before  tha 
blowpipe  with  soda,  but  not  alone.  Contains,  according  to  Delffs  (J.  pr.  Chem.  xL 
31 8\  75*83  per  cent.  antim<my,  19'.54  oxygen,  and  469  water,  agreeing  approximately 
vith  the  formula  SbK)\2U'0  (7468  antimony,  19*83  oxygen,  and  6-59  water). 

UTXMSMMm  A  general  name  for  antimony-bases  formed  on  the  type  of  ammonia, 
HH»;  thuKSbH'isstibine;  Sb(C«HV  ia  ethyls ti bine,  &c. 

The  aame  term  is  used  by  Beudant  as  a  name  of  native  antimonious  sulphide ;  better 
•ftUed  8tUmUe  or  Antimonite. 

Syn.  with  Valentinite  or  native  antimonious  oxide. 

The  name  given  by  Cooke  to  certain  alloys  of  sine  and 
Mtfimony.    [See  Zinc] 

A  name  of  native  antimonious  ozideb 

The  Latin  name  of  Antimony. 

Syn.  with  Stibiuti. 

Native  antimonious  sulphide,  Sb'S*. 

Antimony-radides  formed  on  the  type  of  ammonium,  KH* ;  thus 
8b(C*H*)*  is  tetrethyl-stibonium. 

■TXOK-ldUJ.    See  Lag  (iii.  451). 

•TIOTA  FU&MOVACBA.  A  lichen  formerly  used  as  a  remedyin  diseases 
of  the  lungs.  It  contains  a  peculiar  bitter  principle,  which,  according  to  Weppen,  is  a 
vhite  powder,  slightly  soluble  in  water  and  in  ether,  easily  soluble  in  hot  alcohol, 
fivming  ft  slightly  acid  solution  which  is  precipitated  by  acids,  acetate  of  lead,  and 
rilver-salts.  Weppen  (Pharm.  Centr.  1838,  p.  177)  regarded  this  bitter  substance 
■•  identical  with  cetrarin  or  cetraric  acid  (i.  839).  According  to  E nop  and  Sch  nee  - 
dernann  (J.  p.  Chem.  xxxix.  363),  the  acid  of  Sticta  jndmonacea^  which  they  call 
•tictic  acid,  IS  distinct  firom  cetraric  acid,  though  very  much  like  it  in  composition 
■ad  properties,  and  may  be  prepared  in  a  similar  manner;  but  it  is  less  sohible  in 
akohol ;  the  solution  does  not  turn  blue  when  boiled  with  hydrochloric  or  sulphuric 
acid,  and  stictate  of  potassium  is  less  soluble  than  the  cetrarate. 

■RCIICAMmLOV.  In  the  expressed  juice  of  the  tubers  of  Stigmophyllon 
jmttopk^oliMmt  a  malpighiaceous  tree  indigenous  in  Brazil,  De  Luca  and  Ubaldini 
(Compt^  rand.  lix.  527)  found  a  considerable  quantity  of  asparagin. 

•n&Bara.  C'^H".  Hydride  of  StUhyL  Picramyl.  (Laurent,  Rev.  scient.  xvi. 
S73.^ — ^A  hydrocarbon  polymeric  with  benzylene  (CH*),  obtained  by  heating  sulphide 
of  stilbcne  (hydride  of  sulphubenzoyl,  i.  571).  The  compound  molts,  gives  off  sulphy- 
drie  add  and  sulphide  of  carbon ;  and  on  increasing  the  heat,  stilbene  passes  over, 
fint  fluidifying  in  scales,  and  afterwards  thionessal : 

SCH^S       -       2CS»     +     3H*S     -i-     2C'«H"     -¥     C"H"S 
Hf  dridc  of  Stillx  ne.  ThinnesMl. 

flulphobeninyl. 

To  purify  the  stilbene,  the  first  portions  of  the  distillate  are  boiled  with  alcohol ; 
the  liquid  is  fliltered  to  separate  the  thionessal,  which  is  nearly  insoluble  in  alcohol ;  and 
the  liquid  is  left  to  cool.  The  stilbene  is  then  deposited  in  crystals,  which  may  be 
rarTTntaUised  from  ether. 

Stilbene  mar  also  be  obtained  from  the  crude  product  resulting  from  the  action  of 
oalphydmte  of  ammonium  on  oil  of  bitter  almonds,  the  materials  being  left  in  contact 
for  twu  or  three  weeks. 

Stilbene  crystallises  in  colourless  nacreous  plates  belonging  to  the  monoclinie 
■ybtem :  obflorved  combination  oP .  ooP .  ooPoo  ,  the  basal  face  oP  predominating.  Angle 
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<xP:  ooP  =  63«>30';oP:  ooP«  100^;  ooP:  ooPoo  »  IIG^  46';oP :  ooP  «  •  llf. 
Tlie  crystals  are  commonly  joined  together  by  the  acute  angles  of  the  ihomboiat. 
Stilbene  is  very  slightly  soluble  in  cold,  but  moderately  soluble  in  boiling  aleobol, 
more  soluble  in  ether.  It  melts  at  a  few  degrees  aboTe  100°,  boils  at  about  292°,  and 
distils  without  alteration.    Vapour-density  ■«  8*4. 

Stilbene  dissolves  in  warm  fuming  sulphuric  aeid,  and  the  solution  satnrattd  vith 
baryta  yields  a  soluble  barium-salt  of  a  conjugated  add.  Stilbene  is  not  decomposdi 
by  dilute  chroniifi  acid^  but  the  concentrated  acid  decomposes  it  with  violence  vhfn 
heated  with  it,  converting  it  into  benzoic  hydride.  With  boiling  nitric  acid  ii 
yields  several  products,  among  which  are  nitrostilbene,  C**H"NO* — which  is  i 
yellow  resinous  substance, — and  nitrostilbic  acid,  a  yellowish  powder  tuxt.j 
insoluble  in  water,  soluble  in  hlcohol,  still  more  in  ether,  and  apparently  consisting  <^ 
C"H''(NO«iO*.2aq. 

When  chlorine-gas  is  passed  over  fused  stilbene,  two  isomeric  compomids  are 
formed,  viz.  chloride  of  stilbyl  and  hydrogen,  C"H"CLHC1,  and  chloride  of  stilUae. 
C'^H'*C1'  (a  and  fi  chloride  of  stilbyl,  according  to  Laurent).  Both  these  comvoimdi 
are  crystalline ;  one  of  them  is  sparingly  insoluble  in  ether,  and  nearly  soluble  in  ooillcjf 
alcohol ;  the  other  is  easily  soluble  in  alcohol,  still  more  easily  in  ether.  Both  in 
resolved  by  alcoholic  potash  into  two  isomeric  chlorides  of  stilbyl,  or  chlorostilbe&H, 
C'^1I"C1  (a  ttud  /3  chlorostilbase,  according  to  Laurent),  with  simultaneous  formation  of 
chloride  of  potassium. 

The  chlorostVbenta  a  and  /3  unite  directly  with  2  at  bromine,  forming  two  isoneric 
compounds,  C'*H"ClBr*,  or  perhaps  C'*H"Br*.HCl,  which  dissolve  in  ether,  sad 
crystallise  therefrom. 

When  stilbene  is  subjected  to  the  prolonged  action  of  chlorine,  hydrochlorie  acid  ii 
evolved,  and  trichloride  ofsiUbyl,  C»*H"C1«,  or  dvchloride  of  ckhrosmene^  C*«ff»aCP. 
is  produced. 

When  bromine  is  poured  upon  stilbene,  a  white  powder  insoluble  in  etlier  is  fimad, 
consisting  of  bromide  of  stilbene,  C^^H^'Br',  or  bromide  of  stilM  amd  hdr^gm^ 
C"H"Br.HBr. 

BTXZiBBirs,  OXZBB  OF.      Laurent  regarded  benaoio  hydrida  (Inttsr^IiMod 

oil)  as  the  oxide  of  stilbene,  C'H'.O. 

STX&BBirs,  PBBOXZBB  OF.    Syn.  with  Stilbous  Acid. 

8TZ&BBVB,  BVZiPHZBB  OF.    Syn.  with  Htdrids  of  SmivoBXiiion.  (L  (71^ 

8TZX.BB8B,  PBBOXZBB  OF.     Syn.  with  Stilbbsic  Acid. 

8TZ&BB8ZC  ACIB.  Acidr  StUbeseux,  Suroxide  de  StiWiae,  (Laurent,  J.pL 
Chem.  XXXV.  430. — Laurent  and  Gerhard t,  Compt  chim.  1860,  p.  117.)— Auodoflt 
obtained  by  treating  crude  bitter-almond  oil  (containing  prussic  acid)  with  chlonne-gM^ 
assisting  the  action  by  heat  towards  the  end.  The  whole  then  solidifies,  on  ooolio&to 
a  crystalline  mixture  of  benzoic  acid,  stilbcsic  acid,  a  body  crystallising  in  neeok^ 
and  chloride  of  benzoyl ;  and  if  the  chloride  of  benzoyl  be  allowed  to  drain  oo  • 
fiiunel  stopped  with  pounded  glass,  the  mass  pressed  between  paper,  and  trestei 
with  ether-alcohol,  stil})esic  acid  remains  behind,  and  may  be  crystaUised  by  sdliitios 
in  boiling  ether  and  spontaneous  evaporation.  It  crystallises  in  monodinie  priim, 
very  slightly  soluble  in  alcohol  and  ether,  melting  at  105°,  and  containing  71*60  per  eeat 
carbon,  and  4*33  per  cent,  hydrogen.  Its  solution  in  alcoholic  ammonia  yields,  witasflv^ 
nitrate  at  the  boiling  heat,  scales  containing  48'7  per  cent,  silver.  Henee  Ltnrat 
deduced  for  the  acid  the  formula  C^WO',  and  for  the  silver-salt  C*B*J^O^;  b« 
its  composition  is  very  doubtful. 

8TZZ.BZC  ACZB.     Syn.  with  Benzilic  Aero  (i.  546). 

8TZ&BZZiZC  or  8TZ]LBZZiOV8  ACZB.    Syn.  with  Stilbous  Acm. 

Syn.  with  Stilbkke. 

Heulandite.  Foliated  Zeolite,  EugeoUte.  A  hydrated  ealdo-ahimiiK 
silicate,  occurring  in    monoclinic    crystals,  which  exhibit  the  combination  [  odPc  1 

ocpoo.  -I-  2rQ0.  —  2Poo  .  oeP  .  oP  —  P  .  [Poo];  tabular  from  predominance « 
[  »Poc  ]  .    Ratio  of  axes  a\b'.c  =  2-478.5  :  1  :  1065.     Angle  6  :  c  *  88^35';  •?: 

ocP  »  136°  4';  oP  :  [Poo]  «  156^  46'.  Cleavage  perfect,  parallel  to  the  diso- 
diagoual.  The  mineral  oc^'urs  also  in  globular  forms,  and  granular.  H^H"—  • 
:J  0  to  40.  .Specific  gravity  =  21  to  22.  Lustre  of  [  odPoo  ]  pearly,  of  other  &cm 
\itreous.  Colour  various  shades  of  white,  passing  into  red,  grey,  and  biowiL  Stnik 
white.  Transparent  to  Bubtransluoent.  Fracture  subconcho'idal  to  uneven.  Brittk 
Before  the  blowpipe  it  intumesces.  melts,  and  becomes  phosphorescent.  DiMolm  ii 
hydrochloric  acid,  yielding  slimy  silica,  but  without  gelatinising. 
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Anoints.— a.  Faroe  IslAnds  (Thomson.  Outlines,  i.  347).— 6.  Iceland  (Ram m els- 
berg.  Mineralchemir, p.  826).— ^.Iceland  (Dam our,  Ann.  Min.  iv.  x.  207).-  d.  Beni- 
(iord.  Iceland:  er}-KtafliMcd ;  specific  gravity  =  217.')  (Waltershausen,  Vulk.  Ocst 
p.  252).— «.  NerbuddaVaUey,  India:  crystallised  (Ha  ugh  ton,  Jahrcsb.  1867,  p.  676): 

Silica  .        .        69-14         58*2  fi9'S5  5890  .56*59 

Alumina  .        .        17*92        17  6  1615  16*81  15-35 

Lime  .        .          7-66          7*2  7-66  7*38  5  88 

Magnesia  .        •         .    .          .    .  0*29  0*82 

Soda  116  0*57  1*45 

Potash 0-67  1-63  089 

Water  .         .         15-40         160  14'83  1432  1748 

Fezric  oxide.  0-12 

10011        Wo        9971       100-62        98^'6 

These  analyses  are  not  Teiy  accordant,  but  the  third  and  fourth  may  be  nearly 
Kpresented  by  the  formula  Ca''O.AlK)*.6Si0^5  aq.,  requiring  59*76  per  cent,  silica* 
16*61  alumina,  9*06  lime,  and  14-54  water.  According  to  this  formula,  stilbite  is 
Tefy  nearly  related  to  brewsterite  and  epiatilbite,  the  three  minerals  being  represented 
hy  thefoimula  RO.AlH)'.6SiO'  +  5  aq.,  and  the  protoxide,  RO,  consisting,  in  stilbite,  of 
luna  with  yezy  little  alkali ;  in  epistilbite,  of  lime  witli  a  large  proportion  of  soda ;  and 
in  brewsterite,  of  strontia  and  baryta,  with  a  small  quantity  of  lime. 

Stilbite  occurs  chiefly  in  amygdaloidal  rocks ;  also  in  gneiss,  and  occasionally  in 
metalliferous  veins.  The  finest  specimens  come  from  Iceland  and  the  Faroe  Islands, 
mad  from  the  Vendayah  Mountains  in  Hindostan.  Rod  varieties  occur  at  Campsie  in 
fiUrlingshixe,  with  desmin  of  the  same  colour,  and  brown  in  ore-beds  at  Arendal.  It 
Also  occnrs  in  the  Kilpatrick  Hills  nt-ar  Glasgow,  in  the  Isle  of  Skye,  in  the  Fassa 
Valley  in  the  Tyrol,  in  the  Hartz,  and  elsewhere ;  abundant  in  the  amygdaloid  of 
Abyssinia ;  occurs  also  at  several  localities  in  North  America.    (Dan  a,  ii.  331.) 

beaumantite  firom  Jones  Falls,  Maryland,  is  regard»>d  by  Dana  and  others  as 
identical  with  stilbite ;  but  the  analysis  (i.  524)  agrees  more  nearly  with  the  formula 
B''O.AlH)".8SiO*  •(■  6  aq. ;  moreover,  according  to  Levy,  the  crj-stals  belong  to  the 
dimetric  system. 

SaonlB  is  a  hydrated  calcio-aluminic  silicate,  in  which  the  ratio  of  the  lime,  alumina, 
and  silica  is  the  same  as  in  stilbite;  but  the  proportion  of  water  is  larger,  and  the 
crystals  are  trimetric  It  was  formerly  called  stilhite  (the  mineral  just  descril^od  under 
tlint  name  being  then  called  hetdandU^) ;  also  radiated  eeo/Ue,  foliated  zeolUc,  apharo' 
titibite,  and  kvpostUbiie, 

The  aystals  of  desmin  usually  exhibit  the  combination  P.  ooPoo  .  ool^oo,  like 
J^.  263  (Cbtstalloobatrt,  ii.  46),  without  f<x),  but  with  oP.  Axes  a:  b:  c  *s 
0-9284:  1 :  0*7558.  Angle  P :  P  in  the  brachydiagonal  principal  section  »  119°  15', 
in  ihe  macrodiagonal  =■  114°  0' ;  in  the  basal  =  96°.  Cleavage  perfect,  parallel  to 
aI^od  .  It  frequently  occurs  in  shcath-likc  aggregations,  and  in  globular,  divergent, 
And  ndiated  forms. 

Hardness  ■*  8-5  to  4.  Specific  gravity  »  2*094  to  2*171.  Lustre  pearly  on  the 
oef  00  and  the  cleavage-faces,  vitreous  on  the  others.  Colour  white,  occasionally 
jrllow,  brown,  or  red.  Streak  uncoloured.  Subtransparcnt  to  siibtranslucent.  Frac- 
tve  uneven.  Brittle.  Before  the  blowpipe  it  inturaesces,  and  jrields  a  milk-white  bead. 
"With  acids  it  vields  slimy  silica,  except  Beudant's  apharostilhiU^  which  yields  a  jelly. 

Amalyaa  of  Desmin  (Rammelsberg's  Mineralchemief  p.  829). — a.  Rodefjords- 
hamm,  in  Iceland  (Hauy*s  ttUbite  dodecahdrt  ianielHforme\  Hisinger. — h.  Beru- 
Qord,  Iceland  (R.  Weber). — c.  Dalsmypen,  Faroe  Islands:  prehnitic xti/bUe  (Retzius). 
^-d.  Faroe  Islands:  so-called  epharostUbiie  (Beudant).— «.  Gustafsb^i^  in  Jemtland 
(Sjogren).—/.  Ilmen  Mountains,  near  Miask:  specific  gravity  ■=  2*19  (Hermann). — 
a.  Andreasb^,  in  the  Hartz  (Earl). — h.  Rienthal  on  the  Gotthardstrasse,  Canton 
Uri  (O.  Leonhard). — i.  Pangelberg,  near  Nimptsch  in  Silesia  (Zellner): 

Silies     .        .    68*0  58*02  56*76    55*91  57*41  56*31  56-'3  55-75  60-27 

Alumina         .     161  1494  17*73     16-61  16  14  1625  15*9  18*50  14-43 

Lime      .        .      9*2  8*33  4*50      9*03  8*75  7*66  7*4  804  6*40 

Soda 2*53      0*68  1*03 

Potash    .        ...  1*30 0*6 

"Water    .        .    16*4  17*71  18*33     1784  16*60  17*75  176  17*00  18*60 

Ferric  oxide    .     .    .  .    .  .     .  0*25  100  1*3  0*01  ♦0*21 

99*7  100*30  99*85  10007  99~15  100-00  991  92*30"  99*81 

Vol.  V.  F  F 
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Tho  greater  number  of  these  amJyBeB  maj  be  repreeented  by  the  fomraU  Ck'O. 
Al*0*.6SiO*+6  aq.,  requiring  58*09  per  cent,  silica,  16*14  alumina,  8*80  lime,  aod 
16*97  water. 

Of  different  composition  are: — a.  The  so-called  IfypottUhiU  from  the  Faroi 
Islands  (Bend ant);  /3.  White  and  y.  Bed  desmin  from  Dumbarton  in  Seotlud 
(Thomson): 

8iO«.  APOS.  CaO.  N««0.  HK). 

f:2-43  18-82  810  241  18*70  -  99i)6 

64*80  18*20  9*83             .    .  19*00  »  101*83 

62*50  17*32  11*52             .    .  18*45  -  W-79 

Desmin  occurs  mostly  in  cavities  in  amygdaloid  or  trap.  It  is  found  also  in  snmt 
metalliferous  veins,  and  in  grauite  and  gneiss.     It  is  abundant  in  the  Faroe  I»la&(U, 

Iceland,  and  on  the  Isle  of  Skye  in  trap ;  at  Andreasberg  in  the  Hartz,  and  at  Eongs- 
berg  aud  Arendal  in  Norway,  with  iron-ore ;  in  the  Vendayah  Mountains,  Hindohtaii, 
in  larpre  translucent  crystals ;  in  fine  crystals,  of  a  brick-red  colour,  in  poiphyiitie 
amygdaloid,  near  Kilpatrick  in  Dumbartonshire,  &c    (Dana,  ii.  833.) 

BTZ&BOirS  ACZB.  C**H'>0'  ?  A  compound  formed  by  treating  crude  Mxtxh 
almond  oil  with  fuming  sulphuric  acid,  or  with  chloride  of  sulphur  (La  u  re  nt«  Ann. 
Ch.  Fhys.  [2],  Ixv.  193).  when  first  prepared,  it  crystallises  from  ether  or  boiJioR 
.al(!ohol  in  monoclinic  prisms ;  but  if  kept  for  some  time  in  the  fused  state,  and  t^ 
disholved  in  alcohol,  it  ciystallises  in  tnmetric  prisma  It  melts  at  860^ ;  is  intolnbh 
in  ammonia;  is  resolved  by  boiling  caustic  potash  into  benzoic  acid  and  benvie 
hydride ;  but  when  treated  with  very  strong  potash-ley,  unites  with  the  potash,  fonuoi 
a  compound  insoluble  in  strong,  but  soluble  in  dilute  aqueous  potash. 

This  compound  was  originally  regarded  by  Laurentas  kydraU  ofhenzoj^t  (P*S*OM0. 
It  is  sometimes  regarded  as  identical  with  benzoate  of  bexisoic  hydride  (i.  598), 
formed  from  crude  bitter-almond  oil,  by  the  action  of  moist  chlorine ;  but  the  idntitj 
of  the  two  products  is  not  satis&ctorily  established.  All  these  compounds  fmui 
from  crude  bitter-almond  oil  require  re-examination :  for  details  respecting  them,  m 
Chndin'a  Handbook^  xiL  178. 

8TXXiBT&.  C>*H".  Stilbene  may  be  regarded  as  the  hydride  of  this  adide, 
C'*H'».H. 


A  euphorbiaceous  plants  growing  abundantly  it 
the  valleys  of  Chusan,  the  berries  of  which  yield  the  fat  called^k'ntse  vtgtidk 
tallow.    This  fat  appears  to  occur  in  several  varieties. 

a.  Greenish-white ;  melts  at  44*4° ;  yields,  by  saponification,  an  acid,  which,  after  re- 
crystallisation  from  alcohol,  softens  at  61*7°,  m^^lts  at  67*8°,  and  forms  a  silver-salt  eoo- 
raining  27*95  per  cent,  silver;  probably  a  mixture  of  palmitic  (niargarie,  accmdingto 
Thomson  and  Wood)  and  stearic  a^ids.  (Thomson  and  Woo^  PhiL  Msgi  [I] 
xxiv.  350;  J.  pr.  Chem.  xlvii.  239.) 

5.  The  commercial  tallow  forms  a  light  white  mass,  of  specific  gravity  0*818  st  IS*, 
destitute  of  taste  and  odour  (v.  Bore k).  Has  a  faint  odour,  and  turns  brown  oo  a* 
poKure  to  tbeair  (Maskelyne).  Melts  at  37°  (v.  Borck,  Maskelyne),  solidifl«» 
partially  at  32°  (Maskelyne),  30®  (v.  Borck) ;  and  hardens  at  22°  (v.  Borek),2fl^ 
(Maskelvne).  The  tallow  recently  melted  and  cooled  again,  melts  at  44^;  by  a- 
pressing  the  more  fusible  portion,  the  melting-point  of  the  residue  may  be  zaistd  to 
49®(MHskelyne).  The  fat  extracted  from  the  husk  by  boilinff  alcohol  melts  it  46^, 
and  after  recrystallisation  at  48*^  (v.  Borck).  It  dissolves  in  on  of  turpentine,  and  ii 
coal-tar  oil,  in  wood-spirit,  ether,  and  alcohol,  or  in  mixtures  of  these  Lquids ;  it  di^ 
solves  partially  at  mean  temperatures,  completely  at  the  boiling  heat  (Maskelyiel 
It  has  an  acid  reaction,  arising  from  admixture  of  acetic  or  propionic  acid.  Itoootsini 
olein  and  palmitin.  (Maskelyne,  Chem.  Soc  Qu.  J.viii.  1 ;  v. Borck,  J.  pr.  Qm& 
xlix.  395.) 

8TZZ.XiZ8TBAJUC  ACZD.    The  name  applied  by  v.  Borek  to  the  ftttj  adds  ol> 

tained  by  saponification  of  Chinese  tallow,  which  he  supposed  to  have  the  campodbgi 
C'^H'^0^.    Maskelyne  has,  however,  shown  that  it  is  identical  with  palmitic  sod. 

Syn.  with  Siliciotts  Sinteb. 


STZXiPVOMS&Airi:.    A  ferroso-aluminic  silicate,  occurring  at  Obeigraai  ii 

Silesia,  and  in  the  Frederike  mine,  near  Weilburg  in  Nassau,  in  folmted,  radiated,  ud 
compact  musses,  having  a  specific  gravity  of  3 — 3*4 ;  hardness  3—4  ;  a  lustre bttVNt 
vitreous  and  pearly  on  the  cleavage-surface ;  black  or  greeaish-blaek  eolosr;  ud 
greenish  streak.     Dissolves  imperfectly  in  acids. 

Analyses, — a.  Obeigrund  (Rammclsberg,  Mineralchemie^ '^  880).— 5.  Weillii| 
(Siegert): 
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MO*.  AlCP.  F«0.  OiO.  MgO.  KO.  H. 

«.     45-96         6-84         35-60         0-19         1-78        0-75         863   -   98  75 
5.    45-07        4-92        8778        167         094        .     .        8-47   «  9885 

Some  of  the  iron  appears  to  be  in  the  state  of  ferric  oxide,  but  its  quantity  has  not 
Keen  determined  with  sufficient  accuracy  for  the  deduction  of  a  formula. 


A  variety  of  native  ferric  hydrate,  FeK)*.H*0,  occurring 

iBaMive,  stalactitie,  or  incmsting,  at  Amberg  in  Westphalia,  and  two  or  three  other 
localities.  It  has  a  black  or  blaciish-brown  colour;  hardness  *-  4to5:  specific  gravity 
-   3-6  to  3-8. 


A  variety  of  limestone  which  emits  a  fetid  odour  when  struck 
or  rubbed  (iii.  697). 


A  name  applied  by  Breithaupt  to  smaltine  from  Schladming  in 
Styria. 


KBTKT.    The  law  of  chemical  combination  in  definite  proportions, 

mnd  its  application  to  chemical  calculations. 

nouraw XT JL  A  mineral  from  Stolpen,  resembling  bole  in  appearance,  and 
cnntaining,  aeoording  to  Rammelsberg  (Po^.  Ann.  :dvii.  180),  4592  per  cent 
■ilica,  22*16  alumina,  24*86  water,  and  3-90  per  cent,  lime,  with  traces  of  iron  and 


Native  tungstate  of  lead.    (See  Tunostatbs.) 

See  Balsams  (i.  497). 

A  peeudomorph  after  angite,  occurring  in  the  weathered 
of  MutenitB,  near  Strakonitz  in  Bohemia.  It  has  a  greenish-yellow  colour,  and 
^»fcifte  gravity  *-  1*41.  Contains,  according  to  C.  v.  Hauer,  53*4  per  cent.  sUica, 
19^  water,  16*4  ferrous  oxide,  2-9  magnesia,  1*4  lime,  and  7*0  alumina. 

See  Datuba  Stbamoniux  (ii.  307). 

or  MenU  Flux.    A  kind  of  glass  used  in  the  preparation  of  artificial 
gema  (iL  841). 

WPTWLMXimWB  AXiOZBBS.  Watersofdur. — This  hydrocharidaceous  plant 
yields,  when  dried,  17*2  per  cent  ash,  containing  in  100  pts.,  according  to  Schuls- 
Fleeth  C^^gg-  ^n*  Ixxxiv.  98): 

K«0.       N«*0.       C«0.        MgO.        Ff«0».        SiO».       PSQ*.       S0».         CO«.       N«C1. 

30-8        1*2        10-7         14-3        0-4         1*8        2*8        3*6        30*4        27 

STBA.TQPBXTB.  A  manganic  silicate  from  Philipstad  in  Sweden.  (Silicates 
p.  259.) 

■nSAK  OF  atlMBRA^B.  Coloured  mineral  substances  generally  exhibit, 
vben  powdered,  a  lighter  or,  at  all  events,  a  different  colour  to  that  which  belongs  to 
tbrm  in  mass :  hence  similarlv  coloured  minerals  may,  in  some  cases,  be  distinguished 
one  firom  the  other  by  the  colours  of  their  powders.  In  order  to  see  the  colour,  how- 
ever,  it  is  not  necessary  to  pulverise  the  mineral,  as  it  may  be  observed  by  scratching 
the  mineral  with  a  knife,  or  rubbing  its  edge  on  a  rough  white  porcelain 
plate. 

roaOO AfffO WITM.  An  altered  scapolite  from  the  Sludiinka  river  in  Dauria 
(pw203). 

I.    Syn.  with  RnoDOinTB,  or  Siuaous  MAifOAirBSB  (p.  107). 

Native  argento-cnprous  sulphide,  or  argentiferous  copper- 
glanee  (p.  305). 

BTBOMfl  IT  JL  Baryto^trofUianiU. — A  mineral  from  Stromness  in  the  Orknejrs, 
eontaining,  according  to  Traill  (Edinb.  Phil.  Trans,  ix.  81),  27*5  per  cent,  sulphate 
of  barinm,  62*6  carbonate  of  strontium,  and  2-6  carbonate  of  oilcium,  with  0*1  ferric 
oxide :  probably  a  mechanical  mixture. 

Oxide  of  strontium  (p.  437). 

StrontUe.    Strontites. — Native  carbonate  of  strontium.   (See 
Cabbohatu,  L  797.) 

BTBOVTIAVOCAliCITa.  A  calcspar  containing  strontia,  from  CKrgenti  in 
fijidly.  The  crystals  have  the  form  and  cleavage  of  ordinary  calcspar,  are  grouped  in 
opherical  masses,  oolourless  and  transparent  to  white  and  translucent,  and  have  a 
■M)iher-of-pearl  lustre. 
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STROlTTXinif.     Symbol,  Sr.    Atomie  wdght,  87*5. 

The  native  carbonate  of  strontium,  discovered,  in  1787,  at  Strontian  in  AigTWhin, 
was  at  first  refunded  as  carbonate  of  barium.  Crawford' s  aupposition,  pablished  in 
1700,  that  this  mineral  contained  a  peculiar  earth,  was  confirmed  in  1792  by  Hop* 
(Edinb.  Phil.  Trans,  iv.  3),  and  in  1793  by  Klaproth.  H.  Davy,  in  1808,  fint  ob- 
tained from  it  the  metal  strontium. 

Strontium  occurs  as  sulphate  in  coelestin,  and  as  carbonate  in  strontianite ;  in  null 
quantities  in  arragonite  and  brewsterite,  and  in  very  minute  quantities  in  the  minrral 
waters  of  Karlslod  and  Kaiser-Frunzensbrunneu,  the  salt-spring  at  £ger,  &c,  and  in 
sea-water. 

Preparation. — Strontium  was  first  isolated  by  Davy  in  the  same  manuer  as  barion 
(i.  500).  Uaro  obtained  it  in  a  similar  manner,  and  Clarke  prepared  it,  in  the  mm* 
manner  as  barium,  by  heating  strontia  or  the  nitrate  on  charcoal  in  the.oxyhydrogi-D- 
blowpipo  llarac.    All  thcs^'  nietho<i8,  however,  yiolded  the  metal  in  an  impure  rtat«. 

The  pure  metal  is  easily  obtained  by  electrolysis  of  the  fused  diloride,  m  the  macoer 
given  by  Matthiessen  (ELRCTRiaTT,  ii.  438).  Caron  (Compt.  rend.  zlviiL  40| 
obtains  it  by  fusing  the  chloride  with  an  alloy  of  sodiam  and  lead,  tin,  && ;  tho 
reduction  is  not  effected  by  sodium  alone. 

Properties. — Strontium  has  a  yellow  colour,  like  that  of  caldnni,  only  a  shade  darker. 
Specific  gravity  >=  2*5418.  It  oxidises  in  the  ai.r  much  more  quickly  than  calciam. 
Its  place  in  the  electrolytic  series,  with  water  as  the  exciting  liquid,  is  u 
follows : 

^  Na,  Li,  Ca,  Sr,  Mg.  &c 

It  bums  like  calcium,  and  acts  similarly  to  it  when  heated  in  chlorine,  oxrgn^ 
bromine,  or  iodine,  or  on  boiling  sulphur,  or  when  thrown  on  water  or  adda.  (Mat- 
thiessen.) 

8TSO Jl  Tl U  M,  BROMZBB  OF.  SrBr*. — The  anhydrous  bromide  is  obtaiiMd 
by  evaporating  and  heating  a  solution  of  the  carbonate  in  hydrobromic  acid,  altu  hj 
burning  strontium  in  bromine-vapour.  It  is  a  white  mass,  which  melts  withoutdecoa- 
position  at  a  red  heat.  From  tne  aqueous  solution  the  bromide  separatee  in  lottf 
ntredles,  containing  SrBr'.3H*0,  which  do  not  effloresce  in  dry  air,  or  even  over  oil  of 
vitriol.  When  heated  they  melt  in  their  water  of  crystallisation,  and  then  give  it  oC 
The  salt  is  easily  soluble  in  water,  somewhat  soluble  also  in  alcohol,  and  the  alcuhoJic 
solution  burns  with  a  purple-red  fiame. 

8TSO fl  Tl U  ML,  CBZiO&Z2>B  OF.  SrCl*. — Produced  when  strontium  bums  ii 
chlorine-gas  ;  also,  according  to  Weber  (Pogg.  Ann.  cxii.  619),  by  heating  anhydnm 
strontia  in  a  stream  of  chlorine.  It  is  usually  prepared  from  coelestin  in  the  saw 
manner  as  chloride  of  barium  from  heavy  spar  (i.  501).  The  czystallised  chloride, 
SrCl'.3H^0,  forms  long  deliquescent  needles,  which  melt  when  heated,  eive  off  tlieii 
water,  and  leave  the  anhydrous  chloride  in  the  form  of  a  white  enamel-like  mam,  or. 
according  to  Dumas,  vitreous  and  transparent  when  perfectly  pure.  The  anhydroai 
chloride  absorbs  8  at  ammonia,  whereby  it  is  converted  into  a  white  powder.  It  dis- 
solves easily  in  water;  in  11 64  pts.  cold  and  262  pts.  boiling  alcohol  of  99  per  eeot. 
(Fresenius.) 

BTBOBTZirM,   BBTBCTZOB  JLtm    B8TZMATZOV   OF.—l.  Btotyipi 

Reactions. — Strontium-cumi)Ounds  heated  in  the  inner  fiame  colour  the  outer  fim 
CJtrmine-red.  An  alcoholic  solution  of  a  strontium-salt  bums  with  a  canniiM-R^ 
flame.  The  spectrum  of  strontium-vapour  is  characterised  by  a  red  line  neariy  eoift- 
ciding  with  the  solar  line  C,  and  a  blue  line  between  F  and  G  (p.  380).  All  tMse  re- 
actions are  distinctly  perceptible  in  presence  of  a  considerable  quantity  of  barinm-aU. 

2.  Reactions  in  Solution. — The  reactions  of  strontium-salts  closely  rescBUi 
those  of  barium-salts.  Sulphate  of  strontium,  however,  is  somewhat  more  soIuUe  thu 
sulphate  of  barium  :  hence  sulphuric  acid  or  a  soluble  sulphate  does  not  predpitsta  • 
dilute  solution  of  a  strontium-salt  so  quickly  as  it  does  that  of  a  banum-«slt.  A 
barium-salt  gives  a  precipitate  with  a  solution  of  sulphate  of  strontium,  which  a  stiao- 
tium-sult  of  course  does  not.  Strontium-salts  are  further  distineuishc^d  from  bsrioB- 
salts  by  not  forming  pi-ccipitatos  with  sih'coHuoric  acid  or  add  enromate  ofwtatmak, 
A  few  drops  of  (<olution  of  strontium-i*hloride,  evaporated  on  a  watch-fpasi,  yidd 
needles  of  the  hydrate<l  chloride,  whereas  a  solution  of  barium-chloride  evaponted  ii 
like  manner  yields  small  cubes. 

3.  Es  t  i  m  at  ion  and  Separafio  n. — Strontium  is  best  estimated  as  caibonite  ly 
.precipicHtion  with  ainmonium-c;irbonate  and  ammonia  from  a  hot  solution.     The  F**^ 

cipitution  of  strontium  by  this  method  is  more  complete  than  that  of  barinm.  W 
bonate  of  strontium  is  not  d<  composed  by  ignition  ov«'r  an  ordinary  lamp.  StrNiHia 
may  also  be  ehtimated  as  sulphat>>;  but  as  thiis  salt   iv  not  absolutely  in.solubl(  i& 
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Wafer,  if  n  Dpoessary  to  add  alcohol  to  comph^te  the  pn*cipitatioii,  wliich  can  only  bo 
doiip  when  the  orij^nal  strontium-salt  is  soluble  in  alculiol. 

Struntium  is  separated  from  most  other  metals  in  the  name  manner  as  barium. 
Wh^-n  a  solution  previously  free*!  from  mufxtls  of  the  tir»t  and  second  proups 
(i.  217\  by  treatment  with  sulphydric  acid  and  sulphide  of  animoniuni,  is  further 
trL-Ated  with  carljonate  of  ammonium,  the  precipitate  may  contain  tlu*  carl)onati-8  of 
barium,  strontium,  and  calcium.  From  barium,  strontium  may  be  sopamted  by  din- 
solving  the  carbonates  in  a  slight  excess  of  hydrochloric  acid ;  mixing  the  8«)lution  with 
excess  of  silicofluoric  acid  ;  then  adding  alcohol ;  leaving  the  whole  to  itsrlf  ft^r  twelve 
hours;  filtering;  washing  the  precipitate  with  weak  spirit;  and  precipitating  the  }<tron- 
tium  from  the  filtrate  as  sulphate.  If  the  two  metals  are  present  as  sulphates,  it  is 
best  to  treat  the  mixture  repeatedly  with  a  solution  of  potapsic  or  ammonic  carbonate 
without  applying  heat.  The  residue,  when  thoroughly  washed  and  treattd  with  dilute 
hydrochloric  acid,  leaves  pure  sulphate  of  barium,  the  whole  of  the  strontium  dissolving 
fts  chloride.     (H.  Rose,  Pogg.  Ann.  xcv.  286.) 

yrr>m  calcium,  strontium  may  be  separated  by  the  insolubility  of  its  nitrate  in 
ubiuilute  alcohoL 

For  the  methods  of  separating  strontium  from  barium  and  calciimi  together,  see 
CAi^m  (i.  717). 

For  detecting  small  quantities  of  strontium  (and  barium)  in  calcareous  mineraKo, 
Engelbach  (Ann.  Ch.  Pharm.  cxxiii.  255)  subjects  the  pulverised  carbonate,  obtainrd 
by  decomposing  the  natural  sulphat4.'  or  silicate,  to  strong  ignition;  then  boils  it 
thonmghly  with  distilled  water,  and  evnporates  the  rapidly  filtentl  solution  with 
addition  of  hydrochloric  acid — or,  if  alkali-metals  hto  also  pn*seiit,  preeipitates  with 
ammonia  and  carbonate  of  ammonium — and  examines  the  chlorides  or  carb<:)nates  with 
thr  spei-tposcope. 

4.  Atomic  Weight  of  Strontium, — Stromeyer  inl816  (Schw.  J.  xix.  228\  by 
dei*r»mpofing  oirl)onate  of  strontium  with  nitric  acid,  and  det^^rmining  the  quantity  of 
raHKicic  anhydride  evolved,  estimated  the  atomic  weight  of  strontium  at  88-22.  Hu 
further  rejiortod  that,  according  to  H.  Rose's  determination,  IdO  pts.  chloride  of  stnm- 
tium  vicdd  bv  precipitation  181*25  pts.  chloride  of  silver.  This  civcs  (for  Ag  =  H»8, 
and  CI  =  3*5-5)  Sr"  «  87-34.  Pelouze,  in  1845  (Ann.  Ch.  Phjirm.  Ivi.  204),  by  a 
aimiliir  method,  found  Sr"  =  87'70;  and  Dumas  {Ond.  cxiii.  34)  found  Sr"  =  87'5, 
which  number  may  be  taken  as  the  correct  atomic  weight  of  the  metal. 

BTXOS TlUBKf  FlflTOSZSB  OF,  SrF-,  is  prepartn],  like  the  corresponding 
barium-compound,  by  decomposing  oxide  or  carbonate  of  strontium  with  hydrofluoriu 
ai'id,  or  by  precipitating  a  strontium-sail  with  fluoride  of  sixliuin.  It  is  a  white  pow- 
der, insoluble  in  water  and  in  aqueous  hydrofluoric  acid. 

OF.     See  Stronth'm,  Oxide  of. 


WTWLON Till Mt  ZOBZDB  OF.  SrK — Obtain^'d  by  Kafiintin^  hydriodic  acid 
with  stpjntia  or  sulphide  of  strontium,  and  eviiporating.  It  may  l>o  fu^ed  without 
drt'umpo?'Ition  in  a  elosed  vessel ;  but  when  heate^l  in  contact  with  the  air,  it  gives  off 
iudint-,  and  is  converted  into  btroutia.  It  dissolves  easily  in  water,  and  ni.iy  be  recrys- 
tiUisd-d  tiK'refmm. 


C,  OXZBB  OF.  SrO.  Sfroutui.  iS/r»;///<V7«.- -Prepared  by 
bfsiting  the  nitnite  to  r<-dness,  or  byex^M)Hing  the  carbonate,  either  alone  or  mixed  with 
chfftrcoHl,  to  the  strongest  heat  of  a  fome-tire.  It  i»  a  gn^yi^h-white  porous  maas  of 
sp«Titic  grsivity  3-0  to  40  (Davy\  3932  (Karsten),  intusible,  not  volatile,  andglows 
in  thf  blowpipe -flame  with  a  dazzling  white  liplit.  It  has  an  alkaline  tiiate  aud  rea^;- 
tion.  When  moistened  with  water,  it  becomes  hot,  and  falls  to  powder  like  lime;  if 
only  the  exact  quantity  of  water  required  bo  iidded,  the  strontia  hardens  to  a  crystal- 
line hydrate.  When  heated  nearly  to  rt^(lness  in  a  stream  of  cldorine-gas,  it  glows 
brightly  throughout  its  whole  mass,  and  is  I'onvcrted  into  a  sintered  mass  of  chloride 
of  strontium.     (K.  Weber,  Pogg.  Ann.  cxii.  649.) 

Ufjdratf  or  Hydratid  Oxide  of  Strontium.  SrHW  =  Sr"O.HK),  is  pro- 
du<*«:4l,  US  just  not  ictrd,  by  the  dirt-ct  union  of  water  with  the  anhydn>us  oxide.  On  dis- 
Cilvinir  thin  h\*dnit«  in  5  or  6  pts.  of  boiling  water,  filtering  hot,,  ami  leaving  the  solu- 
tion to  cool  slowly  in  a  closeti  vessel,  it.  depo«its  small,  needle-shapi'd,  trans^iarent  crj'S- 
tals.  eontainin^;  Srll-0.8HH),  which  doli(|Ue8co  on  ex|>OHure  to  the  air,  and  are  ulti- 
iii;jtely  con\-ert<xl  into  earbouate.  When  hr-itted  to  100°  or  above,  they  give  off  50  per 
ci:iT.  water,  and  have  tho  monohy<1rate  SrlPU-.  By  heating  the  crystals  to  low  r«i- 
u•-^  tho  hvdrate  it*  obtained  in  the  fus«*d  stale,  and  solidifies  on  c<K»ling  to  a  greyish- 
white  mdiated  mass.  According  to  Bl  ox  am  (Chem.  Soo.  Qu.  J.  xiii.  48),  hydrate  of 
if'riiitinm  gives  off  all  its  water  at  a  red  heat,  leavmd  anhydrous  strontia. 
Tjii:  cr>-stals,  Sr  H*0*.8ll*0,  dissolve  in  60  |  ts».  of  cold  and  24  pts.  of  boiling  water. 
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The  solution,  called  strontia-watcr,  is  colourless,  strongly  alkaline,  and  absorbs  cvtmoii 
acid  from  the  air,  becoming  covered  with  a  crust  of  carbonate  It  maj  be  pnpsnd, 
like  baryta-water,  by  boiling  a  solution  of  the  sulphide  with  azids  of  oo|^>er  (i.  Moi 

A  peroxide  of  strontium  is  obtained  as  a  hydrate,  in  shining  aeales,  by  Buiqf 
strontia-water  with  peroxide  of  hydrogen.    (Th^nard.) 

STBOWTZUBK,  OZTBV&VBXDB  OF.    See  the  next  article. 

MXOVTZVBK,  Bir&PBZBBB  OF.  The  monosulphide,  SrS,  is  prrptnd, 
like  the  corresponding  barium-sulphide  (i.  d07)i  by  reducing  the  sulphide  with  owl  (ht 
charcoal.  It  is  a  white,  granular,  sintered  but  friable  mass.  By  solution  in  t  Urg* 
quantity  of  boiling  water,  it  is  decomposed,  the  liquid,  as  it  cools,  yielding  aycUb  u( 
strontium-hydrate,  whilst  strontium-sulphydrate  remains  in  solution : 

2Sr8   +   2H^0     -     8rH*S»   +   SrHW. 

If  it  be  treated  with  a  quantity  of  water  not  sufficient  for  this  complete  deoompOBtloa, 
a  solution  is  formed  containing  chiefly  sulphydrate  of  strontium,  and  on  treaiHng  tha 
residue  with  fresh  quantities  of  water,  a  uearly  pure  solution  of  this  hydrate  is  obtaiotiL 
(U.  Rose.) 

Polysulphides  (Schone,  Fogg.  Ann.  cxvii.  56). — By  digesting  1  at^  of  the  monoml- 
phide  and  3  at.  sulphur  in  water,  and  leaving  the  solution  to  evaporate,  at  a  tempcTa- 
ture  not  exceeding  17°,  a  brownish-red  viscid  syrup  is  obtained,  which  at  8^  solidi&f 
to  a  crystalline  mass  of  the  tetrasulphide,  SrS\  with  6  at.  water.  This  compooni 
is  very  hygroscopic,  soluble  in  water  and  in  alcohol ;  on  exposing  the  eolations  to  tb^ 
air,  hyposulphite  of  strontium  is  formed  and  remains  dissolved,  while  snlphur  and  a 
small  quantity  of  strontium-carbonate  are  deposited.  On  heating  the  syrup  to  \wf, 
or  concentrating  it  under  the  air-pump  at  a  temperature  above  17^  (beat  brtwren  ^ 
and  25°),  the  tetrasulphide  separates  with  2  at.  water,  as  a  ligfat-vellow  solid  maM. 
When  heated  above  10()^,  it  is  decomposed  by  its  water  of  Grystallisation.  It  is  sot 
acted  upon  by  carbonic  disulphide. 

By  exposing  the  alcoholic  solution  of  the  tetrasulphide  to  the  slow  action  of  ur, 
ruby-red,  transparent,  rhombic  crystals  are  obtained,  consisting  of  a  hydiatad  oit- 
tetrasulphide,  SrO.SrSM2HK),  which  are  decomposed  by  water.  Thcjaie  pr> 
l)ably  identical  with  the  supposed  disulphide,  which  Gay-Lussac  obtained  (Ann.  CL 
Phys.  [2]  xiv.  362)  by  leaving  a  solution  of  strontium-sulphide  to  itself  for  some  time. 

Pentasulphide  of  strontium  is  formed  by  digesting  the  monoanlphide  in  vitfr 
with  4  at.  sulphur,  but  exists  in  solution  only.  On  evaporating  the  solution  nnder  lb* 
air-pump  at  about  20^,  a  residue  is  obtained  consisting  of  the  tetrasulphide  mixed 
with  sulphur.     (Schone.) 

Sulphydrate  of  Strontium^  SrH*S'  a  SrS.IPS. — Produced  by  pasmng  sulpb?- 
dric  acid  gas  to  saturation  through  strontia-water,  or  through  water  m  which  suliiaidt 
of  strontium  is  suspended,  or  by  dissolving  sulphide  of  strontium  in  a  small  qnaatitrrf 
boiling  water,  whereby  it  is  resolved,  as  above  mentioned,  into  hydrate  and  solpfaj- 
drate.  Berzelius,  by  evaporating  in  a  vacuum  the  solution  prepared  by  the  first  method, 
obtained  the  sulphydrate  in  large  striated  prisms,  which  when  heated  melt  in  tbtir 
water  of  crystallisation,  then  give  it  off,  together  with  sulphydric  acid,  and  lesrie  i 
residue  of  monosulpliido  of  strontium.  In  other  respects  the  compound  exactly  rrteiB* 
bles  sulphydrate  of  barium  (i.  508). 

.    Syn.  with  Saponin  (p.  192). 

Ammonio-magnesic  phosphate,  (NH*)]!lg^P0')'.12aq.,  occurring  ii 
crystals  in  certain  varieties  of  guano.    (Phosphates,  iv.  668.) 

Syn.  with  Ioasubic  Acid  (iii.  242). 

C«'H"N«0*.  (Pelletier  and  Caventon  [1818],  Ann.  (1 
Pkys.  X.  142  ;  xxW.  44. — Pelletier  and  Dumas,  Ann.  Ch.  Phys.  xxiv.  176. — Liebi^ 
ibid.jXvYL  171;  xlix.  244.— Regnault,  Ann.  Ch.  Phys.  Ixviii.  113.— Gsrhardt 
Revue  ScicfUtif.  x.  192. — Nicholson  and  Abel,  Chem.  Soc.  Qu.  J.  ii.  241. — ^Henrv, 
Pharra.  viii.  401. — Corriol,  ibid.  xi.  492. — ^Robiquet,  ibid,  xi.  680. — ^Wittstoek, 
Traite  da  Chimic  de  Bercelius.— Rear y,  file,  J.  Phann.  xvi.  752. — Qm.  xvii  479.) 

This  vegetable  alkaloid  exists,  together  with  brucine  and  igasurine,in  niix-romica,in 
St.  Ignatius-beans,  in  the  wood  of  Strychnos  Colubrina,  in  Stryekmo$  IVealc,  UfV 
Tieute,  and  probably  in  several  other  varieties  of  Strychnos  (see  Brucini;  L  691). 
Java  arrow-poison,  found  in  a  bamlxx),  containinl  62  per  cent,  of  stzychnina. 

Preparation:  1.  Fro7n  St.  Ignatius-hians. — The  rasped  beans  are  exhuostcd  vitk 
ether,  and  then  treated  several  times  with  boiling  alcohoL  The  alcoholic  sohtieB 
having  been  distilled  to  remove  the  alcohol,  is  to  bo  treated  with  solution  of  hydntt 
of  potassium  to  pmcipitate  the  strychnine  (Pelletier  and  Caventon).  ThispnxM 
is  obviously  imperfect. 


STRYCHNINE.  489 

5.  fVoM  Anx-tjomtra.— «.  The  beans  are  exhausted  with  alcohol,  and  the  aolntion  is 
disdlled  to  reoorer  the  akohoL  The  residue  is  dissolred  in  water,  and  basic  acetate  of 
le«d  added  until  no  further  precipitation  takes  place.  The  8t]7chnine  remains  in 
■olution  in  the  state  of  acetate ;  the  uquid  also  contains  colouring-matters,  and  the  excess 
of  basic  acetate  of  lead.  Sulphide  of  hydrogen  is  passed  into  the  solution,  which  is 
than  filtared,  and  boiled  with  magnesia.  The  precipitated  stiychnine,  after  being 
washed  with  water,  is  ciystallised  from  alcohol.  The  mother-liquors  retain  the  brudne. 
(Pelletier  and  Cayentou.) 

6.  The  pnlyerised  nux-Tomica  is  exhausted  with  boilinff  water,  and  the  decoctions 
erapiUMted  until  syrupy ;  powdered  chalk  is  then  added  by  degrees,  until  in  slight 

The  precipitate  contains  the  calcium-salt  of  an  acid  existing  in  nux-Tomica,  the 


itcychnine,  and  other  substances.  After  being  washed,  it  is  exhausted  b^  treatment 
with  alcohol  of  specific  gravity  0*827,  and  the  liquids  are  then  evaporated  in  the  water- 
bath  to  the  czystallising-point.  The  strychnine  is  purified  either  by  repeated  crystal- 
liaafimiff.  or,  better,  by  conxersion  into  nitrate,  and  recrystallisation.  The  alkaloid 
may  be  obuined  from  the  nitrate  by  precipitation  with  ammonia.  One  kilogramme  of 
asS'Tomica  yields  by  the  above  pocess  6  or  6  grammes  of  stiychnine.    (Henry.) 

c.  His  loUowing  process  is  said  to  be  more  advantageous  than  the  preceding  ones : 
1  kilogmmme  of  nux-vomica  is  to  be  softened  by  being  steamed,  then  dried,  and  pul- 
vwciaea  moderately  fine.  It  is  then  digested  in  the  water-bath,  with  4  or  6  litres  of 
aleobol  of  specific  gravity  0'856  acidified  by  40  or  50  grammes  of  sulphuric  acid. 
QnicUime  is  then  added  to  the  alcoholic  solution,  to  remove  the  acid  and  precipitate 
tlio  oolouring-matter.  The  supernatant  liquid  is  decanted,  and  the  deposit  is  washed 
with  aloohoL  All  the  alcoholic  liquors  are  then  mixed,  carefully  filtered,  and  distilled. 
The  residue  in  the  still  is  coloured  and  alkaline ;  it  is  saturated  with  dilute  sulphuric, 
^^droehloric,  or  acetic  acid ;  and  the  solution  is  to  be  filtered,  conoentrutod,  and  pre- 
cipitated in  the  cold  by  a  slight  excess  of  ammonia.  The  precipitate  is  composed  of 
A  Biizture  of  stiychnine  and  brucine.  It  is  to  be  digested  with  weak  alcohol  of  specific 
gimvity  0*942,  to  remove  the  brudna  The  remaining  strychnine  is  to  be  dissolved  in 
aleohol  of  specific  gravity  0*837f  and  the  boiling  solution  treated  with  a  small  quantity  of 
Mdmal  charooaL  The  filtered  solution,  on  cooling,  deposits  the  strychnine  in  ciysUls. 
(Henry,/^) 

d.  Eight  pounds  of  the  powdered  nux-vomica  are  mixed  with  an  equal  weight  of  water,  so 
m  to  form  a  thick  paste,  which  is  then  exposed  to  a  temperature  of  20^  to  25^.  In  the 
0OUM  of  a  few  days,  a  violent  fermentation  sets  in,  which  is  generally  finished  in  about 
•ig^ileen  to  twenty  days.  The  liquid  is  now  pressed  through  a  hair-sieve ;  the  solid 
TCsidne  pressed,  and  boiled  twice  or  three  times  with  water ;  and  the  united  liquids 
tfVBjporated  down  to  12  quarts.  To  this  9  ounces  of  powdered  quicklime  are 
added,  the  whole  left  quiet  for  six  or  eight  hours,  and  the  bquid  separated  from  the 
pnripitate  bv  pressure ;  it  is  then  mixel  with  sulphuric  add,  the  calcic  sulphate  re- 
mofwed,  and  the  liquid  evaporated  to  2  quarts.  One  ounce  of  lime  is  now  added  to  it,  and 
Iho  treatment  repeated  as  above  described.  The  precipitate  formed  is  submitted  to 
great  pressure,  and  united  to  the  previous  one.  The  dried  precipitate  is  now  digested 
with  2  quarts  of  alcohol  of  specific  gravity  0*935,  which  dissolves  out  brudne  and  colour- 
ing matters ;  and  from  this  solution  str^'chnino  is  likewise  obtained  bv  crystallisation. 
The  remaining  predpitate  is  digested  repeat^nlly  with  6  quarts  of  alcohol  of  specific 

GTity  0'838,  the  solution  filtereid,  and  ibur-fifths  of  the  alcohol  recovered  by  distil- 
ion.  In  one  or  two  days  the  stiychnine  separates  as  a  white  cr^'stalline  powder ;  it 
is  washed  several  times  with  alcohol  of  spedfic  gravity  0*935,  to  remove  any  adherent 
brucine,  and  is  obtained  perfectly  pure  by  recrystallisation.    (Mulyn,  J.  Chim.  m^ 

iiL607.) 

€.  Nux-vomica  is  to  be  boiled  with  alcohol  of  94  per  cent.  The  liquid  is  to  be 
decanted,  and  the  residue  dried  in  an  oven ;  it  then  becomes  easily  pulverisable.  The 
powder  is  to  be  exhausted  with  alcohol,  and  the  liquids  mixed.  After  being  evapo- 
rated to  a  convenient  bulk,  acetate  of  lead  is  to  be  added  as  long  as  a  predpitate  is 
Ibrmed.  Colouring  matters,  vegetable  acids,  and  fatty  substances  are  tnus  removed. 
The  predpitate  in  thrown  on  a  filter,  and  well  washed;  and  the  filtered  liquor  is  evaporated 
until  reduced  to  about  a  half  or  a  third  of  the  weight  of  the  nux-vomica  employed. 
Magnesia  is  then  added  to  the  liquor,  and  the  whole  is  left  at  rest  for  several  days, 
until  the  brudne  hss  had  time  to  deposit.  The  predpitate,  having  been  collected 
on  linen,  is  to  be  presHed,  dried,  and  treated  with  alcohol  of  83  per  cent,  to  dissolve 
the  alkaloids.  On  distilling  off  the  alcoholic  liquors,  the  strychnine  is  first  deposited, 
while  the  brudne  remains  in  the  mother-liquors.  To  purify  the  crude  strychnine, 
it  is  to  be  saturated  exactly  with  dilute  nitric  add.  On  concentrating  the  solution, 
the  nitrate  of  stiychnine  is  first  deposited,  in  needles,  and  the  nitrate  of  brucine 
is  allerwards  deposited  in  much  laigor  crystals.  The  last  mother-liquors  are 
gummy,  but  they  still  contain  some  df  the  alkaloids,  which  must  be  extracted  by 
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a  firesh  treatment  ^th  magnesia,  &c.  as  before.  When  brucine  ia  praeipitiited^ 
there  always  remains  in  solution  a  considerable  quantity,  which  is  depositCNi  after 
a  time  in  crystalline  grains.  One  kilogramme  of  nox-vomica  yields,  on  treatment  as 
above,  2  grammes  of  nitrate  of  strychnine,  and  2  grammes  of  nitrate  of  bmcaoA. 
(Wittstock.) 

3.  From  Upaa  TieuU, — The  filtered  aqneoos  solution  of  the  upas  is  digested  with 
magnesia ;  the  precipitate  is  washed,  dried,  and  boiled  out  three  times  with  alcohol ; 
the  alcoholic  solutions  are  eyaporated ;  the  residue  is  dissolved  in  dilute  sulphuric  acid 
and  digested  with  animal  charcoal ;  and  the  solution  is  again  precipitated  by  magnesia. 
The  precipitate  is  then  exhausted  with  alcohol,  and  the  solution  evaporated  to  dryness. 
(Pelletier  and  Caventou.) 

Jkteetion  <if  8iryehnin»  in  eases  of  Poiaomng  (i.  127). 

Properties, — Small,  white,  four-sided  prisms,  terminated  by  four-sided  p3rramids 
(Pelletier  and  Caventou).  —  Crystals  of  the  trimetric  or  rhombic  systrau 
Lustre  vitreous,  pearly  on  the  cleavage-faces.  Hardness  between  2  and  2*6  (Kengott* 
Pogg.  zcv.  614).  Crystals  permanent  in  air,  unaltered  by  light  Botates  polarised 
light  to  the  left  May  be  fused  without  decomposition.  Inodorous,  taste  intensdy 
bitter.  Excessively  poisonous ;  one-eighth  of  a  grain  will  kill  a  large  dog ;  three- 
eiffhths  of  a  grain  cause  in  man  violent  tetanic,  convulsive  spasms  of  the  extremities, 
trismus,  opifTbhotonos,  and  other  formidable  symptoms ;  half  a  grain,  given  three  times 
a  day  for  several  days,  caused  death  with  the  usual  symptoms.  (Pereira,  Materia 
Medico,  ii.  1310.) 

Strychnine  in  poisonous  doses  almost  invariably  produces  tetanic  convulsions.  The 
smallest  dose  yet  known  to  prove  fiital,  was  in  the  case  of  Dr.  Warner,  who  swaUowed 
half  a  grain  of  sulphate  of  strychnine  in  mistake  for  morphia.  In  a  few  minutes  he  was 
seized  with  constriction  of  the  throaty  tightness  of  the  chest,  rigidity  of  the  whole  muscular 
system,  and  tetanic  convulsions.  He  died  in  about  fourteen  minutes  (7\^^  o» 
Poisons,  p.  777).  The  writer  has  tried  the  effects  of  doses  of  one-twelfth  of  a  grain,  re- 
peated eveiy  four  hours.  On  the  second  day  the  effects  were  sufficiently  unpleasant 
to  render  it  proper  to  cease  the  experiment  for  a  time.  Great  variation  is  found  in  the 
power  of  different  individuals  to  resist  the  poison ;  doses  of  even  three  grains  have 
been  endured  by  patients,  where  the  quantity  nas  been  veiy  gradually  increased  (Gis. 
m^..  Mars  1845  ;  Taylor  on  Poisons,  p.  777).  Strychnine  has  an  alkaline  reaction.  It 
resists  putrefaction,  and  may  consequently  be  extracted  successfully  from  bodies  whidi 
have  been  buried  for  a  long  time,  even  after  three  years.    (Macadam.) 

Stiychnine  dissolves  in  6667  parts  of  cold,  and  in  2600  parts  of  boiling  water 
(Pelletier  and  Caventou.) 

Decompositions. — 1 .  Strychnine,  when  submitted  to  destructive  distillation,  yields 
pyrrol  among  other  products  (Grev.  Williams).  When  cautioudy  heated,  it  gives 
off  colourless  vapours,  probably  of  undecomposed  strychnine,  then  melts  to  a  brown 
liquid,  which  when  f^ner  heated  gives  off  brown  vapours,  and  leaves  a  carbonaceous 
residue  (Duflos).  Strychnine  by  destructive  distillation  vields  small  quantities  of 
chinoline  (Gerhardt).  Strychnine  is  very  easily  oxidised,  at  a  red  heat,  by  oxide 
of  copper  or  chromate  of  lead,  and  therefore,  contrary  to  the  statements  of  many 
chemists,  is  very  easily  analysed  by  the  ordinary  processes  (Abel  and  Nicho  Ison). 
— 2.  Vapour  of  iodine  acts  on  strychnine,  forming  a  peculiar  compound. — 3.  Bromine 
produces,  in  solutions  of  strychnine,  a  resinous  predpitateof  bromost^^t:hnine  (L  a  u  r  e  n  t). 
— 4.  Dry  chlorine  does  not  act  on  stiychnine  or  its  salts,  but  chlorostiychnine  is 
formed  when  the  gas  is  passed  into  water  in  which  stiychnine  is  suspended.  A  solu- 
tion containing  1  pt  of  acetate  of  strychnine  in  8,000  pts.  of  water  is  rendered  turbid 
bv  chlorine  (March  and). — 6.  Solution  of  chloride  of  lime  gives  a  white  precipitate  in 
dilute  solution  of  acetate  of  strychnine  (Horsley). — 6.  Strong  nitric  acid,  if  hot,  con- 
verts the  alkaloid  into  a  vellow  explosive  nitro-compound,  whidi  is  probably  nitrate  of 
nitrostrychnine.  The  solution,  on  treatment  with  alkalis  in  excess,  gives  off  volatile 
ba84»s  (Anderson).  If  strychnine  turns  red  with  cold  strong  nitric  add,  it  indicates 
the  presence  of  brucine. — 7.  Cold  oil  of  vitriol  dissolves  stry<£nine,  forming  a  colour- 
less solution,  which  yields  coloured  reactions  with  most  oxidising  substances.  This 
solution  yields  the  following  reactions  with  various  reagents :  — a.  Peroxide  of  lead  f^ym 
a  blue  coloration,  becoming  violet,  then  red,  and  finally  in  a  few  hoars  yellow. — h,  Jdd 
chromate  of  potassium  in  the  solid  state,  added  to  the  above  liquid  on  a  porcelain  plate^ 
gives  a  fine  violet  coloration ;  if  the  quantity  of  stiychnine  present  is  laige,  the  colour  is 
pale-blue. — e.  Ferrocyanide  of  potassium  yields  a  somewhat  similar  reaction  to  h,  but 
more  permanent. — d.  Black  oxide  of  manganese  affords  a  violet  coloration,  becoming 
dark-red  in  the  course  of  an  hour.  The  presence  of  santonin,  or  starch,  does  not  prevent 
the  recognition  of  strychnine  by  acid  chromate  of  potassium  in  the  above  soluiion;  sugar, 
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^iniBe,  or  morphine  renders  it  indistinct,  but  does  not  affect  the  reaction  with  peroxide 
of  man^pjiese.  The  presence  of  30  pts.  of  tartar-emetic  does  not  prevent  the  coloration 
with  acid  chromate  of  potassium,  but  60  pts.  render  it  indistinct  Ver}'  small  quanti- 
ties of  aoinial  matters,  or  vegetable  extractive  matters,  render  the  above  reactions  iudis- 
tincC,  when  the  stiychnine  is  present  in  minute  traces  only. — 8.  Hot  solutions  of  iodic 
moid  colour  strychnine  and  its  salts  violet-red — 9.  The  iodides  of  the  alcohol-radicles 
iarm  derivatives  which  will  be  described  further  on. 

Combimaiians. — Wilk  Iodine, — a.  When  a  solution  of  1  pt  of  stiychnine  in  1  pt  of 
aleohol  and  3  ptj.  of  water  is  warmed  with  a  little  tincture  of  iodine,  and  left  to  cool 
spoDtaneonsly,  crystals  of  an  iodine-compound  are  deposited,  having  the  properties  ot 
doable  absoiption.  Its  formula  is  probably  C'H^^'OM*  (Herapath).— 6.  When  a 
solution  of  stiychnine  in  weak  alcohol,  acidified  with  hydrochloric  or  hydriodic  acid,  is 
pTPcipitated  with  tincture  of  iodine,  the  precipitate  dissolved  in  boiling  alcohol,  and  the 
solution  left  to  cool,  bright  red-brown  prisms  are  formed  permanent  at  140^,  and  having 
the  furmnU  C»'H«NH)».HI.P.    (Tilden.) 

When  2  pts.  of  stiychnine  are  triturated  with  1  pt.  of  iodine,  the  resulting  mass 
diMoived  in  boiling  alcohol,  and  the  solution  concentrated  and  allowed  to  cool,  kminae 
Are  deposited  having  the  colour  of  mosaic  gold,  and  the  formula  2CH''N'(H'. 

STBTODrm  Salts. — ^Acids  easilv  dissolve  str}'chnine,  forming  neutral  solutions 
hmTiBg  an  intensely  bitter  taste,  and  virulently  poisonous. 

AeriaUM  of  Strychnint. — Neutral  acetate  of  strychnine  czystallises  with  difficulty,  the 

id  salt  easily.    (Pelletier  and  Caventou.) 

Arrnnaie  of  Strychnine,  2C^'H"N«0«.3H''O.^U«0»  +  HK).— Monodinic  prisms,  solu- 
Ua  in  15  pts.  of  cold,  and  in  5  pts.  of  lu>t  water. 

ArteniU  of  Stryehnme,  2C«'H=»NH)»JHH)«As-0».— Dull  white  cubes,  efflorescing  in 
the  air. 

Bromonteratrate  of  Strychnine.— ToTmed  in  the  same  manner  as  the  iodine-com- 
pound (jh\fra),  but  nsing  bromide  instead  of  iodide  of  potassium. 

ChUro-mtrate  of  Strychnine,  C«»H«N«0».HCLAu*Cl».— Lemon-yellow  precipitate, 
Ttwj  slightly  solnble  in  water.  Crystallises  from  alcohol  in  pale  orange-coloured  crys- 
tals.   (Nicholson  and  Abel.) 

Ckromateqf  Strychnine,  2C"H«NK)».HK).CrO».— Lemon-yellow  needles,  neutral,  and 
sparingly  soluble  in  water  and  alcohoL    (Nicholson  and  Abel.) 

CklorocadmidUe  of  Strychnwe,  2{C"R^^H)\UC\).CirC\K— White  glittering  scales, 
long  needles,  or  large  tiansparent  prisms.   Does  not  lose  water  at  130^.    (Gallc  tly.) 

Chlortmercuraie  of  Strychnine,  C"H=»N«0*.HCl.Hg''Cl».— A  dense  pulverulent  pre- 
cipitate, which  soon  turns  gelatinous,  is  thrown  down  on  adding  solution  of  mercuric 
cMoride  to  solution  of  hydrochlorute  of  stiychnine.  Crystallises  from  alcohol. 
(Nicholson  and  AbeL) 

Strychnine  vUh  Mercuric  Chloride,  (3"H«NW.ng''Cl«.— Thrown  down  by  a  solution 
of  mercuric  chloride  from  a  solution  of  strychnine  in  weak  alcohol.  White  crystalline 
precipitate,  insoluble  in  water,  alcohol,  ana  ether.     (Nicholson  and  Abel.) 

SuIphaU  of  Strychnine  with  Mercuric  Chloride,  2C^»H«N*0*.fl»SO«.2HgfCl».— Pro- 
dncrd  by  dissolving  the  mercurous  compound  in  sulphuric  acid. 

Strychnine  with  Mercuric  Cyanide,  C-'H*'NK)''.Hg"Cy'. — An  alcoholic  solution  of 
stiychnine,  precipitated  by  excess  of  solution  of  mercuric  cyanide,  yields  this  compound 
in  small  prisms,  slightly  soluble  in  water  and  alcohol,  insoluble  in  ether.  (N  ichol- 
•on  and  AbeL) 

CUcrate  of  Strychnine. — Stiychnine  dissolved  in  aqueous  chloric  acid  forms  a  rose- 
red  solution,  which  yields  thin  short  prisms,  and,  when  the  solution  is  concentrated, 
BolidiiieB  completely. 

Chloroplatinate  of  Strychnine,  2(?>H«NK)«.2HCl.Pt"Cl«.— Solution  of  hydrochlorate 
of  strychnine  is  precipitated  pale-yellow  by  a  solution  of  tetrachloride  of  platinum. 
The  precipitate  is  nearly  insoluble  in  water  and  ether,  and  with  difficulty  in  boiling 
alcohol.     From  the  latter  solution  it  crystallises  in  scales  resembling  mosaic  gold. 

Chforopalladite  of  Strychnine,  2C*'H«N«0=.2H01.Pd''Cl«.— When  a  solution  of 
diehloride  of  palladium  is  added  to  a  solution  of  strychnine  in  hydrochloric  acid,  a 
brown  flocculent  mass  is  precipitated.  It  is  soluble  in  water  and  alcohol,  and  from  a 
boiling  solution  in  the  latter  menstruum,  may  be  obt^iined,  on  cooling,  in  dark-brown 
neMles.     It  is  not  decomposed  at  100^.    (Nicholson  and  Abel.) 

HydrohromaU  of  Strtfchnine,  C*H^'0*.H  Br.— Produced  by  dissolving  btiychnme 
in  hjrdrobromic  acid,  and  ciystallisin^  from  witer.     (Nicholson  and  Abel.) 

/fydriudate  of  Strychnine,  C*H"N*0'.HL — Adtn»e  cr}'stallino  precipitate  is  thrown 
down  on  adding  a  solution  of  iodide  of  potassium  to  a  solution  of  strychnine 
(t.  PI  a  n  t  a).  The  alcoholic  solution,  when  evaporated,  yields  glassy  four-sided  needles. 
(Merck.) 
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Hydrochlorate  of  Strychnine,  C»»H"TJrO«.HCI.— 100  pts.  of  itiychnine,  wben  «p(*f»J 
to  a  carreot  of  hydrochloric  acid  gas,  and  then  heated  to  150^,  retain  10-67  of  bTdro- 
chloric  acid  (Regnault).  The  same  aalt  is  easily  obtained  by  disK^ving  strTchmM 
in  hydrochloric  acid.  It  is  neutral  towards  vegetable  colours  (Nicholson  »i 
Abel).  It  rotates  poUrised  light  to  the  left;  [a]^  «  2S'1S^,  The  salt  is  8oliiU«in 
about  60  pts.  of  water  at  22*^  (Bouchardat).  (As  to  water  of  crystallisation,  seeGn. 
xvii.  494.) 

Hydrocyanate  of  Strychnine. — ^When  strychnine  is  dissolved  in  aqneons  hydrocyuk 
acid,  and  the  solution  is  evaporated,  the  hydrocyanic  add  is  entirely  expelled.  (Pel* 
letier  and  Caventou.)  

Hydroferrocyanate  of  Strychnine,  4C"H«»NK)*  H*Fe''Cy*.2H*0. — ColoarleBB  needk, 
produced  by  mixing  cold  saturated  solutions  of  fenocyanide  of  potassium  and  nental 
salts  of  strychnine.     (Brandis.) 

Hydrofluate  of  Strychnine,  2C"H«N«0».8HF1.HK).— Colonrle«  right  rhonbie 
prisms,  having  an  acid  reaction.    (Elderhorst.) 

HypomlpkUe  of  Strychnine,  2C«»H*«NK)«.H«S^.4H»0.— Formed  in  a  mixtuw  of 
strychnine,  alcohol,  and  sulphide  of  ammonium  on  standing  in  the  air.    (How.) 

lodomercurate  of  Strychnine,  C"fl"N»0«.HI.HK'l«.--Obtained  by  mixing  sobtioif 
of  2  at.  hydrochlorate  of  strychnine,  6  at.  iodide  of  potassium,  and  1  at.  mercviie 
chloride.  Shining  microscopic  crystals,  insoluble  in  cold  and  in  hot  water,  and  Ul 
little  soluble  in  boiling  alcohol.    (Groves.) 

Nitrate  of  Strychnine,  C"H«N''0*.HNO".— Strychnine  in  fine  pofwder  is  geoUj 
heated  until  dissolved  with  nitric  acid,  diluted  until  it  is  but  feebly  acid  to  \hs 
taste ;  the  solution,  on  cooling,  deposits  beautiful  colourless  needlea  of  nitrate  of 
strychnine.  If  the  nitric  acid  is  too  concentrated,  the  solution  assumes  a  yellow  oolonr 
immediately  heat  is  applied,  and  a  nitro-compound  is  formed.  No  aod  nitrate  is  pro> 
duced. 

Melliiate  of  Strychnine. — ^When  an  alcoholic  solution  of  Btrychnine  is  mixed  vith 
an  alcoholic  solution  of  mellitic  acid,  a  dazsling  white  crystalline  precipitate  fiiUf. 
It  is  soluble  in  1500  pts.  of  cold,  and  in  650  pts.  ^  boiling  water;  peifectqr  insohUi 
in  alcohol.     (Karmrodt.) 

OxalaU  of  Strychnine.— Neutral,  2C"'H«NK)«.C»H*0«.  Oxalic  add  neotialind 
with  strychnine  yields  lon^  flat  needles,  neutral  to  litmus. — Acid  Mtdt,  CPWS^^, 
L*ll-0*.     Obtained  by  treating  the  neutral  oxalate  with  oxalic  add. 

Pirchlorate  of  Strychnine,  C*»H«NH)«.HaO«.-— A  solution  of  sulphate  of  shydk- 
nine  decomposed  by  perchlorate  of  barium  yields  small,  pale-yellow,  glawy,  ihombic 
prisms. 

Periodate  of  Strychnine, — ^Produced  by  dissolving  strychnine  in  a  warm  aqneou 
solution  of  periodic  acid;  it  crystallises  in  six-sided  prisms  terminated  by  tona-odtd 
pyramids. 

Phosphantimonate  of  Strychnine. — Yellowish-white  curdy  predpitate,  nodaeed  \/j 
adding  a  solution  of  phosphantimonic  acid  to  a  solution  of  a  strycmdne  Bait. 

Picrate  of  Strychnine. — ^An  alcoholic  solution  of  picric  add  predpitates  an  aloobolie 
solution  of  strychnine  pale-yellow;  hot  solutions,  on  cooling,  yield  fine  yellow 
crystals. 

Sulphate  of  Strychnine.— Neutral,  2C«'H«N»0«.H'S0«.  Dilute  siilphnric  add  nte- 
rated  with  finely  powdered  strychnine  (Nicholson  and  Abel)  yielas large  fiDur-sdcd 
prisms.  The  salt  rotates  polarised  light  to  the  left;  [al^  »  26*58®  for  the  sdt  d»d 
at  40°.— ^«rf,  C'^'H^NW.H^SO*.  This  salt  is  formed  by  adding  diluted  snlplraric 
acid  to  the  neutral  salt ;  it  crystallises  in  long  thin  needles,  and  is  very  add  to  toU 
paper.     (Nicholson  and  Abel.) 

Sidphocyanate,  C*'H"N'0».CyHS. — Sulphocyanate  of  potasdum  throws  down,  firaei 
solutions  of  stiychnioe-salts,  a  dense  crystalline  predpitate;  from  hot  solntions  k^ 
silky  needles.     (Artus;  v.  Planta.)  

Tartrates  of  Strychnine.— Neutral  dextrotartrate,  2C*'H«NK)*.C*H«0«  ^  4tq.  T^ 
taric  acid  is  neutralised  with  strychnine.  Efflorescent  needles  an  indi  loqg.— 
Acid  dextrotartrate.  Strychnine  dissolved  in  excess  of  tartaric  add  yields  slaDdBrneeflii 
with  acid  reaction. 

Aiitit^irtrate  of  Strychnine. — The  neutral  salt  heated  to  100°  loses  7'8pff  wrt. 
water,  and  nothing  more  at  200°,  but  becomes  coloured,  but  to  a  less  extent  thsn  tlM 
dextrotartrate.  The  acid  salt  loses  all  its  water  of  crystallisatioD  (10*8  per  eent)  son 
mpidly  than  the  acid  dextrotartrate. 

Ozystryclmines,  iii.  320. 
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DbRITATIVES  of  STRTCHinifS. 

C^H^'N^*  -  C»'H«'N«(CH^)0«.— Finely-powdered  strych- 
nine is  heated  fur  some  hours  irith  slight  excess  of  methylic  iodide  in  a  sealed  tube. 
When  the  reaction  is  complete,  the  excess  of  methylic  iodide  is  distilled  off,  und  the  re- 
sidue is  dissolved  in  hot  water  and  filtered,  to  remove  any  uncombined  stzychnine.  On 
coolings  the  solution  yields  oystals  of  hydriodate  of  methylstrychnine,  from  which 
the  base  may  be  separated  by  means  of  oxide  or  sulphate  of  silver,  as  follows : — 
a.  By  oxide  of  sUvrr, — ^The  hydriodate,  prepared  as  above,  is  agitated  with  3  or 
4  pu.  of  oold  water  and  some  oxide  of  silver,  whereby  iodide  of  silver  is  formed  ;  the 
liquid  then  filtered  off,  and  evaporated  to  the  consistence  of  a  syrup,  whereupon  it  de- 
posits crystals  of  hydrate  of  methylstrychnine.  As  the  dark  mother-liquor 
cannot  be  made  to  crystallise,  the  following  process  may  be  substituted : — b.  The 
■olation  of  hydriodate  of  methylstrychnine  is  to  be  decomposed  with  an  equivalent 
quantity  of  sulphate  of  silver ;  the  solution  separated  from  the  iodide  of  silver  is 
mixed  irith  baryta-water,  and  evaporated  to  dryness ;  and  the  residue  is  heated  with 
water,  and  evaporated:  crystals  of  hydrate  of  methylstrychnine  then  separate  out. 
As  the  salt  thus  obtained  contains  excess  of  water,  it  is  to  be  dried  between  130^  and 
140^.  (For  very  full  details  concerning  the  reactions  and  decompositions  of  methyl- 
Btrrchnine^  see  Om.  xvii.  507.) 

it  is  remarkable  that  hydrate  of  methylstrychnine  is  not  poisonous.  Rabbits  can 
take  11  grains  in  the  course  of  a  day  without  being  poisoned  (Stahlschmidt). 
Hydrate  of  methylstrychnine  forms  easily  soluble  and  crystalline  salts  with  acids. 
Aqueous  methylstrychnine  precipitate-s  salts  of  nickel,  cobalt,  iron,  and  copper;  it 
also  precipitates  alum,  but  an  excess  does  not  rediwolve  \he  precipitate. 

I^kotpkaU  of  MethfUtrychnine,  C*'H*'N«(CH«)0«.PH»0*.— Aqueous  methylstiych- 
nine  neutralised  with  phosphoric  acid  yields  a  crystalline  mass,  readily  soluble  in 
water  and  aleohoL    (Stahlschmidt) 

Sulphate  of  Mdh^ueknine.'^a,  Neutral,  2C»'EVW{CIL*)0\IL-S0\— Preparation 
(see  Methylstzychnine,  o).  May  also  be  obtained  by  neutralising  the  aqueous  base 
with<dilute  sulphuric  acid.  Thin  pearly  lamins.  efflorescent,  easily  soluble  in  water. — 
h.  And  eaU,  C*iH'<N*(CH*)OMPSO«.  Crystallises  easily  in  laminsB,  which  have  a 
■trongly  ac^  reaction.    (Stahlschmidt.) 

H^rwdaU  of  Metkylstrychnine,  C"H*>NXCH>)0'.HI.  Pearly  lamine,  requiring 
212  pts.  of  ooid,  but  easily  soluble  in  hot  water.  Difficultly  soluble  in  alcohol. 
(Stahlschmidt) 

^drolmmate  of  MethyUtryekiwM,  t;»H**N^CH')0*.HBr.— Thrown  down  when 
bromide  of  potassium  is  added  to  a  strong  solution  of  the  hydrochlorate.  Sparingly 
■olnble  in  cold,  but  easily  in  hot  water.    (Stahlschmidt) 

Bydroehlorate  of  Mrtk^lstryehnine,  C**H*>NXCH*)0*.HC1.— Formed  by  neutralising 
the  base  with  hTdrochlono  add,  or  decomposing  the  sulphate  with  chloride  of  barium. 
Fine  prisms  hau  an  inch  long,  soluble  in  water  and  alcohoL 

Ckumfplatmate  of  MethyUtrychnine.^'Pale-yeliaw  precipitate,  difficultly  soluble  in 
water  and  alcohol,  insoluble  in  ether. 

BlkjnstryolmliM,  C^W*}f^O'  ^  C"H*>N*(C>H*)0>.— iVeparat«m.  Simihir  to 
that  of  methylstrychnine,  -but  substituting  ethylic  for  meth)rUo  iodide.  The  base 
may  be  precijatated  by  ether  from  the  solution  filtered  from  oxide  of  silver. 

CarbouateM  ofEtkyUkrychnine. — a.  Neutral,  When  moist  carbonate  of  silver  is  agitated 
with  hydriodate  of  ethylstryehnine  and  water,  a  colourless  solution  is  obtained,  which, 
erapoimted  in  a  vacuum,  or  at  100°,  leaves  a  ciystalline  residue.  Water  dissolves 
earbonate  of  ethylstiychnine,  leaving  fiocks  of  a  new  base  (How). — 6.  Acid, 
C»«H*»N\(?H»)0».H=K:0*.— When  carbonic  acid  is  passed  into  the  solution  of  the 
neutral  carbonate,  and  the  filtrate  is  evaporated  «n  ifonto,  or  at  100°,  a  white  ciystalline 
mass  is  formed,  having  an  alkaline  reaction.  It  dissolves  in  absolute  alcohol,  and  is 
precipitated  from  the  solution  by  ether  in  colourless  prisms.    (How.) 

Hydriodate  of  EtJ^Utrycknine,  C'*H'*N'(C*H>)0*.HI.  —  Shining  white  four-sided 
prisms.     (How.) 

Nitrate  of  EtkyletryekniMe,  C"H«N«(C*H»)0«.HNO».— Prepared  by  decomposing 
the  hydriodate  with  nitrate  of  silver.  Colourless,  highly  refractive  priams,  only  slightly 
soluble  in  cold,  easily  in  boiling  water.    (How.) 

CklorvplaHnate  of  Ethyletrychiine,  2C«H«N«(C«H*)0«.2HaLPt«'CK— Yellow  pre- 
cipitate, which  becomes  crystalline  in  a  few  hours.    (How.) 

Amytotryclmliie,  C*'H*'N«(C*H")0«.— Prepared,  like  ethylstryehnine,  by  acting 
with  moist  oxide  of  silver  on  the  hydroc-hlorate  of  amylstrychnino.    (How.) 

HydrochloraU  of  Amyhtrychniuc,  2[C"H»'N«(C*H")0«.HC1JH»0.— Prepared    by 
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heating,  for  100  hours,  finely-powdered  strychnine  with  chloride  of  amjL    Cobulni^ 
oblique,  rhombic  prisms.     (II ow.) 

NUrate  of  AmyUtrychnine,  C««H"N«(C*H»>)0».HNO».— Prepared  by  decompowLn 
hydrochlorato  of  amylstrychnine  with  nitrate  of  silyer.    Radiated  groaps  uf  coloulrH 

needles. 

COMFOUirDS  PRODUCED  BT  THB  ACTIOH  OF  DlBBOMlDB 

OF  Ethtuutb  on  Stbtchkuib. 

IHhydrohromnte  of  Ethylene-atrychnine,  C»»H*N»(C*H*)0«.2HBr.— When  etiycbilM 
is  heated  in  a  sealed  tube  for  a  quarter  of  an  hour,  with  alcohol  and  excess  of  dibromidt 
of  ethylene,  and  the  resulting  crystals  are  boiled  with  water  until  the  alcohol  and  fxc««i 
of  dibromide  of  ethylene  are  expelled,  the  solution,  on  standing,  deposits  crystals  of  thii 
salt.  White  cr}'Htals,  only  slightly  soluble  in  cold,  but  easily  in  hot  water  and  skohtl 
The  solution  is  not  precipitated  by  ammonia,  potash,  or  soda.  The  erystals,  trested 
with  acid  chromate  of  potassium  and  sulphuric  acid,  yield  the  same  reaction  as  strrob- 
nine  (M  6  u  6  tr  i  ^  s).  Treated  with  silver-salts,  the  crystals  give  up  half  their  bromisf. 
but  moist  oxide  of  silver  removes  the  whole;  thus  two  series  of  oompounds  u» 
formed. 

a.  Compounds  containing  Bromine, — An  aqueous  solution  of  the  CTTstals  is  pi^ 
cipitated  by  sulphate  of  silver ;  the  excess  of  silver,  and  also  of  snlphuric  arid,  is 
removed  by  bary ta- water ;  carbonic  acid  is  then  passed  in,  and  the  solution  isfilt^mi: 
the  resulting  alkaline  liquid,  evaporated  to  dryness,  leaves  a  resin,  which  H^o^.ff 
calls  Hydrate  d  Oxide  ofStrychninc-l/romtthyl-ammunuim,  and  represents  by  the  fbnttolt 
C»»H«>N»(C«H*Br)O^H«0. 

Sidphate  of  Strychnine-bromethyl  C"H«'N'(C«H«Br)0«.H»SO«.-— Obtained  by  dttsoo- 
posing  dihydrobromate  of  ethylene-strychnine  with  sulphate  of  silTpT. 

NUrate  of  Strychnine-hronuthyl,  C"H-'N'{C»H^Br)0«.HNO«.--Obtained  by  d«(»- 
posing  dihydrobromate  of  ethylene-strychnine  with  nitrate  of  silver.  Whits  needki, 
sparingly  soluble  in  cold,  readily  in  hot  water,  not  decomposed  by  alkalis. 

Platinum-salt,  2C»»H-»N«(C«H*Br)0«.2HCJl.Pt»'CK— Obtained  by  precipitatiiig  tin 
dihydrochlorate  with  tetrachloride  of  platinunL 

b.  Comjwunds  free  from  Bromine : — 

Hydrate  of  Ethylene-strychnine,  C"H»N«(C*H«)0«.HK).— Solution  of  dihydrobramli 
of  etliylene-strychnine,  digested  with  moist  oxide  of  silver,  becomes  of  a  reddish  csAsm^ 
and  the  hydrate  is  obtained  by  evaporating  the  filtered  solution.     (M^n^triis.) 

Trich/orethylene-strychnine,  C*'H»^C1»N«(C*H*)0*.  —  A  white  fnAhy  sulwUnn, 
obtained  by  passing  chlorine  into  an  aqueous  solution  of  hydrate  of  ethylene-itzydi- 
nine.     (Men^tries.) 

Mlratc  of  mtro-Hhylme-strychnine,  C"H»(NO»)N|(Cna[*)0'-HNO*.--Wheo  aa 
aqueous  solution  of  hydrate  of  ethylene-strychnine  is  mixed  with  nitric  acid,  a  vhiti 
cr}'stHlline  powder  is  deposited,  insoluble  in  water,  but  soluble  in  strong  acids;  oi 
evaporation  with  nitric  acid,  an  orange-red  substance  is  formed,  which  has  probably 
tlie  above  formula. 

Cblorostryclmiiie,  C*'H"C1N«0«.--When   a  hot  solution  of  hydrochlonte  of 

strychnine  is  treated  with  chlorine-gas,  a  resin  gradually  deposits,  the  solution  rettifi- 
iug  hydrochlorate  of  chlorostrychnine.  Ammonia  is  then  added  to  the  solntion  dnp 
by  drop,  until  a  small  permanent  precipitate  is  formed,  the  liquid  is  filtered,  and  tht 
filtrate  is  precipitated  with  ammonia.     (Laurent.) 

Sulphate  of  Chiorostrychnine,  2C«'H«»C1NW.H«S0*.— Prepared  by  neatralisii^dilite 
sulphuric  acid  with  chlorostrychnine,  and  obtained  in  cr^'stals  by  OTaponti^  tbt 
solution. 

CiAssiFiED  List  of  Memoirs  on  STBTcmmrB. 

Detection  of  Strychnine.— Brieger,  Jahrb.pr.Pharm.  xx.  87. — ^Bingley.ChenLGsL 
1856,  p.  229.— De  Vrij  and  Van  derBurg,  Pharra.  J.  Trans,  xvi.  448.— Erdmann 
and  Marohand,  J.  pr.  Cliom.  xxxi.  374.  J.  Erdmann,  Ann.  Ch.  Pharm.  exxiL 
360. — Eboli,  Archiv.  derrharm.cxxxv.  186. — Flaudin,  Comjit.  rend.  Ixxxri. 517.^ 
Gorup-Besanez,  Handworterb.  [2J  i.  468. — Hiinefeld,  Sehw.  Ix.  46i.>-}IageD, 
Ann.Ch.  Pharm.  ciii.  lo9. — Jordan,  N.  Report. x.  166.— Mayer,  J.  Phann.  [3], xlr^ 
124.  — Otto,  Ann.  Ch.  Pharm. c.  39. — Keese,  Chem.  News,  1862,  p.  316. — RoDsseao. 
J.  ('him.  Med.  xx.  415.  -Kodgors  and  Girdwood.  Pharm.  Trans,  xvi  497.--St«i> 
J.  pr.  Chum.  Iv.  232.— St  even  son  Macadam,  Pharm.  J.  Trans,  xvi.  120,  160; 
Kopp's.FahrtsV.r.  1856.  p.  759.— Schroder,  N.  Br.  Arch.xciii.  190.  — Thorn  as,  Aflxr. 
Journ.  Pharm.  1862.  p.  227.— Thomson, Pharm.  g.  Trans,  ix.  24.— Vogel,  X.Reprt. 
Pharm.    ii.    660.— Von    Uts lar  and  J.  Erdmanu,  Ann.  Ch.   Pharm.  cjul  121.— 
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Wngner,  Kom>*i  Jahmber.  1861,  p.  867.— Witts te in,  Pharm.  Vi«»rtelj.  ri.  273.— 
Letheby,  Pharm.  J.  Trans,  xti.  10.— Davy,  J.  Pliarm.  131,  xxiv.  204.— Mack  N 
Br.  Arch.  xlvi.  3U. 

AIlHird  adu/teratum  of  Pale  Ale  with  Strychnine. — Graham  and  Hofmann, 
Pharm.  J.  Tmns.  xL  604;  Ann.  Ch.  Pharm.  Ixxxiii.  39:  Chem.  Gaz.  1862,  p.  197. 

Preparation  of  Strychnine. — Corriol,  J.  Pharm.  xi.  492. — Soubeiran,  J.  Pharm. 
[31.  xlv.  230.— Winckler,  Mag.  Pharm.  xix.  261.— Neuhaus,  N.  Tr.  xi.  2,  198. 


— Oeiseler,  N.  Br.  Arch.  ii.  73. 

Action  of  Ifitric  And  on  Sirt/chnine  and  Brucine. — Gerhardt,  Chem.  Gaz.  1863, 
p.  283.— Gerhardtk  Compt.  Chim.  1846,  p.  136. 

Aetiom  qf  Chlorine  and  Bromine  on  Sfri/chnine. — Laurent,  Compt.  rend.  xxiv.  220; 
J.  pr.  Chem.  xlvi.  62. — Lepage,  J.  l*harm.  xxvi.  140. — Kiegcl,  N.  Br.  Arch.  Iviii. 
274. — ^Laurent,  Ann.  Ch.  Phys.  [3],  xxiv.  312. 

Action  nf  naacint  Oxygen  on  Strychnine. — E.  Marchand,  Chem.  Qaz.  1844,  p.  484 : 
J.  Chim.  mM.  Julv  1844. 

EmpUmmt  of  Eitctrieity  in  Cases  of  Poisoning  with  Strychnine. — Duclos, 
Bnchners  Rep.  Pharm.  xxxii. 

Snycmrxicx-SALTs. — Salts  gtnerally:  Nicholson  and  Abel,  Chem.  Soc.  Qn.  J. 
ii.  241.— -4r«nite;  Chiappero,  N.  Br.  Arch.  cxv.  94. — Ceresoli,  N.  J.  Pharm.  [4], 
1.843. — Bttvlortt incite:  Kosmann,  J.  Pharm.  [3],  xxvi.  204. — Carlton at^.' :  Lang- 
loia.  Ann.  Ch.  Phys.  [3],  xlviii.  602.—Ch/orocadMiate:  Galletly,  E<1.  New  Phil.  J. 
IT.  94. — Ch/orticincatr :  Grafinghoff,  J.  pr.  Chem.  xcv.  229. — Hydrochloraie  of 
Strychnine  and  Cyanide  of  Mercury:  Kohl  andSwoboda,  Chem.  Gaz.  1863,  p.  70. 
— Ifydrosulphocyojiate  :  Artus,  J.  pr.Chem.  iii.  320;  viii.  253.— Henry,  J.  Pharm. 
jxiv.  194. — Lepage,  J,  Pharm.  xxvi.  140. — Dollfus,  Ann.  Ch.  Pharm.  Ixv.  215. 
^Hyilroplatinocyanate :  Schwarzenbach,  Pharm.  Vierte\j.  viii.  618. — Indate: 
Serullas,  Ann.  (%.  Phys.  xlv.  276. — Periodate:  Bodekcr,  Ann.  Ch.  Pharm.  Ixxi. 
M. — JodvtnercHrate :  Groves,  Chem.  Soc.  Qu.  J.  ii.  97. — Hydrofiuate:  Elderhorst, 
Ann.  Ch.  Pharm.  Ixxiv.  77. — Hyposulphate :  How,  Pharm.  Centr.  1866,  p.  96. — 
MifpHrate  Kad.  Oxo/vra/f  .\  Ann.  Ch.  Pharm.  Ixxiv.  77. — Me/litaie :  Karmrodt,  Ann. 
Ch.  Pharm.  Ixxxi.  170. —  Oxalates:  Elderhorst,  loc.  cit. — Tartrates:  Arppo,  J. 
pr.  Chem.  liiL  331. — Pasteur,  Ann.  Ch.  Phys.  [3],  xxxviii.  437. — Steuhouse, 
Ann.  Ch.  Pharm.  cxxix.  25. 

lodo-^ompounds. — Tilden,  Chem.  Soc.  J.  [2],  iii.  99. — Herapath,  Chem.  Gaz. 
1866,  p.  320 ;  Proc.  Roy.  Soc.  June  1866. 

Btnznic  derirativ*s  of  Strychnine. — Schutzenberger,  Compt.  rend,  xlvii.  233; 
Chem.  Qaz.  1868,  p.  387. 

SuB»nTuno2c-oo3fPouND8  OP  Strychnine. — Mtthyl strychnine :  Stahlschmidt, 
Pogg.  Ann.  cviii.  613. — Ethyhtrychnine :  How,  Trans.  Roy.  Soc.  Edin.  xxi.  1,27; 

Chem.  Gaz.  1854,  pp.  321,  341,  365. — Amyhtryrhninf.  How,  \(>c.  cit Compounds  pro- 

Jmcedhy  the  action  of  Dibromide  on  Ethylene:  Men^tri^H,  J.  pr.  Chem.  Ixxxv.  230. 

CrykaUine  form  of  uome  Salts. — Descloizeaux,  Compt.  rend.  xliv.  909. 

C.  G.  W. 

ST&TOBMOCH&OBm  or  8TSTCBVOCBXOMZV. — A  resinous  yellow 
eolourinff  mailer,  from  the  lichens  of  false  Angustura,  also  frt^m  those  found  on  the  bark 
of  Strythnas  Pscudochina,  as  well  as  from  Upajt  Tieuii.  The  lichens  are  exhausted  with 
•ther,  und  then  with  alcohol;  the  alcoholic  tincture  isevaporat^^l;  and  the  residue  ib  boiled 
repeatedly  with  water,  which  dissolves  extractive  matters,  and  leaves  the  yellow.  It 
im  a  rKldish-yellow,  tasteless,  non-poisonous  powder.  It  dissolves  in  strong  nitric  acid 
with  finu  green  colour,  which  disappears  on  diluting  the  solution  with  WHter ;  but  ap- 
pmra  agam  when  the  liquid  is  concentrated,  and  is  turned  yellow  by  sulphuric  acid 
nod  ferrous  sulphate.  Strong  nitric  acid  also  throws  down  fn^m  alcoholic  str}-chnochrome 
a  green  precipitate,  which  loses  its  colour  when  washed.  Oil  of  vitriol  turns  strychno- 
chrome  green  ;  strong  caustic  potash  decomposes  it — It  is  nearly  insoluble  in  boiling 
water  and  dilute  alkalis;  soluble  in  acetic  acid,  from  which  rt  is  precipitated  hy 
alkalis ;  easily  soluble,  with  reddish-yellow  cohmr,  in  alcohol ;  and  very  slightly 
•olnble  in  ether  and  volatile  oils.  (Pellet ier,  J.  Pharm.  v.  646. — Pol le tier  and 
Caventou,  Ann.  Ch.  Phys.  [2],  xxvi.  64.) 

The  atzychnine  prepared  from  Nux-vomicaf  Faba  St.  Ignatii,  and  Upas  Tienti  obsti- 
nately retains  a  yellow  colouring-matter,  which  remains  in  solution  when  an  aqueous 
#ztntet  of  the  upas  is  precipitated  with  magnesia,  and  is  obtained  as  a  yellow  extract 
fiB  evaporation.  This  body  is  coloured  bright-red  by  strong  nitric  acid;  it  dissolves 
aaaily  m  water  and  alcohol,  and  is  not  precipitated  by  neutral  acetate  of  lead. 
(Pellet ier  and  Caventoa.) 
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STSTCBW08.  A  genus  of  apocynaceous  plantB,  including  leTenl  ipectM  viiidi 
^eld  8tr}*chnine  and  brucine.  Stryehno$  colnbrina,  a  tree  groving  in  the  Mulwfv, 
yields  soake-vood,  which  contains  a  large  quantity  of  fatty  matter,  and,  aoconliag 
to  PoUctier  and  Cayentou,  a  certain  quantity  ot  stiyehnine,  but  loM  than  nax-Tomiei: 
it  was  formerly  used  as  an  antidote  to  the  bites  of  poisonous  serpents.  The  fniit  of 
Str.  Nitx-vamiea  yields  strychnine  and  brucine.  Str,  St,  Ignaiii  yields  the  beau  of 
^t.  Ignatius,  which  contain  strychnine  with  a  very  small  quantity  of  brodne.  Sir. 
7*ievU  yields  Upas-tieut^  the  Jaran  arrow-poison,  which  also  oontains  strnhDiM 
with  traces  of  brucine.  The  bark  of  Str,  Panidoekma,  a  tree  growii^  in  Bxuil,  and 
vtnod  there  as  a  febrifuge,  is  said  by  Vauquelin  not  to  contain  itiyelmuM. 

8TU9BXZTB.  A  fahl-ore  occurring  in  the  dolomite  of  Anaaeaibnf^  in  ths  Y^ha. 
It  is  laminar  to  massive,  of  uneven  fracture,  black,  of  specific  gnmtj  4*65.  AoKt- 
ding  to  an  analysis  by  Fellenberg  (Jahresb.  1865,  p.  872),  it  contains,  in  100  paiU: 
S.  Sb.  Ai.  Bi.  Cu.  Zn.  Fe.  Pb.  Ail 

24*47         16-68        11-49        0-58        88-17        5*11        2*76         0-88        0-96 


A  mineral  found  in  the  island  of  Lipari,  and  analysed  b? 
A.  Stiibel  (Jahresb.  1865,  p.  892).  It  is  amorphous,  botiyoidal,  kidney-shaped, « 
encrusted ;  very  brittle,  of  concho'idal  fracture,  and  volvet-black  to  pitch-Uaek  oolocr. 
Hardness  «  4  to  5.    Specific  gravity  »  2*223  to  2-263.    Contains: 

S1()«.         AI'OS.        Fe203.         Mn«03.       iH|rO.  CuO.  Q.  H>0. 

26-99        6-37        1018        21*89        1*03        15*23        0*77         15*85     •      88*31 

8TY&OBZTS>    Syn.  with  Gkhleititb. 

BTTZiO&lTSB.     Peculiar  elongated  calcareous  formations,  ooeorring  in  tiM 

Muschelkalk  at  Kiidersdorf,  near  BerUn. 


k    An  antimonial  fahl-ore  from  Copiapo  in  Chile,  ooeuixng  ia 
groups  of  four-sided  nearly  rectangular  prisms,  probably  belonging  to  the  tiimetrie 
8ystem.      It  has  an  imperfectly  concho'idal  fimcturs,  iron-bla^  colour,  and  bkek 
streak.    Hardness  »  3.    Specific  gravity  <■  4*79.    Contains: 
S.  Sb.  Co.  Aft  F«L  Pb,  Za. 

24-30        80-58        28*00        8*30        7*00        trace         «         08-13 

agreeing  nearly  with  the  formula  3  j  ^       '     C^f  > .  Sb^*,  which  is  of  the  genenl  fin 

3R"S.Sb-S». 


Syn.  with  Oxtpicbic  Aan  (iv.  317)- 
Native  hydrated  sulphate  of  aluminium.    (See  8ux.FRAna) 
Native  basic  ferric  sulphate.    (See  Sulfbatbo.) 
StyiyUc    or   Cinnylic    Cinnamate,   C'«H»H>«      »      ^^J'^- 
(i.  986.) 

[     Syn.  with  Sttrtlic  Alcohol  (p.  447). 

Syn.  with  Storax  (i.  497). 

Syn.  with  Cinnamkne,  C"H»  (i.  982). 
Distf/rol,  C'*H'*,  is  produced  b^  heating  cinnamic  acid  with  aqneons  fajdrobnaBe 
acid  of  specific  gravity  1*12,  or  with  a  mixture  of  1  pt.  oil  of  Titziol  and  2  pbk 
water  * 

2C»H'»0«  =  2C0«  +   C'«H'«. 

It  is  an  oily  hydrocarbon,  which  forms  with  bromine  the  clystalliBe  eompoai 
C'*H"Br^.  It  is  not  converted  into  metastyrol  (metacinnamene,  i.  982)  bj  oontiniid 
hciiting  to  2U0°.     (Erlenmeyer,  Ann.  Oh.  Pharm.  cxxxv.  122.) 

,    Syn.  with  Sttbtlic  Alcohol. 

Syn.  with  Cinnyl,  C*B*. 

\.  C»H"N  =  N  1^*.    dnnylamine.     (Ramdohr.  Ziitidff. 

f.  Phrtrm.  1858,  p.  113;  Jahresb.  1858,  p.  448.)— A  base,  produced  Ij  beitiBf 
Ftyrylic  chluride  with  a  solution  of  ammonia  in  absolute  alcohol  in  aealea  tabm  M 
100°  (the  lubos  are  apt  to  explode  at  higher  teznpe^^ures).  The  leanltiqg  hjAo- 
chloraU'  of  styr^'kniine  is  puriti<Kl  by  recryKtallisation  from  water  and  pressure  betsca 
paper;  and  from  the  aqueous  solution  of  this  salt,  the  base  is  separated  bj  potash  tss 
bulky  pnvi|)itat^,  whioli,  by  solution  in  ether  and  spontaneous  evaporation, is tibuioti 
iD  small  ouluurle.ss  cr)'stals. 
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Styr^'Umine  melta  euilj  to  a  yellow  oil,  which  rolatilisps  at  100^.  The  vapoun,  as 
■fU  as  the  etheival  solution,  are  alkaline.  It  has  a  bitter,  canstic,  very  persistent 
avto,  and  dissolves  readily  in  ether.  The  aqueons  solution  exliibits  the  following 
retfCtions: — ^With  the  nitrates  of  barium^  calcium,  and  fHoqnenum,  in  neutral  solution, 
vlutA  precipitates ;  with  ferric  ckioride,  a  brown-red,  rathor  dense  precipitate ;  with 
nmc'-nUpkats,  white,  insoluble  in  excess  of  the  alkali ;  with  cupric  sulphate  and  nickel' 
mtpkatf,  greenish-white,  insoluble  in  excess ;  wiih  Isad-ac^ian^  white ;  with  mercuric 
tmoride,  idiite,  bulky ;  with  sUver-nitrate,  no  reaction ;  with  auric  ckl&ride,  immediate 
r^lowish-red  precipitate ;  with  pfatinic  chloride^  egg-yellow ;  with  potassic  permangO' 
Mrfr,  oopions  brown  precipitate ;  with  potassic  chromate  and  sulphuric  acid,  reduction 
of  the  cnromic  add  to  chromic  oxide  ;  with  potassic  sulphocyanate,  slight  crystalline 
prtcipitate  after  some  time ;  with  tannin,  an  immediate  precipitate. 

Bfdrochlorate  of  Styryiamine,  C*H"N.HC1,  crystallises  from  water  in  stellate  groups 
of  tnow-white  crystals,  belonging  to  the  regular  system.  The  ehloroplatinate,  2(>H"N. 
H*Cl'JE*t*^Cl\  is  an  egg-yellow  precipitate,  sparingly  soluble  in  cold,  more  easily  in 
hot  water,  insoluble  in  alcohol  and  ether ;  when  heated  it  melts,  blackens,  gires  off 
itrong-smelling  vapours,  and  leaves  a  large  quantity  of  charooaL 

mvwmWKKO  A&00S0&.    C*Hi*0  »  ^'(O.— An  alcohol  produced  by  dis- 

fcQling  s^imein  (styrylic  cinnamate)  with  caustic  potash  or  soda; — already  partly 
described  as  Civictlic  Alcohol  (i.  992).  According  to  Ramdohr  (Zeitschr.  f. 
Pharm.  1868,  p.  113  ;  Jahresb.  1858,  p.  446),  the  distillation  should  be  conducted  in 
Bopper  vessels,  because  glass  vessels  are  liable  to  be  broken  by  the  percussive  ebuUi- 
tMn,  oaiised  by  the  separation  of  the  alkaline  cinnamate  produced.  The  styrylic 
aleoliol  peases  over  with  the  aqueous  vapour,  and  separates  on  the  water,  in  the  course 
of  A  few  days,  in  fine  ciystals  (or,  in  warm  weather,  sometimes  as  an  oil,  which  may 
remain  liquid  for  a  long  time).    It  is  somewhat  soluble  in  cold  water,  less  soluble  in  a 

BtRiBg  solution  of  common  salt^  

Styiylie  alcohol  is  converted  by  oxidation  into  cinnamic  aldehyde,  C*H*0,  and 
ciBBamic  acid,  C*HH)*.  When  poured  in  the  fused  state  on  platinum^black,  it  is  con- 
voted,  after  a  few  days,  almost  wholly  into  cinnamic  aldehyde  (Strecker). — ^With 
ilrgsii'g  acid,  or  a  mixture  of  potassic  chromate  and  sulphuric  acid,  it  becomes  hot,  and 
lislds  einnamic  acid,  which  separates  on  the  surface,  and  if  the  liquid  be  boiled,  is 
Anther  converted  into  benzoic  aldehyde  (bitter-almond  oil)  (Wolff). — Heated  with 
iferaiig  potask4ey  and  peroxide  of  led,  it  gives  off  a  large  quantity  of  benzoic  aldehyde, 
lad  the  residue  contains  cinnamic  acid ;  Uie  peroxide  of  lead  lb,  at  the  same  time, 
Pidnoed  to  protoxide,  or  sometimes  even  to  metal  (Wolf  f).— With  potash  and  carbonic 
Hgmipkide,  it  yields  a  salt  analogous  to  xanthate  of  potassium  (Scnarberg). — When 
haitnd  with  nitric  acid,  it  dissolves,  and  is  slowly  attacked,  a  large  (quantity  of  nitrous 
Mid  being  evolved,  benzoic  aldehyde  distilling  over,  and  benzoic  acid  remaining 
behind.  If  the  formation  of  nitrous  acid  be  prevented  by  addition  of  urea,  a  smaller 
onantity  of  benzoic  aldehyde  is  formed,  and  the  residue  contains  nitro-cinnamic  acid. 
(ror  the  other  reactions  see  the  nejLt  article.) 

OTmTUO  WfTMMMMm  (Ramdohr,  Ice,  cit.) — Styrylic  Acetate, 
CH*)  C^*)0*,  is  produced  by  the  action  of  acetic  chloride  on  the  alcohol ;  it  distils 
vithoQt  deoompositiun.— 5<yry/fe  Beneoate,  CH*(C*H*)0',  produced  in  like 
■Banner  is  crystalline,  but  not  volatile  without  decomposition. 

Styrylic  Chloride,  CH'Cl. — ^When  dry  hydrochloric  acid  gas  is  passed  into 
aystelUsed  styrylic  alcohol,  the  latter  becomes  bquid,  and  separates  into  two  layers ; 
•ad  on  heating  the  product  to  100°,  washing  with  dilute  soda-ley,  and  drying  with 
calcie  chloride,  styiylie  ddoride  is  obtained  as  an  oil  of  light  wine-yellow  colour, 
snelling  of  ciunamon  and  anise-oils,  remaining  liquid  at  —  1 9^,  and  decomposed  by 
dlstiUation,  even  in  a  vacuum. 

Heated  with  cyanide  of  potassium,  either  in  open  veasels  or  to  100°  in  sealed  tubes, 
k  yields  a  reddinh  oil,  which  quickly  decomposes,  with  formation  of  a  resinous  mass, 
•ad  eannot  be  purified  oy  distillation. 

Styrylic  Cinnamate,  (?H'«0»  -  C*H'(C»H»)0«.— Syn.  with  Cinnylic  Cinna- 
ate  or'8tyracin  (i.  986). 

Styrylic  Cyanide,  C**HT^  =  OTP.CN,  is  produced  by  heating  styrylic  iodide  with 
■n  aloohulie  solution  of  potassic  cyanide  to  100^  in  scaled  tubes ;  on  opening  the  tubes, 
a  ■tiong  odoar  of  cyauosen  becomes  perceptible,  and  an  oily  layer  separates  on  cooling. 
Addition  of  water  renders  the  contents  of  the  tubes  milky,  and,  on  further  adding 
coannon  salt^  the  styrylic  mnide  separatee  as  a  yellowifih  oil,  easily  soluble  in  ether, 
■paringly  in  alcohol,  insoluble  in  water.  When  heated  with  potash,  it  gives  off 
aamonia,  and  becomes  resinised,  but  does  not  appear  to  yield  an  add  homologoos  to 
cianamic  acid. 
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Styrylic  Iodide^  CH*I,  is  prcxiuood  by  the  action  of  iodide  of  phoepHuiv  on 
styrylic  alcohol.  The  action  takes  place  without  aid  of  heat ;  tli^  st^iylic  al^<^^..l. 
melt«,  and  the  mixture,  when  warmed,  separates  into  two  lajers,  the  upper  of  viiidi 
eousibts  of  styiylic  iodide,  to  be  purified  like  the  chloride.  It  U  heavier  than  mtn; 
hHS  an  aromatic  odour,  and  burning  ta^te;  cannot  be  distilled,  either  alone  orvitA 
water. 

St  (fry  lie  Oxi  rfr,  (C*H*)*0,  is  produced  by  the  action  of  boric  anhydride  on  strryllf 
alcohol.  When  the  two  substances  are  triturated  together,  the  alcohol  first  melti,  ari 
the  mixture  solidifies ;  and  on  heating  it  in  sealed  tubes  to  100^,  for  fire  or  six  hours 
th«*  formation  of  the  styrylic  oxide  is  completed ;  the  prodnct  may  be  freed  fmai.  Icrie 
acid  ))y  means  of  soda-solution. — St}Tylic  oxide  is  a  fight-yellow  viscid  oil,  baring  la 
odour  of  cinnamon,  heavier  tlmn  water,  partially  decomposed  by  distillation. 

Stt/ryt-ethylic  Oxid-Cy  C*H*.G*H*.0,  produced  by  the  action  of  sodic  ethylate  oi 
styrylic  chloride,  is  a  liquid  heavier  than  water,  insoluble  therein,  easily  soloble  ia 
alcohol  and  ether,  and  distilling  at  a  very  high  temperature. 

Styrylic  Sulphide^  (C*H*)'S,  obtained  by  mixing  the  alcoholic  solutions  of  stjijbe 
chloride  and  potassic  mouosulphidc,  is  a  yellowish,  fetid,  non-distillable  oiL 

8TXJtVJ«ZXriL  The  name  given  by  Chiozza  to  a  base,  C*H*N,  pirobaUy  famed 
by  the  action  of  ammonium-sulphide  on  metastjTol  (i.  983). 

SUBSRAanc  ACZB.    C*H''N0*  »  (CH'^OyVQ.— Produced  by  the  dzydii. 

tillation  of  ammonium-suberate.  It  is  fusible,  soluble  in  boiling  water,  and  deposi!<j 
therefrom  on  cooling.  On  boiling  it  with  barium-carbonate,  and  treating  the  filtnta 
with  silver-nitrate,  a  gelatinous  precipitate  is  formed,  containing  38  per  cent,  nlrer, 
agreeing  approximately  with  the  formula  (?*H"AgNO*,  which  requires  38*57  perfect 
silver.     (Gerhardt,  Compt.  chim.  1846,  p.  178.)* 

8VBSKAMZBB.  C»H««N«0«  «  N*(C''H»-0«)»'.H<. -White  crystalline  subfUw*. 
produced  by  the  action  of  aqueous  ammonia  on  met  hylic  suberate,  or  by  paMio^ 
ammoniacal  gas  into  an  alcoholic  solution  of  ethylie  suberate.  (Laurent,  J. pr.  Gun. 
xxvii.  313.) 

CmKH  )s 
SmmRAXTLXC  ACZB      Phenylsuheramc  Add,  C>*H»NO'   -   (C^H'KF/fJv 

H     r 

(Laurent  and  Gerhard t,  Ann.  Ch.  Phys.  [3]  xxiv.  185.) — ^Produced,  together vir^ 
subeninilido,  by  melting  suberic  acid  with  an  equal  volume  of  dry  aniline.  Wbro  \}fi 
alcoholic  liquid  from  which  suberanilMe  is  precipitated  by  water,  is  eTaporaied  til 
tlit^  alcohol  is  driven  off,  a  brownish  oil  separates,  which  solidifies  on  cooling.  Tbii 
oil  is  dissolved  in  boiling  ammonia,  which  leaves  a  certain  quantity  of  snbenlliIid^ 
and  filtered;  from  the  filtrate  hydroi'hioric  <acid  precipitates  colourless  sabemdlir 
Hcid.  If  during  the  boiling  a  slight  excess  of  hydrochloric  acid  be  added,  suhenuOis 
acid  will  separate  on  cooling,  partly  crystalline,  and  partly  as  a  palo-yellowish  oil,  vhick 
afUTwanls  solidifies. 

The  acid  forms  microscopic  lamina*,  irre^larly  notched,  melts  at  128°,  beeomicg 
erA'stallinc  on  cooling.  It  is  not  soluble  in  cold,  and  but  slightly  soluble  in  hot  vitcr. 
It  dissolves  re^idily  in  other.  The  solution  in  hot  water  reddens  litmus.  1^  dij 
diht illation  it  yields  much  charcoal,  and  a  thick  oil  containing  aniline,  which  pullr 
solidifies  on  cooling.     Fused  with  potash  it  yields  aniline. 

SufKranihttc  of  Aminonium. — The  acid  dissolves  easily  in  hot  ammonia,  and  the  alt 
is  deposited  in  small  granular  crystals,  whose  aqueous  solution  is  not  ooloiued  bj 
chloride  of  lime. 

The  ammonium-salt  precipitates  cldoride  of  barium;  the  precipitate  dissolves  nedJj 
in  boiling  water,  and  separates  on  cooling  in  woolly  flakes.  With  chicfide  rf cdeiuk 
it  gives  a  white  precipitate,  soluble  in  hot  water;  with  Itadsalts  a  wlute  predpititt. 
insoluble  in  w.iter.  It  preci]iitates  ferroun  mlt^  yellowish-white,  eupne  tdU  \i^ 
bltip.  the  precipitate  being  insoluble  in  water;  with  tfi/vET-ntfrote  a  wnite  predpititfi 
in.solubIc  in  water,  and  turning  violet  on  exposure  to  light. 

(c»H»«o»r) 

BUBBRAWZ&ZBB.     Phcnyl-subcramide.    C^H^N'O'  »    (C*H*)*    VK*.    (Lti- 

rent  and  G  erhardt,  loe.  cit.) — When  equal  measures  of  dry  aniline  and  fasidssbine 
acid  are  mr-lte<l  together,  water  is  produced.  The  mixture  is  kept  melted  for  M 
minutes  n«ar  the  boiling  heat;  and  an  equal  bulk  of  alcohol  is  taen  added,  wUdh 

*  In  hi^  Tritfff  dr  Chimie  organique  (ii.  73.=*),  publUhed  in  lH54,  G«rbardt  lUtes,  bowcTtr,  thu 
Aintc  uciil  hat  n  t  jet  been  obtained. 
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iinmi-iliatcly  ilUsoWefl  the  mixture.  After  a  few  minutes  the  solution  solidifies  to  a 
ui.it<s  of  cryntalB,  vhich  are  dissolved  in  more  boiling  alcohol,  and  the  solution  is  left  to 
Hr;uid,  whenupon  most  of  the  suberanilide  crjrstallises  out  The  rest  is  precipitated 
b^'  water,  fuWranilic  acid  remaining  in  solution. 

Subfranilide  ciystallises  from  slcohol  in  pearly  lamine.  It  melts  at  183®,  and 
cr}*9tnllise8  on  cooling.  It  is  but  slightly  soluble  in  cold  alcohol,  but  dissolves  readily 
in  Imiling  alcohol  and  iz  ether. 

When  subjected  to  dry  distillation,  it  leares  a  small  quantity  of  charcoal,  and  yields 
an  oil,  which  solidifies  on  cooling,  and  crystallises  from  a  hot  alcoholic  solution 
in  |>«*arly  laminnf,  which  however  present  a  different  appearance  under  the  micro- 
sco|-e.  and  »>eem  to  be  somewhat  rounded.  Gently  heated  with  hydrate  of  potas- 
81  urn,  it  immediately  gives  off  aniline.  It  is  not  attacked  by  ammonia,  or  by  lx)iling 
•ulution  of  potash. 


•VBBmZC  ACZB, 


C»H»*0*  =   ^^^J^^^''lo\—Korksaure,   (Brugnatelli, 


Cr*"!!.  Ann.  1787,  i.  145. — ^Bouillon  Lagrange,  Ann. Chim.  xziii.  2;  J.  Pharm.  viii. 
107.— CheTreul,  Ann.  Chim.  Uii.  323;  xc\i.  182.— Brandos,  Soiiw.  J.  xxxii.  393; 
xxxiii.  h3;  xxxvi.  203;  Ann.  Ch.  Pharm.  ix.  295. — Bussy,  J.  Pharm.  viii.  107;  xix.425. 
— Boussinpault,  J. pr.  Chem.vii.  211. — Ilarff.N.  Br.Arch.v. 303.— Lauren t, Ann. 
Ch.  Phys.  [2|.  Ixri.  157— Bromeis,  Ann.  Ch.  Pharm.  xxxv.  89.— Tilley,  ihid. 
xxxiz.  166.— Sacc.  iW.  li.  222.— Wirt z,  ibid.  civ.  261.— Arppe,  Oxidation  of  Fats 
^V  yitric  Acid,  Ann.  Ch.  Phurm.  cxv.  143;  cxx.  288  :  Jahresb.  I860,  p.  246;  1861, 
p.  3f.7;  1864,  p.  377-- Gm.  xiii.  204.) 

This  acid,  belonging  to  the  oxalic  series,  C"!!^**— *0*  (l  52),  was  fir^t  obtained  by 
the  ai'tion  of  nitric  acid  upon  cork  (Bruguatelli):  hence  its  name  (from  the  I^atin 
suber).  It  is  also  proiluced,  together  with  several  other  acids  of  the  same  series,  by 
the  oxidising  action  of  nitric  ai'id  on  rarious  fatty  bodies — e.g.  oleic  acid  (Laurent), 
stearic  arid  (Bromeis),  castor-oil  (Tilley),  linseed-oil  (Sacc),  cocoanut-oil  (Wirtz); 
lastly,  it  is  produced  by  the  action  of  nitric  acid  on  suberone  (p.  450). 

It  is  most  easily  prepared  by  treating  commercial  stearic  or  oleic  arid,  or  castor-oil, 
with  nitric  acid,  in  the  manner  describ(>cl  under  Lbpabgylic  Aao  (iii.  571)  and  Pimelic 
Acid  (iv.  646).  The  resulting  acid  solution,  when  duly  concentrated,  yields  a  white 
granular  ma«»,  which,  when  freed  from  oxalic  acid  by  washing  with  cold  and  recrys- 
tallisaiion  from  warm  water,  and  from  other  more  soluble  acids  by  melting  the  crystals, 
puWerising  the  fused  mass,  and  treating  the  powder  with  water,  yields  a  mixture  of 
azelaic  (leparsylic)  and  suberic  acids;  and  on  treating  this  residue  with  cold  ether, 
the  azelaic  acid  i-s  dissolved,  while  the  suberic  acid  remains  behind.  Further  purifica- 
tion may  be  effected  by  repeated  treatment  with  water  and  ether  successively. 

Pure  suberic  acid  ciystallises,  according  to  Arppe.  in  needles  an  inch  long,  or 
in  tabular  crysUds  (six-sided  tables  of  120^,  apparently  belonging  to  the  hexagonal 
■yttem).  It  melts  at  140^,  solidifies  in  transparent  sharp  needles,  and  sublimes 
hetween  150°  and  160^,  with  partial  decomposition,  in  slenaer  needles  half  an  inch 
long.  It  dissolves  sparingly  in  cold,  ea/^ily  in  boiling  ttater,  more  easily  in  alechol 
than  in  water,  sparingly  in  rthrr;  spiiringly  in  cold,  eanily  in  warm  oil  oj  turpentine, 
and  mixes  with  firtd  oils. 

Suberic  acid,  when  heated  in  a  test-tube,  gives  off  suffocating  vapours,  condensing 
into  drops  which  become  solid  and  crystalline.  It  is  decomposed  by  prolonged  boiling 
with  nihie  acid,  forming  an  oily  acid,  which  has  the  o<lonr  of  butyric  acid  (Sacc). 
Distilled  with  4  pts.  manganic  jitroxid*,  1  pt.  oil  of  vitriol,  and  1  pt.  water,  it  yields 
an  acid  diMillate,  smelling  of  formic  acid  (Brandes).  Distilled  with  excess  of  lime,  it 
Tields  suberone  (p.  450),  Uigether  with  other  products.  Distilled  with  excess  of  baryta. 
It  yields  at  80^  a  liquid  distillate,  from  which  by  rectification  a  hydrocarbon  is  obtained, 
baring  the  composition  CH",  and  boiling  at  76'=*;  C"H»«0*  =  2C0'  +  CH"  (Riche, 
Ann.  Ch.  Pharm.  cxiii.  105).  According  to  R.  S.  Dale  (Chem.  Soc.  J.  [2]  ii.  258). 
the  acid  distilled  with  anhydrous  or  hydrated  baryta  yields,  at  a  temperature  near 
redness,  a  yellowish  oil.  from  which,  by  treatment  with  a  mixture  of  nitric  and 
inlphnric  acids,  and  subsequent  rectification,  a  hydrocarbon,  C*H",  is  obtained,  agree- 
ing in  properties  with  hexylic  hydride  obtained  from  coal-tar,  excepting  that  the 
■omewhat  lower  specific  gravity  (06617  at  17*5®)  brings  it  nearer  to  the  ^hexylic 
hydride  discorered  by  Wanklyn  and  Erlenmeyer  (iii.  153). 

Suberic  arJd  fused  with  aniliiie  yields  suberanilide  and  suberanilic  acid  (p.  448). 
Su berates. — Suberic  acid  is  dibasic,  the  formula  of  its  normal  Kalts  being 
CH'*M»0*  or  CTI>-M''0*.  The  suberates  of  the  alkali-metals,  earth-nietalp.  zinc,  and 
mantranese  are  more  or  less  soluble  in  water ;  and  from  their  solutions,  the  suberie 
acid  is  procipitate<l  by  stronger  acids  as  a  white  powder.  They  are  decomposed  by 
(!i9>til1atinn.  yielding  a  white  hublimate  of  the  acid. 

The  aqueous  solution  of  suberic  acid  does  not  precipitate  any  metallic  salt  except 
Vol.  V.  G  G 
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nentral  acetata  of  lead.  ¥nien  eatunted  with  ammonia^  it  prceipitataa  the  lofaitiai 
of  barium-,  calcium-,  and  stzontium-chlorideB  only  on  addition  of  aleohol,  Imt  fcm 
an  immediate  white  precipitate  in  solntionB  of  the  neutral  salts  of  sUtct,  macBj, 
zinc,  and  tin — bluish-ereeo  with  cuprie  sulphate^  red-brown  with  fiairie  sulphate. 

The  composition  and  phyaical  characters  of  the  subemtes,  as  determined  bj  Azppc, 
are  as  follows : 

Neutral  suberate  of  sodium 
Acid  „ 

Suberate  of  barium 

}}  strontium  • 

„  calcium 

„  magnesium 

f ,  aluminium . 

„  cine  .        . 

»,  manganese 

*>  I* 

,t  copper       • 

„  silver 

•,  lead  . 
„  „  (basic) 


.    2G'H'*Na*0«.HK)   warty  or  dendtitieaggregata. 
.    C^i*NaO«  tufts  of  needles. 

.    C*H**Si^'0«  SoTstalline  pieeipitBtes. 

.    2C^'«Ca''0«.HH)  3 

.    G*H>*1^''0\3H*0  wartferystallineaggRgitM. 

white  amorpluras  powder. 
.    C^^ZbTO*  fine  grsnnlar  precipitate. 

.    CH"Bin'0*.3H*0  light-ied  crystalline  spaaglM. 
.    C*H"Mn''0«  produced  on  boiling. 

.    C•H>'Ca''O^HK)     green  precipitate. 
.    CH"A(^  white  precipitate. 

.    C»H'«Pb''0*  white  precipitate. 

.    G«H>7b''0«.2Pb''0  produced  on  boQii^  with 

monie. 

Ethylie  Suberate,  C»«H«0«  -  ^A^iS^|0".  is 

by  heating  suberic  acid  with  alcohol  and  sulphuric  or  hydroehloirie  acid,  or  b^  puuf 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  suberic  add.  It  is  a  limpia  bmod, 
haying  a  faiot  odour  and  nauseous  taste.  Specific  grayity  ■>  1*008  at  16^.  rai 
without  decomposition  at  230®  (Bromeis),  at  260®  (Laurent).  It  mixes  ia  tU 
proportions  with  alcohol  and  ether.  It  is  scarcely  attacked  bn^  aqneoos  potash,  tel 
alcoholic  pota«h  quickly  decomposes  it.  With  alcoholic  ammonia  ityielda  subeisaida 
(p.  448).  By  chlorine  it  is  slowly  conyerted  into  chlorethylie  snberst^ 
C'«H»CTO«.    (Laurent) 

Methylic  Suberate,  C'*H'*0«  -  (^^.P^lo*.— Prepared  like  Uie  ethyl-eonpoad 

which  it  resembles.  Specific  grarity  a  1*014  at  18®.  Forms  sabemmidewithaBn^ 
nia.     (Laurent.) 

Cellulose  from  cork. 


Hydride  of  SuberyL — ^When  suberic  acid  is  distilled  with  enes 

of  lime,  a  distillate  is  obtained,  which  yields  by  rectaftcatian  an  aromatie  Kqnd 
boiling  at  176®,  and  probably  consisting  of  snberone,  the  ketone  of  sabne  wd, 
C»*H«H)«  =  (C«H»«0«)''(C^»«)<-its  formation  taking  {Oaoe  thus : 

2C«H»^0*     -     2C0«  +   2H«0   +  0*EVO», 

Its  composition  has  not,  howeyer,  been  ascertained  with  certaintr,  and,  moieovtr,  it 
differs  from  ketones  in  general  in  being  conyerted  into  suberic  acvd  by  the  action  of 
nitric  acid.    (Boussingault,  Ann.  Ch.  PharsL  ziz.  308. — ^Tilley,  iSid.  znix.167.) 

BUBBKTXk    C«H'K)*.— The  diatomic  radicle  of  suberic  aeid,  te.     Bcwisiifnlr 

applied  the  same  term  to  the  radicle  CH*'0,  which  he  supposed  to  exist  in  the  » 
called  snberone,  that  compound  haying,  according  to  his  analysia^  tlie 
OH»*0  =  (C«H"0)"H«. 

BVBXiZllKATa.    A  body  obtained  in  the  solid  state  by  ths  oooKng  of  its 

e.g.  sulphur,  iodine,  sal-ammoniac,  mercuric  chloride  (oorrosiye  saUimate,  Ac)' 

BVBRVB&ZV.    The  name  applied  by  O'Shaughnessy  (Ann.  Oh.PhanB.  sr. 

265 )  to  a  faintly  reddish  body,  whicn  he  obtained  from  blood-serom  by  mixing  it  vidk 
aU'ohol,  filtering,  and  heating  the  turbid  filtrate ;  but  its  separate  identity  ii  aoi 
established  by  any  satisfactory  evidence. 

8U88TXTUTZOW.  Under  the  head  of  EQUiyALorrs,  fire^nent  allnsioa  hss  bM 
made  to  the  substitution  of  one  element  for  another.  Substitution  is,  in  hgt,  ths  imt 
agent  of  chemical  change.  The  instances  in  which  compounds  are  formed  by  Anrt 
union  of  their  elements,  ultimate  or  proximate,  or  decomposed  by  direct  separatioBflf 
those  elements,  are  comjiaratiyely  rare ;  and  even  these  may  often  be  wnrdid  M 
particular  cases  of  substitution  (see  Chxmigal  Affinitt,  i.  957):  thns  ths  iawitins 
of  hydrochloric  acid,  when  chlorine  and  hydrogen  come  in  contact,  may  be  aappowdti 
take  place  by  an  interchange  of  these  elements  between  a  molecule  oc  ehknnssnd  i 
molecule  of  hydrogen,  each  consisting  of  two  atoms  : 

ClCl  +  HH     «     HCl  +  HCL 
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Thft  ftAowi]]^  9H  the  ttott  immrtant  eases  of  snbstitation : — 
1.  Of  CUarouM  or  Acid  Baduiet  for  Bydropen,— Chlorine  and  bromine  may,  in 
mmnj  imtaiicee,  be  introduced  into  h jdrogen-compounds  (chiefly  organic)  by  direct  sub- 
t/dwdam,  1  atom  of  hydrogen  being  removed  and  entering  into  combination  with  1  at. 
cfalnriae  or  bromine,  while  another  atom  of  the  haloid  element  takes  the  place  of  the 
hydipgen  ivmoTed.  Thus,  when  chlorine  acts  upon  manh-gas  (methylic  hydride),  the 
prododv  are  hydrochloric  add  and  methylic  chloride : 

CH«  +  OT     «    HOI  +   CH«C1; 

and  by  the  continued  action  of  the  chlorine,  the  latter  compound  may  be  converted, 
anecaaciT^ly,  into  CH*C1*  and  CHCl",  the  last  being  the  compound  usually  called  chlo- 
nrfunii.  In  like  manner,  acetic  acid  treated  with  chlorine  in  sunshine,  in  different  pxo- 
portioiis,  yields  mono-  and  tri-chloracetic  acid : 

C*H«0*  +     CI*     -     HCl  +   C«H«C10«. 

o»H«o«  +  3ca«   -  3Ha  +  cmci*o\ 

Iodine  doea  not  act  on  hydrogen-compounds  so  easily  as  chlorine  and  bromine ;  bat 
when  it  is  wesented  in  the  form  of  chlonde  or  bromide  of  iodine,  an  action  takes  placa 
•zaedy  unlar  to  that  just  described,  an  atom  of  hydrogen  being  removed  by  the  eUo- 
fine  or  bromine,  and  its  place  supplied  by  an  atom  of  iodine :  s.  g, — 

C»fl*0»  +  CU     -     Ha  +  0»H«IO». 
Pjiomecook  lodopTrome- 

add.  conic  acid. 

In  aome  eaNt  an  oigsuie  compound  first  unites  directly  with  3  at.  chlorine  or 
bramine,  and  the  product,  when  treated  with  alcoholic  potash,  fplits  up  into  hydro- 
cUorie  or  hydrobromic  acid  (which  is  removed  by  the  aUudi),  and  a  diloro-  or  bromo- 
M^batitiitioB-pKodnct :  thus  ethylene  takes  up  8  at  chlorine,  formizig  the  compound, 
CmKH*  (Dutch  Uquid),  which  is  resolved  by  aJeoholio  potash  into  HQ  and  monochlor- 
•OylttMb  CBHJL  This  in  like  manner  takes  up  2  at.  CI,  forming  C*H*a*,  resolvable 
into  HCl  and  dichlarethylene,  CH'Cl';  and  hj  a  repetition  of  these  processes,  the 
eoMpomda  0*flCl*  and  OKjV  are  obtained  (ii.  678).  The  chloro-  and  bromo-naphtha- 
Imaa  ure  pnpafed  from  naphthalene  by  asimilar  series  of  processes  (iv.  10). 

Os^gan  may  be  substituted  for  hydrogen  (0"  for  H*  or  HO  for  H),  bv  exposing 
c^faaie  compounds  to  the  action  of  oziditdn^  agents,  a  familiar  example  of  which  is  the 
coBvcnkm  <^  alcohol,  CHH),  into  acetic  licid. 

JHtro-mibiiihitwH,  or  the  substitution  of  nitryl,  NO*,  for  hydrogen,  is  effected  by 
■■Iflwtinfl  oigmie  compounds  to  the  action  of  fuming  nitric  acid,  or  of  a  mixture  of 
Miowr  niferie  and  sulphuric  acids,  as  in  the  conversion  of  cellulose  into  pyroxvlin. 

AlSad  to  this  is  the  substitution  of  nitrogen  for  hydrogen  (N  for  H*^,  bv  the 
jtfm  of  nitrons  acid  on  certain  organic  compounds,  as  in  the  formation  of  tne  diazo- 
W|wwiiii1s  discovered  by  Griess  (iv.  292,  460) :  thus  aniline,  C*H^,  is  converted  by 
Iht  aetion  of  nitrons  acid  into  diasobenzene,  CH^N' : 

C^'N  +  NHO»     -     C«H*N«  +   2HK). 

S.  Of  Hydtvffen  and  other  Batylous  Radidsi  for  Chlorous  Radicles. — This  reaction, 

SBBaCiBMi  called  inverse  substitution,  is  effected  bv  the  action  of  reducing  agents. 

CUorinatod  adds  are  easily  reduced  to  the  primary  acids  from  which  they  are  derived 

b^  the  aetion  of  sodium-amalgam ;  the  first  transformation  of  the  kind  that  was  eflbcted 

was  that  of  trichloracetic  into  acetic  acid.    The  conversion  of  nitro-compounds  into 

aaudogen^emnpounds  Tsubetitution  of  NH*  for  NO*),  bv  the  action  of  sulphydric  add 

or  fanrons  acetate,  slso  comes  under  this  head.      The  well-known  preparation  of 

aaidobenaene  (aniline),  C*H*(NH*),  from  nitrobenzene,  CH*(NO*),  may  be  taken  as 

pie. 

Am  important  class  of  reactions  belonging  to  this  head  is  the  substitution  of  alcohol- 
iat  chlorine,  oxygen,  &c  by  the  action  of  the  ziuc-iH)mpounds  of  the  aloohol- 
radirlfia :  «.  ^.,  the  preparation  of  triethylphosphine,  P(C*H*)',  by  the  action  of  xine- 
•llgi  on  tridiloride  of  phosphorus : 

SZn''(C«H»)»  +  2Pa*     -     SZnCl*  +  2PrC^»)». 

laoflier  example  of  this  kind  of  action  is  the  fbrmation  of  diethoxalie  add  and  its 
Wwdogiiea,  by  the  aetion  of  zinc-ethyl,  &o.  on  the  oxalic  ethers  (iv.  272). 

tOfBaijfiaus  or  of  Chlorous  RadHdes^  one  for  the  other. — To  this  head  belong  the 
knoaezable  instances  of  the  mutual  decomposition  of  salts,  and  of  double  decompod- 
tioa  in  ffeneral  (Chbmical  ArFinrrt,  i.  866) ;  also,  on  the  one  hand,  the  predpitation 
^wnitSm  from  their  solutions,  one  bv  the  other  (as  of  copner  by  iron,  lead  by  one,  ftc.), 
^  decomposition  of  adds  by  metals,  with  evolution  of  nydrogen ;  and,  on  the  other, 
^  deoompodtion  of  bronudes  and  iodides  by  chlorine,  and  of  iodides  by  bromine — the 
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conTersion  of  eulphides  into  oxides  by  direct  ozidatioD,  &e.  ICanj  of  time  ick- 
tions  appear  to  consist  in  a  simple  substitution  of  one  element  for  anoUitt,  vtocb  it 
eliminated  without  entering  into  any  nev  combination.  But,  on  doeer  •»*»""»it*'m. 
thoy  are  found  to  be,  at  least  in  some  cases,  analogous  to  the  cUoriiia-mbititstMai 
already  considered.  In  the  oxidation  of  sulphides,  for  example,  a  connderable  p» 
tion,  if  not  all,  of  the  sulphur  eliminated  is  oxidised  to  ralphiuoiis  anhjdride ;  ia  tiki 
decomposition  of  bromides  and  iodides  by  chlorine,  the  latter,  if  in  ezceei*  unites  wnh 
the  eliminated  bromine  or  iodine ;  and  even  in  the  precipitation  of  one  mrul  bt 
another,  alloys  are  frequently  formed,  as  in  the  precipitation  of  silrer  by^  memuj. 

An  important  class  of  reactions  belonging  to  tnis  place  is  the  substitution  of  sloohil- 
radicles  for  hydrogen  and  metals,  as  in  the  several  processes  of  etherifieatioa  hx  tm 
action  of  acids  on  alcohols,  of  alcoholic  chlorides,  iodides,  &c,  on  alcohole,  and  oa  tib» 
silver-salts  of  acids  (see  Ethkss,  ii.  511,  612).  The  formation  of  amines,  or,  in  otbn 
words,  the  replacement  of  the  hydrogen  in  ammonia  by  aloohol-radidea,  idbt  bi 
effected  directly,  as  when  an  alcoholic  iodide  is  heated  with  ammonia  in  sealed  tabs 
(ii.  654,  iii.  994) ;  or  by  indirect  methods,  as  by  distilling  cjanic  or  cyaouzie  ethn 
with  caustic  alkali. 

Most  of  the  methods  of  producing  organo-metallic  bodies,  consist  in  actii^  onalkni 
of  potassium  or  sodium  with  the  alcoholic  iodides,  bromides,  Ac  :  e^. — 

2(CH«)I     +     Na^Hg"       ^      (CH»)«Hg*     +      2NaI ; 
MethTlic  Mercuric 

iodide.  methide. 

or  by  acting  on  a  metallic  chloride  with  the  zinc-compound  of  an  aloohol-radidere^.- 

Zn"(C«H»/     +     HgTl*       -      Hg'(C»H»)«     +     Zn'a* 

Substitution-dcriTatives  often  exhibit  a  marked  resemblance  to  their  primitivBi  a 
physical  and  chemical  characters.  That  this  should  be  the  case  in  bodies  fonudte 
one  another  by  the  interchange  of  similar  elements  or  radicles — sncfa  as  hjdrogn  lal 
the  metals  on  the  one  hand,  or  chlorine,  bromine,  and  iodine  on  the  other — ^u  ootliiir 
more  than  might  have  been  anticipated  on  any  view  of  the  constitntion  of  ehnra 
compounds ;  but  that  a  radicle  of  decidedly  acid  or  chlorous  character,  like  dikiBM, 
bromine,  or  iodine,  should  be  capable  of  replacing  hydrogen  atom  for  atom,  asd  &• 
charing  functions  similar  to  that  of  the  hydrogen  in  the  primazr  oompouod,  ii  d» 
doctrine  of  a  comparatively  recent  date,  and  is^  in  fact,  diametrically  opposed  to  tt 
older  views  of  the  constitution  of  compounds,  founded  on  the  electiicsl  relatioa*  'i 
their  elem^mts.  The  resemblance  of  such  derivatives  to  their  primitiTes  is,  bovciir, 
strikingly  exhibited  in  numerous  instances.  Take,  for  example,  acetic  and  triekl» 
acetic  acid.  These  two  acids  are  both  crystallisable,  deliquescent,  soluble  in  wttvud 
alcohol,  have  the  same  capaci^  for  saturation,  yield  analo^us  salts  tnd  etbsn,  A& 
Dilute  trichloracetic  acid  treated  with  amalgam  of  sodium,  is  reconrertod  into  sflml 
acetic  acid ;  and  the  two  acids,  when  heated  with  caustic  alkali,  are  deeompoied  » 
cording  to  similar  equations,  yielding  the  two  analogous  bodies,  marsh-gss  and  cUd^ 
form,  thus : 

Acetic  acid .  C^«0*  -       C0<     +     CH«  Mafsh-flu. 

Trichloracetic  acid      .        C'HCIW       -      C0«     +     CHC1»  Chlorafem. 

Similar  resemblances  may  bo  traced  between  isatin  and  its  deriyatiTes  (iiL  406X  Tte 
i  satin  and  ch  lor  isatin  are  both  of  an  orange-red  colour,  are  iaomoiiAoas,  pizdf 
volatile,  slightly  soluble  in  water,  more  soluble  in  alcohol  and  ether;  form  yellow  nla- 
tions ;  and  react  with  hydrate  of  potiusium,  by  exchanging  an  atom  of  hydwgcBfaCTi 
of  potassium,  to  form  analogous  salts,  each  of  which  speedily  absorbs  an  atomof  wttff 
into  its  constitution,  to  form  the  isatinate  and  chlorisatinate  of  potassinm  refpcctiTdr. 
Moreover  the  two  bodies,  when  acted  upon  by  sulphydrate  of  ammoninm,  mwiwvwHM,  gid 
alkaline  bisulphites,  yield  hosts  of  analogous  compounds,  and  undei^  hosts  of  analoeoci 
reactions.    Isatin,  chlorisatin,  and  diclilorisatin  treated  with  hydrate  of  potauroB, 
yield  respectively  the  bodies,  aniline,  C'H'N,  chloraniline,  CH^CIN",  dicnianluliI)^ 
C*n'Cl^,  each  of  which,  despite  the  constituent  chlorine,  has  alkaline  chtnetn 
analogous  to  those  of  ammonia,  and  can  unite  directly  with  adds  to  form  salts. 

The  chlorinated  derivatives  of  the  natural  alkaloids  also  resemble  the  primaiy  ab 
ioi'ds  in  many  important  respects.  Thus dichlorocinchonine,  CPH^CrN'O, iioiwd 
from  cinchonine  by  the  direct  action  of  chlorine,  resembles  the  normal  base,  not  OB^ia 
Hlkalinity,  solubility,  cr^'stalline  form,  &c.,  but  likewise  in  turning  the  plane  of  poon- 
BHtiou  of  a  luminous  ray  to  the  left.  Chlorostrychnine  also^  C^'H*KiI>X^i 
obtained  from  strychnine  or  its  salts  by  direct  substitution  of  chlorine,  prodooet  potf^h 
nous  effects,  undistinpfuishable  from  those  of  the  natural  alkaloid. 

From  the  observation  of  Huch  rcsombl.inces,  Dumns  and  Laurent  were  led  toeondndf 
that  elements,  even  of  opposite  chemical  character,  may  in  many  instances  replace 
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■oother,  with  but  little  altentioD  in  the  character  of  the  products,  ami  that  the  proper- 
tic9  of  •  compound  are  determined  by  the  arranerment  and  relative  poiition  of  its 
atoms  more  than  hy  their  individual  character.  That  this  is  the  case  to  a  considerable 
extent,  is  evident  from  the  instances  just  cited  ;  nevertheless,  the  question  is  altojritliHr 
one  of  dc^rpc.  Substitution  is  always  attended  with  some  alrenition  of  jTriptTtii.-s  in 
the  compound,  and  the  alteration  goes  on  incn-asing  with  the  .tmount  of  the  sull^litu- 
tion.  Thus  in  T<ilatile  compounds,  8U<'h  as  etliyleue.  C-H*,  and  its  chhirinated  <lfriva- 
tiTHS,  C;HC1".  CTPCl*,  C-HCl»,aiid  C-'Cl'.  thevapour-clensity  im-D'Hses  and  ih-  UilinK- 
point  rises  with  each  .successive  replucemrnt  of  H  by  VI  Acain,  in  the  olihjruuilinos 
Jiv.  43S'i,  the  first  substituiirm-pnMluct.  ('•H*CIN,  is  soraHwhat  h-iis  basic  than  iiniline 
Itself:  while  dichloraniline.  C'H^Cl'N,  is  i-till  less  basic,  and  in  trit-hloraniline,  C'H*Ci'N, 
the  basic  character  has  altogether  disappean-d. 

The  substitution  of  alcohol-radicles,  such  as  ethyl  and  methyl,  for  the  hydrogen  of 
KBunonia,  pfes  rise  to  amines,  which  are  basic  like  ammonia  itself;  but  in  the  amides 
derived  firom  ammonia  by  substitution  of  acid-mdiclos  (benzoyl,  acetyl,  &c.)  for 
hydrogen,  the  basic  character  pives  place  for  the  most  part  to  sn  acid  cL'iracter,  the 
smide,  if  it  still  retiiins  replaceable  hydn>gen,  exhibiting  a  tendency  to  exchange  it 
fcr  a  metaL     (For  the  further  consideration  of  this  subject,  see  Types.) 

mUCCIMA'MXC  ACZB,  SUCCZXTAMXBB,  UUCCTHAMTTm^  SVCCZirA- 
VZIiZO  JkCH^t  SUCCXVAVIXiZBB.    8ee  Succinic  Actd,  Amides  op. 

■  U CCZVASFBAXiT.  A  resinous  substance  resembling  amber,  and  apparently 
Felated  to  retinite.  ubtained  from  the  granular  clay  iron-ore  of  Bergen  in  Bavaria. 
(Wsgoer,  Handw.  d.  Ch^m.^  viii.  414.) 

S VOOm BU FZO WB.  A  name  applied  by  Eisner  to  a  very  light  oil,  obtained  by 
rsctifyiiig  oil  of  ambsr  with  sulphuric  acid. 

AOZB.     C*H«0«   -  ^^*^'P')"|0^    Volatile  Salt  of  Amber.    Bern 

(Berzelius,  Ann.  Chim.  xciv.  187. — Lecanu  and  Serbat,  J.  Pharm. 
viiL  641;  ix.  89. — Liebig  and  Wohlor,  Pogg.  Ann.  xviii.  162. — D'Arcet,  ibid. 
zzzvi.  80. — Dopping,  Ann.  Ch.  Pharm.  xlvii.  253. — Fehling,  ibid.  xlix.  154. — 
P i r i a,  ihid.  Ixviii.  343. — 1) ossaignes,  ibid.  Ixx.  1 02 . — P a s  t e n r,  ibid,  c v.  264 . — 
Haxwell  Simpson,  ibid,  cxviii.  373. — Gm.  x.  108. — Gcrh.,  ii.  454. — Kekule, 
LtMrb.  il2Z.) 

This  acid,  the  third  of  the  series  of  dibasic  acids,  C^n'"-*0^.  homologous  with  oxalic 
mentioned  as  volatile  salt  of  amltcr  by  Agricola,  as  early  as  1657  ;  its  acid 
8  recognised  by  B:irchhusen,  Buuldiic,  and  Boerhaave ;  but  the  first  exact 
inrestigmtions  of  it  were  made  by  Berzelius  and  by  D'Arcet. 

Succinic  acid  occurs  ready-furmed  in  amb<.'r.  and  in  certain  lignites,  as  in  those  of 
Hnskau,  Kaumberg,  and  Altenburg.  It  has  also  been  found  in  the  turpentine  of  several 
species  of  pine,  and  in  certain  plants — viz.,  in  the  herb  of  Lactf/ca  viroga^  Artemisia 
Abtintkium^  &c.  According  to  Walz  fN.  Jahrb.  f.  Pharm.  xv.  22),  the  cheliiloninic 
acid  found  by  Zwenger  in  the  mother-liquor  of  the  preparation  of  chelidonic  a^id  from 
Ckflidonium  mqjus  (i.  850),  is  nothing  but  succinic  acid.  It  is  also  occasionally  found 
ia  the  animal  organism — e.g.,  in  the  thvmoid  gland  of  the  calf,  the  spleen  of  the  ox» 
(Gorup-Besanez),  and  in  certain  pathological  exudations  (H<^intz).  According  to 
6.  Meissner  and  F.  Jolly  (Jahresb.  1865,  p.  675),  it  occurs  in  the  urine  of  dogs  fed 
on  flesh  and  fiit,  and  in  that  of  rabbits  fed  on  carrots. 

Formation. — 1.  {Succinic  acid  is  a  frequent  product  of  the  oxidation  of  organic  sub- 
stances, especially  of  fats.  All  the  fatty  acids  of  the  series,  C*H*"0',  from  butyric 
add  upwards,  when  oxidised  with  nitric  acid,  yield  succinic  acid,  together  with  other 
acids  of  the  same  series  (p.  449).  Its  formation  from  butyric  acid  is  represented  by 
the  equation : 

C*n»0«  +   0«     «     H«0  +   C'H«0«. 

According  to  Pasteur  (Bull  Soc.  Chim.  1852,  p.  52),  it  is  always  formed  during  the 
conrersion  of  alcohol  into  acetic  acid  under  the  influence  of  Mycoderma  aerti,  especially 
when  the  plant  grows  on  the  surface  of  the  alcoholic  liquid  containing  phosphates. 

2.  By  the  action  of  reducing  agents  on  malcic  acid  or  its  isomer,  fumaric  acid,  which 
contains  2  at  hydrogen  less,  or  on  malic  and  tartaric  acids,  which  contain  respectively 
I  and  2  at.  oxygen  more  than  succinic  acid. 

a.  By  the  action  of  sodium -amalgam  on  maleic  or  fumaric  acid : 

C*H*0*   +   Na»Hg     =     Hg   +   C«H*NaO«. 

Malrlc  Siici-iDAtp 

acid.  (^'  todiiiin. 

CUommaleic  acid,  C«H»C10*  (iii.  788).  is  also  converted  into  succinic  acid  by  the  action 

of  iodium-amalgam : 
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$,  From  malic  or  Urtarie  acid  by  the  action  of  hydziodie  add  (R.  8chmitt»  Abb. 
Oh.  PbamL  enT.  106), or  d  iodide  of  pluMphonia  (Beaaaignei^  Udd,  or.  120 ;  esm. 
134): 

C«H«0»  +  2HI    -      HK)  +     P  +  0«H*0«. 

Malle  Sttodnie 

add.  add. 

C«H«0«  +  4HI    -     2H«0  +  21*  +  C*H«0*. 

Tartaiio  Succinic 

add.  add. 

8.  In  BMny  prooeaaes  of  £Brmentation,  $.g,,  of  aapangin  (PIria),  malic,  maUy^, 
ftonaric,  and  aconitic  adda  (Deaaaiffnea),  and  of  augar,  whence  it  ia  constantly 
preaent,  to  a  amall  amount,  in  wine  and  beer  (Paitenr).  Ita  foonation  from  malic^ 
maleie,  or  ftmiaric  acid  is  probably  a  ainq>le  prooeea  of  reduction.  Ita  fonnatiai  frca 
aapangin  may  be  repreaented  by  the  equation : 

C*H«NK)«  +  8H«0  -  0«    -     2NH»  +  CBW. 

4.  Bj  heatiog  cyanide  of  ethylene  to  100^  with  alcoholic  potaah  (Maxwell 
Simpson,  Ann.  Ch.  Pharm.  ezFiii.  873) : 

(?R\OSy  +  2KH0  +  2HK)     -     2NH»  +  C^«KW. 

This  reaction  ia  predaely  analogona  to  that  by  'vHiich  the  monobasic  adda  of  the  aeriet, 
OHM)',  are  formed  from  the  ^anides  of  monatomio  alcohols  (ii  2021  Qyuude  of 
ethylene  ia  lUso  couTerted  into  succinic  add  by  heating  with  nitdc  or  hydrochloric  acid. 
(Simpson,  ibid.  163.) 

Pr^raii(m :  1.  From  Amber, — This  substance,  suljeeted  to  dry  distillation,  yioldi 
auccinic  add  and  a  Tolatile  oil,  together  with  water  and  a  small  quantity  of  a  resinoos 
substance  naled  Ooiopkonium  tuccini.  On  heating  the  watery  distillate  to  the  boiling- 
point,  and  filtering  hot,  a  large  quantity  of  oil  remains  behind ;  and  the  aohttion,  on 
cooling,  yields  crystallised  succinic  add,  contaminated  however  with  a  oonsiderahlf 
quantity  of  empyreumatic  oil,  ttom.  which  it  may  be  freed  for  the  most  part»  but  not  per* 
fectly,  by  repeated  ciystaUisation.  Complete  purification  ia,  howcTer,  easily  effected 
by  treating  the  crude  sucdnic  add  with  mtric  add. 

2.  By  fermentation  of  Malic  Acid. — ^This  is  the  most  advantageoua  mode  of  preparing 
succinic  add,  the  crude  maUte  of  caldum,  obtained  by  neutralising  the  juice  of  moon- 
tain-ash  berries  with  chalk  or  slaked  lime,  being  generally  used  for  the  purpose.  A 
mixture  of  1  pt.  of  this  salt  with  6  pts.  water  and  \  pt  yeast,  or  3  pta.  water  and 
^  pt  decayed  cheese,  is  placed  in  an  earthen  jar,  and  left  for  four  to  sdx  days  at  a 
temperature  of  30^  to  40^,  till  the  evolution  of  gas  has  ceased.  The  granular  precipi- 
tate is  then  collected  upon  linen,  washed  seyoral  times  with  water,  and  mixM  witii 
dilute  sulphuric  acid  till  it  no  longer  etTerresces  (fh>m  admixed  oaldc  carbonate) ; 
another  equal  quantity  of  sulphuric  add  is  then  added ;  the  mixture  boiled  for  awhile, 
till  the  oaldum-salt  is  no  longer  granular ;  the  liquid  atrained  through  linen ;  the  ore- 
dpitate  on  the  filter  thoroughly  washed ;  the  whole  of  the  liquid  enqiorated  till  a 
crystalline  crust  forms  on  the  surfoce ;  oil  of  vitriol  then  added  in  small  qu&otitifls,  as 
long  as  gypsum  is  thereby  predpitated ;  the  liquid  strained  off  (after  dilution  with 
water,  if  the  gypsum  forms  a  paste^ ;  the  predpitate  washed ;  and  the  whole  of  tha 
liquid  again  evaporated :  it  then  yielos,  on  cooling,  brownish  ciystals  of  auccinic  add, 
still  contaminated  with  gypsum.  These  crystals  are  purified  by  recrystallisatiQn 
from  water,  sometimes  with  addition  of  animal  charcoal  and  xdtimately  freed  from 
gypsum  by  solution  in  alcohol  or  by  sublimation.  By  thia  proceas,  12  pta.  of  ealde 
maiate  yield  from  3'75  to  4  pts.  of  pure  crystallised  succinic  add :  the  mother-liquon 
do  not  retain  a  trace  of  mahc  add.  Three  pounds  of  calde  maiate  thus  treated  yield 
about  one  pound  of  pure  succinic  add.    (Liebiff.) 

The  formation  of  sucdnic  add  in  thia  process  is  acoompanied  by  that  of  aoetio  add 
and  carbonic  anhydride :  hence  the  reaction  is  commonly  represented  by  the  eqnatiao : 

3C?*H«0»    -    2C<HH)«  +  C»H*0«  •¥  2C0«  -»•  HH). 

Malic  Sucdok  Acetic 

acid.  add.  add. 

Probably  two  reactions  go  on  simultaneously,  one  part  of  the  maUe  add  bdng  con- 
verted by  fermentation  into  acetic  add,  and  this  fermentation  causing  the  ndnctioo  of 
another  portion  into  auccinic  add  (Kek  uU).    See  Malati  or  CAXxnux  (iii  702). 

Propertiee. — Succinic  add  crystallises  in  prisms  belonging  to  the  monoeiinio  ^yatMs, 
generally  in  rhombic  or  hexagonal  plates,  the  frioe  ooPoo  replacing  the  acute  edge  of 
the  vertical  prism  ooP.  The  crystals  are  permanent  in  the  air,  have  an  add  taste,  but 
no  smell.  Sucdnic  add  is  much  more  soluble  in  hot  than  in  cold  water — ^via.,  in  5  pts. 
water  at  16^,  and  2*2  pts.  at  100**  (Lecanu  and  Serbat).  It  is  less  soluble  in  a&o- 
hoi,  and  nearly  insoluble  in  ether.    It  mdts  at  180°,  but  begins  to  eaut 
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bdov  ilt  adtug-pomt  It  boils  at  236®,  being  resolved  i&to  water  and 
aab^diide. 


. — 1.  Sneeude  add  c&en  great  resiatanoe  to  the  action  of  oxidising 
M  baiM  iflected  bj  nitnc  add,  chromic  acid,  chlorine-water,  or  a  mixture  of 
kjinthUmD  acra  and  potasnc  chlorate.  When  eraporated  to  dryness  with  fiumganio 
ftr^xiit  and  miipkmrk  aeid^  it  yields  acetic  add  (Trommsdorff). — 3.  An  aqneons 
•obtKw  of  sodie  ancrinata  is  decomposed  bj  the  eUetrie  eurrmit,  giTing  off  at  the 
mtm  poU  a  miztnre  of  earbooic  anhydride  and  methylic  oxide  (Kolbe,  Ann.  Ch. 
I'kaRa.  caiii.  244) : 

C*H*0«  +  HH)     -    (CH*yO  +  2C0«  +  H«. 

3^  Vbeo  fbaed  with  fotastk  hydrate,  it  yields  carbonate  and  oxalate,  together  with  a 
pmms  hydroatfbon  (Lie big  and  Wohler). — 4.  It  is  not  attacked  by  strong  snl- 
pfcane  adid  (H^SO*)  eren  when  heated,  bat  tiUpkurie  anhydride  converts  it  into  snccino- 
Mihvie  add. — 6.  Heated  with  bromine,  it  forms  snbstitotion-prodncti. —  6.  By 
4d^ivatm^  ambatcmeee,  sneh  Mphatphorie  anhydride  and  phomhoric  fentacMoridey  it  is 
sue^wtwi  into  socdnie  anhydride;  in  the  latter  case  witn  formation  of  hydrochloric 
add  aad  phosphone  oxychloride. 

Soodnic  add  is  dibadc,  the  general  fbrmnla  of  its  salts  being  as 

Neutral  Succinates  C*H<MK)*  and  C^H^BTO* 

Add  ^  C<H»MO«  and  C^»»M*0». 

«  C*H«M''0*.C*H«0*. 

ate  also  a  Cbw  doable  snednates,  sereral  basic  lead*salts,  anda  hyperadd  potas- 


reaisl  a  temperature  of  200^  without  deoompodtion.  When  distilled 
add  phosphate  or  sulphate  of  sodium,  they  yield  a  sublimate  of  sucdnie  anhy- 


tW  sneriwatea  of  the  alkali-metals  aad  of  magnedum  are  easily  soluble  in  water ; 
tkasaf  the  alkatine  earth-metals,  aad  most  cSher  diatomie  metals,  are  q)aringly 
■isbfe;  tfaoae  of  sesqui-atomic  metala  are  insoluble. 

tadoie  add  and  soluble  soodnates  form,  with  farrie  talta,  a  red-brown  predpitate 

fMsblmg  that  formed  by  beaaoie  add,  but  much  more  compact:  hence  sucdnate  of 

aBBMBtaiB  is  a  more  ooorenieDt  reagent  for  the  predpitation  of  fenic  salts  than  &e 

Icaaelt.     With  aeetate  of  lead,  snodnic  add  forms  a  predpitate  of  succinate  of  lead, 

I  ■■Mr  in  siesas  of  dther  reagent    With  ehloride  of  barium,  the  add  by  itself  gives 

\  a»  pndpitate ;  but  on  addition  of  ammonia  and  alcohol,  a  white  predpitate  is  formed : 

II^^.^  ^ggf^  ^gff^  not  exhibit  this  reaction.    Succinic  add  is  further  distinguished 

add  by  not  being  predpitated  ftom  its  soluble  salts  by  a  mineral 


Succinate  of  Ammonium,—The  neutral  salt,  C*HXNH«)*0^  is  obtoined  by 
8Bpsnatamtin|(  enrrinic  add  with  ammonia,  and  leaving  the  solution  to  evaporate  over 
frkHatr ;  it  is  also  formed,  according  to  Firia,  in  the  putrefiturtion  of  aspara^.  It 
oy^EalHaes  in  hexagonal  prisms,  very  soluble  in  water  and  in  alcohol.  Ghves  off 
wlien  exposed  to  the  air,  and  is  resolved  by  heat  into  ammonia,  water,  and 
idA.  Shpediic  gravity  »  1*367  (Bodekev,  Jahresb,  1860,  p.  17).— The  acid 
CVSJSrEL*)0*,  is  produced  when  the  solution  of  the  preceding  Mlt  is  evaporated 
by  hmX.  It  emtallises  easily,  is  very  soluble  in  water  and  alcohol,  has  an  acid  re- 
•edoau  aad  ia  decomposed  b^  neat,  like  the  neutral  s^  The  aystals  are  tridinic^ 
anaOy  exhibiting  the  combination :  oP  .  'P.co  .  ^Poo  .  oof  oo  .  ooroo  .  ooP/.  Angle 
eP :  •Poo  -  91°  68*;  oP :  oofoo  «  98®  26';  oP  :  od,F  -  910  46':  oP :  T.oo  « 
Ul®  BT;  oP  :;?'•  -  Ifil^  7';  ooPoo  :  oof  -  100«>  16';  ooPoo  :  '?,«  - 
IX^ht;  odPoo  iP^oo  -  lir>;  ooPoo  :  ooF,  -  186o  46*.  (Brooke,  Ann.  Phtt. 
28«.) 


Smecinate  of  Barium,  OWBeTO*  (at  200O).— White  cnrstalline  predpitate, 
i^Mtf  soluble  in  water,  modenatelv  soluble  in  dilute  nitric,  hydrodiloric,  and  acetie 
^T^olnUe  in  ammonia  and  in  alcohoL  With  chloride  of  acetyl  it  yields  a  mix- 
tnt  of  aoetie  and  succinic  anhydrides.    (H  e  i  n  t s,  Jahresb.  1869,  p.  279.) 

Bmccimate  of  Cadmium  crystallises  in  concentric  groups  of  prisms,  very  soluble 
k  Trtar,    Aeeording  to  John,  it  appears  to  be  resolved  by  alcohol  into  two  other 


$u€€inatee  of  Caloium, — ^The  neutral  salt  is  gxfhdnally  depodted,on  mixinir  cold 
fl  ■iiip#ift^  aohitlonB  ci  ealdc  chloride  and  sodic  succinate,  in  small  needles,  contain- 
r^  CHHVO'.dH'O.  If  the  solutions  are  mixed  hot,  a  crystalline  precipitate  is 
^iiiliililj  iannm^  eompoaed  of  C^HK^a^O^^^.    Both,  pndpitatea  are  sparmgly 
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soluble  in  water  and  acetic  add,  insoluble  in  alcohoL  When  heatod,  it  ^jirM  off  a  ToLsdlt 
oil,  called  succinone,  still  containing  oxygen,  but  haying  a  oompoflition  not  yet  %Ka» 
tained  with  certainty  (D'Arcet).— The  acid  sa/t,  C«H»»Ca''0*.  or  C«HH5»'O*.C«H«0«, 
obtained  by  treating  the  neutral  salt  with  excess  of  add,  is  likewise  crystalliaable,  ad 
slightly  soluble  in  water.  Alcohol  renders  the  crystals  opaque,  and  oonyeata  themisto 
the  neutral  salt    They  are  also  decomposed  by  heating  to  150f^. 

Chromous  Succinate^  C*H*Ci<'0*.H*0,  is  a  scarlet  precipitate,  formed  on  addiag 
sucdnate  of  sodium  to  chromous  chloride. — Chromic  succinate  is  not  known. 

Succinate  of  Cobalt. — Peach -blossom -coloured,  slightly  soluble  precipitAt*. 
According  to  Handl  (Wien.  Akad.  Ber.  xxxii.  2d4),  it  forms  monoclinic  pruiriuic 
crystals:  ooP  .  ooPm  .  [  ooPoo  1  .  oP.  Angle  odP  :  ooP  (dinad.)  —  lVi^Zf^, 
ooPn  :  ooPw  (dinod.)  =  136°  SS';  oP  :  odP  «  116°,  nearly. 

Succinate  of  Copper,  C*H*Cu''0*  (at  200°),  is  obtained  on  adding  recently  prwi- 
pitated  cnpric  carbonate  to  a  boiling  aqueous  solution  of  succinic  add,  as  a  bluish-grH^ 
crystalline  powder,  slightly  soluble  in  water  and  succinic  add«  less  soluble  in  aais 
acid,  insoluble  in  alcohol  and  ether. 

Succinates  of  Ir on. — a.  Ferric  salts.  Alkaline  succinates  form  with  feme salu i 
red -brown  or  cinnamon-coloured  precipitate,  consisting  of  a  basic  ferric  sncdnate.  The 
addition  of  sodic  acetate  before  precipitation  renders  the  predpitate  more  compscC.  It 
dissolves  in  acetic,  succinic,  and  mineral  adds.  Ammonia  appears  to  convert  it  mtot 
still  more  basic  salt. — /9.  Ferrous  succinate  is  a  greyish-green  predpitate,  vhirii 
oxidises  in  the  air,  is  slightly  soluble  in  water,  easily  soluble  in  succmic  add,  psnisU; 
soluble  also  in  ammonia  and  ammoniacal  salts. 

Succinates  of  Lead.— The  neutral  salt,  C^fl^Pb^O*  (at  IQQP\  is  obtained  by  jw- 
cipitating  neutral  acetate  of  lead  with  neutral  sodic  sucdnate,  or  a  hot  solntioa  tf 
succinic  acid  with  basic  acetate  of  lead.  It  is  a  white  powder,  which  beccEcf 
cr}'8talline  if  precipitated  from  hot  solutions.  It  is  slightly  soluble  in  water,  eA»ilr 
soluble  in  dilute  nitric  acid  and  in  potash.  Specific  gravity  «■  3*800  (BodekerX-^ 
A  basic  salt,  2C*HTb''0*.Pb"0,  is  obtained  on  mixing  succinate  of  sodium  with  Uk 
acetate  of  lead,  as  a  glutinous  precipitate,  which  sticks  to  the  sides  of  the  vessel  wcjI* 
warm,  and  becomes  brittle  on  cooling.  Another  basic  salt,  C^H*Fb''0*.2Pb*'0(at  2U0-\ 
is  produced  by  treating  the  neutral  salt  with  excess  of  ammonia.  It  is  a  white  ponder, 
insoluble  in  water,  easily  soluble  in  potash,  and  in  dilute  nitric  acid. 

Succinates  of  Magnesium. — The  neutral  soft,  C^H^Mg^OVeHH),  fonns  pM- 
matic  crystals,  which  give  off  all  their  water  at  130°.  It  is  very  soluble  in  «a», 
insoluble  in  alcohol.  The  aqueous  solution  appears  to  vield,  by  concentration,  ciritali 
containing  a  smaller  proportion  of  water  (Feb ling). — A  baste  salt,  2C'H'Xg'0'. 
iMg^O.H^O  (at  100°?),  isobtained  as  a  white  pulverulent  predpitate,  on  adding  anuDosii 
to  a  solution  of  the  neutral  salt — Maanesio-potassie  succinate,  C*H*Mg'KH)".AffO. 
crystallises  in  fine  double  six-sided  pyramids,  very  soluble  in  water,  permanent  in  ike 
air,  and  neutral  to  test-paper. 

Succinate  of  Manganese,  C*R^VLii''0*.^'RH). — Rhombo'idal  prisms  or  qnidrn- 
gular  tables  (tridinic,  according  to  Handl),  transparent,  amethyst-colonred,  nentnl, 
permanent  in  the  air,  giving  off  their  water  at  100°. 

Succinates  of  Mercury. — a.  Mercuric  salts.  Mercuric  acetate  gives  avbiu 
precipitate  with  sodic  succinate.  A  mixture  of  sodic  sucdnate  and  mercuric  chlnitie 
yields,  by  evaporation,  slender  needles,  apparently  consisting  of  a  double  all 
Keccntly  precipitated  mercuric  oxide,  boiled  witii  aqueous  sucdnic  acid,  is  partly  era- 
verted  into  a  white  powder,  which  appears  to  be  a  basic  succinate. — /I.  MtTcuroiutaf*. 
Alkaline  succinates  form,  with  mercurous  nitrate,  a  white  predpitate  of  mercsruu 
succinate,  mixed  with  mercurous  nitrate. 

Succinate  of  iVicAeZ,  C*H*Ni"0«.4H«0.— The  solution  of  nickel-hydiate  in  hot 
aqueous  succinic  acid  deposits  this  salt,  by  evaporation  over  oil  of  vitriol,  in  fna 
no<iules,  soluble  in  water,  acetic  acid,  and  ammonia,  insoluble  in  alcohoL  Itgireeoff 
itfl  water  at  130°. 

Succinates  of  Potassium. — The  neutral  salt,  C^H*E*0^2HK),  forms  eonted 
deliquescent  crystals,  soluble  in  alcohol,  insoluble  in  ether,  giving  off  their  water  it 
100°.— The  acid  salt,  C«H^K0«.2H'0,  crystallises  readily  in  transparent  regular  m- 
sided  prisms,  which  effloresce  slightly  in  contact  with  the  air.  It  is  very  Bolnl)k  b 
water,  reddens  litmus,  gives  off  its  water  of  crystallisation  at  lOO**. — AkyperteUieitt 
2(C*H»KO*.C*H«0*).3H«0  (?),  obtained  by  neutralising  a  hot  solution  of  I  pL  snedsie 
acid  with  carbonate  of  potassium,  and  then  adding  3  pts.  more  snodnie  sad,  oyrtal- 
lises  on  cooling,  sometimes  without  water,  sometimes  with  9'66  per  cent  viter  d 
crystallisation.     (Fehling.) 

Succina  tes  of  Silver. — Argentic  salt,  C^H^Ag'O*.    Succinate  of  sodiam  pnop^ 
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Cfttei  nitnte,  but  not  inlphate  of  silver.  The  precipitate  is  white,  non-crystalliiie,  of 
specific  enrity  3'618  (Bodeker),  very  sb'ghtly  soluble  in  water,  and  in  acetic  ucid, 
Tery  soluble  in  dilute  nitric  acid,  and  in  ammonia.  It  becomes  colour^  at  150^. 
Chlorine  decomposes  it  immediately.  Wlien  boated  to  100^  in  a  current  of  hydropren, 
it  aHsumes  a  lemon-yellow  colour,  and  yields  a  sublimate  of  succinic  acid.  The  residue 
consists  of  arffenious  tuccinate. 

Suecinattaof  Sodium. — The  naitral salt^  C*H*Na"0*.6lP0,  crj'stallisrs  in  prisms 
with  rhombic  base,  rery  soluble  in  water  und  in  alcohol,  neutral  to  tost'impcr,  giving 
off  their  wafer  at  100°.— The  acid  salt,  C*H*NftO'.3HO,  usually  crjbtallises  in 
flattened  prisms,  having  an  acid  reaction,  sliglitly  efflorosc-ent,  and  giving  off  all  their 
water  at  100^.  They  belong  to  the  triclinic  system,  generally  exhibiting  the  combi- 
nation: oP.  »'P.  ool^, .  oofoo  .wPoo.  Angle  oP:  ooP  =  128'=';  oP  :  /«foo  « 
169«>55';  oP:  ootoo   »  140°  60  ;    «  P :  cof<x>   -»  1170  6';  a  t> :  w.t'w  =  US©  8'; 

oD^oo  :  iR.Ffi  ■«  108**  7'.  More  rarely  small,  confused,  non-cffloroscpnt  cn-stals  are 
obtained,  containing  only  2  at.  water.  When  rKlissolved  in  water,  tlioy  yield  thf  suit 
with  3  at.  water. 

It  has  not  befn  found  possible  to  prepare  double  succinates  uf  sodium  aud  ammo- 
nium, or  of  sodium  imd  potassium. 

Succinate  of  Strontium,  C*H*Sr"0«  (at  200^).— Precipitated  as  a  white  powder, 
slij^tly  soluble  in  water,  whence  it  is  deposited  in  the  crystJilline  state  on  evapora- 
tion. Acoonling  to  Handl  (Wien.  Akaa.  Ber.  xxxii.  254),  it  crystallises  in  mono- 
clinic  prisms,  odP.  ooPoo  .  [ocPoo]  .oP.  Angle  ooP  :  c»P  (clinod.)  =  30°  12'; 
oP  :  obPqo  »  158^  (nearly).  The  crystals  are  always  twins,  with  ooP»  as  combina- 
tion-face. The  salt  dissolves  in  acetic  and  in  succinic  acid,  the  latter  solution  yielding 
it  in  the  crystalline  state  when  evaporated. 

Succinates  of  Uranium.— Tho  nnitral  salt,  C*H<(UW)"0*.H*0,  is  obtained  in 
the  ciTstalline  state  by  evaporating  to  dnncss  a  solution  of  4  pts.  cr^'stallised  uranic 
nitrate  and  1  pt.  succinic  acid,  and  washinc:  the  residue  with  a  fimall  quantity  of 
ivat^r :  also  by  mixing  a  solution  of  uranic  nitrate  with  acid  succinate  of  sodium,  and 
evapiiTatiDg.  It  is  a  light-yellow  salt,  very  slightly  K>luble  in  water,  insoluble  in 
alcohol,  not  giving  off  its  water  till  heatoii  to  between  230°  and  240°.     Boiling  water 

rztracte  succinic  acid  from  it. — PotasMo-vra/nc  su^^cirmte,  C'*H'*(U*6*)*KK)'*.H*0,  is 
obtained  by  evaporating  a  solution  of  ur:iuic  iiitrate  mixed  with  excess  of  neutral 
potassic  succinRto:  it  is  then  depositcil  as  a  light-yellow  prt^cipitate,  which  maybe 
purified  by  washing  with  alcohol.  It  may  also  be  prepared  by  precipitating  uranic 
nitrate  with  caustic  potash,  and  digesting  the  washed  precipitate  with  excess  of  suc- 
cinic acid,  till  it  contracts  and  assumes  a  light-yeUow  colour,  then  evaporating  to 
drj'ness,  and  washing  witli  hot  alcohol.  It  is  insoluble  in  water,  but  is  decomposed 
by  oontinned  washing  into  succinate  of  potassium,  and  insoluble  basic  uranic  suc- 
cinate. It  gives  off  its  water  at  220'^.—&>diO'Uranic  succinate,  C''H'«(U*b«)*Na*0'*, 
HK),  is  obtained  like  the  potassium -salt. 

Succinate  of  Yttrium,  2C*H*Y"0«.3H-0,  is  precipitate  by  succinate  of  am- 
noninm  from  acetate  of  yttrium  at  the  boiling  heal  (not  in  the  cold),  as  a  lamino- 
crystalline  powder,  sparingly  soluble  in  hot  and  iu  cold  water,  insoluble  in  sal- 
ammoniac,  easily  soluble  in  dilute  acids;  gives  off  its  water  at  100°.  (Pop p.  Anu. 
Ch.  Pharm.  cxxxi.  179.) 

Succinate  of  Zinc,  C»H*Zn''0*(at  200°).— White,  anhydrous,  crystalline  powder, 
very  slightly  soluble  in  water  and  in  succinic  acid ;  easily  soluble  in  mineral  acids, 
acetic  acid,  ammonia,  and  potash  ;  insoluble  in  alcohol.  Succinate  of  sodium  does  not 
precipitate  chloride  of  cine. 

SccaxATES  OF  Oboanic  Bases. — Acid  Succinate  of  Cinvhonine,  (^H-^N'O.C^H'O*, 
crystallises  in  long  oblique-angled  needles,  containing  \  at.  water,  or  in  largo  thick 
crvstals  containing  1  at.  water.  Both  are  easily  soluble  in  water,  and  melt  at  110° 
I  Hesse,  Ann.  Ch.  Pharm.  cxxii.  226.— 5ttC(V«(i/c  of  Cinvh^nidine.  2C*H*'N'0.C«H«0«. 
6H*0,  crystallises  in  long  asbestiform  prisms,  which  dissolve  in  252  ptM.  water  at  10°; 
the  anhydrous  salt  crystallises  in  white  nodules  (Hesse,  ihid.  cxxxv.  342). — Succinate 
ef  Quinine,  2C»H?*N^=.0*HK)MI'0,  crystallises  from  alcohol  or  from  water  in  long 
white  prisms,  soluble  in  910  pts.  water  at  10°,  easily  soluble  in  hot  water  and  in 
alcohol    (Hesse,  ibid,  cxxxv.  831.) 

Succittate  of  Urea,  2CH^N'0.C^H'0\  crystallises  in  monoclinic  six-sided  prisms, 

•Poo  .  oP.  ooP  .  <x>T2  .  +Poo  .  +P2.   Ratio  of  axes,  a  :  A  :  c  =  1  :  1483  :  13646, 
Angle  of  axes  6,  c  -=  88°  28' ;  ooPoo  :  oP  -  96°  32' :  ooP  :  odP  (clinod.)  -  68°  20'; 

aePac  :  +Pao   =  129°  4.    The  crystals  have  a  vitreous  lustre,  are  unsymmctrical  at 
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the  two  ends,  and  generally  have  but  imperfectly  developed  hem;  Htuj  dmn  a- 
perfecUy  paraUel  to  +  P2.    [J.  Lischmidt,  Wien.  Akad.  Ber.  UL  (8  Abdi.),  231] 

DerivaHws  of  Suecinie  Aeid. 

No  chlorinated  snbetitation-prodncta  have  hitherto  been  obtained  from  suednie  kiI 
By  the  action  of  chlorine  on  citric  add,  however,  Flantamoar  obtained  an  oflj  bodr 
(perhaps  C^C1H)'.C1'.)>  vbich  when  treated  with  alcoholic  potash  yielded  a  potaMhni- 
ealt  having  the  composition  of  potassic  tetrachlorosnocinate,  Cd'EH}* ;  it  ia  not,  hrm- 
ever,  known  whether  the  acid  of  this  salt  ia  really  a  deriTative  of  soodiiie  add.  (Sn 
Cmuo  Acm,  i.  996.) 

Bromoanooliilo  A^da. — ^Two  of  these  acida  are  known,  tii.  mono-  anddi-hromo* 
sucdnic  add,  both  of  which  may  be  produced  by  the  direct  action  of  bromine  on  sncdnie 
add. 

MoNOBBOMOsucciNic  AciD,  C*H"BrO*  -   (^"^"^^"[O*.      (KeknU  Ana. 

Ch.  Pharm.  cxvii.  125.) — ^The  conditions  nnder  whidi  this  add  ia  fbnned  aie  not 
exactly  known.  When  succinic  acid  is  heated  with  bromine  and  wmter  in  a  seikd 
tube,  dibromosucdnic  add  is  generally  produced,  even  when  the  bromine  and  aneoBie 
acid  are  mixed  in  the  proportions  required  to  form  the  monobrominated  add.  Thp 
formation  of  the  latter  appears,  however,  to  be  promoted  by  the  preaenoe  of  a  ooantitj 
of  water,  larger  than  that  which  is  moat  favourable  to  the  productioii  of  dibn»»> 
succinic  add.  Carius  (Ann.  Ch.  Pharm.  czxiz.  6)  prepares  the  monobroBuaated 
add  by  slowly  heating  5  grms.  sucdnic  acid  with  2^  cc  bromine  and  40  e^e.  witer, 
to  120*^  in  sealed  tubes,  and  obtains  it  pure  by  one  reerystalliaation.  Evea  'wAun  quite 
pure  succinic  add  is  used,  a  small  quantity  of  a  heavy  brominated  ofl  is  likewiae  pro- 
duced, having  the  composition  CH'Br". 

MonobromoBuccinic  add  is  very  soluble  in  water,  and  cry^baOiMeB  in  small  nodnls 
aggregates.  After  neutralisation,  it  throws  down  tnm  a  solntion  of  silTer-nitnte  i 
white  silver-salt,  which  quickly  decompoass^  with  formation  of  silver-biromide.  Oft 
adding  silver-oxide  to  the  aqueoaa  aohioon,  bromide  of  silver  is  quickly  fonoed,  aoi 
the  s<3ution  contains  malie  add. 

According  to  these  reactions,  monobromosuocinic  add  may  be  zegarded,  on  the  ooi 
hand,  as  a  substitution-product  of  sucdnic  add,  on  the  other  as  the  bromide  tf 
malic  acid,  forming,  as  it  were,  the  stepping-stone  from  succinic  to  malic  acid : 

Succinic  acid.  MooobromMUCcinic  add.  Malle  < 


(C*H^O^)"  ( r.t         (C*H»BrOT  ( ot  nr  (C*H»0«)-'  >  Br        (C*H«0-)- 1  ^ 

These  relations  are  analogous  to  those  which  exist  between  seetie  add,  CHH)*, 
monochloracetic  add,  CH*C10*,  and  glycollic  add,  (?H*0". 

DiBBOMosucciNic  AciD,  C*H*Br»0*  =  ^^^^'^''^^'{o*.  (KeknlA,ABn.Ck 

Pharm.  cxvii.  123;  Suppl.  i.  131. — Perkin  and  Duppa,  Chem.  8oc  Qn.  J.  xiii. 
102.) — Prepared :  1.  By  heating  12  grms.  of  succinic  acid,  11  cc  bromine,  and  I! 
grms.  water,  in  sealed  tubes,  to  about  180°,  and  crystallising  the  solid  portion  of  the 
contents  of  the  tube  from  boiling  water,  with  addition  of  animal  charcoal*  (Eeknlcl 
— 2.  By  the  action  of  water  on  chloride  of  dibromosuocinyl,  C*H*BrH)*.CP  (Perkia 
and  Duppa). — 3.  From  fumaric  acid,  C'H^O*,  by  direct  addition  of  bimninsi  (Kf- 
kuU.) 

Dibromosuccinic  acid  ciystallises  in  colourless,  mostly  opaqne  priami;  spari^ 
soluble  in  cold,  easily  in  boiling  water,  also  in  alcohol  and  ethtr.  When  bested  viu 
bromine  and  water,  it  is  decomposed  with  formation  of  bromoform : 

C*H<Br«0*  +   2H»0   +   3Br»  -  CH«Br»  +   3C0«  +   fiHBfc 

By  sodivm-amalgam  it  is  reconverted  into  sucdnic  add. 

•  The  mother-liquor,  from  wlitch  the  dibromosuccinic  acid  has  crysUIIised,  cootafawdlkroaf 
maleicacid,  C*H*Br>0^,  and  two  itomers  of  ro  onobromomaleic  aeid,  C*l|SBrO«  (Kt 
788).  The  dibromomaleic  acid  TolatUises  with  the  Tapour  of  water  on  diattlling  the  Botbv-Mqaer  li 
a  retort ;  the  other  two  aridi  separate  iVom  the  mother-liquor  on  repeated  ermioratiao,  and  avk* 
purified  by  fractional  cryBtallisation.— Aff fa6romoma/r^c  ac/d,  C^HSBrO^,  forms  lane.  vfA- 
deflned,  apparently  trimetric  crycUis  ;  melti  at  136^—127**.  Tolatiliiie*  even  bdow  100^,  ad  diMiSfWfCfr 
easily  in  water,  alcohol,  and  ether.  Its  silvtr-ioU.  C^HAg'BrO^.  separates  from  a  mlxtnr*  ef  lb«  aadvMI 
silver-nitrate.  on  addition  of  ammonia,  as  a  curdy  precipitate  ;  the  Uad'$alit  C4HPb"BrO*  (M  IM^i,!! 
A  white  precipitate,  insoluble  in  the  Free  acid,  but  soluble  in  a  large  quantity  of  acnCrml  Iwd  atwSi 
ParabTomomaleic  oe^d.  C^H'BrO^,  separates  in  large  crystals,  apparently  irMfnir.  R  is  K^ 
wise  easily  soluble  in  water,  alcohol,  and  ether,  and  melts  at  173°.  lu  #^Awr<s«#.  CMHAg'BKH,  a 
obtained  as  a  granulo-crystalline  precipitate,  on  mixing  the  acid  with  nitrate  nf  sUrcr.  It  divsohfs 
in  hniling  water,  and  more  readily  in  dilute  nitric  acid — The  Irad-tnlt,  OHPtt"Br04.9HSO.  u 
both  in  excess  of  the  acid  and  in  acetate  of  lead.    (K  e  k  u  le,  Ann.  Ch.  rbarn.  cxxx.  I,) 
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MMneeude  Mid  if  dibadc  Ito  nits  are  eaiily  decompoiad  by  heat,  00  that,  in 
in  tiMm,  it  IB  Deoeeeify  to  gnaid  against  rise  of  temperature.  They  are  all 
need  by  boiling  with  water,  or  with  excess  of  base,  yielding  a  metallic  bromide, 
r  with  another  prodoet  of  decomposition,  varying  aooordinff  to  the  nature  of  the 
Fha  bromine  thns  withdrawn  (1  or  2  at)  is  either  repUcedby  the  water-residne^ 
'  iNeely  separates  in  combination  with  an  equivalent  quantity  of  hydrofaromie 
Sfinff  a  residue  containing  1  at.  bromine  and  1  at.  nydrogen  less.  Of  the 
loaitmiis  expressed  by  the  following  equations,  the  first  three  have  actually  been 

OH<Br*0*  +     H*0  -     HBr  +   C*H»BrO*  Monobromomalic  add. 
C*H*Br*0*  -     HBr   +   C«H»BrO*  Monobromomaleic  acid. 

C«H«Br»0«  +  2HK)  -  2HBr  +   C*H«0«  Tartaric  add. 
C*H*Br«0*  -  2HBr  +   C*H«0*  (unknown). 

Uy,  however,  several  of  these  reactions  take  place  simultaneously,  so  that  the 
af  product  formed  according  to  one  of  these  four  equations,  is  accompanied  by 
daiy  product  formed  aooording  to  another.  Thus  iodic  dibramotuocinaUf  boiled 
Ml  solution,  is  converted  chiefly  into  acid  sodic  monobromomalate.  On 
n aqueous  solution  of  baric  dibroTnotuccinate,  acid  baric  monobromo- 
•ta  is  obtained  as  the  chief  product  of  decomposition,  together  with  a  small 
y  of  tartrate. — When  calcic  dibromasuccinate  is  boiled  with  water,  and  lime- 

■  added  till  the  liquid  no  longer  turns  add  after  prolonged  boiling,  the  chief 
:  ii  an  insoluble  caldum-salt  having  the  composition  of  the  tartrate. — Lastly, 
;  dibromotuccinate  is  easily  decomposed  by  boiling  with  water,  yielding  (inactive) 
icacid. 

I  these  reactions,  and  its  mode  of  formation,  dibromosuodnic  add  may  be 
d  either  as  a  substitution-product  of  succinic  add,  or  as  the  bromide  of  mono- 
lalic  acid,  or  lastly  as  a  bromide  of  tartaric  add.  It  is  related  to  suodnie^ 
oaaomalic,  and  tartaric  adds,  in  the  same  manner  as  dibromacetic  add  to  acetic, 
onoglyoollic^  and  glyoxylic  adds  (Eekuli*s  Lehrbuch,  ii.  83) : 

«wu)«iodnicadd.(^*^*^'*9^|o«  (^^*^,'|o«.    Suodnie  add. 

(0«H«BrOT^Br        (C^H'BrO')*')^    Monobromo- 
HMO«  H»p-     malieadd. 

(C^HK)T;|Br.  (C*HH)«|^;|o,    Tartaric  add. 

mi  DihTomoauccinaU  of  Ammonium^  C^H^NH^)'Br*0\  crystallises  by  spon- 
I  evaporation  in  laige  transparent  crystals. — The  neutral  dodium'SaUf 
ti(Bi*0*.4HH),  is  very  soluble  m  water,  and  remains  in  small  crystala  on 
^tion ;  from  alcohol  it  crystallises  in  shining  lamine. — ^The  acidpatainmm  Bolt 
I,  emtalline,  and  sparingly  soluble. — ^The  calcium^^t^  C^HKIa'AfK)*,  obtained 
^  dea»mpodtion,  separates  gradually  as  a  crystalline  piedpitate. — llie  silver' 
*H^A^BiH)*,  prepared  in  uke  manner,  is  a  white  powder,    insoluble    in 

K0  Dibromonuxinate,    C«HXC^*)*Br*0\   obtained  by  passing  hydrochloric 

■  into  an  alcoholic  solution  of  the  add  and  precipitating  with  water,  is  very 
'  aoliible  in  water,  eanly  soluble  in  alcohol  and  ether,  and  crystallises  in  long 
eedles,  which  melt  at  68^,  and  boil  with  partial  decompodtion  between  14(P 
Y>.    (Kekul^) 

'omoBmeeinie  Anhydride,  (C^H'Br'0')''0,  is  obtained  by  heating  maleie 
ide»  CHH)*,  with  dry  bromine  to  100^,  for  half  or  three-quarters  of  an  hour. 
OBIS  of  bromine  are  then  taken  up,  and  a  yellow  Uquid  is  formed,  which  gra- 
lolidifies  to  a  crystalline  mass,  to  be  freed  from  adhering  hydrobromie  add  hj 
it,  when  pulrerised,  over  quicklime.  Dibromosucdnic  anhydride^  thua 
d,  crystallises  from  carbonic  disnlphide  in  colourless  laminse.  It  melta  at  100^, 
resolved  at  180^  into  hydrobromie  acid  and  bromomaleic  anhydride,  C^HBrO*. 
dd  water  it  forms  at  first  a  solid  mass,  which  dissolves  in  a  larger  quantity  of 
ind  the  solution  yields,  by  spontaneous  evaporation,  a  crystallised  acid,  formed 
le  anhydride  by  addition  of  water,  and  having  the  compodtion,  but  not  the 
iea.  of  dibromosucdnic  add,  viz. : 

ibromosuccinie  Acid,  C^^r'0^— This  add  forms  lar]([e,  tiannnient,  well- 
ed crystals,  much  more  soluble  in  water  than  dibromosuocuiic  add.  It  melts 
,  and  is  resolved  at  180^,  or  by  boiling  its  aqueous  solution,  into  hydrobromie 
i  isobromomaldc  add,  C^H'BrO* ;  whereas  ordinaiy  dibromoauccinic  add  ii 
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not  decomposed  by  boiling  with  water,  but  when  heated  bj  itielf  if  eompletclj  df- 
compoeed  without  preyious  fusion.  On  boiling  the  aqueous  solution  with  bwyta,  hens 
iaodibromosuccinate  is  obtained,  which  forms  warty  aystals,  and  yields  isodibIomo6a^ 
cinic  acid  when  decomposed  by  sulphuric  acid. — 'Am  tUver-mU  resembles  that  uf 
ordinary  dibromosuccinic  acid.     (Kekul^  Ann.  Ch.  Pharm.  SnppL  iL  86.) 

SVOOZWZO  AMXBB8.  Succinic  add,  like  other  adds  of  the  series  OH^~K)*, 
itt  capable  of  forming  four  normal  amides,  derivable,  but  not  always  directly  prododblt, 
from  the  add  and  neutral  ammonium-salts,  by  abstraction  of  water,  yir. : 

Sucdnamic  add,  OH'NO*  »  (C«H*0»)''|.g  -  C*H»(NH*)0*  -  HK>. 

Sucdnimide,         C*H»NO«  -  (^^^^^'^''^N  -  C*H»(NH«)0«  -  2HH). 
Sucdnamide,       C*H«N«0»  «  t^*^*P*^''|N«-  C*H«(NH<)«0*  -  2H«0. 

((^^dfo^mylene)!^^^^^  =    (^*)'^^    -  C^HXNH*)K)*  -  4HH). 
The  first  three  of  these  compounds  contain  hydrogen-atoms  replaceable  by  melali 

or  alcohol-radides.  There  is  also  a  trisuccin amide,  (C*ftH>')^N*,  formed  bj  tlw 
action  of  sucdnie  chloride  on  argentic  sucdnimide. 

Snooliuunlo  Aoid.    C^H^O' -  (C«H«0<)''Vq.   (RTeuehert^  Ann.Ch.PhuB. 

cxxxiv.  136;  Bull.  Soc.  Chim.  1866,  i.  286.)— The  barium-salt  of  this  add,  C>H»*Ba*yH)«, 
18  obtained  by  leaving  a  slightly  warmed  solution  of  sucdnimide  and  baric  hydrate,  i?. 
equivalent  proportions,  to  evaporate  in  a  vacuum  over  oil  of  vitriol,  and  repeatinllT 
crystallising  tne  residue  from  an  aqueous  solution  mixed  with  alcohol.  It  funn* 
concentric  groups  of  needle-shaped  crystals,  easily  soluble  in  water,  insoluble  ia 
absolute  alcohol  and  in  ether,  somewhat  soluble  in  aqueous  alcohol.  The  squMO* 
solution  decomposes  when  kept,  and  more  quickly  on  boiling,  into  ammonia  ud 
succinate  of  barium,  which  is  predpitated.  With  potash,  the  solution  givee  off  ammonis 
even  in  the  cold. 

By  carefully  decomposing  the  barium-salt  with  somewhat  less  than  the  equivslent 
quantity  of  sulphuric  acid,  and  evaporating  the  filtrate^  impure  succinamie  acid 
(containing  baryta)  is  obtained  in  rectangular  prisms ;  if  the  whole  of  the  baiyta  b( 
precipitated,  nothing  but  succinate  of  ammonium  remains  dissolved. 

Succinamate  of  Cadmium ,  C'H''Cd''N'0'.H'0,  remains  on  predpitating  the  solution  of 
the  barium-salt  with  sulphate  of  cadmium,  and  evaporating  the  filtrate ;  it  is  teir 
soluble  in  water,  insoluble  in  alcohol,  and  forms  a  radiated  crystalline  mass,  or  smiU 
well-developed  rhombic  prisms.— The  cuprie  salt,  C*H*'Cu  N*0*,  prepared  in  lib 
manner,  forms  dark-green,  microscopic,  rhombic  lamins,  insoluble  in  alcdiol, 
slightly  soluble  in  water,  and  decomposed  by  t)oiling  with  water,  with  separation  of 
cuprie  oxide  and  cuprie  sucdnate. — The  lead-salt,  C*H**Pb'T^^*0*,  is  obtained  It 
heating  a  solution  of  succinimide  with  excess  of  lead-oxide,  and  adding  aloohd  totl» 
filtrate  previously  treated  with  carbonic  acid,  in  large,  concentrically  grouped,  easilT 
soluble  needles. — T)iq  magnesium-salt,  C"H'*Mg"N*0*.3H'0,  prepared  like  the  cadmiiOB' 
salt,  is  a  radiated,  nodular,  crystalline  mass,  which  by  solution  and  spontaneon 
evaporation,  yields  well-developed  crj-stals  belonging  to  the  trimetrie  system. — The 
7nanganous  salt,  C'H'-Mn'N'O'.SH'O,  remains  on  evaporation  as  a  rose-cofenredsynp^ 
which  gradually  solidifies  to  a  warty  or  radiate  crystsdline  mass. 

The  sUviT'Salt,  C^H'AgNO^is  obtained,  by  mixing  the  concentrated  sdluUons  of 
argentic  nitrate  and  baric  succinamate,  as  a  white  crystalline  predpitete,  and  oi 
leaving  the  filtrate  to  itself,  in  prismatic  crystals  probably  belonging  to  the  monodiBie 
system.  It  blackens  quickly  on  exposure  to  light,  is  easily  solnble  in  ammooii. 
sparingly  in  water,  and  insoluble  in  alcohol ;  in  boiling  water  it  beoomee  ooivered  with 
a  black  crust.* 

Succinamate  of  Zinc,  CH>^Zn"N'0*,  prepared  like  the  cadmium-ealt,  forms  stsUatt 
groups  of  prisms,  easily  soluble  in  water,  nearly  insoluble  in  hydrated  eleohol,  qsitc 
insoluble  in  absolute  alcohoL 

*  LaurentandGerhardt  (Ann.  Ch.  Pharm.  lxxii.291),b7bollingarg«ntleRiocliii»idewUittSi 
ammonia.obtainpd  a  •ilver-Mlt,  which  thejr  rrgardKl  ai  argentic  succinamate.  It  dURsred. iMvevw,  iaSi 
properties  from  that  aboTe  described,  being  ea»tly  soluble  in  water,  and  yIeldiBt  toodiia»Me  vha 
decomposed  by  hydrochloric  acid,  whereas  succinamate  of  silver  thus  treated  shookT  yield  add  i 


orMmmonium.     According  to  Teuchert.  thp  salt  obuined  by  Laurent  and  Gerbardt  VM  protaMy> 
hydrated  argentic  succinimide  isomeric  with  the  succinamate  (p.  461;. 
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C«H».H 


Pk$nfhuceinamie   or   Suecinanilte   Acid,    C'E^NO* 


-  (c*Hwri5. 


(Laurent  and  Oerhardt,  Ann.  Ch.  PbjB.  [Z],  judv,  179.)--ObUuned  by  dissolylDg 
■uccinanil  in  boiling  dilute  ammonia  miz^  witn  a  little  alcohol,  boilinff  the  liquid  to 
expel  thA  latter,  and  neutralising  with  nitric  acid.  The  succinanihc  acid  is  then 
d«»posited  on  cooUne,  in  elongated  ikminse,  which  are  to  be  purified  by  crystallisation 
from  alcohol.  It  is  very  slightly  soluble  in  cold,  more  soluble  in  hot  water:  the 
•olution  reddens  litmus.  It  melts  when  heated,  and  decomposes,  at  a  higher  tempera- 
tare,  into  water  and  phenylsuccinimide,  which  sublimes.  It  dissolves  in  ammonia 
and  in  potash,  and  when  fused  with  potash  at  a  gentle  heat,  gives  off  aniline. 

HuccinanUate  of  Amnumium  is  very  soluble  in  water,  and  crystallises  in  confused 
maftses.  The  solution  does  not  precipitate  cMifride  of  calcium,  and  scarcely  produces 
any  turbidity  with  chloride  of  barium  ;  with  cupric  salts  it  forms  a  light-blue,  and  with 
ferrous  salts  a  yellowish-white  precipitate ;  with  nitrate  of  silver,  a  wliite  precipitate 
€f  argentic  succinanilate,  C*'H"AgNO'. 

lde,C<H«N'0»  «  (^*^*^][i|N«.     (D'Arcet*  Ann.  Ch.  Pharm.  xvi. 

215  ) — ^This  compound  separates  in  small  white  crystals,  on  mixing  ethylic  succinate 
with  strong  aqueous  ammonia.  It  dissolves  in  boiling  water,  but  is  nearly  insoluble 
in  cold  water,  also  in  alcohol  and  in  ether.  It  melts  when  heated,  and  is  resolved 
at  about  200^  into  ammonia  and  succinimide,  C^H^NO'.  It  is  easily  decomposed  by 
boiling  with  alkalis.  By  the  action  of  nitrous  acid  {i.e.  by  passing  nitric  oxide  into  a 
aolution  of  succinamide  in  nitric  acid),  it  is  resolved,  after  the  manner  of  amides  in 
general,  into  snocinic  acid,  water,  and  nitrogen : 


C<H"N«0«  +  NK)»  «  C<H*0*  +  H*0  +    2N». 


(C^H^O*)" 


Pk§nyUueeinamide     or     Succinanilide,    Ci*H**NM>     «     (C«H 


(Laurent  and  Gerhard t»  Ann.  Ch.  Phys.  [3],  xxiv.  179.)— -Remains  undissolved 
when  the  product  of  the  action  of  succinic  acid  on  anhydrous  aniline  is  exhausted  with 
boiling  water ;  produced  also  by  the  action  of  aniline  on  succinic  chloride.  It  dis- 
kolres  easily  in  boiling  alcohol,  and  is  deposited  therefrom  in  tufts  of  microscopic 
needlea.  It  is  less  fusible  than  succinamide.  When  melted  with  potash  at  a  gentle 
heatt  it  gives  off  aniline. 

•BMlBliiiide,   C'H^NO*  -  (^'^"^'Dn.    Bisuceitumide.  (jyAreei,  Ann.  Ch. 

PliyB.  [21,  Iviii.  294. — Fehling,  Ann.  Ch.  Pharm.  xlix.  198. — ^Laurent  and  Ger* 
bardt,  (jompt  Chim.  1849,  p.  108). — Formed:  1.  By  heating  succinamide  or  succi- 
nate of  ammonium. — 2.  By  the  action  of  dry  ammonia-gas  on  succinic  anhydride : 

(C^fl^O^O  +  NH»  -  H»0  +  (C*H*0«yHN. 

Succinimide  crystallises  in  large  transparent  crystals,  C^H^NO*. HH),  which  give  off 
their  water  even  on  exposure  to  the  air.  It  is  easily  soluble  in  water  and  in  alcohol, 
len  soluble  in  ether ;  melts  at  210°,  and  sublimes  without  alteration. 

The  hot  alcoholic  solution  of  succinimide,  mixed  with  a  small  quantity  of  ammonia, 
and  then  with  nitrate  of  silver,  yields  on  cooling,  large  crystals  of  argentic  succinimide, 
C*HK>*AgN.  This  compound  detonates  when  heated,  and  when  triturated  with  sal- 
ammoniac,  ii  converted,  with  evolution  of  ammonia,  into  argentic  chloride  and 
succinimide.  By  prolonged  boiling  with  water,  it  yields  argentic  succinate.  When 
boiled  with  water  containing  a  few  drops  of  ammonia,  it  is  converted,  according  to 
Laurent  and  Gerhardt,  into  argentic  succinamate.  Teuchert,  however  (p.  460), 
obtained  by  this  process  a  hydrated  argentic  succinimide,  2C*H*0'AgN.H-0,  and  is  of 
opinion  that  Laurent  and  Gerhardt*s  compound  was  als>o  a  hydrated  argentic  succini- 
mide, containing  C^H^O'AgN.HH),  isomeric  therefore  with  argentic  succinamate. 

A  solution  of  argentic  succinimide  in  a  small  quantity  of  ammonia,  leaves,  on 
■pontaneous  evaporation,  an  alkaline  syrupy  liquid,  which  solidifies  afrer  some  time  to 
a  mass  of  hard  brittle  crystals,  consisting  of  argfniammonium-succinimide, 
C*HH)'(NH'Ag)N,  which  is  distinguished  from  argentic  succinimide  by  its  property  of 
S^Ting  off  ammonia  when  treated  with  potash  at  ordinary  temperatur<^s. 

Chlorosueeinimide. — Ethylic  perchlorosuccinate  (p.  463)  is  converted  by  ammonia 
into  a  oystallisable  and  sublimable  body,  ]probably  consistingof  tetraehlorosucci- 
nimide,  C*C1*0^N.    The  analysis  of  this  body  does  not  agree  very  well  with  thii 


462     SUCCINIC  ANHYDRIDE— SUCCINIC  CHLORIDE. 

formula,  but  the  formation  of  trichloracetamide,  at  the  same  time,  aeems  to  show  that 
it  IB  produced  in  the  manner  Aawn  by  the  equation : 

C«01'*0*  +   3NH»  -  ma  +  2C«fl«Cl»N0   +  CKaWHN. 
Bthjrilc  per-  Tricbloracelasnidc.     Tetracblorotoo- 

ehloroaucctiuUe.  dnimida. 

On  treating  the  pioduct  with  ether,  the  tetrachlorosuocinimide  and  trichloraoefcamida 
diasolye,  while  sal-amlnoniac  remains  behind;  and  the  ethereal  solution  leaves  oa 
evaporation,  a  residue,  from  which  cold  water  extracts  an  ammoniacal  compound  of 
tetrachlorosuccinimide  (chlorazosuccate  of  ammonium^  leayine  the  trichloracetamide. 
The  aqueous  solution,  mixed  with  hydrochloric  or  nitnc  add,  deposits  the  tetraehloio- 
succinimide  in  four-sided  prisms.  It  is  nearly  insoluble  in  water,  v^  soluble  in 
alcohol  and  ether ;  melts  in  water  between  83°  and  85^,  in  the  air  at  200^ ;  sublimes  at 
125°,  and  turns  yellow  at  260°.  It  decomposes  carbonates,  and  its  ammoniacal 
aolution  precipitates  the  salts  of  calcium  and  copper.  Its  ammoniacal  solatioa 
evaporates  over  the  water-bath,  decomposes  with  brisk  effervescence,  and  yields,  among 
other  products,  acrystalline  substance,  regarded  by  Gerhardt  as  chlorosuccilamids^ 
CHKJi'NO*,  the  amide  of  chlorosucdc  acid  (p.  463),  possibly  thus : 

C*C1«0«HN   +  H«0  -  CX)«  +  Ha  +  C»H^«NO. 

Cblorocuccini-  ChloromcdU* 

mide.  mida. 

Phenyhuccinimidet   or   Sueeinanil,  O^'H'NO'    »   ^       r>m«[^*     (Lau- 


rent and  Gerhardt,  Ann.  Ch.  Phys.  [8],  xxxiv.  179.) — Obtained  by  heating  pul- 
verised succinic  add  with  dry  aniline,  and  treating  the  crystalline  mass  with  Utuifig 
water,  which  dissolves  the  greater  part  of  it,  consisting  of  suoeinanil,  and  leaves  a  resi- 
due of  sucdnanilide.  The  sucdnanil  ciystallisee  on  cooling  in  colourless  Issninse,  and  by 
recrystallisation  from  alcohol  it  may  be  obtained  quite  ^ure,  in  fine  long  interlac<Hl 
needles.  It  appears  to  be  snblimable  without  decomposition.  It  is  insolTK>le  in  cold 
water.  Aqueous  potash  has  no  action  upon  it,  but  when  heated  with  solid  potash  it 
gives  off  aniline.    Boiling  aqueous  ammonia  converts  it  into  suodnanilic  acid  (p.  460). 

TrlsnooiiMUBlde,  rC«^«0')^'.  (Chiozza  and  Gerhardt,  Ann.  Ch.  Fharm.  zc 
108.) — ^Produced,  togetner  with  argentic  chloride,  by  treating  aigantiesaoeinimide  with 
an  ethereal  solution  of  succinic  chloride : 

2(C*H«0«)"AgN  +  (C«H*0«)-01»  -  2AgCl  +  (C«ft«0«)«N«. 

It  is  slightly  soluble  in  ether,  eaailv  soluble  in  absolute  a]eoh<d,  and  crystalfiiss  fa 
small  triangular  plates  which  melt  at  83°.  By  aqueous  alcohol  it  is  ^naddydeeoni- 
posed,  yielding  succinic  acid,  ethylic  succinate, and  suocinimide. 

ftVOCXirxo  AWHTB&IBa.  C^«0'  -  (C^«0*)''0.  JnlMrout  Sneeime 
Acid.  (D'Arcet^  Ann.  Ch.  Phys.  [2],  Iviii  282.— Gerhardt  and  Chiozza,  Oompt 
rend,  xxxvi.  1050. — Kraut,  Ann.  Ch.  Pharm.  cxxxvii.  254.) — Obtained:  1.  By  boil- 
lag  anorinic  add  veiy  rapidly  in  a  retort,  and  absorbing  the  water  as  £tft  as  it  ooa- 
densea. — ^2.  By  disrilling  succinic  add  once  or  twice  with  phoaphnrie  mul^ydrids 
(D'Arcet).— 3.  By  bntng  tl»  add  with  pfaof^horie  pentaddonk : 

C*H«0*  +  PCI*  -  2Ha  +  POCl*  +  C*HK)«. 

— 4.  By  heating  etlnrlic  succinate  with  ehlorobenzene.    (Kraut,  p.  468.) 

Succinic  anhydride  is  a  white  mass,  leas  soluble  in  watery  but  moce  soluble  in 
alcohol,  than  succinic  add.  It  dissolves  in  boiling  absolute  alcc^ol,  apparently  without 
formation  of  ethylic  succinate,  and  is  deposited  from  the  solution  in  long  needles.  It 
is  very  little  soluble  in  ether,  either  cold  or  boiling.  Melts  at  119*6°  (Kraut).  By 
solution  in  boiling  water,  it  is  reconverted  into  succinic  add.  With  diy  ammom^'^ 
it  becomes  hot,  and  forms  succinimide,  together  with  water : 

C«H*0».0  +  NH«  -  H«0  +  C*H*0«.HN. 

With  phosphoric  perUachloride,  it  yields  succinic  chloride  and  phosphoric  oigrchloride: 

C*HW.O  +  PCI*  -  Poa»  +  C*H<0«C1«. 

BVOOZVZO  CB&OSZBB,  OT  Chloride  of  Suceinyl,  (C^K)^'C1*.  (Gerhardt 
and  Chiozza,  loe.  cit.) — Produced  as  above,  by  distilling  succinic  anhydride  with 
phosphoric  pentachloride,  and  purified  l^  rectification.  It  is  a  fuming,  strongly  re* 
fracting  liquid,  boiling  at  about  190°.  With  water  it  easily  yields  suodnie  add ;  with 
alcohol,  ^yUc  succinate.  

Dibromoeuocime  Chloride,  C«H^i*0*.a*,  is  obtained  by  heating  suodnie  ehlorids 
with  bromine  to  120° — 130°,  for  three  or  four  hours  (Parkin  and  Duppa,  Chem. 
Soc  Qu.  J.  xiii  102);  also  by  direct  addition  of  bromine  to  fumaric  chloride, 
C«H*0*a<  (KekuU).  It  is  a  liquid,  which  boils  at  220°  (KekuU),  and  is  converted 
by  water  into  dibromosuccinic  acid.    (Perki n  and  Duppa.) 
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«.  Of  miocinic  etlien  ocmtainiiiff  monatomio  aloohol- 
ndiclM,  only  tha  neutral  methylic,  ethylic,  cetflicp  and  benuiydzolio  ethen  haye 
liitheito  been  obtained. 

Ubtstlic  SucczwATi^  CH^'O^  »  ^    (GH'M^*'   ^    produced    by    pasiing 

hydrochloric  acid  gas  into  a  solution  of  succinic  acid  in  methylic  alcohoL  When 
porilled  in  the  usual  way,  it  forms  a  crystalline  mass,  melting  at  20^,  and  solidifying 
again  at  16°.  It  is  nearly  insoluble  in  water,  but  dissolyes  in  alcohol  and  ether ;  boils 
at  198^  Specific  grarity  of  liquid  *»  1179  at  20^ ;  of  vapour  6*29.  (Fehling,  Ann. 
Ch.  Pharm.  xlix.  195.) 

Ethylic  SucciKATi,  C^"0*  -  (^.^'L 1 0«.— Prepared  like  the  methylic 

•ther,  or  by  distilling  10  pts.  succinic  add,  20  pts.  alcohol,  and  6  pts.  strong  hydro- 
ehknie  add,  and  purifyiuff  the  oily  product  by  distillation  oyer  massicot  (J&Arcet, 
Ann.  Ch.  Phys.  [2],  lyiii.  291);  slso  by  dropping  alcohol  into  a  retort  in  which 
•uoeinie  add  is  heated  to  a  temperature  near  its  boiling-point  (Oaulthier  de 
Clanbry).  It  is  an  oil,  slightly  soluble  in  water,  boiling  at  214^,  and  burning  with  a 
yellow  flame.    Spedfie  grayity  of  liquid  ■>  1*036 ;  of  vapour  >■  6*22.    (D^Arcet.) 

When  potassium  is  introduced  into  ethylic  succinate,  uie  liquid  becomes  hot,  giyes 
off  hydrogen,  and  forms  a  pasty  mass,  ^m  which,  after  treatment  with  water  and 
crystallintion  of  the  undissolyed  portion,  yellowish  laminie  are  obtained,  haying  the 
ecnnpodtion  G^'O*  [therefore,  perhaps,  eikylmoeinie  anhydride,  C*H*rC*H*)0*].  Tlie 
crystals  melt  at  183° ;  sublime  at  206° ;  and  are  decomposed  by  alluL's  into  alcohol 
and  an  alkaline  sucdnate.  With  ammonia  they  form  a  light-yellow  substance,  cry8- 
taJJising  in  needles  (F eh linf^,  Ann.  Ch.  Pharm.  xlix.  192).  Bespecting  the  rational 
Ibnnola.  seeGeuther.    ^Zeitschr.  Ch.  Pharm.  1866,  p.  5.) 

Ethylic  sucdnate  heated  with  chlorobenzene  (chloride  of  phenyl)  in  a  sealed  tube 
to  250°,  for  seyeral  hours,  yields  ethylic  chloride,  ethylic  benzoate,  and  sucdnic 
anhydride  (Kraut^  Ann.  Ch.  Pharm.  cxxxyii.  254) : 

<^5^Z|0«  +  eH»OCl  -  OBK\  +  ^5^|0  +  (C^HH)»y'.0. 

Suhttitutum'-product*  qf  Ethylic  Succinate  (Ca hours,  Ann.  Ch.  Pharm.  xlyii.  29; 
Malagnti,  ibid.  Iri.  291). — When  ethylic  succinate  is  saturated  with  chlorine,  and 
then  exposed  to  sunshine  in  a  bottle  filled  with  chlorine-gas,  a  crystallisable  substance 
is  formed,  which  melU  at  115°~120°,  has  the  compodtion  C*Ha>'0«,  and  may  there- 
fore be  regarded  as  ethylic  succinate  in  which  all  the  hydrogen,  except  one  atom,  is 
replaced  by  chlorine.  By  distillation  it  is  resolyed,  at  about  290°,  into  carbonic 
anhydride,  chloride  of  trichloracetyl,  trichloride  of  carbon,  and  probably  chlorosuc- 
eide,  C^CIH): 

c^a^o*  -  co»  +  c«oi"o.a  +  cci*  +  c»Ha»o. 

With  alcohol  it  yields  neutral  ethylic  carbonate  (iSOO),  ethylic  trichloracetate  (i.  879), 
hydrochloric  add,  and  the  ethyhc  ether  of  chlorosuccic  acid. — ^The  chlorinated 
ether,  or  the  product  formed  from  it  by  the  action  of  alcohol,  yields,  when  treated  with 
potash,  carbonate,  chloride,  formate,  and  chlorosuccate  of  potassium.  (Mala- 
gnti.) 

Laurent  and  Oerfaardt  suppose  that  Malaguti*s  chlorinated  ether  contains  no 
hydrogen,  but  consists  of  percnlorinated  ethylic  sucdnate,  C*C1**0^    Gerhardt  regards 

C*C1*0/ 
ehlororacdc  add  as  C^CIH)'  *  ^  [  0  (trichloraciylic  add),  and  chlorosuccide 

IS  the  ew  responding  chloride,  (?C\H).Cl  These  fonnula  afibrd  nmple  explanations 
of  all  the  reactions,  but  they  do  not  agree  well  with  the  analytical  numbers  obtained 
hj  Cahonrs  and  Malaguti. — Chlorinated  ethylic  sucdnate,  treated  with  ammonia, 
yields,  amonff  other  products,  a  compound  designated  by  Malagnti  as  chloraio- 
■vecie  acid  (CHCl'ON),  but  regarded  by  £&urent  as  tetrachlorosuodnimide, 
C*C1K)*.HN  (p.  461).  For  Airther  details  respecting  these  chlorinated  compounds,  see 
Gerhardt's  Traiii,  il  466,  477. 

CaTTLicSucoiKATi,C*^'»0«  -  ^fc^")*!^**     (T^ttscheff,  Eep.   Chim. 

pore,  ii.  463.)— Pnduced  by  heating  1  at  succinic  add  and  2  at  ethal  for  15  hours  (to 
what  temperature  ?).  Ciystallises  from  hot  ether-alcohol  in  white  lamine,  melting  at 
58°,  sli^tly  soluble  in  alcohol,  more  soluble  in  ether. 

BairiSTDaoLieSucciXATB,  C**H*K)*  -  %„^I{Jo«.— Produced  by  heating 
■nednie  add  with  benzhydrol ;  described  under  PHEinrLBEzraoTL  (iy.  479). 
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B.  Succinie  Ethers  containing  Diatomic  Jlookol^radieUt. 

Only  two  of  these  ethers  have  yet  been  obtained,  viz.,  the  add  and  neutral  snociiatei 
of  ethylene,  both  discovered  byLourenzo.    (Ann.  Ch.  Phaim.  anr.  S58.) 

(C«HH)«)-) 
EthyUne'SUCcinic,   or    GlyeoUueeinic  Acid,  C^»«0»   «     (C«HT>0«.- 

H') 
Produced    bv  heating  succinic  acid  with  glycol  to  160**:    C*H*0*   +  (?ESy  a 
C«H'»0*   +   H«0. 

It  forms  small  crystals,  melting  below  100^,  soluble  in  water  and  alcohol,  insoliitie 
in  ether. 

Neutral  Ethylenic  Succinate,  or  SuccinaUof  Glycol,  C^HH)*  -  ^^ot«'"^^' 

remains  when  ethylene-succinic  acid  is  heated  to  300^,  as  a  crystalline  mass,  whi«k 
melts  at  about  90^,  is  insoluble  in  water  and  in  ether,  but  may  be  crystallised  frca 
boiling  ulcohol. 

SVCOUilTB.    An  amber-coloured  variety  of  lime-gamet.    The  name  is  applied 
also  by  Breithaupt  to  amber. 
8VCCZVOVS.    This  name  has  been  applied  to  a  volatile  oil  obtained  by  th* 

distillation  of  neutral  calcic  succinate  (p.  455). 

8VOCXVO-8U&PBiratZC  AOZB.    Syn.  with  Sui^PHOsnocnno  Arn>. 

8VCC1BI  UM«    Syn.  with  Amber. 

8VCCnnr:b.    C^H*0*.    The  diatomic  radicle  of  succinic  add,  &c. 

8VCCZVYXZO  ACZB.    Syn.  with  Suocmie  Acm. 

8UOCZ8TBRBirB  (from  suceinum  and  stearin), — The  name  apph'ed  br 
Pelletier  and  Walter  to  the  portion  of  Colophonium  succini  which  it  insolabl^  n 
alcohol  and  ether.     (See  Amber,  i.  163.) 

8VCROSB.     Syn.  with  Canb-sugar. 

BUST.  The  solid  fat  of  the  ox  or  sheep.  Mutton-suet  is  more  solid  than  he^^i- 
suet,  and  consists  mainly  of  stearin,  together  with  palmidn,  and  small  quantitiei  cf 
olein  and  hircin  ;  melts  at  50°  (Arzbacher).  Beef-suet  contains  more  atearin  tlua 
human  fat,  more  palmitin  than  mutton-suet,  and  about  the  same  quantity  of  ol«m; 
melts  at  47°.  (Arzbacher.) 

8VOASS.  Under  this  name  are  included  a  number  of  organic  compoaods. 
mostly  of  vegetable  origin,  which  are  soluble  in  water,  mostly  crystallisable,  hive  t 
sweet  taste,  and  neutral  reaction  to  vegetable  colours,  and  in  the  state  of  solaticm  rourt 
the  plane  of  vibration  of  a  ray  of  polarised  light  They  may  be  divided  into  fer- 
mentable  or  true  sugars,  and  non-fermentable  sugars  or  iaccharoidi. 
A.  Fermentable  Sugars. — These  sugars  are  carbohydrates,  represented  by  th» 
general  formula  OH^Qp,  and  may  be  subdivided  into  the  two  following  groopi^  tbf 
first  including  those  sugars  which  are  directly  susceptible  of  vinous  fermeotatioB,  tke 
second  those  which  undergo  this  transformation  only  after  oanTersioii  into  ngua  of 
the  first  group : 

a.    C>«H"0«  (Glucoses). 

Molecular  rotatory  fomwr. 
Dextrose  or  Dextroglucose  (ii.  855)  ...  +   66^ 

!  —  lOfl**  Aft  \40 
—   530  •*  gno 

Galactose  (iii.  1023) -I-   83* 

To  this  group  belong  also  a  number  of  sugars  differing  more  or  leas  in  ftopatim 
from  the  three  preceding,  viz.  Maltose  (iii.  999),  Mannitose  (iii.  826);  tbesspr 
found  by  M  e  i  s  s  n  e  r  ( Jahresb.  1 86 1 ,  p.  800)  as  a  normal  constituent  of  muscular  flcik; 
Dulcitosc,  a  product  of  the  oxidation  of  dulcite  by  nitric  acid  (Garlet^  Ana.  Ck 
Pharm.  cx\'ii.  143);  the  sugar  which  Bert  helot  obtained  (ii.  856)  from  mamuteiai 
glycerin  by  the  action  of  a  peculiar  ferment ;  and  many  of  the  sugars  resoltiiig  tm 
the  decomposition  of  natural  glucosides  under  the  influence  of  adds  (ii  865). 

b.    CH^O"  (Cane-sugar  and  its  isomers). 

Molecular  routorj  power. 

Saccharose  or  Cane-sugar        .        .        .         +   73*8° 


Parasaccharose 
Lactose  or  Milk-sugar 
Melezitoee  (iii.  868) 
Molitose  (iii.  869) 
Myoose  (iii.  1068) 
Trehalose 


>f 


+  108® 
•I-   59*8 
•I-   94 
•(-102 
-h  192-5 

(r]99 
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Tbe  mnn  ot  thur  gronp  m^j  be  reg»rded  as  ethen  of  the  ^qcoms,  bdng  related  to 
them  in  the  same  manner  as  diethylenic  alcohol  to  glycol  or  a«  difflvcerin  to  fflvcerin 
(iu.  676, 884) :  o  ^    -.  «« jr  «,  ^lyw-nn 

Glocoie.  Saccbaroie. 

h.  Non-fermentabU  Sugart  or  8accharoids,^-Of  these  bodies,  the  first  fonr  in  the 
following  list  have  the  composition  of  the  glucoses ;  the  rest  are  not  carbohydrates,  but 
contain  a  quantity  of  hydrogen  lazger  than  is  sufficient  to  oonyert  the  whole  of  the 
oxygen  into  water : 

^  ^ _  MoIecuUr  roUtorr  power. 

Eucalyn.(>H>«0«(ii.  601)        .        .        .  +  66*' (nearly) 


-46-9^ 

Qo 

0« 

Qo 

0° 
+  7-60 

+  33-60  (nearly) 
+  68-60 

0° 


Sorbite,  C^»K)«  (v.  362) 

Quercitoee,*  C^>K)«  ?  (v.  37) 

Inosite,  C«H»«0«  (iii.  274) 

Mannite,  C^»K)«  (iii.  826)      . 

Dulcite,  CJ^»*0«  (ii.  348) 

I«)dulcite,t  C*H"0«  (v.  7) 

Qoercite,  C«H'«0*  (v.  6) 

Finite,  C«H'*0»  (iv.  662) 

Eiythpomannite,  C»«H»0"  (ii.  604) 
^  In  tibeee  tables  the  value  of  the  molecular  rotatory  power  is  given  for  the  transition 
tint  (iii.  672),  which  is  the  same  as  that  for  the  medium  yellow  ray,  and  is  commonly 
expressed  by  the  symbol  [a]y.    The  value  for  the  red  ray  is  related  to  this  by  the 
•qoatioo: 

Hie  moleeiilar  or  specific  rotatoiy  power  [a]  is  given  by  one  of  the  following 

ff  •  O  .  A 

n.  w-    -i-orw  -  ^ 


In  these  eqnatiains,  a  or  a  is  the  observed  angle  of  rotation ;  s,  the  concentration  of  the 
wlqtioo  (1  p;rm.  of  solution  oontaininff  e  grms.  of  substance) ;  8,  the  specific  gravity 
of  the  eolntaon  ^  X  or  I,  the  length  of  the  column  of  liquid  in  aecimetres.) 

Fnzther :  ^  the  weight  of  the  substance  in  grammes ;  Fj  the  volume  of  the  solution 
flontaimiig  it. 

Also :  e,  the  ooneentration  of  the  solution  according  to  volume,  i,t,  the  quantity  of 

I  of  the  substance  oontained  in  1  cub.  cent,  of  solution,  so  that  «  >■   x  i.  •  .  8. 

Tlie  equation  L  is  used  when  the  concentration  and  specific  gravity  of  the  solution 

e  known ;  the  eouation  II.  when,  as  is  generally  the  case,  tlw  solution  is  prepared 
by  weighing  out  the  substance,  and  filling  up  the  liquid  with  water  to  a  given  bulk. 

The  molecular  rotatory  power  of  most  sugars  is  but  little  affected  by  temperature ; 
that  of  Isevulose,  however,  diminishes  rapidly  as  the  temperature  rises.  A  recently  pre- 
pand  mixture  of  eiystallised  dextrose  (grape-sugar)  exhibits,  when  recently  prepared, 
a  rotatoTf  power  of  about  112^;  but  it  decreases  gradualljr  at  ordinary  temperatures, 
and  quickly  when  the  liquid  is  heated,  and  ultimately  remains  constant  at  -Fde^. 

ICztares  of  dextrose  and  hevulose  exhibit  dextro-  or  Isvo-rotation,  according  to  the 
praportions  in  whidi  the  two  are  mixed ;  this  is  seen  in  different  samples  of  honey, 
iwl  in  fruits.  Inverted  sugar  (ii.  863),  produced  by  the  action  of  acids  on  cane- 
isger,  is  a  mixture  of  dextrose  and  Isevulose  in  equal  quantities.  Its  specific  rotatory 
power  vaxiee  greatly  according  to  temperature :  at  16*^  it  is  [a]  a  —  ^{*   +  V  *" 

•  The  lonr  ebtaiiied  br  dccompoftlng  querdtrin  with  dilute  sttlpburie  acid  is,  aeoonllngto  R  i  g  a  ii  d 
Ami.  Ch.  Pbann.  zc.  196),  MentioU  wlui  dextroie  in  every  respect,  excepting  that  it  is  opiicalljr 


t  AoeoHfoff  to  HlailwetiandPfeund1er,on  the  other  hand  (Jahreab.  1864.  p.  564),  qnercltrin 

trvatad  fields  a  saccharine  substance,  which  they  call  I  s od  u I  c i t  e,  crystallising  in  the  Mroe  form 

^..tfWi^ogar.  but  dlUMng  therefrom  tai  properties  and  composition.  The  crystals  conuin  C<Hi«0^fPO. 

mgA  malt,  wHb  lou  of  their  ciystallisatkm-water.  between  VXP  and  1  lOP.    Isodnlcite  dissolves  in  Si»  pts. 

at  iy>.  and  U  also  readily  dissoWed  by  hot  abMlute  alcohol.    It  reduces  an  alkallae  enprie 

I,  and  fbnns  with  nitric  acid,  a  nitro-^mpound  conulning  C«H*(NOZ)SO».-Hydrated  tsodulclU 

.„_jirk  with  mannite  and  duldte ;  the  anhydrous  compound  with  pinite  and  querdte. 

t  b  tbecqoatioa  given  under  Lioar  (Hi.  673),  the  unit   of  length  for  /.  is  1  centimetre'  and  the 

fecHc  rotatory  power  of  cane-sugar  there  cAlcolated  fh>m  the  formula  is  73^,  whereas  m  the  table 

«■  v.  464,  where  the  unit  of  tength  is  supposed  to  bp  m  drcimotre,  it  is  ten  Umes  as  much,  namely  73-8°. 

Vol,  V.  H  H 
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-  26° :  at  25°  it  is  - 12*5° ;  at  90^  it  ifl  nearly  «  0,  and  at  luglwr  tempfratnrw  Um 
mixture  becomes  dextrorotatory. 

Chemical  Reactions  of  Sugars:  1.  IVtx^mpon^um  6y  Aea<.-—AU  angari an  d»- 
composed  by  heat  Those  which  contain  water  of  crystallisation  give  it  off  at  100^  or 
a  little  above — viz.,  grape-sugar,  melitose,  trehalose,  encalyn,  and  inoeite  at  100^,  mel«- 
zitose  at  110°,  mycose  at  130°.  At  somewhat  higher  temperatures  the  glucoses  giTs 
off  more  water,  and  yield  anhydrides  analogous  to  mannitac  (ilL  823) :  thus 

Dextrose  >     rtuvtr^  52*0  +   C^>»0»  Glucoaan 

LevnloseJ     ^^^     "    }H*0  +  C^»»0»  LsBvolusan. 

When  further  heated,  they  yield  a  number  of  somewhat  indefinite  compounds,  d€«ie- 
nated  by  the  general  name  caramel ;  and  at  still  higher  temperaturea,  they  unde-nro 
complete  decomposition,  giving  off  carbonic  oxide,  carbonic  anhydride,  marrh-pt, 
acetic  acid,  aldehyde,  acetone,  furfurol,  liquid  hydrocarbons,  and  other  products.  Tie 
sugars,  C^^H^O*',  appear  to  be  first  converted  by  heat  into  a  mixture  of  glucoses  u^i 
glucosanhydrides  {e.  g.,  cane-sugar  into  dextrose  and  Isvolusan),  which  are  resolr^i 
by  further  heating  into  the  products  above  mentioned. 

2.  Oxidation. — Sugars  are  easily  oxidable.  With  strong  oxidising  agents  tbej 
mostly  yield  products  of  comparatively  simple  constitution,  such  as  carbonic^  fonaie, 
and  oxalic  acids.  Glucose  and  cane-sugar,  &c.,  distilled  with  a  mixture  of  maHgmv 
peroxide  or  potassic  chromate  and  sulphuric  add,  or  with  peroxide  of  Uad  and  inttr, 
yield  chiefly  formic  and  carbonic  acids ;  milk-sugar  distilled  with  potasHe  cknmett 
and  sulphuric  acid  yields  the  same  products,  together  with  aldehyde. 

By  prolonged  boiling  with  strong  nitric  acid,  sugars  yield  chiefly  oxalie  acid.  TTith 
more  dilute  acid,  and  at  lower  temperatures,  acids  are  rormed  nearer  in  oomposition  to 
the  sugars — chiefly  mucic,  saccharic,  and  tartaric  acids,  sometimes  also  zacemic  ani 
The  formation  of  the  isomeric  compounds,  mucic  and  saccharic  acids, is  vppresnitoi 
by  the  equation : 

C«H'«0«  +0*     «     H>0  +  (>H»«0«. 

Tartar!  c  add  is  probably  formed  by  further  oxidation  of  saccharic  Add ;  and  race- 
mic  add  by  oxidation  of  mucic  acid  (p.  35). 

Cane-sugar,  glucose,  and  indeed  most  other  sugars,  yield  by  this  gxmdoal  oxidatioB, 
only  saccharic  acid;  milk-sugar  yields  mucic  with  a  small  quantity  of  saocharie  add; 
melitose  yields  saccharic  with  a  small  quantity  of  mudc  acid. 

Sugars  are  oxidised  by  many  metallic  oxides  and  salts,  and  tlierafore  act  as  xedudBg 
agents :  thus  from  silvtr-salts,  espedally  in  presence  of  ammonia,  they  throw  dova 
metallic  silver ;  from  cuprie  salts,  espedally  in  alkaline  solution,  they  pRcipilato 
cuprous  oxide  (ii.  860).  The  glucoses  in  general  exert  a  stroncer  reducing  sctioBthaa 
cane-sugar  and  its  isomers  ;  of  the  latter,  milk-sugar  reduces  more  qoicklr  than  flHM> 
sugar.  The  products  formed  in  these  reactions  have  not  been  yeiy  closely  inrcstigattd. 
(See  Gaixactic  and  Pbctoiactic  Aans,  iii.  1024.) 

3.  Very  strong  nitric  acid  (specific  gravity,  1'626),  or  a  mixture  of  strong  sdiv 
and  sulphuric  acids,  converts  sugars  into  nitro-compounds :  cane-sogur  thus  tzeatid 
yields  nitro-saccharose,  probably  C"Hi*(NO')*0** ;  inoeite  yields  aystaUinKla 
nitro-inosite,  C«H«(NO«)«0«;  isodulcite,  C«H»«0*.H«0,  yields  C»H^NO^;  drt- 
trose,  milk-sugar,  and  trehalose  yield  nitro-compounds  whose  compootion  has  sot 
been  exactly  ascertained. 

4.  Reactions  with  other  acids. — By  boiling  with  dilute  tulphmirio  or  hjfirntUmit 
acid,  cane-sugar  and  its  isomers  are  converted  into  glucoses  : 

In  this  manner  melezitose  yields  2  at.  of  dextrose ;  lactose  yields  2  at.  of  galsetoie; 
cane-sugar  yields  I  at.  dextrose  +  1  at.  levulose;  and  melitose  yields  1  aL  dntiQac^- 
1  at.  eucalyn. 

The  glucoses  offer  considerable  resistance  to  further  transformation  by  dilute  wmt' 
ral  acids ;  but  ultimately  they  turn  brown  and  decompose,  the  more  qaiddy  m  tba 
acid  is  less  dilute,  yielding  brown  humus-like  products  of  indeterminate  coaipoeitiaD; 
this  transformation  is  most  quickly  effected  by  strong  hydrochloric  acid. 

Concentrated  sulphuric  acid  acts  on  the  sugars,  C"H**0",  much  more  stzongly  Au 
on  the  glucoses.  A  strong  syrup  of  cane-  or  milk-sugar  mixed  with  concentrated  fol- 
phuric  acid,  is  immediately  decomposed  with  great  intumescence,  erolution  of  lal* 
phurous  anhydride  and  various  volatile  products,  and  separation  of  a  black  earinn* 
ceous  mass. — Dextrose,  on  the  other  hand,  mixed  with  strong  sulphuric  scad,  forai^ 
without  blackening,  a  sulpho-acid,  C^«H^*SO»  =  4G*H*H)*S0',  the  actioB  b«^ 
exactly  similar  to  that  of  the  organic  acids  on  the  glucoses  (p.  467): 
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Fkotpkone  acid  appeui  alio  to  form  a  similar  compound  with  deztzose. 

The  glnooMS  heated  with  aolutions  of  organie  aetds  act  like  polyatomic  alcohols 
jieldiog  ethereal  compounds  called  saccharides,  which  resemble  the  mannitic  ethen 
(ii.  521),  inasmuch  as  they  are  deiiyatiTes,  not  directly  of  glucose,  CH"0*,  but  of 
glooosan,  C«U»«0»:  thus— 


C«H»K)«  + 


Butfric 
add. 

C^«0«  +   2C"H»K)« 
DextroM.  StMrlc 

acid. 


-  3H«0     »      C«H^C<H'0)K)» 

IMMStjrjl-'tlucouMU 


Deztrote. 
DmtroM. 


+   6C«H*0« 
Acecic 
add. 


3H*0 
7H«0 


C«H*(C»H«0)H)» 
DUtearyl-glucosan. 

Hexacetjl-flucoiao. 


Alcohol.  DietbyVglueotaiu 


Gaae-fligar  and  its  isomers,  heated  with  organic  acids,  are  first  conTerted  into 
gluooaes,  and  then  into  ssocharidos  as  above. 

WiUi  tmrtarie  aad,  the  sugars  appear  to  form  several  different  compounds.  The 
following  are  described  by  Berthetot  (CMm.  org.  iL  294): 

1.  Rom  Dextrose,       C^"0«  +   4C«H«0«  -  6IP0     «     C«H"0» 

2.  „  Cane^ugar,  CTI»«0«  +  2C«H«0«  -  3H«0  -  C'*H>H)»* 
S.  „  MUk-sugar,  C«H>«0«  +  4C*H«0«  -  3H«0  -  C"H»0" 
4.      „  „  3C^'»0«  +   4C^H«0«  -  7HK)     =     C^H«H)" 


6.  Raaetions  with  AlkaUi. — Sugars  act  like  weak  acids,  inasmuch  as  they  are  capable 
of  fbrminff  saline  compounds  with  certain  bases,  or,  in  other  words,  of  exchanging  part 
of  their  hydrogen  for  metals.  Thus  dextrose,  C*H''0*,  forms  with  baryta  the  com- 
pound O'^H^Ba'C** ;  and  cane-sugar  forms  with  the  same  base,  a  compound  which 
may  be  formulated  ss  C>*H**Ba''0".H<0,  or  as  C><H»0".Ba''0.  Dextrose  and  caiio- 
sogar  also  fonn  saline  compounds  with  potash  and  soda;  these  compounds  are  obtained 
by  agttmtang  the  alcoholic  solution  of  the  sugar  with  alcoholic  potasn. 

In  aqueous  solution,  on  the  other  hand,  the  glucoses  are  veiy  easily  decomposed  bv 
alkalis,  eren  when  very  dilute.  The  decomposition  takes  place  slowly  in  the  cold, 
man  quickly  on  heating,  the  liquid  first  turning  yellow,  then  brown,  and  yielding  a 
quantity  of  indeterminate  brown  humous  substance.  Dextrose  thus  treated  yi^da 
fjLwac  add  (iL  848),  as  the  first  product  of  the  reaction. 

The  sugars,  G"H*H)",  are  for  the  most  part  much  less  readily  attacked  by  alkalis 
thm  the^ueoses ;  they  an  not  attacked  by  dilute  alkaline  solutions  in  the  cold,  and 
bat  slowW  eren  whim  heated ;  but  they  are  decomposed  by  boiling  with  concentrated 
■UcaliDe  liquids.    When  fused  with  caustic  alkalis  they  yield  oxalic  acid. 

In  ^enl  those  sugars  (and  other  carbohydrates),  which  are  most  easily  attacked 
bj  aeula,  offer  the  greatest  resistance  to  the  action  of  alkalia. 

The  sngan  and  ^er  carbohydrates,  when  treated  with  ammonia  in  the  form  of  gas, 
or  of  aqueous  solution,  an  capable  of  forming  compounds  somewhat  resembling  gela- 
tin, and  ootttaining  in  some  cases  as  much  as  1^ — 19  per  cent,  nitrogen.  Dusart 
(OoBpt  rend.  Ui.  974),  by  heatina  glucose,  milk-sugar,  or  starch  with  aqueous  ammo- 
nia to  160^,  obtained  nitrogenised  substances,  which  were  precipitated  by  alcohol  in 
tanadonB  threads,  and  formed  with  tannic  acid  an  insoluble,  non-putrefying  compound. 
Similar  results  wen  obtained  by  Schiitsenberger  (Jahresb.  1861,  p.  910). 
P.  Th^nard  (ibid.  p.  908),  by  operating  in  a  similar  manner,  but  at  a  temperature  of 
280^,  obtainea  yellow  or  brown  nitrogenised  products — some  soluble,  othors  iu- 
■olubla  in  water,  and  containing  ss  much  as  19  per  cent,  nitrogen.  These  results  are 
•spedaUy  interesting  in  connection  with  the  ooeerration  made  hj  Hunt  (Jahresb. 
1847-48,  p.  846),  th^  bone^gelatin  has,  approximately,  the  composition  of  an  amide  of 
the  carbohydrates: 

C«H"0«  +  2NH»     -     C»H"NK)»  +  4HH); 

and  that,  on  the  other  hand,  gelatin  and  similar  substances,  when  boiled  for  some  time 
with  sulphuric  acid,  yield,  among  other  products,  sugan  resembling  glucose. 

Jetion  of  FermtnU.^The  glucoses,  yiz.  dextrose,  leTulose,  and  galactose,  are  directly 
■naceptible  of  Tinous  fermentation;  that  is  to  say,  when  their  aqueous  solutions  are 
plaeed  in  contact  with  yeast  at  a  certain  temperature,  they  are  immediately  resoWed 
nfto  aksobol  and  oaibonie  anhydride :  C«H>K)«  -  2C*H"0  -»-  200".    Cane-sugar  ami 


*  Produosd  by  hcatinf  cane-suRar  with  ethylbromida  aad  potaah. 

H  H  2 
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Its  bomologues,  on  the  other  hand,  do  not  undergo  this  change  nntil  thejr  hare  fint 
been  converted  into  glacotes,  this  action  being  due  to  a  pecoliar  acdnble  feramti 
anaLogona  to  diastase^  contained  in  the  yeast  Cp.  471).  Ben>ecting  the  Tarioos 
circumstances  attending  rinons  fiarmcntation,  ana  the  action  of  other  ferments  oa 
soffars,  see  FmiaifTATioN  (ii.  623). 

Most  of  the  sngars  enmnerated  in  the  preceding  tables  (pp.  464,  466),  hATe  already 
been  described  in  their  alphabetical  places.  We  hsfe  here  to  consider  in  detail  the  one 
to  which  the  name  sugar  is  espedalfy  applied,  Tis, : 

Cami-suoab  or  Saoohabosb.* 

This  kind  of  sugar  is  yery  widely  difiused  in  the  vegetable  kingdom,  and  has  been 
lately  shown  to  exist  in  many  plants,  from  iHiich,  in  consequence  of  the  modes 
of  extraction  formerly  adopted,  only  grape-sugar  (desctzose),  or  uncrystallisable  frnit- 
sugar  (a  mixture  of  dextrose  and  Isirulose),  had  been  obtained.  It  is  reiy  abundant 
in  the  stems  of  certain  grasses,  especially  in  the  s  u^ar-cane  (Saccharum  offieifutrwn)^ 
which  contains  more  than  20  per  cent  of  it,  unmixed  with  any  other  kind  of  sugar, 
and  the  sorgho  or  Chinese  sugar-cane  (Sorgkum  saockanUum,  p.  854), which  eon- 
tains  it  to  the  amount  of  9  to  9}  per  cent.  Toe  juice  of  maize-stems,  cut  shoitly  after 
flowering,  contains  a  quantity  of  sugar  amounting  to  between  7*4  and  7*9  per  cent  of 
the  juice,  and  about  naif  consisting  of  cane-sugar  (Liidersdorff).»Ca2ie-sugar  is 
abundant  in  many  fleshy  roots,  as  Uiose  of  the  oairot  and  parsnip,  and  especially  in 
that  of  beet  {Beta  vulgaria)^  which  contains  on  the  ayerage  from  7  to  11  per  cent  of 
it,  sometimes  as  much  as  14  per  cent ;  and  in  the  stems  of  certain  species  of  birch 
and  maple,  especially  of  the  sugar-maple  (Jcet  taceharintm),  and  oi  many  kinds  of 
palm.    (See  Palm-suoab,  iv.  836.) 

Most  sweet  fruits  contain  cane-sugar  together  with  inyerted  susar  (iL  868) ;  some^ 
as  walnuts,  haxelnuts,  almonds,  coffee-beans,  and  St  John*s-bread  (this  fruit  of  Cei^ 
tonia  9iliqua)f  contain  only  cane-sugar.  Hone^  and  the  nectars  of  flowers  contain  cane- 
sugar  together  with  inyerted  sugar ;  the  sugar  m  the  nectars  of  cactuses  isalmost  wholly 
cane-sugar. 

Manna  from  Sinai  (the  produce  of  Tamarix  mannifera)  contains  55  per  cent  cane- 
sugar,  25  inyerted  sugar,  and  20  dextrin,  &c  Manna  from  Kurdistan  contains  61 
per  cent  cane-sugar,  16*6  inyerted  sugar,  and  22*6  dextrin,  6ec  (Berth elot»  (3ompt 
rend.  liii.  683.) 

Cane-su^  has  been  known  in  India  and  China  from  yery  early  times,  and  in  Enxope 
since  the  time  of  Alexander  the  Great  The  culture  of  the  sugar-cane  was  imported, 
in  the  fourteenth  and  fifteenth  centuries,  from  Nubia,  Arabia,  and  S^gypt,  into  Spain, 
Portugal,  and  the  Canary  Islands,  and  afterwards  to  America :  it  was  only  after  this 
last  importation  that  it  came  into  general  use.  The  presence  of  cane-susar  in  beet  and 
other  plants  indigenous  in  Europe  was  first  demonstrated,  in  1747,  by  Maiggrai^  and 
its  preparation  on  the  laige  scale  from  beet  was  introduced  by  Achard.  The  chemical 
.composition  of  cane-sugar  was  established  by  Qay-Lnssac  and  Th^nard. 

Preparation. — Cane-sugar  has  not  yet  been  formed  artificially.  It  is  prepsfed  almost 
exclusiyely  from  the  juice  of  the  susar-cane,  and  of  field-beet  ta  mangold-wund; 
smaller  quantities  are  obtained  from  Uie  soigho  and  the  sugar-maple. 

1.  From  the  Sugar-cane. — The  ripe  canes  cut  dose  to  the  groundand  stripped  oi 
their  leayes  are  crushed  between  rollers,  and  the  expressed  juice,  which  is  apt  to  nm 
quickly  into  fermentation  by  the  action  of  the  albuminous  matters  which  it  contains,  is 
defBotUedhyheatAu^  it  in  a  copper  boiler  to  about  60**  C.  (140^  F.),  with  a  amall  Quan- 
tity of  lime.  The  impurities  then  form  a  scum,  which  is  remoyed  as  frst  as  it  coUeets. 
The  juice,  when  sufficiently  clarified,  is  rapidly  concentrated  to  about  28^  of  thehydso> 
meter,  Uien  passed  through  cloth  filters  and  eyaporated  to  a  yeiy  thick  syrup,  which 
is  run  into  snallow  yesseU  to  accelerate  cooling,  then  POured  into  yessels  haying  their 
bottoms  pierced  with  holes  which  are  kept  plugged,  llie  rpup,  after  beiuff  lett  at  rest 
for  some  hours,  is  agitated  to  promote  the  crystallisation  of  the  sugar;  and  as  soon  as 
it  has  set  into  a  solid  mass,  the  plugs  are  remoyed,  to  allow  the  still  remaining  liquid  to 
run  ofE  and  the  syrup  is  asain  boiled  till  it  no  longer  yields  any  crystals.  The  last 
mother-liquors,  which  are  uick,  brown,  and  refuse  to  crystallise,  are  called  molasses 
or  treacle,  and  are  used  chiefly  for  the  preparation  of  rum. 

The  solid  sugar,  obtained  as  aboye,  is  sent  to  Europe  under  the  name  of  raw  sugar, 
or  Muscoyado  sugar.  It  is  a  yellowish  granular  powder,  still  impregnated  irith 
treacle,  and  often  contaminated  with  foreign  substances,  which  impart  to  it  a  more  or 
less  disagreeable  taste :  henoe  it  requires  reflning. 

The  formation  of  molasses  is  entirely  due  to  the  conyersion  of  the  cane-aoffar  into 
uncrystallisable  sugar  by  the  heat  to  which  the  juice  is  subjected ;  the  tteah  juice  of 

■  FfMT  Literature  see  QmelhCt  Hamd^ook,  sr.  U7. 
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sound  emnes  oontaisi  nothing  but  erystallisable  sugar.  Great  improrementi  bav* 
xvoenfclj  been  eff<H:t«d  in  the  methods  of  boiling  down  syrups,  especiallj  by  the  use  of 
vacunm-pans,  whereby  a  beautiful  crystallised  product  is  obtained  from  the  juice  at 
the  first  evaporation,  and  the  formation  of  molasses  in  greatly  diminished. 

i.»n  the  manu^ture  of  sugar  from  the  cane,  see  Uree  Diet,  of  Arts,  &c.,  iii.  802 — 
816.>  -Maiiutaoturc  nf  Alank-bupar,  ihid.  p.  826. 

2.  Fn»m  Heetruot. — The  roots  of  manfrold-wurzol  are  reduced  to  a  fine  pulp,  from 
which  the  juice  is  st>piarated,  either  by  pressure,  after  adding  a  quantity  of  water  equal  to 
20  fw-r  rent,  of  the  wt'i^ht  of  the  root ;  or  by  lixiviating  it  with  cold  water ;  or,  finally,  by 
fubjeiting  it  in  perforat<Hl  cylinders  to  the  rotatory  action  of  a  centrifugal  machine. — 
The  juice  is  heated  to  68-*  by  hot  steam,  every  1000  quarts  being  mixed  with  a  quantity 
of  milk  of  lime  prepared  from  12  lU.  of  lim<',  and  the  mixture  is  further  heated  to  the 
boiling-point,  whereby  pliot>phato  of  calcium,  albumin,  albuminate  uf  calcium,  and 
other  matters  are  separated,  in  the  form  of  a  dense  white  crust.  The  heating  is 
intermpted  as  soon  as  the  boiling  juice  begins  to  hrcuk  thiough  the  crubt,  the  cTe^x 
liquid  below  is  run  off,  and  the  muddy  residue  is  submitted  to  pressure.  The  calcareous 
thin  tyrup  thus  obtained  is  treated  with  carbonic  .loid  (from  0*6  to  0*8  percent,  lime, 
however,  remains  dissolved  us  sugar-lime);  sepai-atcd  by  subsidence  and  decantation 
from  precipitated  carbonate  of  caloium ;  filter^  thrr>ugh  bone-black,  which  removes  a 
small  quantity  of  sugar-lime  ;  and  evaporated  to  20 — 22^  Bm.,  cither  in  open  pans  or 
in  a  vacunm-apparatus.  The  thick  fjfrup^  again  filtered  through  bone-black,  and 
•raporated  in  vacuo  at  about  22"  barometric  pressure,  till  it  becomes  thick  enough  to 
draw  out  into  threads,  yields,  after  cooling  and  standing,  crystals  of  cane-sugar ;  and 
the  mother-liquor,  when  further  evaporated,  yields  a  second  and  third  crop,  till  nothing 
remains  but  uncrystalliMablo  molasses.  The  last  very  dark-coloured  crop  of  crystals 
is  moistened  with  water,  and  freed  from  adhering  molasses  by  means  of  the  centrifugal 
machine.  The  mixture  of  all  the  8ucc<*ssivc  crops  of  crystals  thus  obtained  constitutes 
rav  beet-sugar.     (For  details,  see  Handw.  d.  Chem.  ix.  1101.) 

Rtfining. — To  obtain  pure,  colourless,  crystallised  sugiir  from  raw  sugar,  the  latter,  dis- 
solves! in  about  a  third  of  its  weight  of  water,  is  mixed  with  a  small  quantity  of  milk  ol 
lime,  and  heated  to  the  boiling-point ;  and  the  jniceis  decanted  from  the  impurities,  which 
separate  in  the  form  of  a  crust,  then  filt^^red  through  bone-charcoal,  and  evaporated  in 
A  racunm-pan.  The  strongly  concentrated  juice  is  made  to  cr^'stallise  by  moderating 
tiie  heat  and  mnning  in  small  quantities  of  unthickened  juice,  whereupon  a  magma  of 
BUgar-cr}-stals  immediately  forms.  To  give  them  the  requisite  hardness,  heat  is  again 
applied,  the  crystalline  magma  is  left  to  drain  in  the  sugarloaf  moulds,  and  the 
fonnation  of  small  uniform  crystals  is  promoted  by  stirring  and  breaking  up  the  crust 
which  forms  on  the  surface.  When  the  crystallisation  is  complete,  the  apex  of  the 
mould,  which  has  previously  been  closed,  is  opened,  to  allow  the  syrup  to  drain  off, 
and  that  which  remaiius  adhering  to  the  crystals  is  displaced  by  pouring  in  pure  sugar- 
svrup.  By  due  desiccation,  the  loaf-tugar  or  rejimd  sugar  of  commerce  is  obtained. 
il'rt§  Diet,  of  Arts,  &c.  iii.  S02.) 

Formerly  the  clarification  of  the  syrup  was  effected  by  adding  a  certain  quantity  of 
the  serum  of  bullock's  blood;  on  heating  the  syrup,  the  albumin  of  the  serum  became 
coMguIated  and  rose  to  the  surface,  carrying  with  it  the  greater  part  of  the  impurities. 

Prtparation  on  the  tmall  scale. — The  sacchariferous  portion  of  a  plant,  after  being 
dried  and  pulverised,  is  boiled  with  2  pts.  of  strong  alcohol,  and  the  filtrate  is  left  to 
cool ;  it  then,  after  some  time,  deposits  crystals  of  sugar.     (Marggraf.) 

From  fruits,  likewise  containing  uncrystallisable  (inverted)  sugar,  cane-sugar  may 
be  extracted  by  filtering  the  expressed  juice  (after  adding  an  equal  volume  of  alcohol, 
if  necessary,  to  prevent  alteration),  then  saturating  it  with  slaked  lime,  and  filtering. 
The  filtrate  heated  to  the  boiling-point,  and  again  filtered  at  that  temperature,  leavf  s 
on  the  filter  insoluble  sugar-lime,  which,  after  thorough  washing  with  water,  is  to  be 
decomposed  by  carbonic  acid.  The  sugar-solution  is  then  evaporated  to  a  svrup, 
decolorised  with  animal  charcoal,  mixnl  with  alcohol  till  it  becomes  turbid,  and  left 
to  crvstallise.  The  insoluble  sugar-lime  produced  at  the  boiling  heat  does  not  contain 
more' than  ]  of  the  total  quantity  of  sugar  present:  hence  the  treatment  with  lime 
must  be  repeated.  If  the  decomposition  of  thf  sugar-lime  by  carbonic  acid  yields  very 
turbid  liquids,  they  must  be  precipitated  with  basic  acetate  of  lead,  and  the  filtrate 
treated  with  sulphydric  acid.     (B  u  i  g  n  e  t. ) 

P^'opr^tM.-- Cane-sugar  separates  from  its  solutions  by  slow  evaporation  in  large 
rrvetsils  (sugar-candy),  having  the  form  of  monoclinic  prisms,  generally  with  hemihedral 
faces.  Axes  a  :  6  :  c  -  07962  :  1  :  07.  Angle  of  axes  A,  c  =  76°  44';  ocP  -.  ooP 
(orthod.)  -  101°  30';  +  Poo  :  -»■  Poo  (clinod.)  -  98°  60*;  -h  Poo  :  c  -^  64^  12'.— 
Ordinary  combinations,    ocP .  oP  .  oePoe   (fy.  780),  and  oep  .  oP  .    ooPoo  .    ♦  Por 

rp«  ]  (fg.  781).     By  the  cooling  of  hot   saturated  solutions,  the  sugar  is  obtained 
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Cuw-ngu  ii  veiy  Mlnble  in  tottttr,  diMobing  in  •  tUid  ef  it*  vd^  of  aU, 

__.  ...1. !>_  !_  i iDcentrited  iolntioni  in  mni^.     It  U  ionlilil* 

bailing  aleolld  diaKd.TH  liiaat  H  pareanb  of  it; 

Piranif^  qf  Cant-tugar  in  Jqveout  Sotnitiimt  i^d^trmt  Dmti/iu. 

(Eztnct«d  from  tlia  Tables  of  Balling  u^  Biix.) 
Chnt-Hgcr  SpfdAc  frnltj  Cvw-flonr  fatlfci  irsrltT 

pBCtDt.  Ull-V.  IIMCHt.  atlTtl*. 

1  1-0040  fifi  i-aaio 

fi  1-0200  60  1-2W0 

10  1-OKM  6fi  1-SlM 

15  I-OSU  70  1-S607 

20  l-OSS^  7fi  1-3834 

2S  1-lOSO  80  1-1169 

30  1-IS9G  86  1-4*99 

SS  1-lfitO  90  1'4S40 

40  1-1764  eS  1-S209 

49  1-20^7  99  1-fifiDl 

fiO  1'216S 

Tlie  Bqaeoni  lolntioD  of  cuie-mgu  tanis  the  plana  of  ■  pcdariMd  t*y  to  At  if^ 

for  the  tnmsition-tint,  [a]  -   +   73-8°.    Hm  iDtatoij  pmnt  nriea  bat  litlk  nA 

ehangea  of  temperatQTe. 

Cane-ang&r  melta  U,  160°  to  m  clear  liquid,  and  aolidiflN  on  cooKng  to  fttMai[anri 
amorpboiu  dibbi,  comnool;  ealled  barlsj-angar,  iriiieh  gn^iallj  baeemaqaqB 
and  ciyetalline. 

Seeompostiioiu. — 1.  Cane-sngar  beatad  a  little  abore  IflO°,  ia 
lots  of  weight,  into  a  mixtnre  of  dextrose  and  le?oInMn  (ii  M4) : 

cnH»o"  =  t?H"o'  +  cm^c. 


ramaiDa[l).  AtaetiUhi,. 

COniistiDg  of  rarbonic  oxide,  Dumh-gaa,  and  carbonic  anhydride;  a diitillataiio 
coneieting  of  brown  oils,  acetic  acid,  acetone,  and  aldehyde;  and  a  oanaid«nUaqamit|r 
of  chaicoal  remaini  behind.  The  brown  oils  contain  a  imall  qnantj^  of  ftainiol  (ii. 
760),  and  a  bitter  Bubfltance  called  aiaBmar(i.41S).  (For  ftuthar  dataila  ii^Mtn| 
tlieae  products,  gee  Om.  it.  248.) 

2.  Bj  prolonged  boiling  vith  water,  cane-sngar  ia  oouTartad  into  ft  mthm  rf 
deitrosa  and  Inmlose,  called  inverted  sugar  (ii.  8S3),  becaoie  flili  iiiitipj  jiliaiiif 
the  Icmloae  is  gr«ater  than  that  of  the  dsitmsB : 

Ci'H"0"  +  H'O  -  PHitO*  +  CfH'KJ*. 

Stcctanrgi*.  DeitroH.         lATDloS*. 

This  tiansfonnslion  is  accelerated  bj  the  presence  of  adds,  and^panotljalMafMHti 
salts.  Ve>7  dilate  acids  conTcrt  the  cane-sugar  Into  inverted  mgar,  aknrljintlMnli 
very  quickly  when  heated.  Dlffsrent  Bcids  net  with  variona  dtmaa  of  nfU^— 
mineral  more  quickly  th&n  orgsnic  ocida,  sulphuric  add  moat  qnieilf  of  alL  Tm 
augar  is  boiled  stcd  with  very  dilate  acids,  especially  if  the  btnhog  ba  lonf-Matinal 
a  number  of  brown  amorphous  products  are  formed,  called  nlmin,  nlmii 
(Om.  IT.  264) ;  if  the  air  has  access  to  the  liqaid,  formic  acid  ia  likmriM ; 
ConcentnUed  bydrochloric  add  decomposes  sogar  Tery  qQJckly. 
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Strong  bulpharic  acid  decompodes  dry  sugar  wbeu  heated,  and  a  concentrated  solu- 
tiun,  eren  at  ordinary  temperatores,  witL  copious  evolution  of  Hulphuroiis  anhydride 
iknd  funuHtion  of  a  large  quantity  of  black  carbonaceous  matter.  By  this  reaction 
can^sugar  may  be  distinguished  firom  glucose  (ii.  859,  864). 

3.  Cane-sugar  is  Tory  eattily  oxidised.  It  reduof'S  tilcer'  and  mercury-ialta  when 
heatiHl  with  thom,  and  precipitates  ^d  from  the  chloride.  Pure  cupn'c  kytiratt-  is  but 
vlowly  nniuced  by  it,  evou  at  the  boiling  heat ;  in  pn^sence  of  alkali,  however,  a 
bluo  liolution  ia  formed,  and  on  boiling  the  liquid  cuprous  oxide  is  precipitated.  An 
alkaline  solution  of  cupric  tartrate  is  very  slowly  reduced  by  cane-sngar. — Cano-sugar 
take<<  fire  when  triturated  with  8  pts.  ptroiide  of  icad,  and  forms  with  ck/uraU  of 
jH*ta»jtium  a  mixture  which  detonates  on  percussion,  and  bums  vividly  when  a  drop  ot 
oil  uf  vitriol  is  let  fall  upon  i(.  Cane-sugar,  distilled  with  a  mixture  of  anlphuric  acid 
and  MUHifanic  pentxidc,  yields  formic  acid.  Heated  with  dilute  nitric  aeid^  it  yielda 
aaccliaric  and  oxalic  acids.  1  pt.  sugar  mixed  with  3  ptn.  nitric  acid  of  specific 
grarity  1*25  to  1*30,  a&ud  heated  to  60°,  is  wholly  converted  into  saccharic 
acid : 

C»'JI«0"   +    0*  -  2C*H'«0'»   +   H«0. 

At  the  boiling  heat,  the  pnxiuct  consists  rhit-fly  of  oxalic  acid.  Very  strong  nitric 
acid,  or  a  mixture  of  strong  nitric  and  sul]>huric  acids,  converts  sugar  into  nitro- 
•  accharose,  pmlmbly  C"H'*(NO')*0".  ISugar  is  likewise  oxidised  hy  chloride  o} 
iimff^  bnt  the  pn^diicts  have  not  been  examined. 

4.  Cane-sugar  do4^  not  turn  brown  when  triturated  with  a^A'alin,  a  character  by 
whirh  it  is  distinguishtvl  from  glucose :  it  combines  with  thi.'ni,  however,  forming 
compounds  callfd  sucrates.  By  boiling  with  potaxh-leif  it  is  det'omposeti,  but  much 
mort*  slowly  than  the  glucoses.  When  fus<>d  with  potajfsium-hydrate  containing  water, 
it  yields  chiefly  formic,  acetic,  and  proiiionic  acids :  with  dry  i^otassium-iiydrate  it 
3rielda  oxalic  aciil  (Gottlieb,  Ann.  Ch.  Pharm.  lii.  122).  Distilled  with  Aoda-limr,  it 
yields  small  quantities  of  ethylene,  tritylene,  and  :imyh'ne  (Rerthelot,  Jaliresb.  1867, 
p.  426) :  and,  when  distilled  with  quicklime,  it  gives  off  acetone,  metacetone,  &c. 
(Gottlieb.) 

5.  Dry  ckforine  does  not  attack  sugar  at  oniinary  temp<iratures ;  but  at  100°,  a 
brown  substanoe  is  formed,  partly  soluble  in  water.  On  passing  chlorine  into  sugar- 
viiter,  hydrochloric  acid  is  slowly  formed,  together  with  airltonic  acid,  a  brown  sub- 
stam*e.  and  an  uncrystallisablu  organic  acid. — Perchiorides  act  upon  sugar  (and  other 
carliohydrates)  in  the  same  manner  as  free  chlorine,  producing  dark-culuurcd  pro«lucts. 
This  reaction  is  applied  by  Maumene  (Compt.  rend.  xxx.  314)  to  the  detection  of 
•ngar  and  analog(.>us  snl>fituncc8  in  liquids.  P'or  this  purpose  a  <lrop  of  the  liquid  is 
placed  on  a  strip  of  white  merino,  previoasly  steeped  in  a  solution  of  stannic  chloride 
and  dried ;  and  the  strip  is  warmed  over  a  hot  coal  or  the  flame  of  a  lamp :  the 
presence  of  any  saccharine  substance  will  then  be  indicated  by  the  production  of  a 
black  spot. 

6.  Siu;ar  does  not  ahaorh  flwridr  ofhoron  in  the  cold,  but  on  applying  heat,  thegaa 
ia  absorbed,  and  the  sugar  is  blackened. 

7.  Cane-sugar  is  not  directly  fcrmrntabfc,  but  when  its  dilute  aqueous  solution  ii 
mixed  with  yeast,  and  exposed  to  a  warm  atmosphere,  it  isflrst  resolved  into  a  mixture 
of  dextrose  and  lievulose  (p.  470),  which  thenenU.*r  into  fermentation,  yielding  alcohol 
and  carbonic  anhy<iride : 

C*U«0«  =    2C0«   +   2CH«0. 

When  equal  weights  of  cane-sugar  and  glucose  are  dissolved  in  equal  quantities  of 
distilled  water,  and  a  very  small  quantity  of  yeast  added  to  each,  the  glucose  imme- 
diately begins  to  ferment,  even  at  the  mean  tcmperatunt  of  summer  (about  20°) ;  but 
the  cane-sugar  remains  unaltered  for  months,  even  at  30^ — 40°.  To  bring  it  to  the 
fermenting  state,  it  is  neccssaT^-  to  add  seven  or  eight  times  the  original  quantity  of 
yeast  (H.  Rose,  J.  pr.  Chem.  xxiii.  393).  The  conversion  of  cane-sugar  into  inverted 
sugar  ia  effected  by  the  soluble  ferment  in  yeast  (analogous  to  diastase),  and  by  the 
ferment  contained  in  mot>t  fruits. 

Estimation  of  Cane-migar:  Raechartmetry.--\i  the  solution  contains  nothing  but 
mne-Bugar,  the  specific  gravity  is  observed,  and  the  percentage  of  sugar  determined 
therefrom  {vid,  inf.).  If  other  substances  which  affect  the  density  are  likewise  present, 
Xhf^  quantity  of  cane-sugar  may  be  determined : 

1.  From  the  weight  of  carbonic  anhydride  formed  in  the  vinous  fermentation  of  the 
fugar,  or  from  the  quantity  of  alcohol  thereby  producc<l.  Acc«jrding  to  older  stute- 
ments,  KK)  pts.  cane-sugar  yield  (after  dKluction  of  6*26  pts.  water),  61*44  pts.  car- 
bonic anhydride  and  63*80  absolute  alcohol :  acconling  to  Pasteur's  direct  d^termina- 
tinn,  49*12  pts.  carbonic  anhydride  and  610]  absolute  alcohol,  the  remnining  portion 
of  the  lugar  being  consumiHi  in  the  formation  of  glycmn  and  succinic  acid.     See 


472  SUGARS. 

ii.  628;  also  Buignet's  deseription  of  the  prooets.  (Ann.  Ch.  Fbji.  [3],  IxL 
239.) 

2.  From  the  weight  of  caprotu  oxide  which  the  tnfu  can  reduce  fiom  poCaMi»> 
cupric  tartrate,  or  from  the  rolume  of  a  standard  solution  of  that  salt  decomposed  bj 
the  sugar.  For  this  reaction,  the  cane-sugar  must  be  preriously  heatfid  with  add%  to 
convert  it  into  inverted  sugar,  which  reduces  the  same  quantity  of  eaprie  ozid«  m 
grape-sugar.    (See  Glucose,  ii.  863.) 

3.  From  the  Rotatory  Power  of  the  SoluHon, — If  the  solution  contains  onlj  csim- 
sugar,  or,  at  least,  no  other  optically  active  substance,  the  amount  of  sugar  nuj 
be  calculated  from  the  rotatory  power  in  the  manner  described  under  Ligb 
(iii.  673).  Turbid  or  gummy  solutions  are  mixed  with  ^  their  volume  of  inn- 
glass-solution ;  then,  after  agitation,  with  1^  voL  alcohol,  whereupon  the  mixture 
without  being  heated,  coagulates,  and  yields  a  filtrate  adapted  for  obaervatioB. 
Coloured  solutions  are  decolorised  by  aninud  charcoal;  but  as  this  substuitt 
(according  to  some  statements)  takes  up  sugar,  the  first  fourth  of  the  liquid  that  icas 
through  is  rejected,  and  only  the  remainder  used  for  the  observation.  If,  in  additton 
to  cane-sugar,  the  solution  contains  grape-sugar,  inverted  sugar,  or  any  other  opticall;f 
active  substance,  whose  rotatanr  power  is  not  altered  by  heating  with  afdds,  tki 
amount  of  cane-sugar  may  be  determined  by  observing  the  rotatory  power  of  tbt 
solution,  both  before  and  after  inversion,  the  temperature  being  likewise  observed  ia 
the  latter  case.  The  first  observation  having  been  made,  100  ce.  of  the  solutioa  sn 
mixed  with  10  c.c.  fuming  hydrochloric  add,  the  mixture  heated  to  6S9,  and  kept  it 
that  temperature  for  a  quarter  of  an  hour.  Since  the  rotatozy  power  of  the  sol&tifli 
cooled  to  the  original  temperature  (supposing  the  observation  to  have  been  made  is  a 
tube  longer  by  one-tenth  than  the  former),  remains  unaltered  in  so  far  as  it  wis  dss 
to  the  glucose,  whereas  the  cane-sugar  has  been  replaced  bj  inverted  sugar,  the 
amount  of  cane-sugar  may  be  calculated  from  the  rotatory  power  peculiar  to  thii 
inverted  sugar,  as  follows : — The  rotatory  power  (a)  observed  before  invezsioa  vn 
made  up  of  the  molecular  rotatozy  power  (c)  of  the  cane-sugar  {C),  and  that  of  tb> 
grape-sugar  (ff  O) :  therefore 

a  ^  e  C  +  g  G, 

The  rotatory  power  (cT)  observed  after  inversion  is,  in  like  manner,  mada  np  of  tki 
unaltered  rotatoiy  power  of  the  grape-sugar  (g  Q),  and  that  of  the  invttted  Bqgar  (i  Q; 
therefore : 

a*  -  t  C  +  ^  flf. 

Consequently  the  difference,  a  —  it',  of  the  rotations  obaerred  beCon  and  alls 
inyersion,  is  equal  to  c  (7  —  t  (7: 

a-«r  -  C(c-i). 
or,  finally: 

c  —   t 

Suppose,  for  example,  a  sugar-solution  before  inversion  turns  the  plane  of  polazisiliai 
25*96°  to  the  right,  and  after  inversion,  6*80^  to  the  right,  at  a  tempeorators  of  U^; 
then  a  »  25*96  and  dC  —  5*80.  Now,  the  molecular  rotatoiy  poiwer  of  f  nn  sngir  (^ 
is  78*8^,  and  that  of  inverted  angaria  25^  at  the  temperature  of  16^:  eooM- 
quently, 

^_26;96-^    ^    C-^«- 0-204: 
73*8    +    27  98*8 

which  quantity,  therefore,  gives  the  number  of  parts  by  weioht  of  cane-migar  oontaiaed 
in  a  unit  of  weight  of  the  solution  employed,  or,  when  multiplied  by  100^  the  penn- 
tage  of  cane-sugar  in  the  solution. 

Suppose  another  sugar-solution,  before  inrorsion,  to  turn  the  plana  of  polarisatini 
9*36°  to  the  right,  and  after  inversion  10*80°  to  the  left  (a  —10*80^  to  the  right): 
in  this  case,  a  »  9*36;  a'  -  -10*80,  a  -  a'  ^  9*36  +  10*80  -  80-16.  whiA 
number  divided  by  98*8  again  gives  0*2,  or  20  per  cent  of  cane-sugar  in  the  solutioa. 

If,  in  both  cases,  the  nature  of  the  second  optically  active  substance  preaent  in  additifla 
to  the  cane-sugar  is  known,  its  quantity  may  be  determined  from  the  obaervationt  JMt 
described ;  if,  on  the  other  hand,  its  quantity  is  previously  known,  its  nature  may  be 
determined.  Thus,  it  might  be  inferrcKi  that  grape-sugar  was  present,  in  the  fimt  ran^ 
besides  the  cane-sugar  in  the  original  solution,  and  inverted  sugar  in  theaaoond.  Tli'a 
mode  of  proceeding,  however,  is  admissible  only  when  the  d^ection  after  iareraos 
has  been  observed  at  a  temperature  for  which  the  molecular  rotatozy  power  of  the 
inverted  sugar  (which  varies  with  the  'temperature)  has  been  previooiuy  detemiDid. 
^Biot,  Compt.  rend.  xv.  523,  619,  and  694  [3],  xvii.  755.— Clerget^  Ana.  Ol  Riji. 
J  3],  xxvi.  175;  Jahresb.  1849,  p.  126.) 
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Qm^pomuU  and  Drntfatitea  of  Can^-^ugor, 

L  With  Aeidsw — ^The  oompoandfl formed  by  the  action  of  adda  on  eane-augar  maj 
^  diTided  into  two  groupa : 

«.  EtJkertai  Chmpounds  of  Cane-^ugar  itself, — The  only  known  oomponnd  belonging 
to  this  group  ia : 

JITt/roaaccAaroae,  CH**(NO*yO"  ?,  produced  by  adding  cane-auffar  to  a  mix- 
ton  of  atzong  aulphuric  and  nitric  acids.  It  is  an  amorphous  moss,  which  detonates 
iriira  Btmck.    (Gm.  zr.) 

fi,  £th«fraal  oompounds  of  the  glucoses,  produced  from  cane-su|[ar  by  the  action  of 
aeids.  To  this  class  belong  the  saccharides  obtained  by  heating  cane-sugar  with 
•estic,  butyric,  and  stearic  acid  (ii.  865 ;  y.  144). 

n.  With  Bases.  (Piligot,  Ann.  Ch.  Pharm.  xzz.  69.  92;  Izzz.  342.— Stein, 
Aicf.  zzz.  82.— ^oubeiran,  ibid,  xliii.  125,  227.— Berth elot,  Jahresb.  1856, 
P.6S6): 

IhiaumM'  and  SodiMm-compounds  of  cane-sugar,  C'^H^'KO"  and  C"H>>NaO",  are 
Ibrmed,  as  gelatinous  precipitates,  on  mixing  an  alcoholic  solution  of  cane-sugar  with 
PotBah-  or  soda-ley. 

A  barium-ampound,  C"H»Ba'0".H»0  or  C"H«0".Ba''0,  is  obtained,  as  a  aystal- 
predpitate,  on  adding  hydrate  or  sulphide  of  barium  to  an  aqueous  solution  of 

_  r.    It  may  be  crystallised  from  boiling  water,  but  is  insoluble  in  alcohol. 

Caicium^conmufuh. — ^Lime  dissolves  in  sugar-water  much  more  readily  than  in 
pan  water.  lAie  solution  has  a  bitter  taste,  and  is  completely  but  slowly  precipitated 
Dj  carbonic  add.  There  are  three  or  four  of  these  compoimds,  which  may  be 
•ppcoximately  represented  by  the  following  formulae: 

(1.)  C»*H«0".Ca''0.  (3.)  C"H«0".2Ca''0.2H»0. 

(2.)  2C"H«0».3Ca'*0  (?).  (4.)  C"H«0".3Ca''0. 

Tbe  constitution  of  these  compounds  is  not  exactly  known ;  but  a  part,  at  least,  of  the 
wlrinm  probably  replaces  hydrogen  in  the  sugar. 

Tbe  first  compound,  monocalcic  sucrate,  is  soluble  in  water,  and  is  obtained  as 
1  white  predpitate  on  adding  alcohol  to  a  solution  of  calcic  hydrate  in  sugar-water, 
BOt  containing  too  much  lime. — The  compound  (2)  is  formed  when  sugar- water  is 
boiled  with  excess  of  caldc  hydrate,  and  the  filtrate  is  evaporated :  it  is  probably  a  mix- 
to*  of  (1)  and  (3). — The  compound  (3)  is  predpitated  by  alcohol,  from  the  liquid 
obtainod  by  digesting  sugar-water  with  excess  of  calcic  hydrate. — The  compound  (4) 
ia  slightly  soluble  in  water,  and  separates,  on  heating  a  cold-digested  solution  of  calcic 
hydrate  in  suffar-water,  as  an  amorphous  mass :  hence  solutions  of  lime  in  sugar-water 
VMiaily  solidir^  to  a  pasty  mass  when  boiled. 

MafffUiia  and  lead-oxide  are  hkewise  dissolved  by  sugar- water.  A  crystalline  lead- 
compound,  CH'^Pb^O",  is  obtained  by  boiling  sugar-water  with  litharge,  and 
levTiDg  the  filtrate  to  cool;  by  mixing  sugar-water  with  neutral  lead-acetate  and 
aBmonia ;  or  by  predpitating  neutral  lead-acetate  with  a  solution  of  sugar-lime. 

ni.  With  Salts.— o.  With  Chloride  of  Sodium,  C'«H«0'>.NaCl.— This  compound 
Mparatea,  in  small  deliquescent  crystals,  from  a  mixed  solution  of  common  salt  and 

igar.     (Pill got,  Ann.  Ch.  Pharm.  xxx.  71.) 

$,  With  Borax,  3C**H«0".(Na«0.2BK)»).6H«0.— Borax  dissolves  in  sugar- water 
freely  than  in  pure  water,  and  the  solution,  when  evaporated  or  precipitated  with 
■leobol*  yields  this  compound. 

TT>B>finliToaf>  This  is  an  isomer  of  cane-sugar,  produced,  according  to  J o d  i  n 
fCompt.  lend.  liii.  1252  ;  Iv.  720 :  Jahresb.  1861,  p.  722  ;  1862,  p.  473),  by  spontaneous 
Mnncntation.  An  aqueous  solution  of  cane-sugar  containing  phosphate  of  ammonium 
left  to  itself  in  summer  (between  June  15  and  September  15,  1861),  yielded,  under  dr- 
Aanoea  not  further  specified,  a  crystallisable  sugar  isomeric  with  saccharose,  together 
an  amorphous  sugar  having  the  composition  of  a  glucose,  both  dextrorotatory, 
saccharose,  C^'H^'O",  is  very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90 
per  cent.  Specific  rotatory  power  at  10°  »  +  108^,  appearing  to  increase  a  little  with 
rise  of  temperature.  It  does  not  melt  at  100^,  but  becomes  coloured,  and  appean  to  de- 
eompose.  It  reduces  an  alkaline  cupric  solution,  but  only  half  as  strongly  as  dextrose 
(1  at.  parasaecharose  »  5  at  CuO ;  1  at.  dextrose  »  10  at  CuO).  It  is  not  perceptibly 
altered  by  dilute  sulphuric  add,  even  at  100® ;  hydrochloric  add  weakens  its  rotatory 
power,  turns  the  solution  brown,  and  heightens  its  redudng  power  for  cupric  oxide. 

Vasmvlneoae.  This  is  the  amorphous  dextrorotatory  sugar  produced,  tog(>ther 
with  pamsarcharose,  as  above  dewribwi.  When  driM  at  15**,  it  has  the  composition 
OH'K)*.H'0.   It  is  hygroscopic,  gives  oft'  half  its  water  of  crystalUsation  at  dO''  and  the 
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whole  at  1 00°,  molting,  and  turning  brown  at  the  same  time.  Its  speeifte  roiatovy  powr  'a 
about  +  40°.  It  reduces  alkaline  cnpric  solutiona  leas  strongly  tOMi  glneoae,  and  about 
as  strongly  as  milk-sugar  (1  at.  paraglucose  »  7  at.  CnO).  It  is  not  percepoMT 
altered  by  dilute  acids,  even  with  aid  of  heat,  excepting  that  its  xotatoiy  power  is  dimi- 
niched  to  about  +  32°,  and  its  reducing  action  is  increMad  to  about  taiit  of  gbeoK 
(Jodin.) 

SXrOAJtf  ZWmXBB.  The  mixture  of  dextrose  and  IsTulose  in  equal  mmbm 
of  atoms,  produced  by  the  transformation  of  cane-sugar  undar  the  influenfie  of  aeidi 
(ii.  863). 

SXrOAS  OF  ruurrs.  This  term  is  applied  especially  to  the  uncirstsllistbk 
mixtures  of  dextrose  and  Isevulose  contained  in  many  fruits.  Some  firnits,  how^Te?, 
contain  crystallisable  sugars — yiz.,  dextrose,  saccharose,  or  the  two  together  (p.  46$l 

SXrOJLS  OF   XiSAD.    Neutral  plumbic  acetate  (L  16). 

8XrOAS-CAV]>T»    Cane-sugar  crystallised  by  slow  evaporation, 

SXrOAS-CAJra.  Sacchamm  officinaruvi. — This  important  grass,  which  yieldi  \fj 
far  the  lai^ger  quantity  of  the  sugar  at  present  consumed,  thrives  only  in  hot  dimatfc 
It  has  been  known  in  India  and  China  from  very  early  times,  and  its  coltivatioi 
appears  to  have  been  introduced  into  the  West  Indies  in  tlie  fifteenth  oentozy.  Thm 
are  several  varieties  of  the  cane.  The  longest  known  is  the  Creole  or  commoo  sogv- 
cane,  which  grows  freely  in  every  region  between  the  tropics  on  a  moist  soil,  and  evn  it 
an  elevation  of  3,000  feet  above  the  sea-leveL  A  superior  variety  is  the  Otaheitao  cue, 
which  is  stronger,  taller,  quicker  in  growth,  and  much  more  prodnctiye  in  sugar.  TIm 
cane  thrives  best  on  a  light  rich  soil,  especially  on  one  manured  with  nitrogenous  refue. 

The  fresh  cane  contains,  according  to  two  analyses  by  P^ligot  and  Dnpny : 

Water        ....    721  720 

Sugar         ....    180  17"8 

Woody  fibre)                             o.o  C  9-8 

Salts             {     •        •        *__  }  0-4 

1000  lOO'O 

The  Creole  cane  of  Havanna  has  been  analysed  by  Casaseca  (Ann.  Oh.  Fbji 
[3]  XXV.  321),  with  the  following  results : 

Cane  Cum 

enUre,  pcelad.  Rin& 

Water 77*0  77*8  69'5 

Sugar  and  other  soluble  substances    .     12'0  16*2  11*5 

Woody  substance       .         .         .        .11*0  6*0  19*0 

1000  100*0  100-0 

Ciisaseca  finds  that  the  juice  is  richer  in  sugar  at  the  base  of  the  eane^  and  bnoMi 
gradually  poorer  towanls  the  top. 

The  specific  gravity  of  cane-juice  varies  from  1*046  to  1*110,  bat  is  genen]]yft« 
1070  to  1*090.  or  from  10°  to  13°  Bra.  It  is  opaque,  frothy,  and  of  a  yollowiaii-ffivn 
colour.  On  boiling,  a  groen  scum  rises,  and  the  liquid  remains  of  a  pale-yellow  twm. 
The  green  scum  (dried)  consiflts,  according  to  Arequin,  of  50  percent,  of  a  pecaliirvu 
called  cerosie,  10*0  green  matter,  22*7  albumin  and  woody  fibre,  3*8  calcic pbosnlati^ 
and  14*0  silica.  The  pure  juico  contains  81*0  per  cent,  water,  18*20  sugar,  0*41  (f* 
ganic  matter  precipitated  by  lead-salts,  and  0*36  saline  matter. 

The  ash  of  the  cane  contains,  according  to  Stouhouse : 


Sl02. 

F20\ 

SO». 

CaO. 

MgO. 

K20. 

NsSQ. 

KCL 

Nan. 

46-46 

8-23 

4*65 

8-91 

4-60 

10-63 

•      • 

7-41 

9*21  »  m 

41*37 

4-59 

10-93 

911 

6-92 

15-99 

.      . 

8*96 

2*13  .  100 

46-48 

816 

7*62 

6*78 

16-61 

11-93 

0*57 

•      • 

3*95  -  IM 

60-00 

6-66 

6-40 

6-09 

13-01 

13-69 

1-33 

•      • 

3*93  -  m 

The  proportion  of  salts  in  the  juice  varies  considerably  with  the  soil  on  whiditb 
canes  arc  grown.     ( Un^s  Dictionary  of  ArtSy  &c  iii.  808.) 

SVOAR-CAKB,  CBZVBSB.     See  SoROHO  (p.  354). 

SVGAS-MAPXiB.  Aver  saccharinum. — The  stem  of  this  tree,  which  giowi  wild 
in  m;iny  parts  of  North  America,  yields  a  sugar  identical  with  that  of  the  eaB«.  To 
obtain  it,  the  trees  are  bored  in  the  early  spring,  and  the  juice,  collected  in  retmh  m- 
]K'ndo<l  beneath,  is  boiled  as  quickly  as  possible  to  prevent  fermentation.  As  soon  •»  \h 
syrup  flows  from  the  stirrer,  in  thivk  drops  of  the  consist^jnce  of  honey,  it  is  •frnHvl 
thn>ufih  a  wooden  sieve,  then  let>  to  stand  for  eipht  or  ten  hoars.  cUrified  wirbt 
little  white  of  egg,  boiled,  skimmed,  and  quickly  evaporated  to  the  ciystallising-paiBt 
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LgB 4ilM  i^MTD»>    Tliif  name  ii  applied  by  E.  Schulse  (Zeitsehr.  CIl 
146^  pu  73X  tothe  oomponnd  ^      j^^     '  Is*,  produced  by  the  action  of  ani- 
on cbloraoetamide,  the  ooneiponding  add,  ^  H*     !  ^''  being 

aSki.  f  ilphaeetie  acid (m(mo8uhkaoeUSur$) ; bat  aa  this  latter  name  haa  long  been 
appnsfffiated  to  the  add*  C*HH)'.80',  produced  by  the  action  of  folphoric  anhydride 
cc  «c«cic  add,  it  ia  batter  to  designate  Schulze's  add  a«  thiodiaeetic  acid,  and  the 
iBJika*  thiodiaeetyl-diamide,  a  namewhich  expresses  that  the  radide,  OH^O*, 
osstacMd  in  it  is  derrred  from  a  double  moleeole  of  acetyl,  C*KH)\  by  the  substitution 
^  3*  for  H*.    (See  TmoDucnno  acid.) 


C*H*SO».-     C«HWJ30«    (^^^'^Tjo* 


{^^f  [O*.  Gijfooiyl-ttilpkitrtms  add.  Sulpho-essigBomre.  EssiffichwtfsSure.  (Mel- 
H»  j 
M3s»  Ann.  C3l  P^Ts.  [31»  ▼.  892;  z.  370. — Buckton  and  Hofmann,  Cbem.  Soc 
<^  J.  tx.  247.) — ^Tnis  acid  is  produced:  1.  By  the  action  of  sulphuric  anhydride  on 
■ncic  irkL  Glacial  acetic  ada  is  gradually  saturated  with  sulphuric  anhydride,  the 
hapaA  bdng  cooled  after  each  addition ;  the  mixture  is  diluted  with  water,  and  neutra- 
HM  with  lead-carbonate ;  the  filtered  solotion  is  evaporated  to  the  crystallising'point; 
aad  from  the  lead-salt  thus  obtained,  the  sulphacetic  add  is  separated  by  sulpnydrio 
•ad  (Xtlsens).^2.  By  the  action  of  fuming  sulphuric  add  on  acetamide  or  acetoni- 
ti3a(Baekton  and  Hofmann): 

CTPN  ^  EH)  ^  2H«S0«    -     C«H*SO»  +  NH«.H.SO*. 

Salphacetic 
add. 


1k»  is  th«  reaction  which  chiefly  takes  place  iHwa  tha  mat^ali  are  graduaUy  mixed, 
'  tb«  mixtnre  is  cooled  from  tune  to  time ;  if,  on  the  other  hand,  the  tempersturo  is 
'  to  rise,  carbonic  anhydride  is  erolred,  and  disulphomethohc  add  is  produced, 
of  solphacetie  add,  according  to  the  equation : 

C«H^  +  8H«S0«    -     CH«8H)«  +  NH«.H^O*  +  C0«. 

Mpharede  add  forms  deliquescent  prisms,  which  melt  at  62^,  and  decompose  at 
VO^.  It  ia  Tvnr  soluble  in  water,  forming  an  add  solution,  which  is  not  decomposed 
^bofling  ^eisens).  The  add,  Vated  with  fuming  sulphuric  add  or  sulpnurio 
tthtdnde,  la  oonrerted  into  disulphometholic  add.    (Buckton  and  Hofmann.) 

Sclphaortic  add  is  dibasic  Its  salts  are  all  soluble  in  water,  the  barium-salt  being 
^  Itast  soluble ;  they  are  insoluble  in  alcohol.  When  heated  with  strong  sulphuric 
•od,  they  gire  ofT  carbonic  and  sulphurous  anhydrides. 

S^kictiittt  of  I\>taMsium,  C^*K'SO*.H*0,  is  deposited  f^m  a  hot  solution  on 
■atag,  in  small,  hard,  easily  pulverisable  crystals. — The  barium-$alt,  when  puro,  forms 
■aiH  opaque  crystals,  0*H'ha''SO».|H*0,  which  give  off  a  third  of  their  water  at  lOO'' 
aad  lib  ^ola  at  250^.— The  lead-saU,  C^HTh'SO*,  is  depodted,  sometimes  in  radiate 
p^nf$  of  abort  transparent  needles,  sometimes  in  opaque  nodules,  which  do  not  retain 
07  vator  at  120^.— The  iilper-salt,  C'H'Ag'SO*,  is  deposited  from  a  boiling  saturated 
aebboA  in  small  flat  prisms,  beTelled  at  the  ends.  In  the  mother-liquor  obtained  in 
tfaspitpaiatkm  of  this  salt  by  saturating  the  add  with  silyer-oxide,  MelMus  found  a 
saheoatainiog  CH'iLg'SH)',  doubtless  disulphometholate  of  silver. 

(0«H»)") 
OT&VBACarv&avZC    ACZD*    Acetschwtfsaure.    C*H130*  -    (S0<)"  VO*. 

H«    ) 

(Ximmerer  and  Garius,  Ann.  Ch.  Fharm.  cxxxi.  165;  Jahresb.  1864,  p.  826.) — 

Th»  sod,  isomeric  with  sulphacetic  add,  is  produced  by  heating  1  at  argentic  sulphate 

(nixed  with  glasa  powder)  with  2  at  cldonde  of  acetyl  to  120^,  and  treating  the  pro- 

dact  with  water: 


Aeetomilpharie 
anhTdnde. 


AmoMlpharie  Sulphaoc^-  Aeetk 

leiucacM.  actd. 
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By  Deutralising  the  resulting  solation  with  lead-caibonate,  decompoting  Cht  fihatt 
frith  foilphydric  acid,  and  evaporating  in  a  Tacaiim,the  ■ulpbaoetrlAnicacid  iioboutd 
as  a  viscid  liquid,  which  gradually  decompoees  into  mlphmicana  aoetie  aeidi.  Wtt 
pentachloride  of  phosphorus  it  first  yields  the  chloride,  CH^SO'Cl*  (which  boQi « 
150^,  and  is  resohred  by  water  into  hydrochloric  and  snlphaoetyleiiiie  acid),  and  An, 
as  final  products,  chloride  of  chloracetyl  *  and  chloride  of  snlphiuyl : 

C«h4o»  +   2PC1»     =     (^1^1   +  2P0a»   +   2HCL 


ulphi 
lenlc  aci<r.  nlc'chloride. 


Sulphacetjr-  Sulphacetjrle- 

id. 


^*\ci^   +  PC1»     «     SO«a«  +  C*RHJiO,Ci   •¥  PCI*. 

Sulphacpty-  Chloride  of         Chloride  of 

lenic  chloi  ide.  sulpharyL  chloracetyl. 

By  this  behaviour,  according  to  Kammerer  and  Carius,  snlphaeeijlenic  acid  is  diida* 
guished  from  sulphacetic  acid :  they  do  not,  however,  state  diattnctW  in  what  muoff 
the  latter  acid  reacts  with  pentachloride  of  phosphorus.  (Compare  SuLFHOBBinune 
Acid.) 

Sulphacetylenic  acid  is  dibasic.^The  fotasnum^salt,  CH'K'SO*.H*0,  is  eac.? 
soluble  in  water,  and  ciystallises  in  needlen  and  short  prisms. — ^The  banuwhm:, 
C*H^Ba''SO*.HH),  is  somewhat  sparingly  soluble^  and  crystamaes  in  hard  right  rbo&lK 
prisms. 

SVlPBAMBTBTZJUrZ.     Syn.  with  Mbthtuc  Sulpbakatb  (p.  477). 


NH«SO»  =   NH«(^-)''|q  _  (SO')-!^— This 


8VIPBAMZC  ACZB.     NH«SO»  =   —  v^-  MO  =  (SO')' Vq.— This   p-*. 

pound,  the  amic  acid  of  sulphuric  acid,  is  not  known  in  the  free  atate^  that  it  to  ap-, 
as  a  hydrogen-salt ;  but  the  so-called  anhydrous  sulphate  of  ammonia,  called  '*nilpbt> 
ammon"  by  H.  Rose,  "sulphamide"  by  Dumas,  is  probably  its  neatnl  ammocioB- 
salL 

Neutral  Sulphamate  of  Ammonium,  ITH'SO*  «  2NH».80"  -  (SC^^rv 

(U.  Rose,  Pogg.  Ann.  xzxii.  81 ;  xMi.  471 ;  xlix.  183.) — ^This  salt  is  produofd  vba 
dry  ammonia-gas  is  passed  over  a  thin  layer  of  sulphuric  anhydride,  care  being  tsbi 
tu  renew  the  Burface  frequently  by  scraping,  as  otherwise  the  lower  portions  inll  bgc 
be  attacked  by  the  ammonia.  Tho  pnxiuct  is  a  white  crystalline  powder,  harist  i 
bitter  taste,  and  perfectly  neutral  if  it  does  not  contain  either  free  ammonia  or  fr» 
sulphuric  anhydride.  It  is  ])enniment  in  the  air,  dissolves  without  senaiUe  deenap»> 
sition  in  9  pts.  of  water,  and  is  insoluble  in  alcohol.  The  dry  salt  is  deeompMrd  by 
heat,  giving  off  ammonia  and  (iulphurous  anhydride,  and  leaving  a  residue  of  sulpfaiiii 
of  ammonium.  Platinic  chloride  added  to  the  aqueous  solution,  throws  down  half  tki 
nitrogen  as  ammonium-chloroplatinatp.  The  caustic  alkalis  and  their  eazinutfi 
decompose  the  salt,  even  in  the  cold,  with  evolution  of  ammonia.  The  aqsraoi 
solution  is  clouded  by  chloride  of  barium,  the  precipitate  gradually  iocnssing  ra 
standing,  and  especially  if  the  liquid  be  heated ;  but  the  precipitation  is  never  eonpUii, 
not  more  than  half  tho  sulphur  being  sep«'irated  as  sulphate  of  barium. 

The  aqueous  solution,  cvaporatod  over  oil  of  vitriol  in  a  vacaam,  yields  traupimii 
colourless,  hemihedral  crystals,  belonging  to  the  quadratic  i^rstem«  These  onlib 
have  exactlv  the  same  composition  as  the  original  pulverulent  salt,  and  were  thcKfin 
designated  by  Rose  as  parasulphatammon.  They  doubtless  consist  of  the  nn» 
neutral  sul^mumate  of  ammonium,  quite  free  from  adhering  salphuric  acid,  ^if 
dissolve  in  water  more  easily  than  the  original  salt,  forming  a  perfectly  netfnl 
solution,  which  reacts  in  tho  ^ame  manner  with  platinic  chloride,  bat  gives  no  pndpi- 
tato  with  clilorido  of  barium,  except  after  prolonged  boiling. 

Tho  niotlKT-liquor  of  parsisulphalaminon  yields,  by  further  eraporatioii,  a  hrdniid 
salt,  2N-U\S0M1*0.  in  indistinct  deliquescent  crystals,  very  soluble  in  witsr.  ud 
exhibiting  signs  of  decompasition,  as  their  solution  is  fsintly  acid,  and  imme^aujj 
gives  a  slijrlit  precipitate  with  chloride  of  barium. 

Acifl  Sulphamate  of  Ammonium,  N^H'SO'.NH'SO*. — ^Produced,  simuUsneoaiy 
with  the  neutral  salt,  as  a  hard  vitreous  mass,  which  deliquesces  rapidly  in  the  air, 


*  The  chloride  of  chloracetyl  is  converted,  br  exceis  of  phoiphoric  pentachloride.  lace  a 
liquid,  probably  C^H*CM,  not  decomposible  by  potash -ley,  but  resolved  by  vatsr  Mk  llfBlM»hy*» 
chloric  and  monocliloracetic  acid. 
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inwatcfwith  m  hiMing  noise  (H.  Rose).  Aceordinff  to  Woronin 
(Mp.  GlmB.  vnf,  ii.  4dSX  <^n  aqueous  solataon  of  the  neutral  snlphamate  left  to 
wmporate  in  tLe  air,  ^elds  an  abundant  crystallisation  of  the  acid  sulphamate.  Its 
•ohition  ia  not  precipitated  by  chloride  of  barium,  excepting  after  neutralisation  with 
MBmonia  {if{fra). 

Sulphamate  of  Barium, — When  a  solution  of  the  nentral  ammoninm-salt  is 
with  an  exactly  equivalent  quantity  of  baryta-water,  ammonia  is  erolTed, 
the  filtered  liquid  yields  orstals  of  an  easily  soluble  barium-salt. 
The  precipitate  formed  by  cmoride  of  barium  in  a  solution  of  the  acid  ammonium- 
nlt  mixed  with  ammonia,  consists  of  a  basic  stUphamate  of  barium,  which,  when 
treated  with  the  proper  quantity  of  sulphuric  acid,  yields  a  precipitate  of  barium- 

nlphateand  a  solution  of  nmUral  harium-sulphamate,  N^H^Ba^S^O*  -  (SO*)'lf!L. 

Ba'i^ 
nil  salt  forms  well-developed  crystals,  sparingly  soluble  in    cold  water,  and    is 
daeompoeed  by  hot  water,  with  formation  of  bahum-sulphate.    (W  or  on  in.) 

SkiphamaU  of  Potauium,  obtained  by  decomposing  the  barium-salt  with  sulphate 
cf  potaasium,  forms  small  transparent  crystals ;  on  i^dition  of  barium-chloride  and 
■Bunonia  to  ita  solution,  it  is  oonv«>rted  into  basic  sulphamate  of  barium.    (Woro- 


;c  MH  BKSi    Methylic  Sulphamate,  or  Sulpha  methylane, 

CEH^MBO*-  (SO*)")*^.— This  compound,  which  has  the  composition  of  anhydrosul 

of  methylamine,  is  formed  by  dissolving  methvlic  sulphate  in  aqueous  ammonia, 
qyitalliswi,   by  evaporation  in  a  vacuum,   in   large,  very  deliquescent  crys- 


or   smpbamilo    Add,     C'H'NSO"    -      (SO')"!-^    or 

»H(C«H»X80T|o.    (Gerhardt,  J.  Pharm.  [3],  x.  6— Buckton  and  Hofmann, 

Ckmn.  Soe.  Qu.  J.  ix.  269.— R.  Schmitt,  Ann.  Ch.  Pharm.  cxx.  129.)— This  acid, 
Inmorie  with  amidosulphobenzolic  acid,  C*H^(NII')SO',  is  formed  by  the  action  of 
Mdphttrie  add  on  aniline,  or  on  oxanilide  (phenyloxamide) : 

C«HWH»)«NK>*  +   2H*90«  «  2C«H'NS0»  +  CO  +   C0«  +  H«0. 
OxaoiUde.  Sulphimilic 

acid. 

^^paratiom, — 1.  From  the  mixture  of  oxanilide  and  formanilide  obtained  by  heat- 
ing i*»^»^»^  of  aniline  (iv.  427).    This  mixture  is  made  up  into  a  thick  paste  with 
gUmg  sulphuric  acid,  and  gently  heated  as  long  as  effervescence  continues;   then 
Bjnmii!'^  to  moist  air  in  a  shiJlow  dish,  till  it  solidifies  to  a  crystalline  pulp  of  sulpha- 
aue  add,  which  may  be  purified  by  washing  with  cold,   and   recxysUOlisinff  nt>m 
taifing  water  (Ger hard t). — 2.  By  dissolving  aniline  in  a  slight  excess  of  snlphurie 
•aid,  evaporating  to  drrnees,  and  heating  the  residue  with  constant  agitation,  as  long 
■■  TMxmra  of  amline  (?)  continue  to  escape.    The  product  is  purified  as  before  (Gor- 
kardft). — Schmitt  mixes  1  pt.  of  aniline  by  drops  with  2  pts.  of  fuming  sulphuric 
in  a  porcelain  dish,  heats  the  brown  sympv  liquid  till  it  becomes  dark-brown 
givea  off  a  laige  quantity  of  sulphurous  anhydride ;  and  pours  the  thick  syrup 
cold  into  cold  water :  the  sulphanilic  acid  then  separates  as  a  black  crystalline 
wfaidi  may  be  purified  by  repeated  recrystallisation  from  hot  water,   with 
addi^um  of  animal  charooaL  This,  according  to  Schmitt,  is  the  best  mode  of  preparing 
^ipfcanilu*  add :  Gerhardt,  on  the  other  hand,  preferred  the  preparation  from  oxani- 

Vdaw 

I^BulphaimliB  Add. — Laurent  (Compt.  rend,  xxxi  t538)  obtained  an  acid,  having 
tiM  eompoaition  of  sulphanilic  acid,  by  treating  nitrosulphobenzoate  of  ammonium  with 
nlphydrie  acid.  Kolbe  (Ann.  Ch.  Pharm.  cxiii.  318)  suggested  that  the  acid  thus 
obtained  was  not  identical,  but  only  isomeric,  with  Gerhardt's  sulphanilic  add ;  and 
^hia  anppoaition  has  been  corroborated  by  Schmitt,  who  has  pomted  out  several 
diflbrences  in  the  characters  of  the  two  acids  and  their  salts  {infra),  Kekul6 
{hthrhuek,  ii.  605)  regards  it  aa  probable  that  Laurent's  acid  is  the  true  phenylsul- 
pliamie  or  sulphanilic  add,  and  toat  the  add  produced  by  the  action  of  sulphuric  acid 
on  aniline  or  oxanilide  is  amidosulphobenzolic  acid.  Till  this  question  is  satisfac- 
torily dedded,  it  may  be  convenient  to  designate  Laurent's  acid  as  j3-sulphanilic  acid. 
Schmitt  prepares  this  add  by  mixing  1  pt.  of  nitrobenzol  with  5  or  6  pts.  of  fuming 
■olphoric  acid,  leaving  the  mixture  for  several  days  in  a  warm  place,  and  shaking 
it  frequently  till  all  tha   nitrobenzol  has  disappeared.      The   viscid  mass  ia  then 
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iioutralisod  with  carbonate  of  leAd ;  the  colourless  solution  of  plnmbie  nitrosolplMbeD- 
zulute,  obtained  by  boiling  and  filtering  the  liquid,  is  decomposed  by  snlidijdrk  ftdd ; 
the  liquid,  filtered  firom  lead-sulphide,  is  neatndised  with  carbonate  of  bannm ;  aai 
the  resulting  banura-salt  (which  separates  in  warty  crystals)  is  disaolTed  in  a  luge 
quantity  of  water,  and  mixed  with  a  large  excess  of  baryta.  Snlphjdric  add  gas  if 
then  pasBod  into  the  liquid,  till  the  taste  of  the  nitio-acid  is  completely  remoTfd :  tad 
the  liquid,  filtered  &om  hyposulphite  of  barium,  is  again  treated  with  Bolphydrie  icii 
The  filtered  solution  of  the  barium-salt,  treated  with  an  exactly  equiTalent  qnanticj  d 
sulphuric  acid,  yields  the  aqueous  iS-sulphanilic  acid,  which  may  be  obtained  in  cn&- 
tals  by  evaporation. 

Properties. — Sulphanilic  acid  (from  aniline  or  oxanilide)  crystallises  from  hot  wits 
in  shining  rhombic  plates,  containing,  according  to  Schmitt,  C*H^SO*.H'0.  Ii  ii 
slightly  soluble  in  cold  water,  1  pt.  [of  the  anhydrous  or  hydrated  acid?]  dissdriBc 
in  128  pts.  of  ice-cold  water,  and  in  112  pts.  at  15®  (Schmitt^ ;  still  less  soluble  ii 
alcohol  (Gerhardt),  insoluble  in  alcohol  and  in  ether  ^Schmitt).  From  a  coii:ea- 
trated  solution  of  a  sulphanilate,  it  is  precipitated  by  aads  in  slender  needles. 

The  crystals  give  off  their  water  partially  on  exposure  to  the  Skir,  completely  at  100°; 
the  effloresced  acid,  if  exposed  for  some  time  to  this  temperature,  assumes  a  browniik 
colour,  but  may  be  heated  to  220^  without  decomposing.  At  higher  t«mpentiir««  it 
decomposes,  leaving  a  carbonaceous  residue,  and  giving  off  salphurous  anhydride :  sIk, 
if  distilled  in  a  retort,  sulphite  of  aniline,  which  ciTstallises  in  the  receiver.  Heatfd 
with  a  solid  caustic  alkali,  or  with  potash-lime,  it  gives  off  aniline  and  leavM  u 
alkaline  sulphate.  Heated  with  strong  nitric  add,  it  evolves  a  large  quantity  of  gu^ 
and  forms  a  deep  red  liquid,  but  no  crystals  (Q-erhardt).  Its  aqneons  solatioa  is 
coloured  red-brown,  without  precipitation,  by  chromic  add.  Chlorine-water  ooloon  it 
pale-crimson,  gradually  changing  to  red-brown  (G-erhardt).  Aeoosding  to  Scfamtt. 
the  aqueous  solution  is  not  altered  either  by  chlorine  or  by  iodine.  Bromine,  sddid 
even  to  a  dilute  solution  of  the  acid,  renders  it  milky,  and  throws  down  after  a  whih  % 
white  curdy  precipitate  (Gerhardt).  From  a  hot  solution  it  throws  down  vhrj 
interlaced  needles  of  tribromaniline: 

+  SO*  +   SHBr. 


C«H^SO« 

+ 

Bi» 

S3 

C«H<Br»N 

Sulphanilic 

Tribromani- 

acid. 

line. 

If  only  4  at.. bromine  be  added,  dibromosnlphanilie  acid,  C*H*Br"NSO",  b 
likewise  formed,  and  remains  dissolved  (Schmitt,  p.  479).-^ With  mirotu  add,  ii 
forms  diazosulphobenzolic  acid  (Schmitt): 

2C«H'NS0»  +  NH)«  -  2C^<N«S0»  +   8HK). 

Sulphanilic  Diazotulpho- 

■cid.  bensolic  acid. 

/3-SuIphanilic  acid  crystallises  from  its  aqueous  solution  by  evapotatioii  in  Ioq| 
pointed  crystals,  which  contain  2C*H'NSO'.3H*0,  give  off  their  water  paztiaUj  at 
ordinary  temperatures,  completely  at  100°,  and  becoming  white  and  opaqne.  It  is  in- 
soluble in  ether  and  alcohol,  easily  soluble  in  hot  water.  With  browdiu  it  behsTH 
somewhat  differently  from  sulphanilic  acid,  inasmuch  as,  though  its  eoncentntid 
solutions  are  rendered  turbid  by  bromine,  the  liquid  filtered  ther^&om  doM  not 
give  any  precipitate  with  chloride  of  barium,  as  is  the  case  with  that  obtained  in  lib 
manner  from  sulphanilic  acid  ^p.  479). 

Sulphanilates. — Sulphanilic  acid  is  a  strong  acid,  and  deoompotas  carbooatci 
with  effervescence.  Its  salts  are  soluble  and  crystallisable ;  their  solntioni  give,  vith 
chromic  acid  and  bromine-water,  the  same  reactions  as  the  free  add.  iSe  3«l- 
phanilates  differ  from  the  sulphanilates  in  crystalline  form.     (Schmitt.) 

SuIphanUate  of  Ammonium,  C'H'(NH*)NSO*,  is  very  soluble,  and  crystaUisa  Ijj 
spontaneous  evaporation,  in  shining  rectangular  plates. — The  aniline-^aU  is  vuy 
soluble. — The  barium-salt  forms  rectangular  prisms,  moderately  solabk  in  wtta.— 
Tiie  cnpric  salt,  C»2H'*Cu"N=S*0«.4H«0,  forms  small  truncated  prisms  of  a  TVirdstk 
green  colour,  which  retain  their  water  at  100°. — The  silver-salt  crystallises  in  ■hining 
scales. — The  sodium-salt,  C*H'NaNSOMI'0,  ciystallises  from  aqneoos  sohittOQ  If 
stx)ntaneous  evaporation,  in  fine  octagonal  plates,  insoluble  in  ether,  but  solabli  ia 
boiling  alcohol,  whence  it  crystallises  in  white  needles. 

DihromosulphanilicAcid,  C'H*Br^NSO'  (Schmitt,  loc,  ctt.). — ^^Eodneid vba 
4  at.  bromine  are  added  to  a  hot  solution  of  1  at.  sulphanilic  acid : 

C«H^^SO»  +   Br*  =  OH»Bi^S0»  +   2HBr. 

It  remains  in  solution  ;  is  separated  by  filtration  from  the  tribromaniline  fonMd  at 
the  same  time  (p.  478) ;  precipitated  as  a  barium-salt  by  addition  of  bariam-diloiidei 
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•nd  firom  this  salt,  purified  by  reciystallisatioD,  the  dibromosulphanilic  acid  is  sepa- 
rai  »-U  by  sulphuric  acid. 

Dibpjmosulphainliti  acid  crystalliseB  from   aqueous   solution   in   large  colourless 
prisms,  which  contain  2C«H*Br»NSO*.3H=0,  and  give  off  their  water  of  crrstallisa- 
tiou  gradually  at  ordinary  temperatures,  more  quickly  at  110°,  becoming  dull  and 
o(i.ique.     It  (iisstilyes  readily  in  water ^  whether  hot  or  cold ;  sparingly  in  cold,  more 
ea-siiy    in   hot  alcohol.     The  cunc<rntratcd   aqueous   solution,   mixed   with   a   small 
qiimitity  of  oil  of  vitriol,  immediately  yifhls  the  pure  acid,  in  thi*.  fdrm  of  a  network  of 
lu-fiilts.  The  aqur<)us  solution  has  a  very  sour  and  cooling  tabt^r :  it  gives  a  crystalline 
\'T*\*\y\XA\<: -^XXx  chloride  of  barium^  acdaie  of  hadf  and  niiraU:  (f  sih'er,     A  concen- 
ir.iTi^i  solution  wannc-d  with  rmc,  given   off  hydrogen,  forming  a   zinc-salt,  which 
»*-{'untt4s   out.     The    dohydrat<Hl    acid   bciirs   a    heat  of    180"^  without  alteration, 
but  di  (-unifHjses  at  a  somewhat  higher  tempeniturc,  yielding  tribromaniline  and  sul- 
phurous anhvilride,  and  leaving  a  difficultly  combustible  charcoal.     It  also  gives  off 
tribromaniline  (not  dibromanilino,  as  might  Ih*  expected)  when  heated  with  potash  or 
slaked  bme.    The  aqueou-s  solution  is  coloured  brotvni  by  chlorine,  and  on  heating  the 
liquid,  a  pungent  oil  separates  out. — Nitrous  acid  passed  into  the  aqueous  solution 
converts  the  acid  into  diazo-dibromosulphobenzolic  acid,  OH^Br-'N'^SO'. 

The  dibromosulphanilates  crystallise  in  needles,  and  arc  more  or  less  soluble 
in  water.— The  barium-salt,  C«n*Ba'*Br«N-S*0«.2H«0.  prepared  as  above,  gives  off  its 
wuter  at  110°  without  alteration  of  appearance,  and  does  not  dc-compose  till  Tcry 
■trongly  heated.— The  lead-salt,  C'*H''Pb''Br*N=SH)".2ll''0,  is  permanent  in  the  air, 
and  giVes  off  its  water  at  110°. —The  ailiKr-salt,  C«H*AgBr-NSO',  forms  somewliat 
reddish  needles. — The  pctassiuni-  and  sodium-salts,  obtained  by  decomposing  the 
corresponding  carbonates  with  the  aqueous  acid,  are  sparingly  soluble  in  alcohol,  and 
sepanitt:  in  needles  on  addition  of  alcohol  to  their  aqueous  solutions. — The  sine-salt  is 
obittined,  as  above  mentioned,  by  the  action  of  the  acid  on  metallic  zinc. 


Pbeayldlanlpluunlo  or  DiflnlphanUio  Aoid,  C^H'NS-O*  c    ^^o^y 


N 

0=' 


(Buckton  and  Hofmnnn,  Chem.  Soc.  Qu.  J.  ix. — Carina,  Zeitschr.  Ch.  Pharm. 
1861,  p.  632 ;  .Tahresb.  1861,  p.  634.) — Two  acids  having  this  composition  have  been 
obtained,  viz. — a.  By  heating  sulphanilic  ac  d  (p.  477)  with  fuming  sulphuric  acid  to 
160'  or  170"^,  for  six  or  seven  hours,  till  it  assumes  the  consistence  of  treacle.  On 
dissolving  the  s}Tupy  residue  in  water,  »ituRiting  witli  carbonate  of  barium,  and 
rruporating  the  filtrate,  a  barium-salt  is  obtained,  which  after  repeated  solution  in 
water,  and  evaporation  under  reduced  pressure,  remains  as  a  mass  of  microscopic 
crystals,  having,  when  dried  at  190°— 200°,  the  composition,  C«H*Ba"NSH)%  showing 
thkt  the  acid  is  dil>asic.  From  the  lead-salt,  prepared  in  a  similar  manner,  the  free 
acid,  OH'NSK)*,  may  be  separated  by  the  action  of  sulphydric  acid.  It  has  a  very 
■cid  and  pungent  taste,  is  very  difficult  to  cr}'stallise,  and  is  insoluble  in  alcohol, 
which  precipitates  it  from  strong  solutions  in  white  grains,  especially  on  addition  of  a 
little  ether. — ^The  silver-salt,  C'H*Ag'NS'0*,  prepared  by  neutralising  the  aqueous 
acid  with  carbonate  of  silver,  crystallises  from  aqueous  solution  in  small  plates,  and  is 
precipitated  by  ether-alcohol  in  colourless  crystalline  grains.  (Buckton  and  Hof- 
Biann.) 

fi.  By  the  tction  of  ammonium-sulphite  on  nitrobenzol  (Carius): 

(>H*NO«  +  3{NH«)»S0«  x:-  C^»(NH*)«N8^0«  +  (NH«)«SO*  +  H«0  +  2NH». 

Xitrobcn-  ^-DitulphAnilate  of  Sulphate 

sol.  Ammonium.  of  Ammo- 

nium. 

When  1  aL  nitrobenzol  and  3  at.  neutral  sulphite  of  ammonium  are  boiled  together 
in  dilute  alcoholic  solution,  for  six  or  eight  hours,  in  such  a  manner  that  the  condensed 
Tapours  may  flow  back  again,  and  the  resulting  solution  is  evapomted.  sulphate  of 
ammoniam  s«.'parateH  out  first,  then  laminar  crystals  of  /B-disulphanilate  of  ammo- 
nium, which  are  difficult  to  purify.  It  is  best,  therefore,  to  convert  this  salt,  by 
treatment  with  barj'ta,  into  the  harium-mlt,  C«H*Ba''NS=0«.  This  salt  is  easily, 
■uluble  in  water,  insoluble  in  absolute  alcohol,  and  crystallises  in  colourless  prisms. 
It  may  be  boiled,  without  decomposition,  in  neutral  or  alkaline  solutions,  iu<  also  may 
the  other  salta  of  the  same  add ;  but  on  attempting  to  separate  the  /3-d i sulphanilic 
acid  from  them,  it  splits  up,  by  assumption  of  1  at.  water,  into  aniline  and  sulphurio 
acid: 

C'H'NSK)*  +  2H=0  -  C'H'N  +  2H«S0«. 

This  decomposition,  and  the  duisimilarify  of  the  barium-salts  of  the  two  acids  just 
described,  shows  that  these  acids  are  not  identical,  but  only  isomeric.    The  lattert 
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from  its  mode  of  fonnation,  and  the  mode  of  deoomposition  just  mentioiiedi,  it  probblf 

/QQtV 

the  true  phenjldisnlphamic  acid,  /aQsy 


Q, ;  whereas  the  fbniMr,  xesolting  from  ib 


action  of  sulphuric  acid  upon  aniline  (amidobenzolX  may  rather  be  regarded  as  unid»> 
disulphobenzolic  acid,  C«H»(NH»)S«0«. 

PHenyldisnlpHodiaiiilo    Aoid,  C*H"N%K)*    -     (SO*)*}-^;^  — •2>^^^«<>^'n^«'v 

Acid,  (Hilkenkamp,  Ann.  Ch. Pharm.  xcr.  86;  Jahresb.  1855,  p.  636.) — ^Prodneid 
as  an  ammonium-salt,  by  the  action  of  sulphite  of  ammonium  on  nitzobenaol,  probtblj 
containing  dinitrobenzol : 

C«H*(NO«)«  +  6(NH*)«S0"  -  C^«(NH«)«N«S«0«  +  4(NH*y80«  +  2NH«. 
The  materials  (80  grms,  nitiobenzol,  340  grms.  dry  sulphite  of  ammonium,  and  1  Ihn 
of  anhydrous  alcohol,  together  with  a  little  carbonate  of  anunonium,  to  keep  th^  mix- 
ture alkaline)  were  oohobated  for  several  hours ;  and  the  liquid  decantea  from  iSbt 
sulphate  of  ammonium,  which  separated,  was  evaporated  to  an  oily  oonBistence ;  it  tbn 
deposited  a  large  quantity  of  white  laminae  (doubtless  consisting  of  phenyldisalphiD- 
ate  of  ammonium),  together  with  a  small  quantity  of  hard  slender  needles,  <«nwi«^i^ 
of  the  phenyldisulphodiamate,  C'H*{'SB.*yN^*0*,  This  salt  is  Teiy  solnble  in  vits 
and  in  aqueous  alcohol,  sparingly  soluble  in  absolute  alcohol,  insolable  in  ether;  vha 
heated  it  chars,  swells  up,  and  emits  the  odour  of  snIpharoiiB  acid.  lU  wqaefm 
solution  is  slightly  acid. 

All  the  phenyldisulphodiamates  are  easily  soluble.  The  ftan'sw  wft, 
CH^Ba^N^S^O*,  obtained  by  decomposing  the  ammonium-salt  with  bazyta-vitei; 
forms  crystalline  crusts,  insoluble  in  alcohol  and  ether. 


Bensyldianlpliainlo  JLeid, 


C'H«NS>0*  «  (SO*)*l^  Ihi^difulpktmieAciL 


Thintoluda'dKre.  Disulfuryl-toluylsdure.  (H il k enk amp, ^.  ct^.— Carina. ZeitKls. 
Ch.  Pharm.  1861,  p.  632 ;  Jahresb.  1861,  p.  634.) — Obtained  in  the  same  manner  ai 
phenyldisulphamic  acid,  by  the  action  of  ammonium-sulphite  on  nitrobeniylene  (nitiD* 
toluol).  According  to  Hilkenkamp,  the  ammonium'Sidtf  which  is  the  direct  pndiKt  cf 
the  roHction,  has  the  composition  C'H*(NH*)NS*0* ;  and  the  potaasium-saU,  obcaisfd 
by  decomposing  it  with  potash,  contains  C'H'KNS'O* ;  which  would  imply  either  thit 
the  acid  is  m(jnobasic,  or  that  these  are  acid  salts.  According  to  Carina,  the  bariuth 
gait,  obtiiined  by  decomposing  the  ammoni\mi-salt  with  bazyta-water,  has  the  compoa- 
tion  C^H'Ba"NS'0',  showing  that  the  acid  is  dibasic,  like  phenyldianlphamic  aeid. 
The  other  benzyldisulphamates  resemble  the  corresponding  phenyl -oompomidB  (pi  479i 
and  the  acid,  when  separated  from  them,  splits  up  in  like  manner  into  salphmie  add 
and  benzylamine.     (Carius.) 

C»H»  )T^ 
CJumenyldlsnlpHamle  AoiO.    C*H"NS*0*  »  (SO*)H^    Disy^tayUtmnji' 

s'dure.  (Carius,  loc.  cU.). — ^Prepared  in  like  manner  from  nitroeomoL  Tlw  nb 
are  similar  to  the  phenyldisulpnamates,  the  barium-salt  having  the  eomposititB 
C*H'  'Ba"NS^O*,  and  the  acid  separated  from  it  is  resolved  in  like  manner  into  sniphi- 
ric  acid  and  cumenjlamine. 

SinPBAMZBB.    ^^g*^"^!^— ^<^^^^g  ^  Regnault  (Ann.  Ch.  Phjap] 

Ixxix.  1 70),  this  body  is  produced,  together  with  sal-ammoniac,  when  diy  ammfmis  fn 
is  passed  over  sulphuric  chloride,  S0*C1' ;  but,  according  to  H.  Roee,  the  prodaeC  tfio 
funned  is  a  mixture  of   sal-ammoniac  and  neutral  sulphamate  of  ammomvm  (sd|i^ 

tammon). 


See  SuiiPHAzoTiSBD  Acids  (p.  483). 

1.  CH-N'S^^'^I^^'In*.  (Hofmann.Rec.Rw. 

Soc.  X.  ;')98.) — This  base,  metamoric  with  phenylsulphocarbamide,  [(CS)''(C*H*)HTy 
(i.  756),  and  analogous  to  Chancel's  oxybcnzodiamide  (i.  766),  is  pzodoeed  by 
the  action  of  ammonium-sulphide  on  nitrobenzonitrile,  CH^NOON.  When  thii 
compound  is  boiled  with  an  aqueous  solution  of  ammonium-sulphide,  a  large  quannrr 
of  sulphur  separates  at  first ;  and  on  evaporating  the  liquid,  a  yellowish  oil  is  deponie^ 
wliich  solidifies  but  imperfectly,  and  is  difficult  to  purify.  This  oil  is  a  weak  bsw, 
having  the    composition    of  amidobeuEonitrile,   C'HW  *  C'H*(NH*)N;  and  by 
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WoIoagMl  eoBtaiet  with  anunomiimHiulplude,  it  Im  gradually  converted  into  solphamidtf- 
beiuamiB« : 

<rHXNO«)N  +  SBTOI     -     2H«0  +  S>  +  C'H«N«. 

Nttrobanso-  Amidohmio- 

BltrU*.  nltrile. 

Md  C»H«N«  +    H«S    -    C^HWS. 

Amidobmso-  Sulphamido- 

nitrile.  bennmine. 

Snlphamidobenxsmine  is  veiy  soluble  in  alooholand  in  ether,  and  crystallises  from  hot 
water  in  white  shining  needles.  It  dissolves  easily  in  acids,  and  is  precipitate 
therefrom  by  potash  and  ammonia.  It  forms  a  crystallisable  hydrochlorata  and  an 
crange-yellow  crystalline  chloroplatinate. 


»IC  ACZB.  C^H:;1(NH«)S0».— When  chlor. 
aaddobenaoie  acid,  C'HK^1(NH*)0'  (obtained  by  the  action  of  notassium-cyanide  on 
t^thjhc  ehloiobensoateX  is  treated  with  strong  salphuric  acid,  and  the  dilntea  solution 
Ssboiled  with  barium-carbonate,  sulphamidochlurobensoate  of  barium, 
CB'Ba'X9(NH')S0*,  is  produced,  and  separates  frum  tho  solution  in  nodular  groups 
fif  oyitala.  (D.  Cunse  and  H.  Hiibner,  Ann.  Ch.  Pharm.  cxxxv.  106;  JiJiresb. 
1865^  p.  SM.) 

SOftVSAMZBOVXO   AC^IB.    A  syrupy  deliquescent  acid,  produced  by  tritu 
ttaieh  with  strong  sulphuric  acid.    Its  salts  are  all  amorphous,  deliquevcent, 
■ohible  in  water,  and  very  unstable,  so  that  their  composition  is  difficult  to 
The  eaidum-MU  appears  to  contain  C'^H^a"0'\2S0'.    (Gm.,  xr.  104. 
— aerhardt,ii.649.) 

[OV.    Syn.  with  Sulfhataiocok. 
COVXO  ACIB.    See  Sm.PHA£0TiSBD  Acnw  (p.  482). 
ACXB.    See  Sulphitric  Ethxbs. 


A  name  propoeed  by  Graham  for  the  radicle  SO^. 

or  SU&PBAJi  MTHOXiIO  ACZB.    An  acid  ]ni>dueed  by 
^Um  actioo  of  strong  sulphuric  acid  on  anise-camphor  (i.  297).    Its  soluble  salts  colour 
Mlations  deep  violet,  almost  black.   The  barium-soli  appears  to  have  the  compo- 
Ba*0.2(C»*H"OJ80*).    (Gerhardt,  J.  pr.  Chem.  xxxvi.  267.) 

[C  ACZB*    See  Sulframic  Acid  (p.  477). 
See  Ainsio  Acid  (i.  303). 

C'H■SO^ )     Products  formed  by  the  action  of  sul- 
G'^H^^SO\         '         phuric  acid  onanisol  (i.  305). 

I     See  Antimont,  Sitlphidbs  of  (i.  334,  335). 

See  Absinic,  Sulphidbs  of  (i.  388,  391). 

Syn.  with  Sulphidb  of  Cacodtl  (i.  409). 

lTSTBB  or  SVlPBABATTBa.  Syn.  with  Sulphisattdb.    (See 
IlATTDB,  lit  41 1.) 

LTAimov.    Neutral  sulphamate  of  ammonium. 

See  SuLFHUB,  Oxtobn-acids  of. 
lTOZTOBB.    Syn.  with  Sulphan. 


See  SuLPHAzonsBD  Aaos. 


I  OF.  Thioberualdin.  C»>H'»NS«?— A 
wodiKt  of  the  action  of  ammonia  on  hydride  of  thiobensyl  or  sulphide  of  stilbene 
U.571): 

SCH^S  +  NH"    -    C»H»»N9'  +  H*S. 

Ob  miaung.lTol.  bitter-almond  oil  dissolved  in  4  or  5  vols,  ether  with  1  vol.  ammonium- 
«Blphide,  and  leaving  the  ether  to  evaporate  in  a  shallow  vessel,  the  compound  sepa- 


in  laige  ay  stale,  which  melt  at  123°,  dissolve  in  20  to  30  pts.  of  ether,  and  ar» 
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decomposed  by  boiling  alcohol,  with  evolution  of  Balphjdric  acid.    (Laurent,  Ato. 
Ch.  Phys.  [3]  xxxvi.  342.) 

SirXiPBAZOTZSBD  AGZB8.  (Fr6my,  Ann.  Ch.  Phys.  [3]  xr.  408 ;  Ham^.T. 
Tii.679.)~A  series  of  acids,  the  potassium -salts  of  which  are  formed  by  the  sctiioi-f 
sulphurous  anhydride  upon  a  solution  of  potassium-nitrite  containing  a  largr^  txci^^  cjf 
free  alkali.  Sulphurous  anhydride  combines  with  the  elements  of  potaMium-nitritc  xni 
water  in  several  proportions,  forming  compounds  which  ciystaUiae  readily,  and  in  vhii 
neither  sulphurous  nor  nitrous  acid  can  be  detected  by  the  usual  testa.  The  solution <  -i 
these  salts  form,  with  salts  of  barium,  precipitates  containing  the  coTreapoadin^  ai^liii. 
These  compounds  are  all  decompos(fd  by  boiling  their  solutions,  ammonim  and  Milphar> 
acid  being  found  among  the  products ;  some  of  them  eyeq  experience  a  similar  daeumpijii- 
tion  at  oidinary  temperatures. 

The  derivation  of  some  of  these  salts  from  potash,  water,  snlpharous  and  nitrou 
anhydrides,  may  be  represented  by  the  following  formube : 

Sulphazite  of  potassium,  3K«0.S«H«NK)»  -  3K«0  +  N'O*  +  3SO«  +  SH^ 

Sulphazate  „  3K'0.S*H«N»0"  «  3KK)  +   NK>»  +  4SO«  +  Sffn) 

Sulphazotate  ^  3K«0.S*H«N*0»«  =  3K«0  +  V*G*  +  5S0«  +  SH-0 

Sulphammonate     ^  4K20.S«H«3r-0«  -  4KK)  +   N*0«  +  8S0*  +  3H=0 

Sufnhamtnonate  of  Potamum  is  formed  by  mixing  the  atrong  solutions  of  nitrir«  mi 
sulphite  of  potassium ;  it  is  then  deposited  in  beautiful  silky  needles. — The  ivipha.-*\'t 
is  formed  by  the  action  of  sulphurous  anhydride  on  nitrite  of  potassinin  in  alkaliis 
solution  ;  the  stifpharite  by  the  action  of  water  on  the  sulphasate ;  the  mlpkoMtu 
separates  in  larp:c  rhombohedral  crystals,  on  evaporating  an  aqueous  solution  of  tbe 
sulphazate.    Neither  of  these  acids  can  exist  in  the  free  state,  t.  e,  as  hydro^mi-falti. 

Fr^my  also  describes  : — Metasulphasotate  of  potaatium,  3K*0.S'H*N*0*,  fom^d. 
together  with  the  sulphazot^ite,  by  the  action  of  sulphurous  anhydride  oa  nitrite  of 
potassium :  acid  not  isolated. — Sulphazilitc^  K'O.S'HNO,  produced  by  the  actwa 
of  silver-oxide  in  the  cold  on  a  solution  of  the  neutral  sulphazotate :  acid  not  isoUt*d.— 
MetasulphojnliU,  3K*0.S''H«N'0'»,  formed  in  like  manner  at  the  boiling  heat.— Sd|^- 
midair^  K'O.S^H'NO*,  formed  from  the  sulphammonate  bv  the  action  of  water:  sdd 
not  isolated. — StdphoMicacid,  2HK).S*H*N'0^  is  obtained  by  decomposing  the  bsrivi- 
salt  (the  mode  of  preparation  of  which  is  not  given)  with  an  equivalent  quantity  d 
sulphuric  acid.  By  saturating  it  with  potash,  the  potassium-salt^  2KK).S^'N'0',  ii 
obtaiucd  in  rep;ular  six-sided  lamiiue. 

9VXiPBB8ATT3>a.     Syn.  with  Disulfhisattdb  (iii.  412). 

SVXiPBZBBS  and  8IJ&PBTBBATB8.    The  term  sulphide  (formeTiy  f?.'- 

phurct\  in  its  widest  sense,  includes  all  compounds  in  which  sulphur  forms  the  eln"- 
tronegative  constituent.  Sulphur  uuites  in  this  way  with  all  the  metals,  with  moft  fi 
the  non-metallic  elements,  and  with  many  organic  radicles.  The  sulphides  are,  fbrtiir 
most  part,  analogous  in  composition  to  the  oxides,  and,  like  the  latter,  may  be  dirid<4 
into  acid  and  basic  sulphides,  or  sulphur-acids  and  sulphur-bases,  which  are  euaU^of 
uniting  together  and  forming  sulphur-salts.  To  the  cuus  of  acid  sulphides  bdoitt  the 
sulphides  of  the  non-metallic  elements,  and  those  metallic  sulphides  which  are  mol-le 
in  sulphide  of  ammonium — viz.,  the  sulphides  of  antimony,  arsenic,  tin,  molybdcsm, 
tungsten,  vanadium,  gold,  and  platinum ;  the  other  metallic  sulphides  and  the  snlphidcf 
of  the  alcohol-radicles  jire  basic. 

Metallic  Sulphides. — Precisely  as  we  have  oxides  and  hydrates  fonncd  oi 
the  type  of  one  or  more  atoms  of  water,  so  we  have  sulphides  and  BulphydraT<^ 
derived  from  one  or  more  atoms  of  sulphydric  acid.  The  more  or  Icm  bsfjloci 
sulphides,  like  their  corrt'sponding  oxides,  may  be  divided  into  three  principal  cLimhi 
monatomic,  diatomic,  and  triutomic,  formed  respectively  on  the  types  of  one,  tvoi. 
and  three  atoms  of  sulphydric  acid.  The  first  class  includes  hemisufphides  and  j'TCfio- 
Milphides.  with  the  corn 'spon ding  sulphydratcs.  Hemisulphide  of  nickel,  Ni*S.nl- 
phide  of  zinc,  Zn^^.  and  sulphydrate  of  sodium,  II NaS,  may  be  taken  as  enmpi^ 
The  second  c]a^is  inchides  di^ulphides  and  disulphydrates.  Disulphide  of  platiam. 
Pt"S'.  and  sulphydrate  of  larium.  Bh"1I-S%  maybe  taken  as  examples.  The  ^hird 
clasH  includes  the  tri.sulphidrs  with  their  corresponding  sulphyaFStes,  inifh  u 
trisulphido  of  bismuth,  l»i-S",  and  trisulphide  of  chromium,  Cr^.  Il  Ji 
observable  that  while  the  trioxides  constitute  a  most  important  class  of  cs}dfs. 
the  trisulphidfs  are  a  verj  unimportant  class  of  sulphides.  As  a  rule,  thejr  do  nrt 
occur  native,  are  hearcoly  8;difiable,  and  do  not  result  from  the  ordinary  analjtic&l 
processes  which  pn^ducr  the  other  metallic  sulphides  with  such  facility*. 

Tlip  sulphidts  'liflfrr  mueh  from  one  another  in  the  rapidity  and  completenen  Tfh 
whieh  th^'V  arc  decomposed  bv  acids.  Wh^n  finely  pulverised,  they  are  all  dec"iinp>-^ 
more  or  less  pf-rfcctly  by  hydroi^hloric  Jicid  jras,  but  some  of  them  are  attacked  ttj 
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lismly  by  thf  boiliiig  liquid  add.  AH  salifiable  sulphides,  boweyer,  behare  like  their 
wiiwpoftding  oxides,  when  decomposed  by  hydrochloric  acid,  and  yield  one  atom  of 
t^tghgint  aod  for  erery  atom  of  nilphur  in  the  sulphide,  thus : 

Fb-s  +  ana   -    h»s  +   Fexi*. 
&^  +  4Ha   -   aH«s  +  asn^ci*. 

I^«8"  +  6Ha     -     8H«B  +  2Sb'^0l". 

Wi^  ivfermee  to  the  distinction  between  sulphides  and  snlphydratee,  it  may  be 
dbtfvid  that  the  snli^ydrates  of  the  basylons  metals — lithinm,  sodium,  potassium, 
ish'wii.rfrmtiam,  barium,  and  magnesium— are  well-defined  compounds,  which  dissolye 
ii  mk$i,  ibnniiig  colourless  solutions.  The  solutions  of  the  sulphydrates  of  maffnesium 
pdcridoi  are  daooinposed  by  ebullition,  with  eyolution  of  sulphydric  acid,  thus : 
Kg-HV  +  2H*0  -  MgliH)*  -¥  2H*S.  But  the  other  sulphydrate  solutions  may 
ki  wyuated  down,  iHiereby  they  yield  colourless  transparent  crystals  of  their 
iiyntiiw  solph^rdntles.  These  basylous  sulphydrates  are  usually  made  by  saturating 
tfcnr  euuesponding  hydrates  with  sulphydiie  add  gas.  The  dry  alkaline  sulphydrates, 
Hb  b«tcd  to  redness  out  of  contact  with  air,  are  decomposed  into  sulphydric  acid 
wd  MtsUie  sulphide:  Sa'^'S*  »  H*S  +  Ba^S;  but  the  sulphydrates  of  potassium 
tai  se^um  require  a  very  strong  heat  to  effect  their  decomposition.  The  sulphides  ot 
lh»  aad-fisming  metals  also  appear  to  form  definite  sulphydrates,  corresponding  to 
Ihirrapsetire  oxygen-adds ;  but  the  nature  of  these  compounds,  and  still  more  of  the 
a^^diaUs  ol  the  intermediate  metals,  is  not  well  established.  It  is  not  clear,  for 
aiUBe^  iHiether  the  so-called  bydrated  sulphide  of  ^e  consists  of  ^''H'S*,  or 
Jb'S.HK),  or  Zn*^^^*^^.  The  bydrated  sulphides  of  the  ferric  and  plumbic 
«  seem  indeed  not  to  be  sulphydiates ;  for  when  soluble  salts  of  the  metals  of 
IttilisB  are  added  to  solutions  of  alkaline  sulphydrates,  sulphydric  acid  is 

Fe-SO*   -I-  HK)  +  aKH8    -    K*30*  +  Fe'B.H'O  +  H«S. 

r,  it  is  not  clear  that  all  sulphides  predpitated  from  metallic  solutions  by 
(of  salpbydrie  add,  or  a  sulphycuate,  are  necessarily  dther  bydrated  or  sulphy- 
L  dsspite  their  gpreater  solubility  in  acids,  and  their  difference  in  colour  from  the 
■io^cdly  aahydrous  sulphides  made  in  the  diy  way.  We  know,  for  instance,  that 
IW  £fiaeoee  between  the  native  scaiiet  sulphide  of  mercury  and  the  predpitated 
U^k  nlphide,  or  that  between  the  natiye  grey  sulphide  of  antimony  and  the  precipi- 
itftod  cnnge  sulphide,  is  not  a  difference  of  hydration  at  all,  but  one  of  molecukr  con- 
dbca.  i«.  aOotropr. 

TW  protosnlphides  of  the  alkali-metals  and  alkaline  earth-metals  dissolye  in  water, 
ffwif  eolourieflfl  solutions,  from  which,  by  evaporation,  the  solid  sulphides  may,  it  is 
SB<W«gain  procured,  and  in  the  crystalline  state.  It  is  not  improbable  that  the  solu- 
tflssrad^  contain  mixtures  of  alkaline  hydrate  and  sulphydrate,  resulting  from  thereac- 
cn«f  the  iulpfaide  with  water,  thus:  K*S  +  EH)  -  KHS  +  KHO.  At  any  rat^, 
pwawJT  similiir  solutions  are  made  by  mixing  equal  quantities  of  alkaline  hydrate  and 
•Ujb^TOts.  With  the  exception  of  the  above  sulphides  of  the  basylous  metals,  all 
wtphidis  and  hydrated  sulphides  are  insoluble  in  water,  or  very  nearly  so.  Those 
vbdk,  Hka  the  txisolphide  of  arsenic,  are  sparingly  soluble  in  pure  water,  are  insolublo 
isiridolated  wmtev.  This  trisulphide,  when  recently  predpitated,  is  slowly  but  com- 
pfacdy  dtf>eompoaed,  by  boiling  with  water  into  arsenious  and  sulphydric  acids. 

As  a  rule,  Uie  stdphides  and  oxides  of  the  same  metal  have  similar  formulse,  and 
ggwyumd  in  theiif  general  behaviour.  Occasionally,  indeed,  we  have  metallic  oxides  to 
w^iA  there  are  no  corresponding  sulphides  (the  peroxide  of  manganese,  for  example), 
mi  mtn  frequently  metallic  sulphides  to  which  thej«  are  no  corresponding  oxides, 
— 4be  banisalphide  of  iron  and  the  disulphide  of  arsenic,  for  example.  Among  the 
Mtphidss  to  miich  there  are  no  corresponding  oxides,  perhaps  the  most  remarkable  are 
th»  aftahne  pofyvulphides.  The  metal  potassium,  for  instance,  is  said  to  form  the 
eoBMuds  K«S,  K"®*,  K«S«,  K^,  and  K%»  (iv.  707). 

Whoa  prateso^hide  of  potasshun  is  frised  with  excess  of  sulphur,  the  pentasulphide 
■  famed  as  a  <£iTk  liver-coloured  mass  which  sinks  beneath  the  excess  of  melted 
■Ipfaar.  It  ia  a  very  definite  compound,  soluble  in  water,  forming  a  deep  orange 
fifod,  which  may  also  be  obtained  by  boiling  an  excess  of  sulphur  with  a  solution  dC 
lt»  oeAosulphide.  Its  composition  corresponds  with  that  of  the  sulphate  and  hypo- 
•bl|uls  er  thioaolphate  of  potassium,  thus : 

K«SO«,  Sulphate. 
K'SK)'.  Thiosulphate. 
K*S»,  Pentasulphide. 
ii2 
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It  is  doubtful  whether  the  three  intermediate  polysulphides  are  other  than  loix. 
tures  of  proto-  and  penta-snlphide.  They  may,  howerer,  be  definite  sulphides  comt- 
ponding  to  the  polythionic  series  of  ozygenHBtdts,  thus : 


K*S«,  Bisulphide. 
K'S>,  Trisulphide. 
K'S*,  Tetrasulphide. 
K*S*,  Pentasulphide. 


K«S»0«,  Dithionate. 
K»SW,  Trithionate. 
K«S«0*  Tetrathionate. 
K'S*©*,  Pentathionate. 


It  is  observable,  moreover,  that  the  three  intermediate  polysulphides  result  frpii 
definite  reactions,  and  that  the  disulphide  and  trisulphide  correspond  to  definite  oxidfti. 
The  yellow  colour,  which  solutions  of  alkaline  protosulphide  and  sulphydrate  aoquin 
by  exposure  to  air,  is  due  to  the  production  of  polysulphides,  thus :  2KHS  -«-  0  a 
K*S'  "♦•  H^O.  The  yellow  solutions  of  the  polysulphides  eventually  become  colouHrti 
by  absorption  of  oxygen,  which  produces  a  thiosufphate,  accompanied,  in  the  rase  of 
the  tri-,  totra-,  and  peuta-sulphides,  with  a  deposit  of  sulphur.  The  polysulphides  do 
not  appear  to  form  corresponding  polysulphydrates  ;  for  when  sulphur  is  boiled  with 
solutions  of  sulphydrates,  there  is  always  an  evolution  of  sulphydric  add,  thus : 

2KHS  +   S     «     K«S«  +  H*S. 

The  distinction  between  neutral  and  salifiable  sulphides  is  much  less  marked  er^ 
than  that  between  neutral  and  salifiable  oxides.  Disulphide  of  iron,  for  instance,  it 
obviously  the  representative  of  the  non-salifiable  peroxide  of  manganese.  The  tvo 
compounds,  when  heated  in  close  vessels,  undergo  precisely  similar  decompositions : 

3MuO«     «     Mn»0*   +   0\ 
3FeS»       «     Fe"S«     +  S«. 

On  the  other  hand,  the  trisulphide  of  iron  is  obviously  the  repiresentatiTe  of  Um 
salifiable  trioxide  of  that  metal,  and  should  correspond  with  it  in  its  veactioa  viU 
hydrochloric  acid,  thus : 

Fe«0»   +   6Ha     -     2FeCl"  +   8H»0. 
Fe*S»    +   6HC1     »     2FeCl"  +  3H»a 

But  sulphydric  acid  has  the  property  of  reducing  trichloride  of  iron  to  the  state  d 
dichloride,  with  a  deposition  of  sulphur,  thus :  2FeCl'  -i-  H^  »  2FeCl*  -f  ZHQ 
+  S.  Hence  the  actual  behaviour  of  trisulphide  of  iron,  when  treated  with  hjdr»> 
chloric  acid,  corresponds,  not  with  that  of  the  salifiable  trioxide  of  iron,  but  vitk 
that  of  the  indifferent  trioxide  of  cobalt : 

Co«0«    +   4HC1     -     2Coa«    +   2HK)     +   O. 
Fe«S«     +.4HC1     «     2FeCl«    +   2H«S      +   & 

The  sulphides  of  the  chlorous  metals  have  characters  corresponding  to  those  of  the 
corresponding  metallic  oxides ;  that  is  to  say,  they  unite  witn  the  sulphides  of  tb 
basylous  metals  to  form  corresponding  soluble  salts.  The  disulphide  of  tin,  andthctn* 
sulphides  and  pentasulphides  of  antimony  and  arsenic,  for  instance,  dissolve  in  sb^- 
drate  of  potassium  or  ammonium,  just  as  the  corresponding  oxides  dissolTo  in  oxhydnti 
of  potassium  or  ammonium.  Thus  we  have  stanuate  of  potassium,  K'SnO'  or  K*Oj&0-, 
and  sulphostannate  of  potassium,  K^SuS'  or  K'S.SnS'.  When  these  chlorous  sii]^)kid« 
dissolve  in  alkaline  hydrates,  they  form  both  sulphosalts  and  ozysalts,  thus : 

3SnS'   +    6KH0     =     2K*SnS»   +   K*SnO«  +    3H«0. 

Eespecting  the  modes  of  formation  and  the  reactions  of  metallic  solphidei^  see  h> 
ther  Metals  (iii.  940);  also  Odling's  Manual  of  Chemistry  {i,  163). 

On  the  sulphides  and  sulphydrates  of  alcohol-radicles,  see  Ethsbs  (il  511). 

The  individual  sulphides,  inoi^nic  and  organic,  are  specially  described  in  cobdM' 
tion  with  the  several  elements  and  organic  radicles. 


See  iNDioo-suLPHtnuo  Acn>s  (iii.  268). 

SirZiPBZXrDTXiZC  ACZD.    Syn.  with  Sulphindigotio  Acm. 

SUXPBZSATAiroxrs  ACZS.    An  acid  produced,  according  to  Lauenti  l^t^ 
action  of  ammonium-sulphite  on  disulphisatyde  (iii.  412). 

Syn.  with  Disulphisattde. 

See  SuLi'HUR,  Oxtoen-acids  of. 


SVXiPBOBEirZAXIZZC  ACZD,  C'H'NSO*   =   (C'H^SO")"  i?.   »    ^^^S!?-'"IJl 

H  3"  ^^    J^ 

(Limpricht  and  Uslar,  Ann.  Ch.  Pharm.  cri.  27;  Juhresb.  1858,  p.  275.^£ogel' 
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llmrdt,Fetenb.Acftd.  Bull.  xri.  878;  Jahresb.  1858,  p.  278.)— Thig  acid,  the  amie 
acid  of  ralphobensoic  add,  is  produced:  1.  By  heating  sulphobenzamide^  or  ethjrUul- 
phobennate  of  ammonium,  with  potash  (Limpricht  and  Uslar): 

(TH'ITOO"  +  H«0     -     C'H'NSO*  +  NH». 

SulphobcD-  Sulphoben- 

uunlde.  tunic  acid. 

Also  from  the  eomponnd  C'H'N^SO'  (the  hydrochlorate  of  which  is  formed  by  treat- 
ing snlphobenaimide  with  pentachloride  of  phosphorus,  p.  686),  likewise  with 
elimination  of  ammonia  (Limpricht  and  Uslar) : 

(rH«N«SO«  +  2HK)     -     C'H'NSO*  +  NH». 

8.  Together  with  other  products,  by  the  action  of  sulphuric  anhydride  on  benzoni- 
trile.    (Engelhardt) 

Prtparatkm, — 1.  Sulphobenzamide,  stirred  up  to  a  paste  with  strong  potash-ley,  is 
heatea  in  the  water-batn  for  several  hours,  till  a  clear  solution  is  obtained.  This  is 
diluted  with  water,  and  supersaturated  with  hydrochloric  acid,  whereby  the  sulplio- 
bouamie  add  is  obtained  as  a  bulky  precipitate,  which  is  purified  by  recrystallisation 
from  boiling  water.    (Limpricht  and  Uslar.) 

2.  Vapour  of  sulphuric  anhydride  is  slowly  passed  into  well-cooled  benzonitrile, 
vbereby  a  erystalline  mass  is  produced  (if  the  action  goes  on  more  quickly,  a  vitreous 
mass  is  formed,  which  yields  other  products).  On  treating  the  crystalline  mass  with 
eold  water,  to  remove  excess  of  sulphuric  acid,  and  dissolving  the  residue  in  boiling 
alooholt  needle-shaped  crystals  separate  at  first,  but  afterwards,  on  addition  of  ether, 
zhombohedral  crystals  of  sulphobenzamic  acid.     (Engelhardt.) 

Properties. — Sulphobenzamic  acid  crystallises  from  a  boiling  saturated  solution  on 
eooling,  in  scales  resembling  chlorate  of  potassium  (Limpricht  and  Uslar);  in  rhoni- 
bohedral  crystals  or  in  needles,  consisting  of  aggrecates  of  small  rhombohedrons 
(Engelhardt).  It  is  very  sparingly  soluble  in  cola  wator,  more  soluble  in  ether, 
aasily  in  hot  water  and  in  alcohol.  It  melts  at  a  temperature  above  200^,  and 
polidifies  in  a  crystalline  mass  on  cooling;  at  a  higher  temperature  it  volatilises  in 
whita  T^ours,  and  finally  bums  with  a  luminous  flame.  It  reddens  litmus,  decern- 
poaea  carbonates,  but  does  not  dissolve  sine. 

Jheompodtuma. — 1.  Sulphobenzamic  acid  appears  to  be  resolved  by  prolonged 
h^^tJwg  into  ammonia  and  sulphobenzoic  anhydride.  The  aqueous  solution,  when 
•vapoiated,  leaves  sulphobenzoic  add. — 2.  When  1  at.  sulphobenzamic  add  is  heated 
to  150^ — 200°  with  \\  at.  pentachloride  of  phisphorus^  as  long  as  phosphoric  oxy- 
chknride  continues  to  dititil  over,  a  yellow  oily  liquid  is  left,  consisting  of  sulphoben- 
aamic  chloride,  C'H*NS0'C1,  which  is  converted  by  water  into  hyilrochloric  and  sulpho* 
benxamic  adds,  (C'H'NSCm  +  H*0  =  HCl  +  C;H'NSO»),  and  by  ammonia  into 
anlphobenzamide  (Limpricht  and  Uslar).  By  distilling  sulphobenzamic  acid  with 
pentachloride  of  phoephoruSf  a  distillate  is  obtained,  containing — besides  oxychloride 
of  phosphorus— chlorobenzonitrile,  chlorobenzoic  chloride  (in  small  quantity),  and  the 
ehlorida  of  an  easily  soluble  add,  probably  isomeric  with  sulphobenzamic  add. 

The  same  chloride  i^pears  to  be  obtaine<l.  together  with  amorphous  sulphobenzamic 
acid,  by  heaUng  1  at.  sulphobenzamic  aeid  with  1  at.  of  the  pentachloride.  On 
treating  the  yellow  tumefied  residue  with  ether,  the  amorphous  Kiilphobenzamic 
acid  remains  as  a  white  pulverulent  mass,  which  is  insoluble  in  water»  alcohol,  and 
ether,  but  is  converted,  by  heating  with  water  to  170° — 180^,  into  ordinary  eiystal- 
liaed  sulphobenzamic  acid.    (Lim  pricht  and  Uslar.) 

3.  Sulphobenzamic  acid  treated  with  sulphuric  anhydride  yields  a  brown  viseid 
■usa,  from  which,  by  boiling  with  plumbic  carbonate,  a  salt  is  obtained,  having  the 
eompodtion  of  plumbic  sulphobenzoate. 

Snlphobenzamates. — Sulphobenzamic  add  is  monobasic.  All  its  salts  are  more 
or  lees  soluble  in  water. — ^The  ammonium'Salt  separates  in  laminar  crystals,  on 
evaporating  a  solution  of  the  add  in  ammonia. — The  harittm-salt,  C'*H'fBa'^*S'0'. 
4HK),  sepiurates  from  the  evaporated  neutral  solution  as  a  soft,  wavellitic,  cr}'8talline 
mass,  which  gives  off  its  watior  at  110°. — The  catHum-salt^  dried  at  120°,  has  the 
composition  C"H'»CaT^S«0».— The  silver-salt,  C'H«AgNSO*.H»0.  is  precipitated  b^ 
rilver-nitrate  from  the  solution  of  the  ammonium-salt,  in  slender  silky  needles ;  it 
may  be  recrystallised  from  boiling  water,  and  does  not  blacken  on  exposure  to 
light. 

The  solution  of  the  ammonium-salt  gives,  with  neutral  lead-acetate,  a  predpitate, 
eryi«tHlIiring  in  small  needles ;  ^nth  ferroun  salts  a  white,  with  frric  salts  a  flesh* 
rulourftd,  predpitate ;  with  cupric  salts,  a  precipitate  consisting  of  small  needles,  solu- 
ble in  ammonia ;  with  mercurous  saltSy  a  white  predpitate  turning  black  on  boiling ; 
with  mercuric  chloride,^  crystalline  precipitate  separating  from  water  in  laminae;  with 
einc-^ts  no  precipitate. 
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Ethylic  Sulphohensamate,  or  Sulphobeneamie  Ether.  C^H^CH»)NlWv. 
IB  obtained  by  passing  hydrochloric  acid  ^  into  the  alcoholic  aolntiun  of  the  arid; 
by  decomposing  the  silver-salt  with  ethylic  iodide ;  or  by  treating  the  alcoholic  scJo- 
tion  of  sulphobenzoic  chloride  with  ammonia-gas.    It  OTStallisefl  in  splendid  shinifi^ 
needles,  which,  according  to  Keferstein,  are  monoclinic  prisms,  ooP .  obPod  .oP.— P, 
having  their  axes  in  the  ratio  of  1  :  2  :  4.    When  cautiously  heated,  it  melts  vitlmt 
decomposition,  and  solidifies  in  the  crystalline  state  on  cooling ;  at  a  higher  tempfn* 
ture  it  gives  off  white  fumes,  and  bums  with  a  bright  flame.     It  dissolres  easily  in 
warm  alcohol  or  ether,  somewhat  less  easily  in  boiling  water.     Strong  caustic  putA»b 
dissolves  it,  at  ordinary  temperatures,  without  erolvtion  of  ammonia ;  at  100^  witb 
formation  of  alcohol  and  potassic  sulphobenzamate ;  at  higher  temperaioiee  alio  with 
evolution  of  ammonia.     It  does  not  dissolve  mercuric  oxide,  and  oiuy  >  unall  qoantitj 
of  silver-oxide.    (Limpricht  and  Uslar.) 

C'HTrao.  -  (C^Wju.    -  **^|f [^ 

(Limpricht  and  Uslar,  Ann.  Ch.  Pharm.  cii.  239;  cvi.  27. — Jahnab.  1857,  p.  3M; 
1858,  p.  275. ") — Obtained  by  treating  sulphobenzoic  chloride  with  strong  aqut\)iis 
ammonia.  The  product,  washed  with  water,  dried,  and  reeiystallised  from  ab«oIat'! 
alcohol,  with  addition  of  animal  charcoal,  yields  anhydrous  solpbobenxamidf ;  if 
aqueous  alcohol  be  used,  a  mixture  of  the  anhydrous  amide  and  m  hydrate  ooDtaioin^ 
1  at  water  is  obtained. 

Sulphobenzamide  dissolves  readily  in  hot  water  and  hot  aloohoL  Tlie  favdnt^ 
which  crystallises  in  needles,  gives  off  its  water  at  100-^;  at  170°  the  oomponixi  fiiset, 
and  between  270^  and  290^  it  slowly  decomposes,  but  without  fbrmation  of  solphobra- 
zimide. — ^When  treated  with  potash^  it  gives  off  ammonia,  and  is  converted  into  sulplio- 
bcnzamic  acid  (p.  485). — With  pmtaadoricU  of  phosphortu  at  100°,  it  deoomposn^ 
Accordmg  to  the  equation : 

C'H»N»SO»  +  PC1»  =-  C'H-N^SO'.Ha  +  POa»  +   HCi; 

forming  a  yellow  syrup,  which  is  further  decomposed  during  the  distiUation,  yieMia^ 
phosphoric  oxychloride  and  chlorobenzonitrile.  The  oompound  CH*N^SO*JiCi 
dissolves  in  ether  and  in  alcohol,  but  does  not  crystallise  therefrom  ;  with  water  or 
ammonia,  however,  it  yields  the  erystallisable  compound  C'H'N^O',  which  dissulrn 
in  potash,  and  by  prolonged  heating  therewith  is  converted  into  sulphobenzamic  ai*id. 


IHphenylsulphoheneaanide,  C'H«(C«H*)^90»,  ii 
produced  by  mixing  sulphobenzoic  chloride  with  aniline.  When  oystallised  fi«n 
alcohol,  with  aid  of  animal  charcoal,  it  forms  small  white  fusible  crystals,  msOt 
soluble  in  alcohol  and  ether,  slightly  soluble  in  cold  water,  deoompoeed  bj  hot  poUsb- 
loy  with  separation  of  aniline. 


Ci2fli«so«.  (Mitscherlich.Pogg.  Ann.  xxxi.  621- 
Freund,  Ann.  Ch.  Pharm.  cxx.  76. — Otto,  ibid,  cxxxv.  154.)— A  compound  fonwd, 
together  with  phenylsulphurous  acid,  by  the  action  of  sulphuric  anhydride  on  benxoL 
On  treating  the  thick  liquid  product  with  a  large  quantity  of  water,  the  salpbobenzidt 
separates  in  the  crystalline  form,  while  the  phenylsulphurous  acid  remains  u  aolntioa. 
The  sulphobenzide  may  be  purified  by  crystallisation  from  ether,  or  by  distillstioa 
(Mitscnerlich).  It  is  also  produced,  together  with  benzol,  by  distilung  aqoeoti 
phenylsulphurous  acid,  and  crystallises  in  Uie  receiver.    (Freund.) 

Sulphobenzide  crystallises  from  alcohol  in  rhombic  plates.  It  melts  at  100* 
(Mitscherlich),  at  128°  (Freund),  at  128°— 129°  (Otto),  and  boils  at  a  mvh 
higher  temperature.  It  dissolves  in  alcohol  and  in  ether^  is  insoluble  in  «£Mf,  bat 
dissolves  in  acids,  and  is  precipitated  therefrom  by  water.  Strong  mdpkwrie  •di 
dissolves  it  when  heated,   and  converts  it  into  phenylsulphurons  acid.      CSdohm 

converts  it,  at  the  boiling  heat,  into  trichlorobenzol  (Mitscherlich). ^WithMte- 

chloride  of  phosphorvs  it   forms  monochlorobenzol,  chloride  of   solpho^enyf  and 
trichloride  of  phosphorus  (Otto) : 

c'»H«»so«  +  POP  «  c5«H»a  +  c«H«8o»ci  +  pa». 

SmbFBOBBWZZSZC  ACZB.     Syn.  with  Phentlsulphvroub  Acm. 

SITLVBOBBWZOZC  ACZ3>.     (TH'SO*   «   CH^O^SO*  «   ^^^'^^^^{O"     - 
(CrH'O)")  * 

(80)"  V0».    (Mitscherlich,  Pogg.  Ann.  xxxi.  287.— Fehling.  Ann.  Ch. 
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xxrii.  32S.— Limpricht  and  Uslar,  ifrid,  di.  289;  cri  27.~Kefer»teiii,  ibid. 
eri.  385.  >— This  add  ia  prodaced : — 1.  By  paisiiig  the  yapour  of  milphuric  anhydride 
into  benaoie  acid,  or  by  mizinff  1  pt  of  the  anhydride  with  2  pta.  benzoic  acid.  The 
Biaaa  ia  treated  with  water,  which  diaflolves  solphnric  and  snlphobensoic  aoida,  leaving 
the  excess  of  benaoic  acid  undissolved;  the  solution  is  saturated  with  carbonate  of 
1»rinm ;  and  the  filtennl  solution  is  mixed,  while  still  warm,  with  a  quantity  of  hydro- 
chloric acid  sufScicnt  to  combine  with  half  the  baryta  in  solution.  Aad  sulphobenzoate 
of  barium  then  separates  on  cooling,  and  on  decomposing  the  solution  of  this  salt  with 
the  exact  quantity  of  sulphuric  acid  required  to  precipitate  the  barium,  and  pvapomting 
the  filteivd  solution  till  it  no  longer  boils  at  160°,  the  sulphobenaoic  add  sepunites 
on  cooling  aa  a  crystalline  mass. 

2.  By  the  action  of  sulphuric  add  on  benxonitrile,  disulphobensolic  add  bdng  formed 
at  the  same  time : 

CH'N  +  H«0  +  2H«S0*     -     C'H«SO»  +  (NH«.H)SO«. 
Benxo-  Sulpho- 

bensolc 

acid. 

C^»X  +   3H»80*    -     C^H'SW  +  (NH*.H)SO*  +   C0«. 

Bcfuo-  DUulpho- 

nnnl*.  bens»lie 

Bdd. 

On  neotraliaing  the  product  of  the  reaction  with  carbonate  of  barium,  eraponting, 
lediaeolring  in  water,  and  adding  alcohol  by  sepsirate  portions,  sulphobenaoate  of 
barium  aystallises  out  first,  and  anerwiirds  the  disulphobenaulate.  (Buck ton  and 
Hofmaan,  Chem.  Soc  Qu.  J.  ix.  255.) 

3.  By  the  action  of  water  on  sulphobenaoic  chloride : 

CH*80»a«  +  2HH)  -  C'H«SO»  +  2HC1. 

Sulphabenzoic  acid  forms  a  solid  crystalline  mass,  which  may  be  heated  to  150^ 
without  decomposition :  it  deliquesces  gradually  in  damp  air,  but  recovers  its  solid 
form  in  a  diy  atmosphere.  It  is  not  altered  by  boiling  with  acids  or  alkalis,  but  on 
fssing  it  with  solid  potaskt  the  sulphur  is  converted,  partly  into  sulphuric,  partly  into 
■alphmuias  acid. — ^By  a  mixture  of  2  pts.  oil  of  vitriol  and  1  pt.  nitric  add,  it  is  con- 
TiBited  into  nitioaulphobenzoic  add,  G'H^NO')SO*. — With  2  at.  pentachloride  of  phoa- 
jlkkonB,  it  fonns  sulphobenaoic  chloride : 

C'H«SO»  +   2Pa»  -  (TH^SO'Cl*   4-   2P0a»  +   2HC1. 
With  1  at  of  the  pentachloride,  the  product  is  sulphobenaoic  chlorhydrate : 

CH«so*  +  pa»  -  C'H*so»|^Q  ♦  poa»  +  hcl 

Sulphobenzoates. — Sulphobenaoic  acid  is  dibiipic,  forming  acid  and  neutral 
■alta,  tne  former  being  for  the  most  part  less  soluble  than  the  latter. — ^The  neutral 
bttnum-aalt,  C^«Ba"SK>*,  obtained  by  boiling  the  solution  of  the  acid  salt  with 
barium-carbonate,  forms  indistinct  crystals,  very  soluble  in  water,  and  bearing  without 
decompodtion  a  temperature  as  high  as  that  of  boiling  oil. — The  acid  barium-salt, 
CH«Ba''SO».C'H«S0*.3HK),  prepared  as  above  d^scrib^l,  crystallises  in  monoclinic 
priama:  oP  .  odP  .  ooPoo,  with  the  angles  oP  :  ooP  »  98^6';  ooP  :  ooP  «  82^'  21 
(Fehling).  The  crystals  give  off  their  water  at  200-,  dissolve  in  20  pts.  water  at 
20*.  and  have  an  add  reaction.— The  lead-salt,  C'H*Pb''S0*.2H-0,  is  obtained  in 
•olntion  by  boiling  the  add  with  excess  of  lead-carbonate,  and  separatee  on  cooling  in 
stellate  groups  of  slender  needles.  Gives  off  its  water  at  200°. — The  neutral  potas' 
numsalt,  C^H^K'SO*,  forms  beautiful  deliquescent  crystals :  the  acid  salt  is  efflores- 
emt.^The  silper-saltf  C'H^Ag^OJI^O,  crystallises  in  a  vacuum  in  small  yellowish 
priama,  which  dissolve  easily  in  water,  and  give  off  1  at.  water  when  dried.    (Feh- 

The  add  sulpbobenxoatea  of  magnedum  and  zinc,  also  the  add  ferrous,  oobaltous^ 
and  cupric  sal*a,  fonn  beautiful  crystals.    (Mitscherlich.) 

Deriffatitfes  6f  Sulphobemaie  Acid. 

Nitrosulphobensoie  Acid,  Cm*(S0*iSO*,  (Limpricht  and  Ualar.)— Pre- 
pared by  adding  sulphobenaoic  or  sulphobenzamic  acid  to  a  cold  mixture  of  strong 
nitric  and  sulphuric  acids,  diluting  with  water  after  some  time,  ueutralidng  with 
carlionate  of  burium,  and  decomposing  the  resulting  barium-ialt  with  sulphuric  add. 
It  crystallises  from  a  concentrated  solution  in  well-defined  crystals. — The  neutral 
burtum-salt,  C'H'Ba''(NO')SO',  forms  easily  soluble,  nodular,  mo»>t]y  vellowiifh 
cr}atais,  containing  3   or  }  at.  water.— The  acid  barium-saH,  C'H'Ba''(NO')SO\ 
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C'H\NO')SO',  crystillises  in  small,  limpid,  radiatiDg  prisms,  contHiniDic  4  at  wit^. 
— Tlie  silver-salt,  obtained  by  boiling  the  acid  with  silyeTHixide,  cryst^HaM  in  bu3 
nodules,  easily  soluble  in  water,  insoluble  in  alcohol. 

Amidosulphobenzoic  Acid,  C'H'NSO*  =  C'H\NH<)SO*,  pradneed  by eootiBK^ 
digestion  of  nitrosulphobenzoic  acid  with  aqueous  sulphide  of  ammonium,  srivatv% 
on  supersaturating  tne  concentrated  filtrate  with  hydrochloric  acid,  in  white  cw* 
centrically-grouped  needles,  having  an  acid  reaction,  easily  soluble  in  hot  water,  \m 
soluble  in  alcohol,  nearly  insoluble  in  ether.  When  heated,  it  chars  without  nm>u 
fusion.  It  dissolves  easily  in  ammonia,  and  the  solution  forms,  with  nitrate  of 
silver,  a  white  precipitate,  which  turns  black  on  boiling.  Amidosnlphobenzoic  acid 
di)es  not  appear  to  unite  with  other  acids,  at  least  not  with  hydrochloric  add.  (Lim- 
pricht  and  IJslar.) 

SITLVBOBBWZOZC  CBZiOXBTSKATB.     C'HH:;1S0<   -   CH'SO^j^^    = 

(SO)"  >Q2.  €M>rtD€userstoff'8u(fobenrocsdure. — ^This  componnd,  analogous  to  Wil- 
li } 
liamson's  sulphuric  chlorhydrate,  SO^CLHO,  is  obtained: — 1.  By  heating  1  at.  ml- 
phobenzoic  acid  with  1  at.  pentachloride  of  phosphorus,  till  the  g;reater  part  of  tbe 
phoNphoric  oxychloride  has  distilled  off,  and  adding  water  to  the  residue  to  dissoh-e 
out  hydrochloric  and  phosphoric  acids. — 2.  By  leaving  flalphobenaoic  chlaride  ii 
contact  with  water  for  several  weeks : 

C'H*CPSO»  +  H«0     «     C'HKIJISO*  +  HCL 

It  is  a  white  crystalline  powder,  soluble  in  ether,  decomposed  bj  alcohol  and  by 
boiling  water,  insoluble  in  cold  water.  It  melts  very  easily,  and  decomposes  st  i 
hifvher  temperature.  By  boiling  water  and  by  alkalis  it  is  converted  into  sulphobcs- 
zoic  add.     (Limpricht  and  Uslar.) 


C'H*SO»a«  -  (^^J'j^^'.—Prepswd  liu 


the  preceding,  but  with  2  at.  phosphoric  pentachloride  to  1  at.  sulphobensoic  and  dii^ 
at  100°.  It  is  a  yellowish-brown,  viscid,  oily  liquid,  having  a  faint  unpleasant  odoar, 
heavier  than  water,  and  very  slowly  decomposed  thereby.  Boiling  water  dissolm  it 
more  quickly,  forming  hydrochloric  and  sulphobenzoic  acids. — Alkalis  decompose  it  in 
a  similar  manner.  When  heated  to  300^  it  decomposes  with  strong  intumescence,  gir.nz 
off  chloride  of  chlorobenzoyl  (i.  567),  and  leaving  a  carbonaceous  mass. — AlcoM  disn^Tm 
it,  with  great  rise  of  temperature  and  formation  of  cthylic  sulphobenzoatsi  Anhydmu 
ether  appears  to  dissolve  it  without  decomposition. — Aqueous  atHtnonia  oonverts  i: 
into  sal-ammoniac  and  salphobenzamide :  the  latter  is  also  formed  by  poMOf 
ammonia-gas  into  the  ethereal  solution  of  the  chloride. — With  aniline  it  forms  uilpluy 
benzanilide  and  hydrochlorate  of  aniline.  Alcohol  saturated  with  ammonia,  dissoh^ 
it  with  great  rise  of  temperature,  forming  ethylsulphobenzoie  acid.  (Limpricht 
and  Uslar.) 

smbFBOBBN'ZOXC  BTBBB8.    The  only  ones  known  are  the  acid  and  oentol 

ethylic  ethers. 

Ethylic  Sulphobemoate,  C"n'*SO*  -  C'H\C«n*)«SO».  (Limpricht  sod 
Uslar,  Ann.  Ch.  Fharm.  cii.  252.) — Absolute  alcohol  becomes  strong]^  hestNl  in 
contact  with  sulphobenzoic  chloride;  hydrochloric  acid  and  chloride  of  ethyl  an> 
given  off;  and  on  evaporating  the  liquid  over  the  water-bath,  ethylic  suIpbobeiiBQate 
remains  in  the  form  of  a  syrupy  residue  having  a  faint  ethereal  odour.  It  dissolves  is 
water  in  all  proportions,  and  cannot  therefore  be  purified,  like  most  oompouid  ethen, 
by  washing  with  water.  On  heating  the  aqueous  solution,  the  ether  is  resolved  ni!o 
alcohol  and  sulphobenzoic  acid.  It  cannot  be  distilled  without  decomposition ;  vbti 
heat^sd  in  a  retort,  it  leaves  a  large  quantity  of  charcoal ;  swells  up  considezably.  tDd 
yields  a  smivll  quantity  of  distillate  having  a  disagreeable  odour.  Treated  with  gateou 
or  aqueous  ammonia,  it  yields  et}iyl8ulphol>onzoate  of  ammnniimfi. 

Ethi/Uulyhohcnzoic  Acid,  (7H'»S0*  =  C'H»(C»H»)SO».  (Limpricht si:4 
Uslar,  l(^.  cif.) — Produced  in  the  form  of  an  ammonium-salt,  by  dissolving  siuphobeiisoia 
chloride  in  alcoholic  ammonia,  or  by  dissolving  sulphobenzoic  ether  in  alcohol,  and 
passing  ammonia  through  the  solution.  On  evaporating  the  liquid,  the  amraonius- 
salt  is  obtained  in  crystals  ;  and  by  dissolving  these  in  water,  precipitating  the  ammuais 
with  platinic  chloride,  removing  the  excess  of  platinum  by  sulphuretted  hydrogGii«  ai:d 
fn-aporating  the  filtrate  at  the  heat  of  the  wat4>r-bath,  ethylsulphobenzoie  add  it 
obtained,  in  tho  iorm  of  a  yolloNvish  syrup,  which  do^s  not  show  any  signs  of  crysfalli- 
sation,  rv<n  after  standing  for  several  days.  The  acitl  appears,  however,  to  b^  m*- 
tallibable,  but  difficult  to  obtain  in  the  crystalline  form,  on  account  of  its  prooenrK^k' 


talt  fbima  itrilsia  gnmpa  of  mull  neodtn. — Th«  lodium-iati,  CH'KaSO*. 
lUr  group*  of  milk-whita  npedlu,  caiiljr  lolnble  in  vaMr  and  in  aleohoL 
waanoA.  CE'S.  S^.  with  Sclfhidk  op  BEKETtuiB  (i.  677). 
MannOKAJnSH.  Om^aO'  -  H.HVCH'SO'.  (StanhDii*«, 
.  Soe.  ziT.  3S1.) — Prodnccd  bj  heulJiig  snlpbobcDioUta  (pheDylsalphiie)  of 
I  to  300°.  CejaltHiKt  from  alcohol  or  ntta  in  buniiuB  rewmblii^  Diiph* 
b^malt  >t  1S3°. 

■•■SWXO&Bn.  C"H"SO<.  (SLeahonap,  he.  nf.}— A  coTDpooml 
jth  mlpbobruiide  (p.  486),  producpd  bj  heating  pheDjlic  Bulphide  (ir.  417) 
I  Bitiio  Bcid,  oi  more  mdily  bj  digsiititieit  with  acid  polansium-chranuirit 
BM  acid  dilntad  with  2  pti.  of  walpr.  When  rarBlidllKed  from  bi-nzul,  iC 
odmic  priimii,  exhibiting  tbe  conibiDxtion  [  aPis  J  .  nFoo  ,  Fn  .  oP,  with 
(approxinistal;  d«t«niiin«l)  [  cdPob  1  :  nP«  ^  Bfi°  SC  and  91°  30' ; 
n  -  71°  4</  ;  kPod  :  oP  -  SS"  40.  The  crritolB  arc  t&bular.  from  pra- 
of  [  vPis  ].  From  hot  alcohol  it  wpantm  in  crystals,  rwcmbling  chlorate 
m^  bat  fin  llic  moat  part  of  the  aams  form  and  with  the  same  aoglei  lu 
oL  It  dissolve*  euilj  in  ether  and  in  carbonic  dieuLphide,  but  with 
B  bmling  water,  from  which  it  erjatalliB«  compUlely  on  cooling.  It 
U°,  and  distils  at  a  higher  tempnTatuce.  It  disaolres  in  not  sulphuric  acid, 
apitated  tharefrom  bjr  water.  A  mixture  of  nitric  and  sulpburic  acids  coO' 
ID  to  axidatioD-prodact,  sparinglj  aolnble  in  hot  alcohol,  and  crystoUising  id 

LO^MXXO  AOSIka    Sja.  with  BDOTLsiiLFHinioua  AciD.    (Sea 

[B>    Sja.  with  FHBnn.scu>Hi;Bous  Acid.     (SceSiiL- 

«  AoUU  Sjn.  with  PHEirnjua-suLFHVBOUB  Acid.  (See  ShijeiI' 

■•■■VXOUO  OBUmSB-    Byn.  with  Sin.rBOFHiKTi.ic  Chlobidk. 
■oaMsxoTX,  MTSKZsa  or.    c 

imBkonium-snlphida  on  an  alcoholic  soluti 

KOBtmrXOO  ACZS.    Sjb.  with  Tktbtlbdlfhubic  acid.    (See  Sumn- 

*) 

BOOAtmvnZO  ACTS.      8MABSB)rn)ES0THETHTL(i.  409). 

BOOAMWao  AOXS.    Syn.  witli  THimi.suu'KUKaus  Acid.    (Sac  Sul- 

Bnsaa.) 

■MUMTBOBZO  AOZS.     (TH'^SC.    (Walter,  Add.  Ch.  Fb^s.  {3], 
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Sulphocamphoiie  acid  crystallises  in  six-sided  'prisms^  oolourlesi,  reir  bitter,  Tery 
solabfe  in  water,  alcohol,  and  eUier.  The  crystals  contain  2  at.  water,  which  th^gir* 
off  in  a  racQum.  The  acid  melts  between  160^  and  166^,  and  deeomposes  at  a  hi^«r 
temperature.  It  dissolTes  slowb^  in  cold,  quickly  in  boilinff  nitric  acid,  without  alter* 
ation  or  evolution  of  red  fiimes.  Strong  sulphnrie  add  dnsolTes  and  ultimately 
chars  it 

8ulpho«%amphoric  acid  is  dibasic,  its  neutral  salts  being  represented  by  the  formula 
C^H'^M^SO*.— The  ammanium^MU,  C*H>\NH«)*SO*.H*0,  forms  stellate  groups  of 
crystals,  which  are  very  soluble  in  water,  and  redden  Htmms. — The  poUuaium-Mdtf 
C*H'^K%0*,  crystallises  by  evaporation  in  rexr  fine  needles,  having  a  cooling  styptic 
taste.  It  is  neutral  to  test-papers,  very  soluble  in  water,  slightly  soluble  in  akohol. 
Sometimes  cauliflower-heads  of  crystals  are  obtained,  apparently  consisting  of  an  acid 
salt. — The  barium-^t,  0'H*fBa''80*,  forms  a  colourless  or  subtly  yel£nr  gummy 
mass,  which  faintly  redd^is  litmus^aper,  is  very  soluble  in  water,  sii^tly  soluble  in 
alcohoL — ^A  baruheu^rio  salt,  C*'H'^"Cu''S'0",  is  obtained  by  precnpttating  a  eold 
solution  of  the  banum-salt  with  cupric  sulphate. — The  lead-salt,  C*H*^Pb"SO*,  is 
an  amorphous  mass,  having  a  sweet  taste,  soluble  in  water,  insoluble  in  alcohol,  red- 
dening htmus-paper. — The  sUver-salt,  (?W*A^O*,  is  obtained,  by  saturating  the  acid 
with  silTer-ozide  and  eraporatinff,  in  crystalline  crusts,  soluble  in  water,  slightly 
soluble  in  cold,  somewhat  more  in  not  alcohol :  Uiis  salt  likewise  reddens  litmus. 

SVXiVBOOATCtTrLXO  AOZll.  Syn.  with  OoTTLSULFHrnuo  Acn>.  (See  Sol- 
FHUBio  Ethbbs.) 

H«  )^ 
snVBOOABBAMIO  AOZ3>.    CH'NS'  -  (CSf  Vg.       (Zeise^    Aim.    Ch. 

Fharm.  zlviii.  95. — Debus,  t&t^.  Imii.  26.) — ^The  sulphur-analogue  of  carbamic  add 
(i.  749).  Its  ammonium-sidt,  UJl*(NH*)NfiP,  is  produced : — 1.  By  direct  ooinbination 
of  ammonia  with  carbonic  disulphide :  CB*  +  2NH'  »  CH*N^.  When  a  mixtureHif 
1  voL  absolute  alcohol  saturated  with  ammonia-gas  and  a  solution  of  0*16  toI. 
carbonic  disulphide  in  0*4  toL  alcohol,  is  exposed  in  a  dosed  flask  to  a  temperatore  of 
15^,  it  gradually  turns  brown,  and  deposits  plumose  crrstals  of  ammonium-trisulpho- 
carbonate,  afterwards  lar^  and  more  shining  prismatic  crystals  of  the  solphocatfija- 
mate.  The  liquid,  after  it  has  ceased  to  deposit  crystals,*  yields  a  ftixther  quantity  of 
the  sulphocarbamate  by  distillation. 
2.  By  the  decomposition  of  ammonium-trisnlphocarbonate : 

ffi'!^  -  Ss  +  H^ 

To  effect  this  transformation,  the  trisulphocarbonate  is  enclosed  for  30  or  40  hours 
with  alcohol  in  a  well-dosed  flask. 

Sulphocarbamic  add  is  obtained  in  the  firee  state  by  decomposing  the  ammonium- 
salt  with  dilute  sulphurie  or  hydrochloric  add.  It  then  separates  as  a  nri^miH^'f  or 
reddish  oil,  heavier  than  water,  and  havins  a  peculiar  odour,  somewhat  like  that  of 
sulphydric  add.  It  is  somewhat  unstable,  oeing  g^udually  resolved  into  sulphocyanic 
ana  sulphydric  adds ;  in  presence  of  water,  it  also  yields  cyanic  add  or  its  products  of 
decompoeition.: 

CH»NS«     -     CHNS  +  H«a 
Solphocsr-  Salphocy- 

bsmlc  add.  anic  acid. 

CJH'NS*  +  HK)     -    CHNO  +  2H«8. 

Cyanic 


Metallic  8ulphocarbamates.—SnIplioeaibamie  acid  is  menobasie;  it  deeom 
poses  carbonates  with  effervescence.    Its  ttlts  are  easily  resolved,  especially  by  heat 
or  by  the  action  of  alkalis,  into  sulphydric  acid,  8ulpho(7inic  add,  and  f"^4^^^"* 
sulphide: 


2H«(C8y'MSN  s  2(CS)"HN  +  H«S  ♦  WQ. 

ulpbocar- 
biumite. 


Sulpbocar-  Sulphocnranic 


Smlphoearbamate  of  Ammonium,  GH'(KH^N)S',  crystallises  in  long  lemoo- 
yeUow  prisms,  easily  soluble  in  water,  less  soluble  in  alooboL  Exposed  to  moist  air 
it  deliquesces,  and  is  converted  into  a  liquid,  consisting  almost  entirely  of  ammouium- 
sulphydrate.    Heated  with  potash,  it  yields  sulphocyanate  and  sulphide  of  potassium, 
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witii  water  mad  ammonia.    CMhring,  hromne,  and  iodm$  oooTeri  it  into 
or  MlphooarbammoniumHnilphide  (lit  178) : 

2CH«(NH«)NS»  +  Cl«    -     2NH*a  +  C«H*N«S*. 
Ammoaioin-ral-  UjdraosoUn. 


ThfB  same  tnnsfiinnation  is  effected  by  lerrie  salts  mixed  with  excess  of  sulphuric  or 
tiydFocfalorie  acid. 

CMprom*  Sulphoearbamate,  CH'Cn'NS*,  is  a  jellow  powder,  insoluble  in  water 

~  in  aLcohoL— The  Uad-mdi,  Cni*V\r&^\  is  precipitated  by  neutral  lead-acetate 

the  solution  of  the  ammonium-salt,  in  white  flocks,  which  turn  red  on  drying  and 

when  boiled  with  water.— The  gint>*aU,  C^«Zn'^'SS  is  a  white  pulTerulent 


A  solution  of  ammonium-sulphocarbamate  is  not  precipitated  by  calcium-  or  barium- 
It  forms  a  yellowish-creen  precipitate  with  nicketsulpkatet  white  with  mercurie 
^Mmride^  jellowish-brown  with  plaUnie  chloride ;  with  a  dilute  solution  of  mlver-nitrale 
•  yellow  parecipitate,  which  soon  turns  black.  A  mixture  of  the  oonoentrated  solutions 
cr  amwirmium-sulphocarbamate  and  ehromie  sulphate  deposits,  after  a  while,  a  small 
jmatitf  of  colourless  needles  containing  chromium  and  sulphur;  and  the  mother- 
Bqioor,  after  some  hours^  deposits  a  blue  substance. 

SUXmOOAXBAinc  WIIBBg.  Sulphocarbamic  acid,  like  other  amic  acids, 
wa^  giTS  zise  to  two  isomeric  groups  of  ethers,  according  as  an  atom  of  hydrogen 

Monging  to  the  ammonia-type  or  to  the  water-type  in  the  formula,  /no  v' !     >  ^^  replaced 

H    r 
ly  Ml  aloohol-iadide^  the  relation  between  the  two  groups  being  the  same  as  that  which 
'^BttU  between  ethykarbamie  add  and  ethylie  carbamate  (i.  7*^),  761): 

Bthjloutmle  Ethyllc  car- 

To  the  ilnt-mentioned  group  of  sulphocarbamic  ethers  belong  amylsulphocarbamie 

(GSy   >Q  f  and  its  amylammonium-salt,      (CS)"       >•«  ,  the  latter  being  pro- 

H      )^  NH"(C^H>'))° 

by  the  action  of  amylamine  on  carbonic  disulphide,  and  the  amylcarbamic  acid 
~  firom  it  by  hydrochloric  acid  (see  Amtulminbs,  i.  207)  7  also  allyl-sulphocar- 
sulphoainapic  add  (q.v.)»  ^ 

Ethers  deriTed  from  sulphocarbamic  add,  OMENS',  by  the  substitution  of  an  aloohol- 
adida  for  the  hydzpgen  01  the  water-type  hare  not  yet  been  obtained ;  but  two  oom> 
.foods  are  known,  ^ch  may  be  derived  in  this  manner  from  the  unlmown  oxysul- 
f  hocarbamie  acid,  CHlHSO,  Tiz. : 

Lie  OxysulphocarbamaU  or  Xanthamide   .       •       •    CWNSO     -     (CS)'^^ 


C*H« 


AaylieOzjsolphoeaibamatearXanthamyhunido  .  C*H*'NSO 


OsjSQlplioemrtNUBate  or  Jbuitluuiiidet  CH^SO.  (Debus,  Ann. 
Gh.  Pbarm.  Ixxii.  1 ;  Ixxr.  127;  Ixxsii.  258.) — ^This  compound  is  produced: — 1.  By 
tfk*  acfioa  of  ammonia  on  neutral  ethylie  disulphocarbonate  (xanthic  ether): 

(C8r\l  +  NH«    -     (CS)"!?   +   ^'(S. 

Xanthic  Xantha-  Mereaiitaa. 

ether*  nclde. 

S.  ^y  tlie  aetian  of  ammonia  on  ethyldisulphocarbonic  sulphide  (p.  496) : 


Blhyldiiulpho-  Xanthic  ^J>*** 

Muph  ' 


^  +  a 

Ctfbimic  raipiiide.  acid.  mMe. 
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To  prepare  the  compound  in  considerable  quantity,  Debus  |;nduallT  addi  cnl^ 
nic  disulpiiide  to  an  alcoholic  solution  of  potash  till  the  liquid  is  oom^etelj  MCxtl, 
then  dilutes  It  with  two  volumes  of  water,  and  passes  chlorine  into  it.    The  diWae 
decomposes  the  zanthate  of  potassium,  forming  chloride  of  potassium  and  ethtli'. 
sulphocarbonic  sulphide,  which,  being  insoluble  in  the  diluts  alcohol,  fidls  to  i^ 
bottom.    As  this  compound  is  easily  decomposed  by  au  excess  of  chlorine,  it  is  adri* 
sable  to  add  to  the  liquid  a  small  quantity  of  potassium-iodide,  which  will  not  bedaeoB. 
posed  as  long  as  there  is  any  zanthate  present,  but  wiU  impart  a  brown  coboru  tke 
liquid  as  soon  as  the  whole  of  the  zanthate  is  decomposed.     The  oily  ethyldisoipb- 
carbonic  sulphide  is  then  washed  with  water,  dissolved  in  a  mixture  of  1  pC  ether  tad 
2  pts.  alcohol ;  and  dry  ammonia-gas  is  passed  into  the  solution,  whereby  it  gmduaLT 
becomes  turbid,  and  deposits  long  needles  of  sulphur.     The  filtered  liquid,  eTaponi<id 
in  a  vacuum,  leaves  a  saline  residue,  consisting  of  ammonium-xanthate  and  zanthamid^ 
the  latter  of  which  may  be  dissolved  out  by  ether,  and  remains,  on  evaporation,  m  i 
yellow  oil,  which  ultimately  crystallises,  ana  maybe  obtained  pure  by  lecrystalliaitii* 
from  a  small  quantity  of  alcohol. 

Xauthamido  cry»tallises  by  spontaneous  evaporation  in  monodinic  prisms  or  orti 
hedrons,  often  of  considerable  size.  Dominant  faces,  +Pand  —  P  with  oP.  Aa^ 
oP  :  -P  =  118°;  oP  :  +P  =  106°  The  plane  angles  of  oP  are  neariy  «  9^. 
Ch^avage  perfect,  parallel  to  oP.  The  crystals  melt  at  about  36^,  dissolve  spuin^y  ii 
water,  but  are  dissolved  in  all  proportions  by  alcohol  and  ether. 

Xanthamide  is  resolved  by  distillation  into  mercaptan  and  cyanic  acid  (or  at  W, 
cyanuric  acid) : 

CSO.C«H».H«N    =     C«H«S  +  COHN. 

Xttnthamide.  Mercap.         Cyanic 

taa  acid. 

When  boiled  with^^o^A  or  baryta-water,  it  is  resolved  into  alcohol  and  salphociiiQe 

acid : 

CSO.C«H».H=N     «     C«H«0  +  CSHN. 

^Mlen  nitrous  acid  vapour  is  passed  into  water  containing  xanthamide  in  snspe&wi, 
a  crystallisable  sulwtance  is  foi-med,  designated  by  Debus  as  ox  jsulphocvamti 
of  ethyl;  its  composition  is  approzimately  represented  by  the  formula  CH'^KH)^ 
Hud  it  is  probably  formed  by  the  tmion  of  2  at.  zanthamide,  with  elimination  of  hydro* 
gen  and  sulphydric  acid : 

2C''II'N0S  -  H«S  -  H«     »     C5«H'»N»0^. 

Compounds  of  Xanthajnide  with  Metallic  Salts. — o.  With  cuprous  ehloridef  xaatlj* 
mido  forms  four  compounds,  containing  1,  2,  3,  and  4  at  zanthamide  to  1  at.  CuCl 

The  compound  C^U^OS.CuCl,  is  obtained  as  a  white  crystalline  precipttate,  od  addj^ 
hydrochloric  acid  to  an  aqueous  solution  of  zanthamide  mized  with  ezcen  of  ccf-rie 
sulphate.  It  is  nearly  insoluble  in  water,  but  dissolves  in  hot  alcohol,  and  ciyctaloM 
on  cooling  in  small  ver}'  brilliant  rhombohodrons,  approaching  very  doselv  to  iht 
cube.  It  is  likewise  formed  on  mizing  an  alcoholic  solution  of  zanthamide  witk  a  an* 
t  ml  solution  of  cupric  chloride.  The  liquid  first  becomes  blood-red,  then  colooiieK 
Htrongly  acid,  and  deposits  sulphur;  and  the  filtrate  yields,  by  spontaneous  ef^wn- 
tion,  tirst  riiumbohedral  crystals  of  the  compound  C'H'NOS.CuCl,  then  long  necdlrt 
of  the  compouud  above  mentioned  as  ozysulphocyanate  of  ethyL 

The  compound  2C^H^N0S.CuCl  is  deposited,  in  sliining  rhombic  tables,  on  addii^ 
rather  more  than  1  at.  zanthamide  to  the  preceding  compound,  and  evaporatiDg:  Itii 
insoluble  in  water,  very  soluble  in  alcohol,  and  appears  to  be  dimorpbons,  insnandm 
a  concentrated  alcoholic  solution  deposits  it  in  large  hezagonal  prisms,  wfaenMS  hoiA 
dilute  solution  it  separates  in  rhombic  tables. 

By  increasinj^  the  proportion  of  xanthamide,  the  compounds  3CH^OS.CaC3  oi 
4C^lPX()>S.CuCl  may  be  obtained,  both  in  well-defined  crystals.  All  these  eoDpooadi 
are  more  fii»ible  and  more  soluble  in  alcohol,  as  they  contain  a  laiger  pgopoitioi  d 
Zjiiitlianiide.  The  crystals  decompose  after  some  weeks,  sulphide  of  copper  beiag  «l 
i'ree. 

fi.  With  Citprov.s  Iodide. —  A  boiling  alcoholic  solution  of  the  compomii 
3C"H'N0S.CuCl,  mized  with  a  hot  solution  of  iodide  of  potassium,  deposiiti.  ate 
Home  hours,  concentrically-prouped  needles  of  the  compound  2C"H'N0S.CaI; 
the  mother-liquor,  on  further  concentration,  yields  laminae  of  the  eompoaad 
aC'H'NOS.CuI;  and  the  liquid  finally  deposits  zanthamide  and  chloride  of  poia^ 
biurn. 

7.  With  C"j>rrriif!  F^ulphorvunntf. — An  alcoholic  solution  of  the  compound  SCH'XOS. 
CnCl.  mix.d  witii  sulph(H>vaiiate  of  potassium,  yields  a  white  cij'Stalline  prrtifitii'. 
which  app.ans  to  consist  "of  ('»H'N0S.lt)0yCu8  (?).  A  hot  oonci^ntntted  soJotioo  rf 
the  com])ound  3C^irN()S.('ul'l  yields,  with  bulphocyanate  of  potassium,  an  immadiaH 
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ancipitito.  contistiog  of  colonrlcss  tablea  of  the  compound  2C*H^OS.3CyCiiS.  If 
mis  comjpoiind  be  left  immersed  in  the  mother-liqaor  for  some  days,  the  ciystals 
become  larger,  acquire  a  yellowish  colour,  and  are  converted  into  the  compound 
C«H»N08.<^CuS. 

An  alcoholic  solution  of  the  compound  CH'NOS.CuCl  yields  with  sulphocyanate 
of  poCassinm,  nothing  but  a  white  pulyerulent  precipiUite  of  cuprous  sulphocyanate. 

1  With  otksr  8alts.^The  comoound  dC"H^OS.CuCl  is  decomposed  at  the  boiling 
by  sine,  which  precipitates  tne  copper  and  forms  chloride  of  sine ;  but  this  salt 
not  combine  with  the  xanthamide,  neither  does  zanthamide  appear  to  unite  with 
ferroQs  chloride,  chloride  of  barium,  or  chloride  of  potassium.  With  mercuric  chloride, 
howeTer,  it  appears  to  bo  capable  of  forming,  under  certain  circumstances,  compounds 
nmilarto  those  which  it  yields  with  cuprous  chloride. 

MjmjUo  OsjsnlpliooarlMunate,  Amyl¥antti>fnMe,  or  »antliamylamMe, 
C^»«NOS  -  CSO.C»H".H«N.— This  compound,  discovered  by  M.  W.  Johnson 
(dMm.  Soc.  On.  J.  v.  242),  and  prepared  similarly  to  the  ethyl-compound,  has  been 
•Ireadj  described  among  the  sulphur-compounds  of  amyl  (i.  206). 

(CS)"i 
mnVMOOASBABEZBa.    CH«N^     »       H'    VN*.— This  compound  has  not 

H«   1 
w«t  been  obCabed.    It  contains  the  elements  of  sulphocnranate  of  ammonium,  CNS.Nn\ 
bat  is  not  actually  formed  from  that  compound  in  the  same  manner  as  carbamide 
(area)  from  cranate  of  ammonium. 

Sersnl  suEMtitution-deriTatives  of  sulphocarbamide  are  however  known,  and  have 
been  ahrcMdy  described  under  Cabbamidb  (i.  754),  viz. : 


AUylsnlphocarbamide . 


N«(CS)''.C"H».H» 


N«.(CS)''.C"H'.C"H».H» 
N«(CS)".C*H».H> 
N».(CS)*.(0'H»)«.H« 
N«.(CSy.C«H*.C»H\H«. 


Naphthyl-allylsulphocarbamide    . 
Phenylsulphocarbamide 
Diphenylsulphocarbamide    . 
Phenyl-allylsulphocarbamide 

These  compounds  are  formed  by  the  action  of  ammonia  and  alcoholic  ammonia  on 
•diphocyanie  ethers ;  and  compounds  of  analogous  constitution,  but  having  half  the 
nitrogen  ze|daced  by  phosphorus,  are  obtained  oy  the  action  of  triethylphosphine  on 
the  eulphoeyuiates  of  ally!  and  phenyl  (iv.  611),  e,ff. : 


P(C«H»)«     +     (CS)*'(C^»)N       - 

p  y  (CS)''.C«H».(C«H»)». 

TriaihyU                       Pheoytle 
pbotphioe.                 tttlphocyuiate. 

Phenyl-trlrthyl-sulphocarbo- 
photphmmide. 

U     '  u^  [N. — This  is  the  compound  more  generally 

called  eulphocyanic  acid,  and  otherwise  formulated  as    g[S".      That  this  acid 

Biay  really  be  regarded  as  the  imide  of  sulphocarbonic  acid  is  shown: — 1.  By  its 
iurmmtion  from  sulphocarbamic  acid,  (CS*H*N  —  CSHN  +  H'^),  and  in  the 
deeompoidtion  of  sulphocarbamic  ethers  (p.  492). — 2.  By  its  formation  when  carbonic 
disnlphide  is  heated  in  a  sealed  tube  with  alcoholic  ammonia : 

(CS)-^     +     NH»      -      ^^H^JN     +     H»8; 

and  by  the  analogous  formation  of  ethylic  sulphocyanate,  when  ethylamine  is  substi- 
tarted  lur  ammonia  in  this  reaction. 


[OOASBOVATSS.  Carbonic  disulphide,  CS*,  unites  directly  with 
■Mtallic  ■olphides,  forming  compounds  called  trisulphocarbonates,  or  simply 
■  ulphocarbonates.  ana&gous  to  the  carbonates,  and  represented  by  the  general 
temola  APS.GS'  or  WC8\ 

They  are  likewise  produced,  toother  with  carbonates,  by  the  action  of  carbonic 
dienlphide  on  hydzatea  metallic  oxides,  e.ff,  with  aqueous  potash : 

3CS»     +     6KH0       -       2K«CS»     4-     K»CO>     +     8HH) 

The  sulphocarbonates  of  the  alkali-metals  and  alkaline  earth-metals  are  red, 
brown,  or  yellow  compounds,  soluble  in  water  and  in  alcohol,  and  in  some  cases  crys- 
tallisable.  They  are  easily  converted  into  carbonates,  by  boiling  their  aqueous  soln- 
tkma,  water  being  decomposed  and  sulph^dric  acid  evolved,  e.ff, : 

KH:S«     +     8HK)       =       3H«S     +     K«CO». 

A  similar  decomposition  takes  place  Flowly  in  the  aqueous  solution  at  ordinaiy 
leBperaturea. 
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By  decomposing  a  metallic  sulphocarbonate  with  hydrochloric  acid,  hydric  iij. 
phocarbonate,  or  Bulphocarbonic  acid,  H'CS*,  is  obtained  in  the  fonn  oft 
yellow  oily  liquid,  thus : 

K«CS^     +     2HCI      =      2KC1     +     H«CS». 

The  snlphocarbonates  of  the  heavy  metals  an  insoluble  in  water,  and  are  fonwi 
by  precipitation.  Solutions  of  the  alkaline  sulphocarbonatee  give  a  brown  precipiute 
witii  cupric  salts,  yellow  with  dilute  solutions  of  argentic  nitrate  and  men-arir 
chloride,  red  with  lead-salts.  A  solution  of  calcic  sulphocarbonate  forma,  with  atrr: 
chloride,  a  greyish -brown  precipitate  containing  Au^'.3CS';  with  platinic  saita.  a 
bhiok-brown  precipitate  containing  PtS^.2CS'.  All  these  preeipitatea  blacken  man 
or  less  quickly  when  kept,  owing  to  their  conversion  into  smphidea. 

For  details  respecting  the  metallic  snlphocarbonates,  see  GmeUn^t  Barndbook  (toU. 
iii.,  iv.,  v.,  and  vi.),  under  the  several  metals. 


This  term  belongs  properiy  to  the  compoud 
H^CS',  obtained  as  above ;  but  it  is  sometimes  applied  to  carbonic  disulphidfe,  G?, 

which  should  rather  bo  called  carbonic  sulphanhydride. 


BITLVBOCASBOWXC  STH2S8.  These  are  bodies  having  the  compoeitioo  tf 
carbonic  etliers  (i.  7^J\) ),  in  which  the  oxygen  is  replaced,  wholly  or  partly,  by  sdpbn. 
The  folloMring  table  exhibits  their  names  and  formnlft,  the  ethyl-  and  ethylene-eoa- 
pounds  being  taken  as  examples : 


Ethyl-monosulphocarbonic  acid 

.     .  co-sjc^* 

Ethylic  monosulphocarbonate . 

£thyl-di8ulphocarbonic  acid    . 

.     .  cos*!*^' 

Ethylic  disulphocarbonate 

•  •  cos'jg^: 

Ethyl-trisulphocarbonic  acid    . 

.     .     cs.jc|- 

£thylic  trisulphocarbonate 

•     •    cs-jgH; 

Ethylenic  disulphocarbonate    . 

.      COS«.C«H* 

Ethylenic  trisulphocarbonate    . 

.    CS».C*H* 

0 


CH») 

C«H»  )^ 

(CS)"^ 
H 

cm 

(CS) 
CH 

(03) 


CSf\l 


8 
S 


-      (CSi 
C-H' 

(csr^o 
"  (c=H«rjs 
-     (csr  ?„ 

■     (c»fl«)'r* 

It  is  not  at  present  known  \i'ith  certainty  whether  the  mono-  and  disnlphoculocie 
ethfirs  contain  the  radicle  CO  or  CS — whether,  for  example,  ethyldiaulpbocarUmie 

acid  should  bo  regarded  as  (CSj'/'q'  or  as  (CO)*^S';  but  the  formulae  above  giTHitre 

H     )*  H     ) 

those  which  accord  best  with  the  principal  reactions  of  these  compounds. 

FoTfnation  and  lieactwns. — o.  The  metallic  salts  of  the  acid  sulphoearbonie 
e tilers  are  produced  in  the  same  manner  as  those  of  the  oi^carbonic  etiien  (i  801): 
thus  carbonic  dioxide  uniti^H  with  sulphethylat^  (mercaptide)  of  potassium,  to  ftm 
cihyl-mouoBulphocarbonate  of  potassium,  jnst  as  it  unites  with  ethylate  of  potasma 
to  form  the  ethyl-carbonate;  and,  in  like  manner,  carlK>nic  disulphide  arts  ob 
ethylate  of  potassium  or  alcoholic  potash,  so  as  to  form  ethyl-diaolimocaiboxuitc  of 
potiissiiim  :  und  on  mercaptide.  of  potassium,  or  an  alccholic  solution  of  the  so^ydnU^ 
ho  as  to  form  the  ethyl-trisulphocarbonate,  thus : 


C0« 
CO* 
CS2 

CS= 


(CH*)KO 
(C-^H*)KS 
(C«H*)KO 
(C-IP)KS 


(C^H»)KCO».  Ethyl-carbonate. 

(C^H*)KCO«S.  Ethyl-monosulphocarbonaxe. 

(C»H*)KCOS^  Ethyl-disulphocarbonate. 

(C'H*)KCS*.  Ethyl-trisulphocarbonate. 


/9.  Tlie  neutral  sulphoearbonie  ethers  (containing  monatomic  alcohol* 
r;uiicleM),  are  [>rf><Uic<d  }>vthc  aetion  of  the  ehlorides,  bromides,  &c.  of  alcohol-ruiiclff 
ou  the  metallic  salts  of  tlie  oorresponding  acid  ethers,  e.g. : 


PULPHOCARBONIC  ETHERS.  495 

(0»H»)KC8»  +  C«H»C1  -  Ka  +  (C»H»)«CS«. 

rntili  etbrl.  Ethylic  trlsul- 

trtoulpbocarbo-  pbocarbonate. 


ThB  ama  neutral  ftthers  are  decomposed  by  hjdiate  or  sulphydrate  of  potas* 
in  yooholic  solution,  yielding  a  salt  of  an  acid  snlphocarbonic  ether, 
with  alcohol  or  mereaptan ;  e.g,  : 

(C»fl»)«CO«S  +  KHO  =  {C«H»)HO  +  (C«H*)KCO«a 

(C«H»)«CO»S  +  KHS  -  (C*H»)HS  +  (C2H»)KC0'a 

(C*H*)KX)S«  +  KHS  -  (C«H»)HS  +  (C«H»)KCOS«. 

(C^»)«COS«  +  KHO  -  (C«H»)HS  +  (C«H*)KCO«a 

t  Btk]rldisiilphooubQnie  add  is  resolred  by  heating  (to  24^)  into  alcohol  and  car* 
Imm  ^isalplude : 

(<>H»)HC03«  -  ((?H»)HO  +  CS«. 

Tb«  dasuMpoaition  of  the  free  add  is  therefore  represented  by  an  equation  exactly 
f«kr  to  that  by  which  its  potassium-salt  is  formed :  it  is  likewise  analogous  to  that 
tf  ctfajkarbonic  add  (L  801);  but  in  the  latter  case  the  decomposition  takes  place 
^paataneoaaly  at  ordinary  temptoiUmes,  whereas  ethyldisulphocarbonic  add  may  be 
gytfgtad  in  the  free  state  firom  its  salts,  and  decomposes  only  when  heated. 

1  When  iodine  acts  on  a  metallic  salt  of  an  add  snlphocarbonic  ether  (an  ethylsul- 
pboeBteato,  for  example)  in  alcoholic  solution,  peculiar  compounds  are  formed,  called 
ttkfUalphocarbonic  sulphides.  A  molecule  of  iodine  acts  on  two  molecules 
4  tas  tthylsulphoearbanate,  abstracting  the  two  atoms  of  metal,  while  the  residues 
«f  tb  two  molecules  of  ethylsulphocarbonate  remain  united,  forming  etfaylsulpho- 
mkada  sulphide ;  «^.  .* 

2(C^»)KC0S»  +  I»  -  2KI  +   (C*H»0)*C«S«. 

PoUMtc  ethyl-  Bthyl-disulpho- 

dtoulpbocarbonate.  carbonic  kuI- 

phld*. 

2(C«H»)KCO>8  +  P  «  2KI  +  (C«H»S)«CW. 

INHiwic  «Chjl-iiioiio-  BthjrUmonoral- 

•atphocarbonato.  phocarbonic 

•alpbide. 

TVis»  bodies  may  be  regarded  as  compounds  of  carbonic  dioxide  or  disulphide  with 
ikoMie  peroxides  and  pmulphides,  just  as  the  ordinary  snlphocarbonic  ethers  may 
b*  ivprisd  as  eompounds  of  carbonic  dioxide  or  disulphide  with  alcoholic  protoxides 
lid  proCosulphides. 

Hmj  lie  deeomposed  by  heat,  yielding  a  neutral  snlphocarbonic  ether,  together  with 
■ibvie  oxide,  dioxide,  or  disulphide  and  free  sulphur ;  e.g, : 

C^»*0«8«  -  (C«H»)«CO«S  +  CS«  +  a 

EUiyl-dlcol.  Bthjlic  mooo- 

pbocarbooic  tulphocartio- 

uilphkto.  Date. 

C«H««0«S*  -  ((?H»)»COS»  +  CO    +  S». 

Btbyt-ditolplio-         Rthyllc  dUul- 
cartxmic  tolphidt.       phocarbonate. 

C^»«0«»   -  (C«H»)«CO»S    +    C0«    +    S. 

Bthyl-oumo-  Ethrlic  mono- 

tulphocvbo.  lulphocurbo* 
nic  tulphlde.  nate. 

Thiy  srs  also  decomposed  bv  hydrate  or  sulph^drate  of  potassium,  sulphur  being 
inaitted,  and  Uie  potassium-sslt  of  the  coiresponding  add  sulphocarbonic  ether  being 

-    «-       -a 

(  Tbs  snlphocarbonic  ethers  of  diatomic  alcohol-radicles  are  formed 
^  ths  ictkm  of  diatomic  alcoholic  bromides,  iodides,  &c,  on  sulphocarbonate  of 
••dioi;  i^,: 

*^]?!*  +  (<?H*)"Br'  -  2NaBr  +   ((^^j"js». 

Hmm  eChen  are  oxidised  by  fuming  nitric  add,  yielding  diatomic  sulphurous  ethers ; 

c^^s  *  ^  =  c^^l^  +  CO-  +  so-. 

Etbrkole  Btbylenle 

dlntlpbo-  tolphltt. 
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Sulphocarbonic  Ethers  containing  Monatomie  Aleokol-radielm. 

a.  Allyl'Compoundi. 

AUyl-dUnlpbooarbonle  Acid,  C*H*OS*  -  (C^''>«.— The  potMnnm-ak 


this  acid  iR  obtained,  in  yellow  neodlos,  by  treating  alljrlic  alcohol  with  potaik  iti 
carlK>nie  disulphide.    (Hofmann  and  Cahonrs,  1.  146.) 

AUjUo  TrUnlpbocarbonate,  C'H**S>  -  ((pi^yi(^*  (Hncemann,  AbilCL 

Pharm.  cxxvi.  269.)— Frodnccd  by  the  action  of  allylie  iodide  on  eodinm-tziiol^bj- 
rarbonate  at  ordinary  temperatures,  in  the  same  manner  as  the  ooResponding  ftb^l- 
com(>ound.  It  is  a  yellow  oily  liquid,  having  an  extremely  pungent  and  oApomt' 
odour;  specific  gravity  =  0*943;  boiling-point  between  170^  and  176^.  It  i>  oa- 
verted  by  strung  nitric  acid  into  allylsulpnuroos  add,  and  by  nmmonia  into  snl()h> 
cyanate  of  ammonium  and  sulphydratc  of  allyL 

/9.  Amyl-eompomnds, 

C*H" 
Amyl-disolpbocarboiilc  or  ZantbAmjUe  Aetdf  OH'^OS" 


Koninck,  Bull  de  TAcad.  de  Bruxelles  [2],  ix.  546. — ^Erdmann,  J.  pr.  Qub. 
xxxi.  1.— Balard,  Ann.  Ch.  Fhys.  [3],  xii.  307. — M.  W.Johnson,  Chem.  Soc  Qo.  J. 
▼.  142.) — ^The  potassium-salt  of  this  acid  is  obtained  by  the  action  of  cazfxinie  difol* 
phide  on  a  solution  of  potash  in  amylic  alcohol ;  and  on  treating  this  salt  with  hidro- 
chloric  acid,  the  xanthamylic  acid  separates  as  a  colourless  or  pale-yellow  oily  lu{oii 
having  a  very  disagreeable  pungent  odour ;  it  must  be  dried  over  chloride  of  ealdDa. 
to  preserve  it  from  decomposition.  It  reddens  litmus  strongly,  buns  with  a  reiy  brisb 
flame,  colours  the  skin  deep  yellow,  and  appears  to  be  somewhat  hearier  than  Titir. 

Atnylditulphocarbonatc^  or  Xanthamylate  of  Ammonium  (obtained  in  the  pnpin> 
tion  of  xanthamylamide,  p.  493\  crystallises  from  alcohol  and  ether  in  coloorifw 
prisms,  which  may  bo  sublimed  by  careful  heating.  It  is  decomposed  by  water,  fkwlr 
also  by  ejcposure  to  the  air,  yielding,  araonp;  other  products,  sulphocyanate  of  ammoDias 
and  a  yellow  oil. — The  potassium-salt^  C*H"KOS*,  prepared  as  above,  solidi6e»  to  t 
nia;;m(i  of  crystalline  scales,  having  a  pale-yellow  colour  and  nacreons  lustre.  It 
disHulves  in  water,  alcohol,  and  ether,  andf  precipitates  many  metallic  solationf. 

The  cuprous  salt  is  obtained  by  precipitation  with  cupric  sulphate,  in  lemoo-ylkir 
flocks  —The  lead-saJt,  C'*H'^Pb'X)'S*,  is  a  yellowish-white  precipitate,  which  blicboi 
when  boiled.  On  adding  an  alcoholic  solution  of  lead-acetate  to  a  strong  soIntioB  of 
the  ammonium-salt  mix^  with  a  large  quantity  of  alcohol,  and  lenving  the  Kqod  to 
rviiporate,  xanthamylate  of  lead  separates  in  small  shining  laminae  (Johnson)!— Tly 
futrcurous  mlt,  obtained  by  precipitation  with  mercuric  chloride,  is  white,  and  dcmc^ 
blacken  on  boiling. — The  sUver-salt  is  a  white  precipitate,  whidi  blackens  on  boili^ 
and  on  exposure  to  light. 

Amjl-disnlpbocarbonlc  Bolpbide,  C>^*>0=S«  «  (C*H"0)*CS*  » 
(CTI>»SfC-0"S''.  Amt/l(lioiysu/ph(*carfjonate.  (M.  W.  Johnson,  Chem.  Soe.  (hi  J. 
V.  142.) —Produced  by  the  action  of  iodine  on  xanthamylat«s  (p.  495).  Hydnte  rf 
potassium  is  triturat^nl  in  a  mortar  with  amylic  alcohol  and  carbonic  ditiiI{Jii<L 
avoiding  an  excess  of  amylic  alcohol :  and  the  product,  after  being  mixed  with  iL'tiU 
water,  is  tr<'ated  with  powdered  iodine.  The  rr-action  takes  place  rapidly,  and  tm\- 
disulphocarl>onic  sulphide  separates  as  a  yellowish  odorous  oil,  which  must  be  waslwJ, 
and  then  dried  over  chloride  of  calcium.  It  begins  to  boil  at  187^,  and  deconpoivi 
yieldiug,  amongst  other  products,  nnoil  having  the  composition  of  amylic  disnlphoeu^ 
bonate.  With  ammonia  it  yields  amyldisulphocarbonate  (zanthamjlate)  of  anB> 
nium,  amylic  sulphocarbamate  (xanthamylamide),  and  a  deposit  of  suphar: 

C'»H-'«0-S*  +   NH»  =  C«H«-OS«  +   0'H»»NOS  +   a 

Xanthamy.  XuiUwmfl- 

lic  acid.  amide. 

Amjrlic  Bisnlpbooarbonate,  C'^H"OS*  »    (C^^H^^Vls*    ^^oitJkttmflie  Etkr. 

(Desains,  Ann.  Ch.  Phys.  [2],  xx.  505.) — Obtained  by  distilling  the  product  of  tki 
action  of  iodine  on  xanthamylate  of  potassium.     It  is  an  amber-ooloared  oil,  hniag 

a  Ntronp;  ethereal  odour. 

Methf/lamyf  ic  DisvJphociirhnnate,  (CH')(C*n")COS*,  is  obtained,  aewid. 
ing  to  Johnson,  by  distilling  a  mixture  of  am^'ldi.sulphocarbonate  and  methylfuljkM 
of  potOM^ium.     When  digested  with  um'nonia,  it  yields  xanthamylamide. 
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Eikplamplic  Diiuipkoearbonate,  (CH*XC*Hi')COS*,  obtained  in  like  maimer 
is  li  jreUow  oil. 

AbjUo  Trimtfpliooarboiiate,  G»H»S    -  (ciSm«|s».    (HiiBemann,   Ann. 

Ch.  Pharm.  czzvi.  269).— Prepared,  like  the  corresponding  ethyl-compound  (p.  500), 
by  the  action  of  amy  lie  iodide  in  alcoholic  solution  on  trisnlphocHrbonate  of  sodium. 
It  is  a  yellowish  oily  liquid,  having  an  unpleasant  odour,  insoluble  in  water,  soluble 
in  alcohol,  eth^r,  chloroform,  and  bcnzoL  Specific  gmvity  o  0*877.  Boiling-point 
between  245''  and  248°. 

7.  Cetyl -compound. 

CetjldlsolptaoovbODlo  Aoid,  C^'H^'OS'  -  (C>*H*')HCOS'.  Sulphocarhocetw 
Acid.  Xanthocetk  Acid,  (Desains  and  De  la  Provostaye,  Ann.  Ch.Phys.  [3],  vi. 
494.)---Knowu  only  as  a  potasbium-salt^  CH^KOS^,  which  is  prepared  by  adding 
pulTfiised  potassium-hydrate  to  cetylic  alcohol  saturated  with  carbonic  disulphide, 
and  gently  heating  the  pasty  mass,  which  forms  after  some  hours,  with  four  times  its 
Tolume  of  alcohol  of  40°,  keeping  the  temperature  below  the  boiling-point  The  solution 
cm  oooling  deposits  the  salt  in  biuky  flakes,  which  may  be  purified  by  successive  washing 
with  alcohol  and  ethur.  After  drying  in  the  air,  it  forms  a  very  fine  crystalline  powder, 
hariug  a  fiiint  odour,  and  unctuous  to  the  touch ;  it  is  very  hygroscopic,  but  is  not 
'waued  by  water.     When  digested  with  hydrochloric  acid  it  repr^uces  cetylic  alcohol. 

The  alcoholic  solution  of  the  potassium-salt  forms,  with  mercuric  chloride,  a  white 
precipitate;  with  acetaU  of  lead  a  white,  and  with  nitrate  of  silver  a  yellow  precipitate, 
buth  01  which  blacken  nipidly ;  with  tinc-eaits,  a  white  gelatinous  precipitate. 

8.  Ethyl'Compounde, 


Aold,C"H«0»S  =  (C»H»)HCO»S.  (Debus,  Ann. 
Ch.  Pharm.  Ixxv.  130,  136,  142;  bcxzii.  253.)— The  potassium-salt  of  this  acid  is 
fvodnced  by  the  action  of  hydrate  or  sulphydrate  of  potassium  on  ethylic  monosulpho- 
Ctfbonate,  or  of  potash  on  ethylic  disulphocarbonate  (see  equations,  p.  495, 7).  Chancel 
prepares  it  by  passing  carbonic  anhydride  into  an  slooholic  solution  of  potassic  mer- 

C«H»KS  +  C0«     «     (C»H»)KCO»S. 

Ethylsulphooarbonate  of  potassium  cirstallises  in  long  needles  or  shining  colour- 
lew  {oisms,  apparently  isomorphous  with  zanthate  of  potassiimi.  It  is  very  soluble 
in  water,  but  not  deliquescent.  Its  aqueous  solution  decomposes  gradually  at  ordinary 
temperaturea,  and  instantly  at  the  boiling  heat,  yielding  ethylic  carbonate,  sulphide  and 
ml^ydrate,  together  with  alcohol. 

■ttynmoBOMOplMoarbonle  Snlpbide,  C*H>*0*S'  «  (G*H^0)>.2C0S  « 
(CU*8)'.2G0'.  Bicarbonate  de  bisulphure  detht/le.  (Chancel,  Oompt.  rend,  xxxii. 
644.)— Obtained  by  adding  iodine  to  an  alcoholic  solution  of  potassic  ethylmonosul- 
phoearbonate  (p.  495).  It  is  a  colourless,  highly  refractive  oil.  insoluble  in  water, 
very  soluble  in  alcohol  and  ether,  heavier  than  water ;  stains  paper.  It  is  decomposed 
hj  aUokoUc  potatk,  yielding  ethylmonosulphocarbonate  and  sulphide  of  potassium, 
together  with  sulphur. — With  aicohofic  ammonia,  it  yields  sulphur,  sulphydrate,  and 
carbonate  of  ammonium,  together  with  crystals,  probably  consisting  of  ethylic  carba- 
nata  (nrethane). — When  ammonia-gas  is  passed  into  its  ethereal  solution,  crystals  of 
tolphar  are  deposited,  and  the  liquid  retains  in  solution  sulphide  and  allophanate  of 
•thyi  (1.138): 

2C"H'«0«S«  +  4NH"  -  2C«H«N*0«  +   C«H"»S  +   S»  +   H-S  +   2H'0. 

Ethylic  alio-  Ethylic 

pbaiiate.  sulphide. 

ailiylielKoiioBalpliooarbonate,  C*H'*0*S  ^  (C^H*)'CO^S.  (Debus.  Ann.  Ch. 
Fbarm.  Ixxv.  136.) — Produced :  1.  In  »mall  quantity  by  the  action  of  ethylic  chloride 
on  ethylmonosulphocarbonate  of  potasHium  (see  equations,  p.  494,  /9). — 2.  In  larger 
quantity  by  dry  distillHtion  of  etfiyldiHulihocarbonic  sulphide,  obtained  by  the  action 
of  iodine  on  xanthato  of  potassium.  The  decomposition  begins  at  130°,  and  becomes 
Tiolent  at  170®  ;  so  that  it  becomes  nei-essary  to  remove  the  source  of  heat,  and  Iphvp 
the  action  to  go  on  by  itself.  The  first  portion  of  the  distillate  thus  obtained  is  a 
mixture  of  carbonic  disulphide  and  ethylic  monosulphocarbonate ;  the  latter  consists  of 
ethylic  disulphocarbonate,  distillinjrat'  200°  (nee  equations,  p.  494,  f).  The  monosul- 
phooirbonate  must  be  rectified  till  it  boils  consUntly  at  162^. 

Ethylic  monosulphocarbonate  is  a  strongly  rcfrjicting  liquid,  having  a  pleawint 
ethereal  udour.  Specific  gravity  -  1032  at  1".  It  is  insoluble  in  wat<»r,  but  dissolves 
easilv  in  alcohol  and  ether.      Mixed  with  alcoholic  aufphydrate  of  potassium  and 

Vol.  V.  K  K 
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cooIhI  to  0^,  it  deposits  crystals  of  potassic  ethylmonoKnlphocafbonate,  while  etliYlic 
tfulphydrate  remains  in  solution  ;  with  alcoholic  poto#A,  the  same  products,  togeChtT  vith 
alcohol  and  potassic  carbonate  (see  equations,  p.  495,  7).  When  ntnreted  with  ax- 
monia-gas  and  concentrated,  it  yields  yellow  neecUes,  mixed  with  a  geUtinons  sabstanee. 

BthyldUvlpliooarbonlo  or  Xanthtc  Aeld,  C^H^OS*  -  (OTI')HCOS>.  (Zeiie. 
Schw  J.  xxxvi.  1 ;  xliii.  160 ;  Pogg.  Ann.  xxxv.  467. — Couerbe,  Ann.  Ch-  Phyi.  [2] 
Ixi.  225  — Sacc,  Ann.  Ch.  Pharm.  li.  346. — Debus,  ibid,  Ixiii.  1 ;  Ixxr.  121 ;  Imii. 
253. — Desains,  Ann.  Ch.  Phys.  [3]  zx.  496. — ^Hlasiwets,  Ann.  Ch.  Phann.  czxiL 
g7.) — The  potassium-salt  of  this  acid  is  produced  by  adding  carbonic  disolphide  to 
alcoholic  potash,  or  by  the  action  of  potassic  sulphydrate  on  neatral  ethylie  disalpb>v 
carlx)nHte  (xanthic  ether). 

When  fused  hydrate  of  potassium  is  dissolved  in  half  its  weight  of  abaolnte  alcohol 
carbonic  disulphide  then  slowly  added  till  the  liquid  no  longer  exhibit!  an  alkaline 
reaction,  and  the  mixture  cooled  to  0^,  xanthate  of  potassium  Beparatea  in  eoloorka 
needles,  and  an  additional  quantity  may  be  obtained  by  evapoiating  the  moUur-liqmr 
in  a  Tacuum,  after  the  excess  of  carbonic  disulphide  has  been  Bepareted  by  water.  To 
obtain  the  free  acid,  the  potassitmi-salt  is  placed  in  a  large  crlindrieal  Teasel,  and 
treated  with  dilute  sulphuric  or  hydrochloric  acid ;  a  mWij  hqnid  ia  then  formed, 
from  which  the  acid  may  be  more  completely  separated  by  further  addition  of  water. 

Xanthic  acid  is  a  colourless  oil,  heavier  than  water,  and  insoluble  therein ;  it  hai 
a  strong  odour,  and  its  taste  is  acid,  astringent,  and  bitter.  It  first  reddena  litmns,  sad 
tlien  bleaches  it.  It  is  very  inflammable,  and  gives  off,  in  burning,  the  odoiir  of  sulphu- 
rous acid.  It  cannot  be  neated  without  decomposition,  becoming  turbid  at  24^,  dwc 
beginning  to  boil,  and  being  resolved  into  alcohol  and  carbonic  disnlnhide:  (yWvS^ 
=  C'H'O  -»-  CS*.  When  exposed  to  the  air,  it  becomes  covered  witn  a  white  mat 
It  expels  carbonic  acid  from  its  alkadine  salts. 

The  xanthates  or  ethyldisulphocarbonates,  (CS)''>Q'are  deoompoeedty 

M    ) 
distillation,  yielding  chiefly  carbonic  anhydride,  sulphydric  acid,  earbome  diflal|)ihid^ 
and  a  sulphuretted  oil,  ana  leaving  a  residue  of  metallic  sulphide  mixed  with  chaitoiL 
The  oil,  called  by  Zcise  xanthogenol,  appears  to  be  a  mixture  of  ethylie  snlphide  sad 
sulphydrate  with  another  sulphuretted  body. 

The  xanthutes  of  the  alkali-metuls  are  very  soluble  in  water  and  ia  al<w>hoi  Hie 
ammonium'Salt  is  obtained  by  saturating  the  acid  with  ammoniom-carbonate,  or  by 
decomposing  the  barium-salt  with  ammonium-sulphate. 

Xanthate  of  Potassium,  (CH*)KCOS',  is  most  easily  prepared  by  adding  to  abeolntr 
alcohol  an  excess  of  very  pure  caustic  potash  and  an  excess  of  carbonic  disolphide. 
The  mixture  immediatoly  solidifies  to  a  mass  of  interlaced  silky  needlei^  which  mstf 
be  washed  on  a  filter  witn  ether,  then  pressed  between  bibuloui  paper,  and  dxied  onr 
oil  of  vitriol. 

The  salt  crystallise?  in  Bhining  colourless  prisms,  which  torn  uliglitly  ydkw  m 
exposure  to  the  air.  It  is  very  soluble  in  water  and  alcohol,  but  inaolnUa  in  etbrr. 
Its  aqueous  solution  decomposes  when  heated  above  60^,  yielding  potaane  triia]|dioew- 
bonate,  alcohol,  sulphydric  acid,  and  carbonic  anhydride: 

2C»H*K0S«  +  2H«0     =     KKJS»  +   2CTB«0  +  H*8  -i-   CO». 

In  the  dry  state,  it  may  be  heated  to  200^  without  alteration  ;  at  higher  tempentarf% 
it  gives  off  ethyl ic  sulphydrate  (mercaptan),  sulphydric  acid,  water,  and  carbooie  oxide, 
l(>aving  a  residue  of  |>otassic  sulphide  mixed  with  charcoal.  The  solution,  heated  with 
jMtash,  is  resolved  into  mercaptan  and  potassic  ethylmonosulphocarbonate  (p.  497V 
With  chl^ne,  it  yields  chloride  of  potassium  and  a  sulphuretted  acid  oil.  With 
iodine,  it  yields  ethyldisulphocarbonic  sulphide,  C*H'*0*S*  (pp.  497,  499).  FumiBg 
nitric  acid  decomposes  the  xanthate  with  violence. 

Xanthate  of  Sodium  forms  yellow  needles. — The  barium-Mtlt,  C*H*'Ba*'0^*.2HH). 
forms  very  unstable  laminae,  soluble  in  water. — The  calcium-salt  is  a  gnmmy  mass. 

The  soluble  xanthates  form  a  white  precipitate  with  lead-aalta,  yellow  with  capit 
salts  (hence  the  name  of  the  acid),  light-yellow  with  argentic  and  mereurons  odts,  the 
last -mentioned  precipitate,  however,  quickly  becoming  brown  and  blaek. 

The  xanthates  of  the  heavy  metals  may  be  obtained  in  the  crystalline  fonn,  hj 
decomposing  a  solution  of  sodium-ethylate  in  a  lai^  quantity  of  carbonic  disulphide 
with  the  solid  chlorides  of  ihe  h^avy  metals,  the  mixture  being  kept  at  the  boiliog^ 
puint  till  the  reaction  is  complete. 

The  liquid  chlorides  of  antimony,  arsenic,  and  tin,  mixed  with  8  pts.  eazlxmie 
disulphide,  are  introduced  into  the  solution  of  sodium-ethylate  by  a  dropping  appantWi 
the  action  hvinfj^  moderated  by  cooling.  The  liquid  is  separated  from  the  mialtJBj; 
chloride  of  sodium   by  pressun*  thruugh  fint*  lin4*n,  and  the  crystals  obtained  bjiti 
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■pontaneona  ertporatioii  aw  puriit^  by  rectTrtalliaation  from  oarbonie  dianlphide,  and 
finiillr  bj  rapid  washing  with  ether.  The  antimonv-,  arsenic-,  and  iron-salts  dissolre 
readilj  in  carbonic  disulphide,  oven  in  the  cold ;  the  chromium-,  cobalt-,  and  nickel- 
fealtaon  warmiiig ;  the  tin-  and  merruiy-salts,  which  crystallise  most  qoickly,  requim 
prolonged  boiling  to  dissolve  them.  Thotm  saita  are  likewise  soluble  in  ether  and  in 
alcohoL    (Hlasiweti.) 

AonrAcIs  rf  Antimony,  ^  q^^'  >  (COS*)*  «  (C-H*)*Sb"'  C  8"  pr^parod  as  above  with 

pratachloride  of  antimony,  forms  large,  lemon-yellow,  triclinic  crystals,  which 
behare  like  the  following.— A  aw  <Aa^^  oj  Arsenic,  (C«H*)«As"'(COS«)",  forms  nearly 
colourleaa  monodinic  tables,  which  melt  easily,  are  decomiio^ed  by  heat^  leaving  a 
residne  of  aiaenions  sulphide,  and  are  decomposed  by  warm  hydrochloric  acid. — J^an- 
ikaUqf  Bismuth,  (C^*/Bi'"(COS*)",  cr}'Btallises  in  shining  golden-yellow  laminsand 
XMhlen.—Xtttttkaisi^  Ciromium,  (C*II^)*Cy(COS<)*,  forms  shining  dark-blue  crystals, 
diM^olTing  with  violet-blue  oobar  in  carbonic  disulphido. — Xanthate  of  Cobalt, 
((■-H*;*Co''(COS'y,  forma  laige,  well-defined,  black  crystals,  dissolving  in  carbonia 
^^fulphide  with  daik  graas-green  colour.    (Hlasiwetz.) 

O^pper-Molls. — ^Xanthate  of  potassium,  added  to  the  solution  of  a  cupric  salt,  forms  at 
fintt  a  black-brown  precipitate  of  cupric  xanthate,  which  quickly  changes  into  beauti- 
ful yellow  flocks  of  cuprous  xanthate.  This  aalt  is  not  sensibly  attacked  by  sulphydrio 
acicC  bat  alkaline  sulphides  decompose  it  immediately.  It  is  decomposed  by  hot 
hydruchloric  and  sulphuric  acids,  and  strongly  attacked  by  nitric  acid.    (Z ei se.) 

/;  rrie  Xanthate,  (L«H*)"Fe*'(COS«)",  crystallises  in  very  fine,  reguUrly  formed,  mono- 
clinic  oyatals, having  a  black  colour,  and  dissolving  in  carbonic  disulphidc  with  brown- 
blHi'k  colour.    (Hlasiwetz.) 

XanihaU  ^f  Lead,  (C^H*)>Pb''(COSV,  prepared  bv  adding  carbonic  disulphide  and 
hjdnite  of  lead  to  alcoholic  potash,  crystallises  in  colourless  silky  needles,  very  stable, 
inaoluble  in  water  and  in  etner,  moderately  soluble  in  boiling  alcohol.  It  is  slowly 
dfKompoaed  by  sulphydric  acid,  immediately  by  sulphide  of  ammonium.  Its  solution 
is  t^radnally  decomposed  by  boiling,  more  quickly  on  addition  of  potash,  depositing 
sulphide  of  lead.  A  solution  of  cupric  sulphate  poured  on  the  crystals  immediately 
transfbrms  them  into  yellow  cuprous  xanthate.    (Debus.) 

Mercuric  Xanthate,  (C*II*)'Hff''(COS')«.  prepared  by  the  method  of  Hlasiwetz,  crys- 
Ullises  in  sttlei  having  a  satiny  lustre.— The  nickel-salt,  (C<H*)'Ni\COS'')',  crystaUisea 
in  lai^  black,  monoclinic  tables,  dissolving  in  carbonic  disulphide  with  yellowish- 
green  colour.    (HlaaiwetE.) 

Concentrated  solutions  of  tilver-salts  form  with  soluble  zanthates,  a  black  precipi* 
tat^  ;  dilute  solutiona  give  a  yellowish  precipitate,  which  quickly  bla<'kens.     (Zeise.) 

8tannou»XanthiUe,{pB^y^ii''(Q0S-\\  prepared,  according  to  the  method  of  Hlasiwetz, 
with  aUuinie  chloride,  crystallises  in  shining  golden-yellow  lamins  and  Uibles. 

attaytdlmdpliOMurboiiie  Snlpiade,  C«H>*0*S*  »  (C'H*0)>.2CS*.  AethyU 
diaxytuivhoearbonat,  (De sains,  Ann.  Ch.  Phys.  [3]  zz.  469. — Debus,  Ann.  Ch. 
Pharm.  Izxii.l ;  Jahresb.  1849,  p.  419.) — Produced  by  the  action  of  iodine  on  xanthat^s. 
If  an  alcoholic  solution  of  potassic  xanthate,  exactly  decolorised  by  iodine,  be  \et\  to 
Cfvaporate  at  a  moderate  temperature,  this  compound  is  deposited,  after  a  few  days,  in 
lamll^ii  crystals,  which  may  be  purified  by  washing  with  water.  It  may  also  be  pre- 
pared from  xanthate  of  lead. 

Ethyldisulphocarbonic  sulphide  melts  at  the  he.it  of  the  hand  to  a  yellowish  oil, 
insohible  in  water,  and  having  a  very  penriHtent  but  not  unpleasant  odour.  It  is  veiy 
■oluUs  in  absolute  alcohol  and  in  ether.  Its  solution  does  not  precipitate  acetate  of 
laad ;  when  boiled  with  nitrate  of  silver,  it  gives  a  precipitate  of  sulphur.  With  mer- 
carie  chloride  it  forms  a  white  precipitate,  which  blackens  at  40° ;  and  with  plHtinio 
chloride,  after  a  while,  a  brown  pulverulent  precipitate. 

It  is  decomposed  by  heat,  the  decomposition  commencing  at  about  130"^,  and  two 
of  decomposition  going  on  simultant-ouRly,  viz. : 

C^«»0*8«     -     ()»H"0»S  +   CS«  +   S. 

Ethylic  mono- 
•ulphocarbonat4*. 

C^i«0«8*     -     C»H'«OS«  +  CO  4   S«. 

Bthjltc  disul- 
phocarbonate. 

ith  aleobolie  potash,  it  yields  a  deposit  of  sulphur  and  a  solution  of  potassic  xanthate, 
carbonate,  and  sulphide : 

C^»WS«  +  2K«0     a     C"H»KOS*  +   C»H»KO»  +  K«S  +  8. 

Xanthate.  Ethyl-car. 

bonate. 

KK  2 
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C«H»KO"  +  KHO     -     K«CO»  +  CHH). 

Kthyl>car.  Carbooat*.      Aleohol. 

bonate. 

Witii  sulphydraU  of  potassium,  it  yiekb  sulphur,  a  laige  quantitj  of  silpliTdiic 
gas,  and  a  solution  of  xanthate: 

C^'»0«S*   +   2KHS     -     2C«H»K0S«  •»-  H%  +  & 

Ammonia-gas  passed  into  its  alcoholic  solution  fonns  xanthata  of  ammooium  lad 

ethylic  snlphocarbamate  (xanthamide,  p.  491): 

C«H«-0«S*  +  NH"     -     C>H»OS«  +  CH^OS   +  a 

Xanthtc  Xanth»- 

acM.  mide. 

Hydrochloric  acid  may  he  distilled  over  ethyl-disulphocarbonic  sulphide  without  dram- 
posing  it.     Sulphuric  acid  attacks  it  in  the  cold,  evolying  sulphurous  anhydride. 

Potassium  or  sodium  added  to  its  ethereal  solution  mixed  with  a  little  alcohol  nmto 
rapidly  with  it,  forming  a  xanthate  (Drechsel,  2^itschr.  f.  Chem.  1866,  p.  853): 

(C»H»0)«C»S*  +  K«     -     2(C«fl»)KC0S«. 

Btbylio  Bianlpliooarboiiate  or  »«ntliat6^     *n'***'*ir  BOmt.    C^H^^OS"  « 


(Zeiss,  Ann.  Ch.  Pbarm.  Ivi.  29.— Debus,  ibid,  Izzr.  121.)— Ph)diKed: 

— 1.  By  the  action  of  ethylic  chloride  on  potassic  xanthate. — 2.  Bj  the  diy  dii- 
tillation  of  ethyl-disulphocarbonic  sulphide  (p.  499).  It  has  a  pale-jellov  oolov, 
a  Kweetish  taste,  and  a  not  very  disagreeable  odour ;  is  neutral  to  teet-pi^>er,  and  hit 
a  specific  ^avity  of  10703  at  18°.  It  boils  at  200°;  bums  with  difBcoltf.  if  not 
previously  neatei 

Xanthic  ether  is  quite  insoluble  in  water;  alcohol  and  ether  dXwc\Y%  it  in  all  propw- 
tions.  It  dissolves  iodine^  forming  a  brown  liquid.  Potassium  attaHcs  it  Imt  sughtiT. 
and  only  when  heated.  It  is  decomposed  by  strong  stdphurie  aoid,  and  by  a  mixtonc/ 
that  acid  with  fuming  nitric  acid,  forming  oily  pr^ucts :  it  is  not  attacked  bj  hjdio- 
chloric  acid.  Its  alcoholic  solution  forms  a  white  precipitate  with  mtrcurie  cktoriis.  It  n 
not  decomposed  by  mercuric  oxide,  or  by  protoxide  or  peroxide  of  lead,  eren  whenhntM 
therewith.  With  an  alcoholic  solution  oi  hydrate  or  sidphydraU  of  potauiuim,  it  jifUi 
mercaptan  and  ethylmono-  or  ethyl-disiilphocarbonate  of  potassium. — ^When  ammom- 
gas  is  pasRfd  iuto  its  alcoholic  solution,  and  the  liquid  then  left  to  itedf  fer  a  daj,  <r 
yields  a  diflfillate  of  ethylic  sulphide  and  ammonium-sulphydrate,  and  a  lendne  ^ 
ethylic  snlphocarbamate  (xanthamide) : 

2C*H'*0S*  +  2NH«     -     H»S  +  (C«H»)«S  +  2C»HrN0a 

Ethyl-methylic  Disulphocarbonate,  C«H"OS*  -  rCH^<?H»).CO?. 
(Chancel,  Ann.  Ch.  Phya  [3]  xxxy.  468.)— Obtained  by  Astilliiig  tofctbcr 
1  at.  xanthate  and  1  at.  methylsulphate  of  potsMium.  It  is  a  pale-y^Iow  Umpd 
liquid,  having  a  spt^cinc  gnivity  of  1*123  at  11^,  a  sweet  taste^  and  a  atzoog,  cthenal. 
not  unpleasant  oduur.  It  boils  at  17 9^>  and  distils  entirely  without  deoomposmoo. 
Vapour-density  -  4*652.  It  easily  takes  fire,  and  bums  with  the  blue  flame  of 
sulphur,  emitting  lai^e  quantities  of  sulphurous  anhydride.  It  is  insoluble  in  wit^, 
but  soluble  in  alcohol  and  ether.  Ammonia  converts  it  into  xanthamide  and  authjiie 
sulphydrate. 

Btbyl-trlaulplioearbonie    Add.    CH'S*    »    (C^*)HG8'.      THniphinttii 

Carbovinic  Acid.    Sulphoxanthic  Acid.    (Chancel,Compt.rend.zzziL642.) — ^Tbepo> 
tassium-salt  of  this  acid,  C'H^KS",  is  formed  by  the  direct  union  of  eaibosie  disii- 
phide  with  sulphethylate  (mercaptide)  of  potassium.  It  is  a  white  ealt,  aolubLe  ia  vitff 
and  in  alcohol ;  forms  yellow  precipitates  with  silver-,  mercury-,  and  Irad  silti ;  asd 
with  copper-salts  a  precipitate  of  a  very  brilliant  scarlet  colour,  resembling  mevcinc 
iodide.   These  precipitates  decompose  quickly  when  heated,  yielding  metallic  nlpfaidn. 
The  precipitate  formed  in  a  solution  of  cupric  sulphate,  is  a  cuprous  salt,  wfaoseibm> 
tion    18  accompanied   by  that    of    a  persulphide,  probably  containing  C*HM8'  » 
(C^H*S)^2CS^  The  potassium -salt  decomposes  at  lOO^intopentasulphldeof  potsflhiB^ 
and  an  oil  having  the  composition  of  allylic  sulphide : 

2C«H*KS»     -     K^S*  +  (C»H»)«8. 

Bthylie   Trtsnlpboearbonate.     C*H^*S'  «  (C'H*)K?S".      Sulfhoeeahom^  tf 

Ethylic  Sulphide.  (Schweitzer,  J.  pr.  Chem.  xxxii.  254. — Bebua,  Ann.  Ch. 
Pharm.  Ixxv.  147. — Hiisemann,  GottingerNachrichten,  1861,  p.  275;  Jahrpsh  IttI, 
p.  344.) — This  ether  is  produced :  1.  By  the  action  of  ethylic  chloride  or  iodide  on  tri- 
Hulphocarbonate  of  potassium.  Vapour  of  ethylic  chloride  is  passed  into  tiM  nd 
liquid  precipitated  on  saturating  an  alcoholic  solution  of  neutral  potassic  snlpbtdswitb 
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carbonic  diralphide ;  the  liquid  ia  then  left  at  rest  for  •  while,  and  the  raponr  again 
passed  into  it.  Chloride  of  potassium  is  then  gradually  deposited,  and  on  adding 
water  to  the  decanted  liquid,  ethylie  trisulpbocarbunate  separates  as  an  oil,  which  maj 
be  purified  from  excess  of  carbonic  disulphide  by  washing,  rectification,  and  agitation 
witn  aqueous  potash  (Schweitzer).— 2.  Trisulphocarbon»te  of  sodium  is  mixed  in  a 
lonts-necked  flask  provided  with  an  upright  couciensing-tube,  with  an  alcoholic  solution 
of  ethylie  bromide  or  iodide.  Tho  mixture  soon  becomes  heated  to  the  boiling-point» 
and  the  rt-action  is  complete*  in  about  a  quarter  of  an  hour.  The  ethylie  trisulphocar- 
bonat«>  thus  produced  is  separated  from  the  alcoholic  solution  by  water,  then  dried 
OTer  chloride  of  calcium,  and  distilled  till  it  exhibits  a  constant  boi]ing-i)oint.  (Hiise- 
nann.) 

Ethylie  trisulphocarbonate  is  a  yellow  oil,  heavier  than  water,  insoluble  therein,  very 
soluble  in  alcohol  and  in  ether :  it  has  a  slightly  alliaceous  odour,  and  an  agreeable  sao- 
charine  taste,  somewhat  like  that  of  anise.  According  to  Schweitzer,  it  becomes  red 
when  heated,  and  boils  between  237^  and  240^.  According  to  Hiisemaan,  it  boils  con- 
stantly at  240^.  It  bams  with  a  blue  flame.  Alcoholic  potash  quickly  decomposes  it 
into  trisnlphocarbonate  of  potassium  and  sulphydrate  of  ethyl. 

According  to  Berend  (Ann.  Ch.  Pharm.  cxxviii.  333),  this  ether  unites  directly  with 
6rofiitM«,  without  evolution  of  hydrobromic  acid,  forming  the  compound  C^H'^'Bi', 
which  dissolves  in  ether,  benzol,  carbonic  disulphide,  and  excess  of  bromine,  and 
qjitailiin  from  the  latter  by  slow  evaporation  in  large  six-sided  prismf .  It  is  deoon>- 
pQsed  by  water,  with  formation  of  hydrobromic  arid  ;  potash  also  abstracts  the  bro- 
mine^ nprodncing  the  original  ether.  The  bromine  is  also  separated  by  strong  nitrie 
at  snlphnric  add. 

f.  Methyl'Compounda, 

K«Cliyl-diralplioo«rlMMiio  Add.  (CH*)HCOS'.  XanthomrthuUc  Acid.  (I>n« 
mas  and  Peligot,  Ann.  Ch.  Pharm.  [2]  xxiv.  65. — Desains,  Una,  [3J  xx.  504.) — 
The  potasnum-Mlt  of  this  acid,  (CH')KClOS',  obtained  by  adding  carbonic  disulphide 
to  a  solution  of  potash  in  wood-spirit,  ciystallises  in  silky  fibres. — The  lead-aalt  oon- 
Uins  (CH»)«Pb"C«0«S*. 

The  aqueous  solution  of  the  potassium-salt,  treated  with  a  solution  of  iodine  in  wood- 
snirit,  deposits  oily  drops  of  methyl-disulphocarbonic  sulphide,  C*H*0*S*  s 
(CHH))K:«S«  : 

2(CH")KC0S«  +  P     -     2KI   +   C«H»0«8«. 

MEMliylle  INsalplioeArboBate,  CH*OS'  -  (CH*)*COS'.  Xanthomethylie 
Etker.  (Cahours,  Ann.  Ch.  Phys.  [3],  xix.  158.--Zeise,  i*frf.  p.  123.)— When  the  mix- 
tare  of  potasfic  methyl-disulphocarbionate  and  iodine  just  mentioned  is  heated,  the 
Bethyl-aisulphocarbonic  sulphide  first  formed  is  decomposed,  sulphur  and  potassium- 
iodide  being  deposited,  and  carbonic  oxide  evolved ;  and  on  adding  water  to  the  mixture^ 

rthylic  disulpnocarbonate  is  deposited  in  the  form  of  an  oil : 


C«H«0«S«    =     (CH«)«COS»  +   CO  +  S«. 

This  ether  is  a  very  mobile,  slightly  yellowish  liquid,  having  a  strong,  persistent, 
slightly  aromatic  odour.  It  boils  at  170^ — 172"^.  Specific  gravity  of  the  liquid  » 
1*143  at  16^ ;  of  the  vapour,  4*266.  With  alcoholic  potash,  it  yields  methylic  sulphy- 
Irate  and  carbonate  of  potassium. 

BBetkylto  THsnlpboomrtNmate,  (CH*)*CS*.  (Cahours,  Ann.  Ch.  Phys.  [3J, 
■»U-  163.) — Obtained  by  distilling  a  mixture  of  the  concentrated  solutions  of  calcie 
methylsulphate  and  potassic  trisulphocarbonate.  It  is  a  yellow  liquid,  having  a 
strong  pungent  odour,  nearly  insoluble  in  water,  but  dissolvMl  in  all  proportions  by 
alcohol  and  ether.  Boils  at  200°— 205°.  Specific  gravity  -  1169  at  18®.  Vapour- 
dsnsity  »  4'652.  With  bn>mine  it  forms  red  crystals,  containing,  according  to 
CaboQia,  CH*Br>S*  »  (CH'Br)*CS';  according  to  Berend,  on  the  contrary  (Ann. 
Ch.  Pharm.  cxxviii.  333),  the  methylic  trisulphocarbonate  unites  directly  with  the 
biomine,  without  elimination  of  hydrogen. 

Sulphoearbonie  Ethers  containing  Diatomie  Aleokol^radiclea. 

(CS)' 


THsol^ocArbonate,    /QftH<»W^>  obtained  by  the  action  of  an 

aleoholic  solution  of  amylenic  bromide  on  trisulphocarbonate  of  sodium,  is  a  somewhat 
▼kdd  liquid,  of  mors  or  less  yellow-brown  colour,  and  specific  gravity  »  1*073. 
(Hnsemann,  Jahresb.  18^*2.  p.  434.) 

lylMilo  THsolpliocArbonate,  PS-C'"'!! *.S-'.     (  H  ii  n r  m  a  n  n,  Ann.  Ch.  Pharm. 
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czxiiL  83;  Jahresb.  1861,  p.  651.)— Obtained  by  the  action  of  alcoholic  bronude  of 
ethylene  on  trisnlphocarbonate  of  Bodiom.  It  \a  bnt  slightly  solnble  in  alcohol,  ai 
separates,  during  the  reaction,  as  a  thick  golden-yellow  Uqmd ;  and  by  dinohing  h 
in  ether  or  ether-alcohol,  and  leaving  the  eolation  to  eraporatfC,  it  is  obtained  in  Utp, 
transparent,  yellow  crystals,  which  are  combinations  of  a  rhombic  prism  with  a  rhoaklie 
octahedron  resting  on  the  prismatic  feces,  and  a  maezodome.  It  has  an  unpleaaM 
alliaceous  odour,  dissolves  slowly  in  alcohol,  better  in  ether-alcohol  and  in  ethier,  tht 
easily  in  carbonic  disulphide,  benzol,  and  chloroform.  It  melts  at  66*5^,  and  whpi 
once  fused,  solidifies  again  but  slowly.     Specific  graiity  =  1*476. 

Ethylenic  trisulphocarbonate  is  converted  by  atHmonia  into  sulphocyanate  of 
nium  and  ethylenic  sulphydrate: 

C,CS|s.  +   2NH.    -    u^JN  +  C^:|8«. 

Heated  with  sulphydrate  of  potassium^  it  yields  ethylenic  snlphydzats  and 
trisulphocarbonate.  Chlorine  acts  strongly  upon  it,  producing  great  heat,  whic^ 
(pauses  the  crystals  to  melt,  and  forming  a  dark-red,  very  fetid  liquid.  Uodenu4j 
dilute  nitric  acid  removes  one-third  of  the  sulphur,  and  converts  the  ether  bto 
ethylenic  disulphocarbonate  (infra) ;  but  fuming  nitric  acid  heated  with  it  as  loae 
as  nitrous  fumes  are  evolved,  removes  the  whole  of  the  carbon,  as  well  as  one-tluid 

of  the  sulphur,  and  converts  it  into  ethylene-sulphnrous  acid,  /rra«\^s[^ 

(Buckton  and  Hoiinann's  disulphetholic  add).    See  Sulphubous  £thbb& 

Stbyleiiie  IMsalplioearlMiiate  or  Zantlkate,  /nra«  "(s*  (S^<>®™^i>>^  ^^^ 

Ch.  Pharm.  cxxvi.  269.) — Ethylenic  trisulphocarbonate,  treated,  as  above  mentionai, 
with  moderately  dilute  nitric  aoid,  yields  this  compound  as  a  white  crystalline  bum, 
which,  after  pressure  between  paper,  crystallises  from  alcohol  in  long  tiiin  rectasgolir 
tables.  It  distils  in  a  stream  of  hydrogen,  without  decomposition ;  is  insoluble  ii 
water,  but  dissolves  easily  in  alcohol,  ether,  chloroform,  and  benzol ;  and  separates  fiton 
the  last  two  liquids  as  an  oil,  which  does  not  solidify  till  touched  with  the  crystallised 
ether. 

BKetliyleiiieTrlsalplioearbonate,  CS.CH'.S'.  (Hnsemann^  Ann.  Ch.  Fhan. 
cxxvi.  269;  Jahresb.  1862,  p.  433.) — This  compound  separates,  on  gentlj  heating  o 
alcoholic  solution  of  methylenic  iodide  with  trisulphocarbonate  of  sodinm,  as  an  amur^ 
phous,  yellowish-white,  inodorous  powder,  which  is  insoluble  in  water,  and  is  con- 
verted by  faming  nitric  acid  into  methylene-sulphnrous  or  disnlphonaetholie  add, 
(SO)».CH-'.H«.0*. 

Trltylenie  or  Fropylenie  Trisnlpliooarboiiatev  CS.C'H'.S',  obtained  is  like 
manner  with  bromide  of  tritylene,  is  a  thick  brownish-yellow  liquid,  insohibk  ia 
water,  and  having  an  offensive  odour.  It  has  a  specific  gravity  of  1*31  at  2(P;  eaiuut 
be  distilled  without  decomposition,  except  in  a  stream  of  hydrogen ;  is  converted,  hf 
moderately  dilute  nitric  acid,  into  a  light-yellow  resinous  mass ;  bj  the  strong  add 
into  tritylene-sulphurous  (disulphopropolic)  acid.     (H  ii  s  e m  an  n.) 

Tetrylenie  or  Butylenlo  TiisalpliooarlHMBatOv  CS.C^H'.S',  obtained  is  lib 

manner,  is  a  more  mobile  liquid,  having  a  somewhat  yellowish-brown  colour,  and  i 
specific  gravity  of  126  at  20 ^     (Hiisemann.) 

SUZiPBOCABBOVZWZC  ACZB.   Syn.  with  ETHTL-DisuLFHOCEaBBOinc  or  Xil- 

THic  Actd  (p.  498). 

8IIXPBOC8TZC  ACZB.    Syn.  with  Cbttlsttlfhubic  Aged.    (Sea  Sulhiiiuc 

Ethehs.) 


SVZiVBOCBZiOKOBBVZAaSZDB. 


(C'H»ClO)'Sjj, 


C'H'CIN«S0«    -    (CBH^lS^rijp 


(SO)"     l^  .    (R.  Otto,  Ann.  Ch.  Pharm.  cxxiii.  216.) — An  amide  prodneed  hj 


the  action  of  alcoholic  ammonia  on  sulphochlorobenzoic  chloride,  C'Jtl*ClSO*.CP.    It 
forms  yellowish  crystalline  grains,  easily  soluble  in  absolute  alcohol  and  in  ether. 

8VZ.PBOCBI.OBOBBWZOZC   ACZB.   C'H»aSO»    -    (C'Hra^)'|    q,  ^ 

(C'H'CIO)') 

(SO)"     >0'.    (Otto,  loc.  cii.) — Produced  by  treating  monochloiobenacse  acid  witk 
H«       ) 
sulphuric   anhydride.     The  viscid  mass   is  gently  wanned   with  a  little  oidimr 
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Mdpbnieieid,  tOI,  oo  dihiting  with  water,  onljr  a  small  ^uantit^  of  chlorobenioic  acid 
vanaiBi  nndeoompowd.  The  dilate  solution  is  nAutralised  with  carbonate  of  lead, 
•nd  the  iUtrate  is  eraporated;  whereupon  9ulphocU>rrcbenzo<Ue  qf  lead,  C'H'Pb'ClSO*. 
SHH),  is  at  first  deposited  in  concentric  groups  of  silky  needles,  afterwards  a  grHUular 
■MM,  probably  a  mixture  of  the  neutral  and  acid  lead-salts. 

Solphochlorobensoic  add,  obtained  by  decomposing  the  lead-salt  with  sulphuretted 
hydrogen,  is  easily  soluble  in  water,  alcohol,  and  ether,  and  crystallises  from  the 
aqueous  solution  in  long  white  hydrated  needles. 

The  neutral  potasnwHsalt,  C'H>K'C1S0*.3}P0,  forms  small  needles,  which  dissolre 
readily  in  water  and  in  alcohol,  and  sire  off  their  water  at  120°. — The  acid  saU^ 
2C'H%C1S0*.3H'0,  crystallises  from  lucohol  in  concentric  groups  of  needles,  some- 
what less  soluble  than  the  neutral  salt. 

The  nnUral  barUtm-talt,  (rH>Ba''ClS0*.2HK),  forms  indistinct  crusts ;  the  acid  §alt, 
C*H"Ba'Cl*SH)**.4H*0,  sometimes  forms  solid,  well-developed,  warellitic  crystals, 
wnotimcie  granular  aystals. 

The  aeidealeium-^t,  C*«HK:a''a'SH)>*.3HK),  separates  from  hot  dilute  alcohol  in 
Win  crrstals  resembliqg  cupric  sulphate. 

(C'H»C10y) 

DisulpkoeklorobtnsoicAcid^Cm^lS'O*  ^       (80)'     VO*,  is  obtained,   to- 

H»       } 
gather  wUh  lulphochlorobenzoic  acid,  by  heating  the  product  of  the  action  of  sulphurie 
•olgFdiide  on  chlorobenzoic  add  for  some  time  with  ordinary  sulphuric  add. 

Syn.  with  Taurocholio  Acid. 

C»H»SO»  -  (^^*^^iy'|o«   =       (SO)"  [o«. 

(Hariog,  J.  pr.  Chem.zxix.  61.) — Obtained  by  mixing  1  pt.  cinnamic  add  with  8  to 
19  pta.  ftuning  sulphuric  add  of  spedfic  gravity  1*92  to  1'87,  saturating  the  diluted 
■alotiop  with  carbonate  of  barium,  decomposing  the  filtered  liquid  with  basic  acetate 
«f  lead,  and  treating  the  predpitate  with  sulphuretted  hydrogen. 

8nlpboeinnamie  add  remains,  on  evaporation  in  vacuo,  as  an  amorphous  slightly 
hjTgroaoopie  mass,  very  soluble  in  water  and  in  alcohol.    From  its  alcoholic  solution 
it  ia  deposited,  by  spontaneous  evaporation,  in  elongated  prisms  containing  C'H'SO* 
SHK).    It  predpitates  the  solutions  of  basic  lead-acftate  and  mercurous  nitrate,  also 
that  of  barinm-ctiloride  after  some  time. 

Sulphocinnamates. — Sulphocinnamic  acid  is  dibasic,  forming  neutral  salts, 
CWBTOO*,  and  add  salts,  C'H'MSO',  or,  for  diatomic  metals,  C>«H'«M''S>0'«  - 
O'!H*Bf'80*.0*H'SO*.  The  sulphodnnamates  are  for  the  most  part  very  soluble  in  water. 
Tboaa  of  the  alkali-metals  and  alkaline  earth-metals  yield,  when  heated,  a  mixture  of 
nlphafe  and  sulphite,  and  after  strong  calcination,  a  residue  from  which  acids  eliminate 
•Bl^uetted  hyorogen. 

The  mtutral  barimi^'MU,  C"H<Ba'SO^.H*0,  is  nearly  insoluble  in  water.  Whea 
boiled  with  water  addulated  with  nitric  acid,  it  deposits  needles  of  the  acid  salt, 
C*H*<Ba'SK)>*.2H*0.  The  latter  is  slightly  soluble  in  water  and  in  alcohol,  permanent 
m  the  air  at  ordinary  temperatures,  but  beicomes  dull  and  gives  off  its  water  at  100^. 
The  oystals  dissolve  readily  in  dilute  aqueous  ammonia,  and  the  solution,  after  a 
■faorC  tuna,  deposits  prisms,  which  give  off  water  and  ammonia  on  exposure  to 
the  air. 

The  neutral  pctassium-ealt,  G^H'K'SO*,  obtained  by  double  decomposition,  is  smor- 
phouB,  and  very  sduble  in  water. — ^The  add  salt,  C*H'KSO*,  obtained  b}  adding  hydro- 
chloric acid  to  the  solution  of  the  neutral  salt,  crystallises  in  agglomerated  needles. 

The  nlver-ealt,  C*H*Ag*SO*,  is  obtained  by  decomposing  the  barium-salt  with 
nlver-sulphate,  and  evaporating  in  a  vacuum,  as  a  grey  amorphous  shining  cmstt 
aaaily  decomposed  by  heat. 

SV&FBOOUMMMIO  ACJZB.      Syn.  with  Cuiunyl-sulphubovs    Aod.    (See 

SULFSUBOVS  EtEXBS.) 


(C*H")'SO'. — This  compound  appears  to  be  formed, 
toffether  with  eumenyl-sulphurous  add,  when  cumol  is  treated  with  fuming  su  phuric 
aod,  and  aepantes,  on  oilution  with  water,  as  a  solid  body,  insoluble  in  water, 
alcohol,  ether,  and  benaoL    (Beilstein  and  Edgier,  Jahresb.  1865,  p.  659.) 


C"H^SO«     - 


TnOCTAMOGLTOOLUC  AciD  {q.  V.). 


Syn.  with 


504  SULPHOCYANIC  ACID 

Acid.  Suipkoeyankydric  Acid.  SttlpkocarbiMtde.-^Sidpkureti^t  CkjfOgic  Aed  (Per* 
rett). — Sckw^felblauMiurt,  BluUdmrt,  Andraeotkiontaure  (Grotthttfl). — Bkddgh 
ita$serstof4dure  (Berzelius). 

This  add.  the  Bolphur-azialogne  of  cyanic  acid,  was  first  obaerved  hj  Bneboli  ia 
1799  {BeUrdge  rur  &vnterung  und  Bericktiaung  i/tr  C3kemie,  I  88).  and  bjBiok 
(1804,  A.  GehL  ii.  460),  aftervards  more  distinctlj  ncogniMd  by  Porrett  iPiuL 
Trans.  1814,  p.  527),  detf-rmined  as  to  its  chemiod  oonBtitntion  by  Berzeliii 
(Schw.  J.  zzzL  42),  and  further  examined  by  Wuhler  (Oilb.  Ann.  Ixix  271 X  Liebir 
(Ann.  Ch.  Pbarm.  x.  9;  xzvi.  174;  zzadz.  199;  L  S37;  liiL  330%  ParnelldA^ 
xxxix.  178),  VoIckf-1  (Ufid.  xliiL  80),  and  others.  The  metallic  ralphocyanatn  hue 
li<^n  analysed  chiefly  by  Claus  (J.  pr.  Chem.  rr.  401)  aod  Meitcendorff  (Pa||. 
Ann.  Ivi.  63). 

Occurrence. — Solphocyanate  of  potassium  or  sodium  ocean  in  ^nr  Rnall  qotntity 
in  the  saliva  of  man,  and  of  the  shtrep  (L.  Gmelin).  (robel  fonncl  it  in  a  bsmu 
saliranr  calculus.  The  distilled  waters  of  certain  craciferous  plants  (coehlearia,  mostird, 
radish,  &c.)  give  with  ferric  salts  the  characteristic  reaction  of  snXphocywuc  add. 

Formation. — Sulphocyanic  acid  and  its  salts  are  produced :  1.  By  the  direct  eoalfi' 
nation  of  cyanides  with  sulphur,  just  as  cyanates  are  formed  bj  the  eombination  <tf 
cyanides  with  oxygen ;  e.^.^  hj  the  calcination  of  cyanide  or  feirocranide  of  po!asuu, 
&c.  with  sulphur,  or  by  boiling  a  solution  of  potassic  qranide  with  sulphur;  alvly 
calcinine  azoti&ed  charcoal  with  potassic  sulphate,  or  with  a  mixture  of  pirtawii*  cubo- 
nate  and  sulphur. 

2.  By  the  action  of  cyanogen-gas  on  monoeulphidee  or  pennlphidea.  In  the  fims 
case,  a  cyanide  is  also  formed,  just  as  the  action  of  cyanogen  on  m  piotoxide  giTBs  xiae 
to  the  formation  of  a  cyanide  and  a  cyanate : 

CN  +  K*S     «     CNK  +  CNKa 

In  the  case  of  a  disulphide,  the  action  is  one  of  simple  combination  ;  with  faig^  ml* 
phides  a  separation  of  sulphur  takes  place ;  thus : 

2CJN  +  K»S»     =     2CNKS  ;    2C^  +  K«S»  -   2CNB:S   +  S». 

3.  By  the  reaction  of  certain  cjanides  with  metallic  persnlphides;  e^^  maemk 
cyanide  and  potassic  trisulphide  mixed  in  aqueous  solution : 

Hg-Cy*  +  K^     -     2CyES  +  Hg^a 

A  similar  reaction  is  produced  when  Prussian-blue  is  boiled  for  a  long  *i"»*  vjtk 
potassic  liver  of  sulphur ;  also  when  aqueous  pentasulphide  of  TWtfafiri"™  is  mr^ 
with  hydrocyanic  acid,  sulphydric  acid  being  then  erolTed  and  aolnhnr  pndxB> 
tated: 

2HCy   +  K«S»     =     2CyKS  +  H>S  +  8«. 

In  like  manner  hydrocyanic  acid,  sulphur,  and  aqueous  ammonia^  to  wliidi  a  — >i 
quantity  of  ammonium-sulphydrate  is  added  to  facilitate  the  aolntion  of  the  wutglatt 
yield  sulphoc}-anate  of  ammonium : 

BCj  +  NH«  +  S     -     Cy(NH*)a 

A  solution  of  hydrocyanic  acid  saturated  with  sulphydric  acid,  is  conTertcd,  on  opt- 
sure  to  the  air,  into  sulphocyanic  acid,  in  proportion  as  the  hydroaen  of  the  salp^ 
dric  add  is  taken  up  by  the  oxygen  of  the  air.  Hence  the  contanunatioD  of  Yaoqae* 
lin's  prussic  acid  (prepared  by  decomposing  mercuric  cyanide  with  snlphydzie  add) 
with  sulphocyanic  acid. 

4.  By  the  action  of  carbonic  disulphide  on  alcoholic  ammonia*  the  two  ligmdi  ''■m 
heated  together  in  a  sealed  tube: 

(CS)''S  +  NH"     «     (CS)''.H.N  +  H»a 

5.  By  the  decomposition  of  aqueous  sulphocarbamic  add  (p.  490) : 

6.  By  the  action  of  alkalis  on  ethylic  sulphocarbamate  (zaathamide^  p.  491): 

These  last  three  reactions  indicate  that  sulphocyanic  acid  has  the  eoostitntioa  cf 

Bulphorarbimide  (p.  493). 

7.  When  animal  substances  aro  charred  by  heating  with  oil  of  ?itxiol,  Che  nddw, 


itptmejtnatta  bj  uiB  Mtiun  ot  Bironger  bcioh. 

state  bf  hMtiBR  dij  marcnroas  Bulphoejanate 
io  tiod  gu  ;  and  in  aqueoui  solution  by  the  ~- 
ing  snapMidcd  in  water. — orbydpcompoBing  t 

qoaMiM  of  tnlphnric  acid. 

M. — Aniiydrons  salpbocjanii;  ocidis  acolourle«li 

timitd  priims.    It  boils  at  85°  (A  rtug),  at  1021 

I  that  of  acetic  acid,  reddens  litmas  strongly,  a 

■i  aolutiDD  eihibilj  similar  propertJes- 

mMdw.— 1.  Tbe  anhydrous  acid  ia  reiy  unatabls,  aod  is  qaiekly  rMolred 

qjmnic  and  persulphocyanic  acids  (ir.  378) : 

3CSHS     -     CHH   t   CH'S*?. 
H  aolntion  decomposer  slowly  in  tbe  cold,  quickly  when  heated,  partly  iotA 
tioiilB,  carbonic  disnlphldo,  and  ammonia : 

aCSHH  +  2H'0    =    CO"  +  CS»  +  INH'; 
)  (BiboDic  dioxide,  snlphydric  acid,  and  ammonia: 

CSHN  +  2H'0  .=  CO'  +  H'S  +  NH*; 
1  in  the  same  manner  as  ibe  aDhydroiii>  acid,  yielding  a  lolDlion  of  hydco- 
d  and  a  yellow  precipitate  of  persulphocyanic  acid.  In  conraquence  of  ihia 
apontion,  sclpboiTaiiic  acid  acIB  poisononsly,  like  hydntcjanie  acid.  All 
3ona  an  acceUrated  by  boiling  the  sDlphocyonie  add  with  coaeenltsted  acids. 
rfanie  add  saturated  with  n/phi/dric  acid,  yields  after  s  while  carbonic 
■  and  ammouiti.— With  chlorine  and  nitric  acid,  it  yields  a  jellov  precipitate 
ho^anogen  (iy.  380).^Gentlj  heatfd  with  metallic  rine,  it  gives  offsulpliy- 

more  slowly  with  iron. 


,  forming,  with  mooatomic  metals,  salts  lepreaenled  by  the  gcnenil 
»[S  or  ^^  |n.  The  sulphocyanates  are  for  the  moat  part,  soluble  in 
1  fal  alcohoL  They  are  decomposed  bj  the  Blronger  acidt,  with  eliminstion 
nanic  add,  which  then  genenlly  undergoes  farther  decomposition.  Cold 
iu,  however,  aiert  this  action  only  on  sulphocyanates  corresponding  to 
which  are  decompoeed  by  the  aarne  acidn :  thus  they  do  not  decompose  the 
mates  of  mercury,  copper,  and  eilver. — HUric  acid  and  cVorinr  decompoBe  the 
of  solpboeyanates,  predpitating  persulphocyanogen.  All  BulphooyaDateB  nn 
ad  by  lUai,  more  or  less  strong,  idto  nilri^en,  cyimogen,  carboaie  dienlphide, 
tlBe  sulphide.  Calcined  with  polauic  hydralt,  they  give  off  carbonnte  ot 
m.—Snlphocyanate  of  potiutaium  ignited  with  metallic  mm.  yields  sulphide 
id  cyanide  of  potassium. 
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SulpuocyanatbofAxmoniuii,  NH^CNS  »  NH'CyS. — ^ThksttltiBubuiaed: 
1.  l$v  decuni()08ing  tho  cupric  salt  with  sulphydntte  of  ammoDiuin,  and  «Tapoiitin|tai 
fi Unite.— 2.  By  mixing  hydrocyanic  acid  with  polysulphide  of  ammoniam  (atolnua 
^f  sulphur  in  Hulphydnte  of  ammonium),  and  separating  the  reaultijig  snlphocriuu 
of  aTiimonium  from  precipitated  sulphnr  by  water  or  alcohol.  (This  mode  'if  furx^ 
tion  is  employed  aa  a  test  for  hydnxiyiinic  acid,  ii.  219).  The  pruaaic  acid,  pr^pvbd 
by  distilling  180  pts.  potassic  forrocyanide  with  00  pta.  strong  Bulphorie  acid  ud 
40  pts.  water,  is  digested  with  the  sulphide  of  ammonium  obtaineil  by  saturating  6i!ipti. 
iwpieous  ammonia  of  specific  gravity  0*95  with  sulphydric  acid,  adding  60  pia.  more  •£ 
tlic  ammonia-^M)lution  and  60  pts.  sulphur;  tlie  mixture  is  boiled  till  the  whole  cftae 
ammonium-sulphide  is  d(>compuscd  with  precipitation  of  anlphor ;  and  the  liquid  j 
filt4-red  and  eviiporated.  Tho  product  amounts  to  40 — 50  pta.  of  dry  ralphoeTuiti 
of  ammoniimi.     (L  i  e  b  fg.) 

3.  By  treating  carbonic  disulphide  with  excess  of  ammonia : 

CS'  +  4NH»  =  (NH*)CSN  +  (NH*)«a 

A  mixture  of  1600  c.c.  ai^ueous  ammonia  [of  what  strength?]  and  200  cc  euioM 
disulphide  and  1500  cc.  alcohol  of  86  per  cent  is  distiUed  down  to  one-half.  «^.«: 
standing  for  24  hours;  the  residual  liquid  is  evaporated  to  thecryatallising-poiiitrud 
tho  fiulphooyanate  thus  obt^iined  is  purified  by  one  reciystallisation.  like  alcchoL: 
distillatu,  which  contains  a  large  quantity  of  ammonium-sulphide,  may  be  used  far  a 
(ii'irtind  and  even  a  third  preparation.     (Mi lion,  J.  Pharm.  [3],  xxzriii.  401.) 

For  preparation  on  the  large  scale,  G  ^  1  i  s  lias  patented  a  mmilar  process,  in  ^lidi, 
howrver,  the  use  of  alcohol  is  avoided,  and  the  carbonic  disulphide  is  made  to  act  tpca 
a  mixture  of  concentrated  ammonia  and  sulphide  of  ammouium,  the  materiali  bc.AC 
mixed  in  the  cold,  and  a  small  quantity  of  fixed  oil  (amounting  to  2  or  8  per  ont.  of 
ilir*  carbonic  disulphide)  added,  to  form  an  emulsion  with  the  ammonia  and  iiKiiit«> 
the  admixture.  An  ammoniacal  solution  of  ammoniura-sulphocfirlionat^^  is  thos  fi^ud, 
wliich,  after  separation  from  the  layer  of  oil  which  floats  on  its  surface  (to  be  ised  ii 
a  subsequent  operation),  is  subjecte<l  to  distillation.  The  sulphocarbonat^  of  amnoina 
is  thereby  resolved  into  sulphocyanate  of  ammonium  and  sulphydric  acid : 

(NH*)«CS«     =     (NH«)CNS  +   2H«S; 

the  former  remaining  in  the  retort,  while  the  latter  passes  over,  together  with  eze«fl«f 
ammonium-sulphide,  and  may  bo  condensed  in  a  receiver  containing  aqoeons  ammneii, 
thereby  supplying  material  fur  futun*  operations. — ^The  sulphocranate  of  amiiMLis 
thus  obtain^  is  easily  converted  into  oUier  sulphocyanates  by  distillation  with  find 
biises.  (R^p.  Chim.  App.  1862,  p.  146;  see  also  Suipkoctanatb  of  PomsriL 
p.  513.) 

4.  Together  with  mercaptan,  by  the  action  of  alcoholic  ammonis  on  ethylie  tiisil* 
phocarbonate  (H ii s e ro  a n  n) : 

(C'^H»)H3S»  +   2NH«  =  (NH*)CNS  +   2C«HflL 

Sulphocyanate  of  ammonium  crystallises  in  colourless  deliquescent  plates,  which  ti« 
very  soluble  in  water  and  in  alcohol,  melt  at  147^,  and  decompose  at  a  higher  tnpM^ 
ature,  giving  off  carbonic  disulphide,  sulphydric  acid,  and  ammonis^  and  Issviv  i 
residue  of  melam,  which  is  finally  converted  into  hydromellone.  Aeeoidiqgti 
Liebig^s  formula  (iii.  865,  874) : 

8(NH«)CNS     =     2CS'  +   4H*S  +  6NH*  +   C*N'»H». 

Sulphocranate  BCelam* 

of  ammonium. 

and 

C«N'«H»     =     2NH»  +  CWH». 

Molam.  Hydrom^Uonft. 

Sulphocyanate  of  Bakium,  Ba''Cy'S'.2H*0,  czystallises  in  Umgi  ^tSm 
deliquescent  needles,  very  soluble  in  water  and  alcohol,  and  containing  12'4  per  MB. 
water,  which  they  give  off  between  160°  and  170°. — A  compound  of  this  sdtwiti 
/mrcuric  ci{anUle,  lWCy-S^H^"Cy''',  separates  in  small  nacreous  lamins,  ftomavim 
solution  of  the  component  salts.     (Borkmann,  Ann.  Gh.  Pharm.  zxiL  163.) 

S  u  L  I'  H  o  c  Y  A  N  A  T  E  o  F  B I  s  ^i  r  T  H,  Bi"'Cy'S*,  is  a  yellow  powder. 

Su I. PHocvANATK  OF  Cadmium,  Cd"Cy^',  forms  shining,  colourless,  aohnhra 
crvKtals,  sliL'htly  soluble  in  w.tter.  Ammonia  dissolves  them,  and  the  solntion  ribii 
<Ty.Ht^ils  of  Lud/nammunium'iiulphiH;yanaU\  (N=lI*Cd'')''Cy'S%  which  are  deoompoMdlf 
wat  IT. 

SitphocyanatkofCalcium,  Ca"Cy-S*.3HH),  forms  deliquescent  nsfdlw.  f«T 
hoiuble  in  water  and  in  alcohol.— The  compound  Ca"Cy''S\lIg"Cy-,  obtained  lib  lA» 
corn-sponding  barinm-salt,  forms  shining  white  lamime.     (Boekmann.) 

Chbomic  SiLi'iiot'YA.NATE,  Cr^Cy'S'.— Chromic  hydnte  diMolTW  na{f  ■ 


Jie  prodDrt  with  hot  imtrr,  Hlt«nng  to  a>'parHte  an  amorphoiu  anbetKnce, 
ang  Inmpt  of  wl-ammoniHc  iolo  the  flllTHie,  tha  iinimonuiCBl  coinpoimd 
DD«d  MpantM  in  nDslI  sbiDing  acoles.   Its  fonnatioD  m&j  be  Tepn«rBted 

!IH<)Qr8  +   Ci»0*    -     a(N'CrH".Cj*S')   +   2NH'   *   SH'O. 

poond  dinolTu  with  rub^-red  colour  in  wntfr,  bIcuLoI,  And  etlit-r,  and 

bvm  wMn  in  Bmalt  rbumbic  dodpcahvdroas  n>srinbling  gonieta.     It  bean, 

■ipomtioD,  ft  beat  of  1211°,  bat  decompoafs  ul  it  red  heal,  leaving  sulphide 

d;  snd  irbeQ  heated  with  water,  yielilB  sulphoryanate  of  amniotiium.  ntl- 

^  chromium,  and  chromic  oiid''.     It  is  eaailjr  decompoiod  also  b;  dilute 

kali* — in  the  Utler  <.-ss«,  according  to  the  equation  : 

Q]fl''.Cy'S')   -I-   8KH0    »     8KCj8   +   8NH"   +   CrK)"   t   SH'O. 

mpoDDd  appears  to  hare  bean  obMined  bv  Morland  <Cbem.  8oc.  Qu.  J. 

bo,  howerer,  assigned  to  it  tie  formulo,  Cr-CyW.lHH'j'O. 

nle,  NH',  in  the  salt  just  described,  may  be  replaced  b;  otb«r  metals.  Tha 

{M'Cr-H')") 
it,  E   }Cy'S\  i»  obuincd  by  treatbg  the  ammonium -salt  with 

K  J 
b-Uji  and  lecrystallising  tram  hot  water.  It  forms  rabj-eoloured  lamioB 
nolfea  with  d«p  ruby  colour  in  water,  alraihoi,  and  efber,  and  decomposni 
aooimn-salt,  when  builed  with  water,  acids,  and  alkalis. — Ths  tedium-ia/l, 
UfaCy'S*,  prepared  in  like  manner,  crjalallises  in  nnctuous  scales. — The 
«,  H\Cr"'H')=H'Hg"Cy'8',  is  oliUined,  bj  precipitation  with  mercuric 
iflocculent  rose-coloured  precipitate,  insoluble  in  water  and  in  dilute  acids. 
IM  aboTe  1S0°  into  sulphide  of  mercury  and  enlphide  of  chrominm, 
Ling  with  potash  into  ammonia.  Bulphocjanic  acid,  mercario  oxide,  aud 
is.— Tha  cuprmt  tait,  N'^Cr'H'jflCuCy'S',  is  obtained,  oy  treating  th« 
nit  with  cnpric  anlphaCe  Had  aulphuruus  acid,  as  a  yellow  polTenileaC 
dacomposed  by  heat  and  by  potasli  aimilarly  to  the  mercuric  aalt — The 
salt  forma,  with  nilrale  a/  nlntr,  a  roee-coloured  precipitate  quite  insoluble 
1  in  dilute  acids  ;  and  with  lead-ia/U,  a  yeliowisb-red  precipitate  soluble  in 

igm-tali,  or  tree  acid,  is  obtained,  by  decomposing  the  meicnric  aalt  aus- 
fatsr  with  aulphydric  add,  as  a  deep  red  aolntion,  which  is  decomposed  by 
dries  up  at  low  temperatures  to  a  led  amorphous  mass.  The  Solution  baa 
tioD,  decomposes  carbonalee,  and  acquires  a  Stil)  darker  red  colour  when 
fame  chloride. 

CTAHiTB  or  CoBii.i.— Eecently  preci[Htated  cobaltons  bjdmte  dii- 
aeons  solphocyanic  acid,  forming  a  brown-red  liquid,  which  tarns  blue  on 
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When  a  solution  of  surie  chloride  DeutraliBed  with  acid  potasnnm-cariMoata,  ii 
added  to  a  solution  of  potassium-sulphocyanate  kept  in  ezeesa,  a  bulky  orusMid 
prrcipitate  is  formed,  consisting  of  potassio-aurie  nJ^skonanaiet   KAa^Cj^S*  » 
KC^S.Aa'*Cy%*.  On  heating  the  liquid,  the  precipitate  dissoires,  and  partly  s^pmii 
on  cooling  in  orange-red  needles  of  unaltered  composition :  the  greater  part,  bove«?, 
remains  m  solution,  and  decomposes  on  e\'Bporation,  with  reduction  of  metillie  gi^ 
and  evolution  of  sulphocyanic  acid,  so  that,  finally,  chloride  of  potaasinm  and  potakio- 
aurous  sulphocyanate  crystallise  out.     The  precipitate  of  potaaaio-auxic  snlphoeyvaic 
is  decomposed  by  water,  and  dissolves  in  alcohol  and  in  etner.    The  alcoholic  Mlotiot, 
mixed  with  hydrochloric  acid,  deposits  after  a  while  copper-red  needles  ;  soda  dfi9>> 
lorises  the  solution,  and  separates  a  black-blue  powder;  ammonia  causea  the  fona* 
tiou  of  white  needles ;  ferric  chloride  colours  the  solution  Idood-red  ;  other  rnfUlie 
salts   form  dark-coloured   precipitates. — JPotaasithaurous  sulphocyanate,    EAnCV-?. 
is  most  readily  obtained  by  mixing  a  solution  of  potasaium-salphocyanate,  warmfd  ta 
80°,  with  smaJl  quantities  of  neutral  auric  chloride,  as  long  aa  tne  red  precipixis 
disappears  on  stirring.    The  salt,  separated  by  evaporation  and  purified  by  zccitriII:- 
nation,   forms  long,  straw-yellow,  truncated  prisms,  which   melt  at  10(1^,  aod  ut 
resolved  into  sulphur,  carbonic  disnlphide,  metallic  gold,  and  sulphocyanate  of  ptKtf- 
sium.  The  aqueous  solution,  mixed  with  hydrochloric  acid*  sometimes  deposits  enpfv* 
red  needles;  it  forms  white  precipitates  with  ammonia,  ferric  chlonde,  mercuv 
chloride,  argentic  nitrate,  and  neutral  plumbic  acetate;  yellow-brown  with  apt 
sulphate ;  black-brown  with  stannous  chloride ;  black  with  mercurous  nitnte— h  a 
coloured  red  by  ferrous  sulphate,  with  precipitation  of  gold ;  brown  by  solphfdzic 
acid ;  it  blackens  slowly  on  exposure  to  tight. — The  precipitate  formed  by  ammcBii 
NH'.AuCyS,  gradually  decomposes  and  turns  black ;  hot  water  abetracU  amMcii 
from  it,  leaving  a  green  powder.    (P.  T.  Cleve,  KongL  Yetenskap.  Akad.  Foilasd- 
lingar,  xx.  233;  Jahrcsb.  1865,  p.  295.) 

SuLPUocYANATES  OF  Ibon. — The  ferrous  solt  is  soluble,  of  pale-green eoloc 
and  very  unstable. 

Tlie  ferric  salt  is  blood-red,  nearly  black,  deliquescent,  soluble  in  water  ind  ia 
alcohol  The  blood-red  colour  of  this  salt  is  produced  whenever  a  sulphocyftBit*  s 
mixed  with  a  ferric  salt.  It  is  destroyed  by  alkalis  which  precipitate  ferric  oode: 
also  by  many  acids  {e.g.  phosphoric,  arsenic,  iodic,  oxalic),  even  in  small  qoantitr ;  b:i 
rcKtored  by  addition  of  a  ferric  salt ;  hydrochloric  acid,  even  when  conoentntmL  doa 
not  decolorise  the  liquid  ;  nitric  acid,  on  the  other  hand,  decompoaes  the  aulphocyutt, 
and  destroys  the  colour  (p.  506). 

SuLPHocYANATES  OF  Lead. — The nrv/ro/ wi/^ Pb^'Cy'S'.  is  gradnally  dfpoatrf 
in  opaque  shining-yoUow  crystals,  on  mixing  a  solution  of  lead-acetate  with  sulphocri- 
nate  of  poUisbium.  The  crystals  are  monoclinic,  exhibiting  the  dominant  combiuhat, 
-»-P  .  -3P.  oP  .  ooP2  .  +3Poo.  Angle  <»P2  :  ooP2  (clinod.)  m  12(Ptt; 
oP:ooP2  =  lllo3r;oP:  +Pt=  1160  5o  ;oP:-3P  =  119^  3';  oP:  3Pae  »  ST'tf. 
Axes,  a:b:c  =^  0*923  :  11162  :  1.  Angle  6  :  c  »  65*^  20*.  Specific  granty  rf 
crystals  =  3*82.  The  suit  is  but  slowly  decomposed  by  snlpbydric  acid.  It  is  ixMonbU 
in  water,  but  boiling  water  converts  it  into  a  fiaMc  salty  Pb'Cy'S-.PbTI^O*.  Tbr  litstf 
is  likewise  ubtuinc<l  on  mixing  sulphocyanate  of  potassium  with  amin<miaeal  pluibie 
acetate,  or  with  the  basic  acetate,  as  a  white  curdy  precipitate,  becoming  jtVia^dk 
and  pulverulent  when  dry. 

Sulphocyanate  of  Magnesium,  Mg"Cy'S-.4H*0. — GonAued  oyitals,  mr 
soluble  in  water  and  in  alcohol.  The  compound  Mg"Cy^^.Hg''Cy*,  prepaicd  lik»  tfai 
corresponding  barium-salt,  is  a  white  crystalline  powder.    (B  6 c k  m  a n  n.) 

Sulphocyanate  of  Manganese. — Very  soluble. 

SuLPHOCYANATES  OF  Mebcuby. — The  /hercttrous  salt,  Hg'CyS^  is  a  vhit«p«- 
cipitate,  formed  on  mixing  mercurous  nitrate  with  sulphocyanate  ofpotaadom  (W.ih- 
ler);  according  to  ClauB,  thf>  solutions  should  be  very  dilute*.  The  diy  pnepitfir 
swells  up  suddenly  when  hentnd,  giving  off  nitrogen,  carbonic  disulphide,  and  vapcv 
of  mercury,  and  leaving  a  grey  mass  resembling  graphite,  which  by  calcination  is  es- 
verted  into  mellone.  On  account  of  this  pn>perty,  the  salt  is  uaed  for  the  prepaniira 
of  the  toys  called  "  Pharaoh's  serpents."  It  is  resolved  by  boiling  water  into  BMtiUie 
niereury  and  mercuric  sulphocyanate. 

The  mercuric  salt,  Hg^'Cy^S',  is  obtained  as  a  white  precipitate,  eoiupoaed  of  nh* 
drous  needles,  on  mixing  mercuric  chloride  with  sulphocyanate  of  potassium;  it  n  rm 
slightly  soluble  in  water,  moderately  soluble  in  alcohol  (Crook es).  A  soIcriM 
of  mercuric  oxide  in  sulphocyanic  acid  yields,  by  evaporation,  needles  notaini.t 
water  (Berzelius). — An  (a7/.*/?/y»Ao7/<m</^/',  Ifg"Cy-S-.2Hg''0,  is  obtained,  byaiiiie 


e  air.— Tha  nietel-w/t,  He'Ni"Cj*S'.2H-'0,  mipusti-a  from  a 
oj  ue  component  nlti,  in  ■maUskT-blae  dpwIIh,  irhidi  diwolre  raadilT  in  hot 
U«l  gin  off  their  inter  of  ciTatsJliutian  at  120^.  Zina-titeraiTie  tiiipia^ 
^'Zii'Cj'B',  U  formsd,  on  mixing  mercuric  ■nlphocjanate  with  ft  iiDC-ult,  ai 
pndpitats,  nearlj  insolnble  ui  eold  irater,  (Ciera.) 
Umio-mercurie  ntlfhocya*att,  Hf^'KCy'S*  "  Hg'Cy'S'.KC^S,  is  pn-pBred  b; 

SnaTCTunoa  chloride  with  a  gtrung  aolutioD  of  potaeeium-Enlphocjanate. 
flltared  from  the  black  magma  thus  produced,  jielda  bj  eTaporation  a  mix- 
jalliiw  tAblea,  cubes,  and  octshedrons,  eaaily  separated  bj  mechanical  sclKtion. 
bv  tkblea,  vhich  constitute  the  potBaaia-meccunc  aulpbocjsnate,  are  purified  bj 
JBtioD  from  boiling  alcobol,  whence  the  salt  separates  in  rsdittle  groapa  of  vhila 
■  BMdlas.  It  diaaolrn  apuinglj  in  cold,  more  easily  in  hot  water ;  reij  easily 
lU  ehloride  of  ammoniam  or  potaaaium  ;  easily  in  alcohol,  especially  at  the 
haat;  also  in  ether.  Ammoniaaddedto  the  aaneona  solntion  throws  down  the 
hi>cjmiiat«  abore  deecribed.  (Claua,  J.  pr.  Cbem.  zv.  407.) 
'MOOTAHiTB  Or  If  ICE!  I:  is  obtained,  aa  a  yellow  dTStalliaa  powder,  by 
riu  the  greeD  aolutioiL  of  aiekel-oiide  in  snlphocyanie  acid.  It  diaaolTcs  in 
a,  fimning  B  blue  liquid,  which  yields  blue  efBorescent  cryalals,  (IfB'Ni') 
AH*,  daeompoaible  by  water. 

^XOCTARATBa  orPLaTiKCii. —  Pialii'imljikon/ttnntt  Aoes  not  appear  la  be 
in  the  separate  state.-  The  ftatinota  tail.  PfCy'S',  pnibably  conaututes  the 
bRFwn  non-o^alalline  aubetance  obtained  by  decomposing  one  of  the  following 
Mlta  with  chlorine  or  nitric  acid  ;  t.g.,  with  chlorine  and  aulphocyanate  of  po- 

iV  +   llCl'  +   leffO    .    PfCy'S'    +    2KH80'  +   2H'60*  +   22Ha 

+  *HCj. 
■olnble  in  water  and  in  alcohol,  is  not  atlsrked   by  potaah,  bat  ia  coloured 
tij  ammonia.    It  gave  by  analysis  8'5S  and   S'72   per  cent,  carbon,   9'93 


\t  8^U  (if  tlu  Ftatinumrtulptioeyanattt.    (O.  B.  Bockton,  Chem,  Soc.  Qu.  J. 

I — The  Bulphocyanatea  of  piationm  form  two  series  of  double  aalta,  called  sol- 
knoplatinitea  and  sulphocyanoplatinatea,  analogona  to  the  chloro- 
M  and  chloroplatinalea,  and  represenlnl  by  the  following  general  formula,  U 


^|W».    .   S^liB-O^. 
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Keageiits. 


Neutral  Lead-salts 
Basic  Lead-salts 
Ferrous  salts  . 
Cobalt-salts  . 
Cuprous  salts  . 
Cuprie  salts  . 
Meicurous  salts 


Silyer-salts 
Auric  salts 

Salts  of  Flatosamine 
Salts  of  Diplatosamine    . 

Chromic  acid  . 


Ferrocyanide    of   Potas- 
sium    .... 


Sulphocyanoplatinkc*. 


No  ehaoge 

Fftle-yellow  precipitate 

No  change 

No  change 

Purplish-black  precipitate  . 

Purplish-black  precipitate . 

No  precipitate :  liquid 
changes  colour  niien 
heated  .... 

P^e-yellow  precipitate 

Salmon-coloured  precipi- 
tate      .... 

Fine  yellow  precipitate 

Flesh-coloured  precipitate . 

Copious  reddish  precipitate, 
with  evolution  of  hydro- 
cyanic acid     . 

Nearly  white  precipitate  on 
boiling  .... 


SulpboqrnopUiiutni 


Soluble  golden  lamioB 
Fine  zed  jvedpitite 
Black  Bhining  grains 
Orange-red  predpiuu 
Rich  orowB  preapititt 
Brick-red  precipitate 
Orange  precipitate 


Bed  or  orange  precipitate 
Salmon-oolooied     precip- 

tate 
Copious  onmge  prMipitaLi 
Fine  vermilioii-Rd  pteoipj- 

tate 
No  precipitate 


Prossian-blne    formed  « 


boiling 


I 


1.  Sttlphocyanoplatinites,  M*Pt''(CyS«)*. 

Hydric  StUphoct/anopl^tinite  or  Sulphocyanopt^ttinoug  Acid,  H'PfQy^S*. — Ofataiscd 
by  cautiously  decomposing  sulphocyanoplatinite  of  barium  with  dilate  anlphuric  icd 
The  aqueous  solution  is  speedily  decomposed  by  evaporation,  even  in  Tacno,  the  ni- 
phur  being  oxidised  ut  the  expense  of  the  water.  The  chief  pzodocta  of  the  deooajKh 
sition  are  sulphocyanic  acid  and  a  red  or  yellow  deposit  rich  m  plAHwuim, 

Suiphoct/anoplatinite  of  Potassium. — Obtained :  1.  By  dissolving  platinoos  diloridc  ii 
sulphocyunatc  of  potassium,  the  solution  being  attended  with  confiiderable  rise  often' 
pcrature. — 2.  Better,  by  the  action  of  sulphoc}'anate  of  potassium  on  ehloroplatiasteat 
potassium,  the  sulnhocyanate  being  in  excess.  As  sulphocyanoplatinite  of  potasiim 
is  extremely  soluble,  and  does  not  crystallise  well  by  evaporation*  it  ia  best  to  osethi 
sulphoeymate  of  potassium  in  the  form  of  a  concentrated  solution,  and  to  add  th» 
platiuum-salt  by  small  quantities  at  a  time,  so  as  to  avoid  too  great  a  rise  of  teapm* 
tare.  The  liquid  on  cooling  deposits  a  mass  of  small  needles,  which  most  be  poriM 
fr>ni  chloride  of  putaFsium  by  solution  in  strong  alcohol,  from  which  again  the  sih  ii 
bent  recovered  by  K).x)ntaneous  evaporation.  The  crystals  are  then  prceaed  bstWNi 
paper  to  remove  the  excess  of  sulphocyanate  of  potassium,  and  the  salt  onoe  mfflrea7i> 
tallised  from  an  aqueous  solution. 

It  forms  stellar  groups  of  crystals,  which  when  examined  by  the  microseope  ^peu 
like  six-sided  prisms  uf  a  fine  red  colour.  They  dissolve  readily  in  2^  pta.  of  vaterit 
155°,  and  are  soluble  to  any  extent  in  warm  alcohol.  The  solution  of  the  pun  nh 
iK  orange- red  ;  a  port- wine  colour  denotes  impurity.  The  crystals  are  not  deliqnsKat, 
and  when  perfectly  dry,  do  not  appear  to  be  affected  by  a  temperature  of  1<NV^.  Tin 
salt  is  decomposed  by  ammonia,  yielding  sulphocyanate  of  platosammoniam  ^ndi 
crystallises  out,  and  sulphocyanate  of  potassium  which  remains  in  solution. 

Sulphoryanoplatinite  of  Silver,  Ag^Pt^Cy^S*. — Curdy  precipitate,  BomeiHiat  rem- 
1)1  in^  sulpliuoyauate  of  silver,  partially  soluble  iu  ammonia,  with  deoomposilioo.  II 
dis>i()lvcs  iu  sulphocyanate  of  potassium,  but  the  solution  is  decomposed  bj  water. 

2\trammoniopl<Uinou8    StUphocyanoplatiuite,    ^  Pt'Cv^C'  ^^  fti(pfapywfr- 

r  N*HV  NH«^*I>t"^''  # 

plat i, lite  of  Diammo-platoso-diammonium,  ^     ^   ^^       '     pt"!^^'^^* — ^^*"™^  ■" 

bulky  flesh-coloured  precipitate,  by  decomposing  the  chloride  of  dipIatosamniflBiin 
with  a  soluble  sulphocyanoplatinite. — Heated  on  platinum-foil,  it  giyes  off  amno- 
iiiucal  giis,  fuses  into  a  black  bubbling  mass,  and  then  bums  like  tinder,  leaTaf 
bri<rht  spongy  platinum.  It  is  quite  insoluble  in  water  and  in  alcohol,  but  dihti 
hydrochloric  acid  dissolves  it  rather  freely.  It  is  polymeric  with  snlphoeyanate  d 
platosammonium  (p.  513). 

2.  StUphocyanopi^Uinates. 

Sulphoci/anoplatinie  Acid,     H*Pt''Cy*S*. — Obtained  by  precipitatinff  a  warm  ud 
concentrated  solution  of  the  lead-salt  with  sulphuric  acid.     The  fllterra  liquid  is  of  t 


1  of  a  flue  cnmHiB  coloui.  It  ia  sUblp  at  onliDan'  terapciuturea,  but  giYU 
IT  of  mlphocfHiiic  acid  whan  iu  aqumu*  aolutiaa  is  boiled. 
'OHoplttinalt  iff  fWoHiuni.— Prepared :  I.  By  tlie  action  of  potuMic 
•to  on  pUtinie  chloride.  When  platiDii;  chloride  ia  iidded  la  a  culd  >o]ution 
I  iDli^oejanato,  a  prrcipitiite  of  polaasic  chloroplalinale  ie  formitd, 
ion  of  lalphocjanic  acid.  But  if  the  platinlc  chloride  be  poured  into  s 
Liau  of  the  aulpbocjaoata  prpnoualj  heiLltd  1o  TO''  or  ttO°,  nu  precipitatx  ii 
t  liio  liquor  acquires  a  deep-red  colour,  and  on  cooling  depoaita  beautiful 
potanic  svlphocyanoplittiuate.     Thio  proceaa  inTalveg  a  considenibU  mnte 

iolphocTauatj),  la  conaeqaence  of  the  presence  of  free  hydrochloric  acid, 
rin,  if  the  temperaturx  rites  above  a  crrtain  point,  decomposes  the  pcoduci, 
>0n  Bocculent  predpilnte  (plalinoua  lulphocjanat^). 

r;  K  wlntion  of  4  pta.  chlonjplutiunle  of  potaisium  ia  added  to  a  aulution 
m  ni]phoc}-aDat«  of  potnaaium  (veigbed  in  the  fused  stale)  in  a  modenta 

«nUr,  and  thg  mixture  ia  heated  nearly  ^o  the  boiling-point: 
Klt'-Cl'  -^   SKCyS  -  K"Pt"CyS"  +   6KCL 

Jf  of  the  ndpluxTanate  must  be  aroided,  as  in  that  caae  an  inaolubl* 
tanee  is  formr'^,  vhich  renders  Ihp  poriflcaliiin  of  the  crjatuls  veiy  difficult. 
1  liquid,  on  cooling,  depoiita  the  sulphocyanoplatinate  in  licautiful  cryalaJs, 
^  siu.  To  remove  tracen  of  chluride  of  pulanaiuln,  the  crj-stala  may  be 
tn  boiling  alcohol,  and  the  solution  pnssed  thmu^h  a  filter  surruuadnl  vith 
to  prerant  loo  rapid  ciyitallisatioD, 

snoplMinate  of  potaasium  forms  six-sided  prisms  or  lamioB,  of  a  deep 
lonr  and  very  nauseous  laats.  The  Hqueoui  solntion  yields  the  aalt  in 
plates,  but  &om  ths  alcoholic  aolution  it  ia  often  deposited  in  double  sii- 
nida  united  base  to  base,  and  with  truncated  summits.  Permanant  in  the 
otaj  teDiperaturea.  It  dissolien  in  12  pts.  watar  at  60°,  mneh  mure 
iling  vati;r,  and  still  more  iu  boiling  alcohol.  Ths  solutions  hnve  a  deep- 
baeuuing  jelloiv  when  very  dilute.  One  drop  of  the  aaturatel  solution 
inct  yellow  tinge  to  a  gallon  of  water. 

riteiu. — 1.  SnlphocyanopUtinste  of  potassium  is  decomposed  at  a  red 
og  cnlphocyanate  of  potaSBium,  gaseous  products,  and  reductd  platintutL — 
B^j  heated  in  contact  with  the  air,  it  burns  with  a  bine  sulphutoua  flam* 
SI  odour.— 3.  Sulphuric  acid  converts  it  into  snlphocyonio  acid,  Bapho(7B- 
SMium,  and  platinic  sulphide : 

IPPfCy^  -i   2E?&     =     PtS*  +   SKCyS  +   iHCjS. 
rith  nlphide  of  ammoninm ; 
KTtf'Cj'S'  t   2(NH')'S     -     PtS»  +   aKCyS  +   INH-Cya 
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potassium  is  deposited,  and  tlu;  liquid  retains  in  solution  sulphate,  BnlfAocysDate  of 
potassium,  and  cyanide  of  potassium : 

SK'Pt^'CyS*   i-   4K-C0»    =    8K«R"Cy<S*  +  K^SO*  +  5KCyS   ♦   KCy  +  4C0*. 

—  8.  A  pure  solution  of  potassic  sulphocyanoplatinate  does  not  produce  a  blood-nd 
colour  ^dth  ferric  ssXts ;  but  the  mixture  becomes  nearlj  Uack  mud  opaque  vbc3 
heated,  from  formiition  of  a  substance  which  separates  in  heary  luatrotis  graini. 

Sidphocyanopixitinate  of  Sodium,  obtained  by  precipitating  the  lead-salt  vith  iC- 
phate  of  sodium,  crystallises  readily  in  broad  gamet-ooloured  tables,  soluble  in  vatcf 
and  in  alcohoL 

Sulphocyanoplatinate  of  Barium. — Prepared  by  dissolving  3  pts.  of  the  dry  poti.*. 
sinm-salt  in  an  aqueous  solution  of  I  pt.  of  chloride  of  barium  (or,  as  an  exows  of  :r.* 
latter  is  desirable,  9  pts.  K*PtCy^  to  4  pts.  BaCl*),  evaporating  the  solution,  tud 
extracting  with  alcohol. — Crystallises  in  long  flattened  prisms  of  a  deep-red  cUuur. 
and  often  of  considerable  size.    Not  so  stable  as  the  potassinm-salt. 

Cupric  StUphocyanoplntinatf. — I'recipitated  on  mixing  a  solution  of  the  potainush 
salt  with  cupric  sulphate.  Exhibits  a  brick-dust  colour  when  first  precipitated,  bit 
changes  at  a  boiling  heat  to  a  black  insoluble  powder.  Forms  a  fine  green  tdattn 
witli  ammonia,  but  on  the  addition  of  hydrochloric  acid,  the  copper-salt  is  reprodfloed, 
with  dark-brown  colour. 

Sulphocjfamrplatinatcs  of  Iron. — a.  Ferrou9  soft,  FeTt^'Cy^. — Obtained  by  addiic  i 
slightly  acidulated  solution  of  ferrous  sulphate  to  a  concentrated  solution  of  porawsc 
Hulphocyanoplatinate.  Black  cryi<tAlline  precipitate,  which*  when  examined  br  \ht 
microscope,  is  seen  to  be  composed  of  shining  six-sided  laming  with  roondrd  edfio. 
It  is  not  affected  by  dilute  sulphuric  hydrochloric,  or  nitric  acid ;  but  strong  nitric  acid 
dissolves  it,  with  formation  of  sulphuric  acid.  Cold  solution  of  potash  eonvots  it  voo 
ferric  oxide  and  a  yellow  liquid  containing  platinum  and  snlphoc^nic  acid.  It  if  ii> 
soluble  in  water  and  in  alcohol. 

j3.  Ferric  Sait. — Prepared  in  like  manner  with  ferrons  salt,  bnt  not  prseipiucd 
till  the  mixture  is  boiled.     Resembles  the  ferrous  salt. 

Suiphvct/anoplaiinates  of  Lead.. — a.  Neutral,  Pb"Pt*'Cy^. — ^Precipitated  in  th» 
form  of  brilliant  golden  hexagonal  plates,  on  mixing  the  concentrated  aolntiofii  of 
neutral  acetate  of  lead  and  6ulphoc}*anoplatinate  of  potasainm.  Soluble  in  alcobtl; 
less  soluble  in  cold  water,  with  which  it  may  be  washed ;  cannot  be  erTStalliied  fzta 
hot  water  without  det^omposition. 

j8.  Jiasic,  Pb"O.Pb"Pt»'Cy*S*. — Obtained  as  a  brilliant  red  precipitate,  onmixiictlu 
concfut rated  solutions  of  potassic  sulphocyanoplatinate  and  basic  lead-acetate.  luo- 
hiMe  in  water;  readily  soluble  in  dilute  nitric  and  in  acetic  acid. 

Mi-rcuroiiA  i^idphoct/anopiatinace,  Hg^*'Cy"S*. — Heavy  curdy  precipitate,  obtuntd 
by  adding  mercurous  nitrate  to  sulphocyanoplatinate  of  potassium.  Its  colour  is  dt^ 
orange  at  tinst,  but  changes  to  a  pale  primrose-yellow  when  the  liouid  u  heated  to  thi 
boiling-point.  In  the  dry  state,  it  bt>ars  a  considerable  degree  of  heat  without  alien- 
tion.  Heated  in  the  air-bath  to  between  140°  and  150°,  it  suddenly  swells  np  intoa 
substance  having  a  peculiar  metallic  and  arborescent  appearance,  somewhat  lib 
coan«(>  tea,  and  emits  a  jet  of  spontaneously  ibflammable  gas.  No  further  ehup  ii 
obborred  till  the  temperature  rises  to  250^ ;  but  at  a  heat  below  redness,  mefcsriil 
vapours  and  cyanogen-gas  are  liberated ;  and  finally  the  mass,  if  exposed  in  as  opefl 
cnu'ible,  burns  away  like  tinder,  leaving  a  residue  of  platinum.  The  salt,  via 
suljectetl  to  dry  distillation,  in  a  retort,  yields  a  mixture  of  nitrogen -gas  and  Tipccr 
of  carbonic  disulphido. 

Su/phoct/anoplatiuate  of  Silver,  Ag'Pt''Cy*S*. — Prepared  by  deoomposiiig  a  soli- 
tion  of  the  j^otassium-salt  with  nitrate  of  silver.  Heavy,  curdy,  deep  orange-eoIoiL'td 
prfoipitato,  which  shrinks  and  agglutinates  into  a  tenacious  ma^  whenboiled vi-i 
water,  but  haniens  again  on  boiling.  The  dry  salt,  when  gently  heated,  swells  19 
considerably,  and  if  in  contact  with  the  air,  takes  fire  and  bums  with  aUneflim. 
Before  the  blowpipe,  it  fuses  into  a  metallic  bead  of  silver  and  platinum. — ^Nitric  nai 
decom^)oses  it  rapidly,  with  formation  of  sulphuric  acid,  evolution  of  nitric  oxide,  aad 
precipitation  of  a  yellow  substance. — Wlien  recently  precipitatfid,  it  dissolves  in  coii 
aqueous  ammonia,  but  the  solution  decomposes  at  a  higher  temperature.  The  salt  :i 
dei'oni poised  by  hot  caustic  potash,  yielding  sulphocyanate  of  potassium,  platinicoiid^, 
ami  oxide  of  silver: 

AgR»'Cy*S«    +   6KH0     =     6KCyS   +   PtO«  +   AgH)   +   3flK). 

Jt  dissolves  in  sulphocyanate  of  potassium,  but,  on  adding  water  to  the  liquid,  nl- 
phocyanate  of  silver  is  precipitated,  and  sulphocyanoplatinate  of  potassium  Rnaiuu 
sol  ution : 

AgTi^'Cy^S*    +    2KCyS     =     2AgCyS   +   K«Pt»Ty«S*. 


t  of  nlphoejuute  of  potunom  and  1'6  pL  ehlorida  of  (tlntoummMiun  an 
d  tosMtMr  in  *si«r ;  th«  mixture  hfiat«d  n wlj  to  ila  botling-paint ;  u  eqnsl 
of  Meohol  added,  to  incnaee  the  solubility  of  the  product ;  lud  the  liquid 
bok    SolpliaejiinBte  uf  platoaammomnm  ii  tliea  deposited  in  OTitalii,  on 

Nit  fiwma  itniw-yellow  Deedlel,  vhich,  when  eiamiaed  b;  the  mirrcMcopts 

0  Im  rbomboMBl  Driemi.    Mclta  bftveen  100°  and  110°,  to  a  clear  Burnet- 

1  ^Ffop,  which  baratma  again  ai  it  eoola.  It  diKHilTei  iparinglj  in  cold  water, 
■Ah  m  alcohol  J(  deoomiKMea  at  1B(F,  giving  off  ammonia  and  hydrocyanic 
A  if  expcaad  to  the  air,  eTolTCH  ulso  aulphuTDiia  aDhjdridr  and  IcaTm  metallic 
i;  no  entphidsof  carboa  is  given  off  It  ia  notattacki<d  by  hydrochloric  or  bj 
dlAnrieacid.     The  iqaeoui  nlation  jnodncre  no  change  io  raits  ofcoppsr. 

mmtaTj ;  but  wben  addrd  to  a  solution  of  sulphate  or  nitrate  of  itlTer,  it 
.  li|ht-jellow  pneipitata  containing  platinnm.  When  boiled,  it  girea  off 
a,  Md  depoaita  the  yeilow  insoluble  tuatUr  sbore  meDtioned ;  th«  earns  affEct 

to  b*  prodncfd  by  cauatic  potash. 

•KOCTAKaTB  ot  PoTARsif  H,  CNK3  -  KCyS.— This  salt  is  pmand: 
nag  ^anids  of  potaannm  with  sulphur,  or  2  pts.  of  the  femx^aaide  wiui  I  pL 
i  or  ij  tbiing  17  pts.  of  putaxsic  corlioiuite  with  32  pts.  sulphur,  and  adding 
iiij  potaaaic  feirocyanida.  The  hmt  must  be  contiuned  till  ths  mellrd  mass 
r  fanhUs^  which  bnm  in  the  air  with  a  red  flume:  and  it  must  baearetulty 
d,  ■•  if  it  is  insuiBcient,  put  of  tJi«  fmoeyBnide  will  remsin  andecompoma ; 
i  ta  too  much  rained,  pan  of  the  resulting  sal^^ocyuiate  will  be  roDTerted  into 
la.  The  fused  mus,  wlien  cold,  is  diseolTvd  in  water ;  the  iron  contained  in  th* 
iipredpitaled  by  carbonate  of  potassium;  ihe  filtrate  is  nrapomtM]  to  drynna; 
Ina  digested  with  alcohol,  and  the  alcoholic  solntioD  left  to  eraporate.  To 
MMeof  alcohol,  Heillet  (J.  Fhurm.xxTii.  628)  nmtrBlisfs  tbe  filmie  iiapa- 


B  digested  with  alcohol,  and  the  alcoholic  solntion  left  to  eraporate.  To 
Me  of  alcohol,  Heillet  (J.  Fhurm.xxTii.  628)  nmtrBlisfs  tbe  filmie  nan- 
nB  the  iron  precipitate  with  acetic  acid.  eTaporatea.  and  puriBea  the  sulpha- 
\f/  eiTStallisation.— 2.  Sulphocysaale  of  potassium  may  also  be  prs^ared,  in 
M  manner  aa  thi>  aodium-aalt,  by  fusing  1  pt.  of  anhydrous  potaaaie  ferro- 
W)tllSpU.oftheanh;dronB  hjpjeulphite  (Frohdf)'^*'  QelisprBpareandpho- 
tt  potassiuni  on  the  large  se^e  by  hmting  milpbocyanate  of  ammonium  with 
gr  anlphocarbonato  of  ammonium  witJi  sulphide  uf  potaaaiam  (p.  5I>0): 
t{KH')H3S*  +  X-S  -  3KCNS  +  2(NH')HS  +  JIPB. 
otjaoatf  of  potaaainm  cryslullisn  in  long  striated  prisma,  or  in  needles  with 
*d  snnunita,  very  much  like  nltprtie.  They  are  anhydrona.  and  hare  a  sperifln 
gf  l-BCe— leos  (BOdeker).  The  salt  is  Tery  deIlt|UetKM:nt,  fusible,  and  reiy 
in  bmling  alcohol.    It  has  a  cooling  pungent  Ia«te,  aomewhat  like  that  at 
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is  left,  consiBtiiig,  according  to  Liebig,  of  chloride  of  potaBnum  and  impure  B^Uom. 
Accordioff  to  Volciel  (Pogg.  Aim.  lyiii.  162),  neitnor  the  red  rablimate  nor  the 
mellone  is  produced  if  t}ie  chlorine  is  qaite  dry  and  free  from,  hydrochloric  icii 
Chlorine  passed  into  an  aqueous  solution  of  the  solphooyanate,  not  too  dilute,  thnm 
down  an  orange-coloured  precipitate  of  peraulphocyanogen  (iy.  380).  An  aleohobc 
solution  of  iodine  is  not  decolorised  by  an  alcoholic  solution  of  potaeme  auljAiocyuit^ 
even  at  the  boiling  heat. 

Strong  nitric  acid  added  to  the  aqueoua  solution  throws  down  pemmTphocyanogM. 
Dilute  nitric  acid,  nitrous  acid,  and  other  oxidising  agents,  also  impart  to  the  sohitioD 
a  deep  but  transient  blood-red  colour,  which  is  distinguishfd  fh>m  that  produred  by 
ferric  salts  by  its  greater  instability.  (Jahresb.  1862,  p.  429 ;  1867,  p.  237;  186^ 
p.  294.) 

Permanganate  of  potassium, peroxide  of  manganese,  and  peroxide  of  lead,  oxidise  only 
the  sulphur  of  the  sulphocyanate,  conveiting  it  into  sulphuric  acid,  the  foimatioD  of 
which  is  probably  preceded  by  that  of  a  cyanogen -compound  containing  a  imaller  pi> 
portion  of  sulphur  than  the  sulphocyanate.     (Hadow,  Chem.  Soc  Qo.  J.  xi.  174.) 

When  dry  hydrochloric  add  is  passed  over  fused  sulphocyanate  of  potasnum,  grnt 
heat  is  produced ;  hydrocyanic  acid,  carbonic  disnlphide,  and  sal-ammoniac  are  giret 
off;  and  a  thick  yellowish-red  sublimate  is  formed,  which,  when  exposed  to  moiit  ai^ 
gives  off  acid  vapours  capable  of  reddening  ferric  salts.    (Li  eb  ig.) 

Sulphocyanate  of  potassium  gently  heated  with  pentacUoride  of  pkotfkonMf  jiddi 
gaseous  chloride  of  cyanogen,  phosphoric  sulphochloride,  and  chlonde  of  poCafliiB: 

KCyS     +     PC1»       -       CyCl     +     KG     +     PSCP. 

At  a  higher  temperature  other  products  are  formed.     (Schif  1^  Axm.  Ch.  PbaoB.  en, 
116.) 

An  aqueous  solution  of  potaasic  sulphocyanate  yields,  by  dtotrolytii^  snlpfaurie  add, 
sulphurous  acid,  hydrocyanic  acid,  and  sulphur.    (Schlagdenhauff^n,  J.  Plisi& 


[31  xlix.  100.) 
Dry  su 


sulphocyanate  of  potassium  heated  with  metallic  iron  is  oonveitffd  into  ftn»- 
cyanide  of  potassium,  together  with  ferrous  and  potassic  sulphides : 

6KCyS     +     Fe«       -       K^Fe'Cy*     +     6Fe''S     +     K^ 

This  process  is  applied  by  Gelis  to  the  manufacture  of  the  ferrucjtnide.  (8m 
R^p.  Chim.  App.  1862,  p.  370;  Richardson  and  Watts's  Ckemtie^  IMMen, 
[5],  i.  399.) 

SuLPHooTANATB  OF  SiLTBB,  AgCyS. — ^Whito  curdy  predidtate^  insoluble  ia 
water  but  soluble  in  ammonia,  whence  it  crystallises  in  snining  scales  free  frn 
ammonia.  Diy  chlorine  free  from  hydrochloric  hcid,  converts  it  into  solid  chJoridccf 
cyanogen,  chloride  of  sulphur,  and  chloride  of  silver ;  with  moist  acid  cUoiriiK,  il 
yields  also  a  red  sublimate.  It  dissolves  easilv  in  aqueous  sulphocyanate  of  paC»* 
sium,  and  the  saturated  solution  left  over  sulphuric  acid,  deposits  nxomboidaJ  oeU> 
hedrons  of  the  double  salt  KCyS.AgCyS,  which  is  completely  decomposed  hjwi^ 
melts  without  decomposition  at  140°,  but  decom|x>8es  at  a  higher  tempexBtuve. 

SuLPHocTANATB  OF  S  ODIUM,  NaCyS. — This  Salt  may  be  prodoesd  IB  ths  HBH 
manner  as  sulphocyanate  of  potassium,  also  by  fiising  cyanidi  or  fenucjanida  d 
potassium  with  hyposulphite  of  sodium : 

4KCy     +     4Na«S«0»       -       4NaCyS     +     2K«80«     +     Na^SO«     4-     Nafl; 
2K*Fe*Cy«  +    12Na»S«0«  -   12NaCyS  +  4K«S0«  +   6Na<80«  +   Na«  ♦  iFtTl 

A  convenient  mode  of  preparation  is  to  heat  1  pt.  of  potassic  ferrocyanide  wi&  U 

Sts.  anhydrous  sodic  hyposulphite  in  a  porcelain  dish,  till  the  hyposnlphnrsus  add  ■ 
ecomposed,  and  dissolve  out  the  resulting  sodic  sulphocyanate  with  hot  alcubol  m 
water.  Ferrieyanide  of  potassium  heated  with  hydrated  sodic  hyposulphite  is  fink 
converted,  with  separation  of  sulphur  and  evolution  of  sulphurous  anhydride,  into  fmo* 
cyanide,  which  is  then  converted,  as  above,  into  sulphocyanate  and  sulphide  of  sodiim. 
(A.  Frohde,  Pogg.  Ann.  cxix.  317.) 

Sulphocyanate  of  sodium  crystallises  in  rhombic  tables,  veiy  deliquescent,  and  Toy 
soluble  in  alcohol. 

SuLPuocTANATK  OF  STRONTIUM,  Sr"Cy%^3H*0,  forms  deUqutseest  wMm, 
very  soluble  in  water  and  in  alcohol. 

Sulphocyanate  OF  Thallium,  TlGyS,  is  obtained,  by  mixing  the  sohtioo if 
the  curboiiatewith  BulphocyHnati*  of  potassium,  in  small  shining  needles  (Kn hi naiiL 
Compt.  r«'nd.  xv.  607).  The  erysrals  are  qiuidratic,  having  howercr  a  nnsoriiiie 
Hupect,  in  oonsequ«'iice  of  irregular  dt^velopment.  Observed  combinations^  o»P .  P«  ; 
and  ooPoo  .  ocP  .  Pac.  Angle  oeP  :  Poc  =  128°  20*3';  ooP  :  Ps  •  IW^  1'; 
Vv:  :  Poc  ,  inthr  bawil  principal  M-ction  =  7fi°  406'.  TMrins  with  the  combtnatioo-te 
P«  .   Vv  distinct  cleavage.    (W.  II.  Miller.  Proc.  Roy.  Soc.  xiv.  656.) 
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Sn  rHOiTAXATK  «»r  Tut.-Slannous  hyJrafr  prooipitatM  Ky  aniinnniii,  diMtuWfii 
fr»r  the  miMit  part  in  sulpliucyanic  acid,  IcaYiug  a  light  uraDgc-coInured  rf4«idiie;  the 
»oIuiioii,  when  builM,  d»'pi>eiltf  8tunnou4  oxide,  and  h»ar«»H.  on  further  evaporation, 
lemon-jellow  sfanmuM  fulphoet/anate,  Sn^Cv^S*.  Thin  salt,  when  heated,  becomes 
bn>wo  aod  bUck  without  change  of  form,  and  finally  melts,  Icairing  a  black  residue, 
which  buma  away  with  a  glimmering  violet -ml  liixht.  It  dissolves  in  water  and  in 
abanlut«  alcohol,  the  aqueous  soluuon  appcMiriiif;  blue  by  rt-flected  light.  Potash 
•ppamtea  blaek  stannous  oxide,  and  the  eTa})orated  solution  yields  tabular  crystals  of 
a  duuble  aalt.  Strumous  sulphocyanate  di«tsolyes  in  siilphocyanate  of  potassium,  with 
•eparation  of  bn>wii  strumous  8ulphi<lo ;  and  the  filtrate  fir»t  yirhls  crjHtals  of 
Maiinous  mlphocyanate,  then  dt*ci>nipoftf8  on  furthi-r  evaporation. — Utanuic  hydraU 
dissolves  but  very  slightly  in  sulphocyanic  acid.  (L.  CI  as  en,  J.  pr.  Chem.  xcvii. 
349.) 

SuLPBocTANATBS  OF  UuANiux. — Tho  uronouB  Bait  is  dark-sreen,  soluble,  and 
oystjilliiie. — The  uranic  salt  is  soluble  in  water,  insoluble  in  alcohol. 

SCLPHOCTAKATR  OF  ZiMC,  Zn'Cy'S'.— Deposit«-d  from  alcohol  in  anhydrous 
ojatals,  very  s^uble  in  wat«-r.  It  diHHolvea  also  in  ammonia,  and  thf  solution  yields, 
bj  ermporation,  rhomboidal  priBiaii  of  auijfhocyanate  of  cificam/noniitnt,  (N*li*/u"/Cy*S', 
which  arc  decomposed  by  water. 


C«N«S  «  C}'S.  Ci/anic  Sulphide.  Sul- 
fkidf  of  C^fttnogen.  (F.  Linnemann,  Ann.  Ch.  Pliarm.  cxx.  36.) — This  compound 
u  formed  by  the  action  of  cyanic  iodide  on  argentic  sulphocyanate : 

AgCyS  +  Cyl    -    Agl    +    Cy«S. 

It  is  most  easily  preimred  by  mixing  an  ethereal  solution  of  cyanic  iodide  with  aa 
•quiTmlent  quantity  of  aigentic  8ulph<Kr}'.'inate,  evaporating  with  constant  stirring,  and 
leftving  the  residual  powder  to  itself  for  some  hours  in  small  closed  vessels.  The 
•ulphuc^anlc  anhydride  may  be  separated  fmm  the  argentic  iodide  by  sublimation,  or 
better,  by  extraction  with  boiling  carbonic  disulphide.  The  solution,  if  quickly  flltcxed 
at  tile  boiling  h(«t,  and  then  cooled  to  0^,  deposits  the  compound  in  crystals,  which 
may  be  porififd  by  drving  in  a  vacuum  over  oil  of  vitriol. 

Sniphocyanic  anhyaride  is  likewise  pru<iuced  by  the  action  of  sulphide  of  iodine, 
I^  on  nrsnide  of  silver ;  of  sulphide  of  chlorinr,  (*^1*S,  on  cyanide  of  mercury  ;  and  «>f 
iodide  of  cyanogen  on  sulphide  of  silver.  The  product  which  Lussaifnie  obtained  (in 
I82rt)  by  trcatiuff  cvanide  of  mercury  with  toilphide  of  chlorine,  was  nothing  else  tlian 
lalphocyanic  anhydride.  In  preparing  the  tHimpound  by  this  process,  a  secondair 
product  is  likewise  obtained,  consisting  of  a  white  powder,  in>4)luble  in  carbonic  disuf- 
phide,  but  soluble  iu  ether,  and  having,  according  to  Linnemann^s  analyses,  the 
euiupoHitioo  C^^.HgCv. 

Sulphocyanic  anhydride  forms  limpid  rhombic  tables  or  laminae,  which  smell  like 
iolide  of  cyanogen,  and  volatilise  slowly  on  exposure  to  the  air.  It  sublimes  between 
SO^  and  40^,  melts  at  60^,  and  solidifirs  in  the  cr}'stalline  form.  When  heated  for 
■ome  time  in  moist  air,  it  decomposes.  It  dissolves  in  cfher^  alcohol^  and  irafer,  and 
crvHtalliaes  from  solutions  supersaturated  while  hot.  It  is  easily  decomposed  by 
^Inte  amMmrie  add,  also  by  nitric  and  by  hifdrochlaric  acid.  Wit  h  iodide  of  potassium, 
it  give*  off  iodine  -,  with  aqueous  cyanide  of  poUiMiumy  ii  evolves  hydroi'^amc  acid  ;  by 
foaion  with  kydraU  of  potasttHm^  it  yields  ammonia,  carbonic  anhydride,  sulphide,  and 
■alphucyaoate  of  potasHium;  with  jiotassiuM,  ii  forms  cyanide  and  sulphocyanate  of 
pojBsaium ;  with  alcoholic  jtotash-folufion,  c}-anate  and  sulphoc^-anate  of  potassium. 
With  noMCtni  kydroyen,  tulphydric  acid,  and  monoBulphide  oj  potassiuin,  it  decomposes 
as  diown  by  the  equations : 

Cy«8  +   H«       -     HCy  +   HCyS 
Cy«S  +   H«S     -     HCy   -»■   HCyS   +   8 
Cy«S   ♦   K«S     -     KCy   +   KCyS   +   8. 

With    amnionta,    sulphocyanic    anhydride    fonnfi    the    compound    (NII*)'C}'*S     >» 

KlfCvl  Nil*/ 

^7^^[8  (just as sulphydric acid,  H'S,  forms  ../S),  which  separates  aa  a  crys- 
talline powder  on  passing  dry  ammonia-gas  into  an  ethereal  solution  of  the  anhydride. 
Thu*  compound  dissolves  easily  in  absolute  alcohol;  melts  without  decomposition  at 
M** ;  given  off  ammonia  with  alkalis,  and  decompos<'S,  in  aqueous  solution,  into 
aolphncyanate  of  ammonium,  and  probably  <-yanumide. 

The  aqueous  solution  of  sul f»Kocyanie  anhydride  decomposes  very  quickly,  depositinf^ 
a  yellow  or  oranjse-rMl  powder,  resembling  persulpliocyaiiogen  ( iv.  380),  but  of  different 
rt>mpo»ition,  and  p#*rhaps  ctjnsi<>ting.  for  the  ni<>st  part,  of  a  p<ilymerie  mo<lirieation  of 
Ml Ipltocyanic anhydride — uamdv.  tlieanlivdrldMol'  sulphooyHnurieacid  :  this  ct.nipound 

1.  L   2 
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appoars  also  to  be  the  chief  product  of  the  decomposition  of  suldboejanic  anhydzide  la 
moist  air.  The  acid  solution  remaining  after  the  deposition  of  thiB  powder,  eonuia 
sulphocyanic  acid  (as  chief  prodoct),  hydrocyanic  aeio,  BnlphocTanate  and  snlphite  of 
ammonium ;  it,  moreover,  gires  off  carbonic  anhydride,  and  probably  alao  carbooic  oxide. 
(Linnemann.) 

lodoeyanie  Sulphide,  GvIS. — This  appears  to  be  the  composition  of  a  red- 
brown,  Tery  volatile,  and  easily  decomposible  liquid,  formed,  togrther  with  iodid«  of 
silver,  by  treating  sulphocyanate  of  silver  with  an  ethereal  aolutioa  of  iodiM 
(Linnemann.) 

BVXiVBOCrr AVZC  BTUJMM.  Several  sulphocyaiiatea  of  monmtomic  aleobot 
radicles  are  known,  also  the  sulphocyanate  of  ethylene. 

AlljUo    Bnlpboojanate.      Volat'de  Oil  of  Mustard.     Etsemee  ds  Mcmttrdt. 

Senfol.      C^H»NS     -     C>H*.CyS     -     (^J»JS     -     ^I'jN.      (BoutroD  lul 

Robiquet,  J.  Pharm.  xvii.  296. — Henry  and  Plisson,  ibid,  xwu.  461. — ^Dumii 
and  Pelouze,  Ann.  Ch.  Phys.  [2],  liii.  181. — ^Aschoff,  J.  pr.  Chem.  iv.  tU.— 
Robiquet  and  Bussy,  Ann.  Ch.  Phys.  [2],  lyyicii.  828. — ^Boutron  and  Fr^mj.  J. 
Pharm.  xvi.  112. — Lowie  and  Weidmann,  J.  pr.  Chem.zix.218. — ^Will,  Ann-Ck. 
Pharm.  lii.  1.— Wertheim,  ibid,  lv.297.— Gerhardt,  Ann.  Ch.  Fbyi.  [3],  xiv.lU; 
TVttite,  il  409.— Gm.  x.  41.) 

This  ether,  or  essential  oil,  is  obtained  from  the  seeds  of  black  muitard  by  diitil!ft- 
tion  with  water,  and  exists,  together  with  oil  of  garlic,  in  the  oils  prodooed  ia  Eb 
manner  from  other  cruciferous  plants.  It  does  not  exist  ready-formed  in  these  plants 
at  least  not  in  the  diy  parts,  such  as  the  seed.  Its  production  requires  the  presott 
of  water,  and  appears  to  depend  upon  the  action  of  my  rosin,  a  substanoe  anakfou 
to  the  emulsion  of  bitter  almonds,  or  another  substance,  mvronie  acid,  likerji 
eziating  in  these  plants  in  the  form  of  a  potassium-salt,  ^oee  Mtbohtc  Aod  ad 
Xtbosht,  iii  1073,  1076.]  The  seed  of  white  mustard,  which  contains  mynsiB  bA 
not  myronic  acid,  does  not  yield  allylic  sulohocyanate  when  distilled  with  water. 

Allylic  suphocyanate  is  formed  artificially:  1.  From  myronic  aeid,  by  dtidlEif 
myronate  of  barium  or  potassium  with  a  caustic  alkali  (iii.  1070). — 8.  From  allylie 
iodide,  by  the  action  of  potassic  or  ai^^entic  sulphocyanate. — 3.  From  ally  lie  iil- 
phide  (i.  143),  by  treating  the  precipitate  formed  b^  the  action  of  raefcnne  ehkiide 
on  oil  of  garlic  with  potassic  sulphocyanate  (Wertheim).  AooOirduiff  to  Hlasiv«u 
(Ann.  Ch.  Pharm.  Ixxi.  28),  the  precipitate  formed  by  mixing  the  afooholie  mlolioai 
of  oil  of  asafoBtida  and  mercuric  chloride,  also  yields  all^e  mUphoeyanate  wkn 
distilled  with  sulphocyanate  of  potassiunL 

Preparation.-  a.  From  mustard-seed.  The  seed  of  Uack  muBtud  ia  braised  nd 
macerated  for  about  twelve  hours  with  3  to  6  pts.  of  cold  water,  and  then  dietiUed,u  ki| 
as  any  oil  passes  away  with  the  wat«*r.  The  distillation  is  beet  conducted  by  punf 
steam  into  the  still.  A  saturat«>d  solution  of  mustard-oil  in  water  then  pesees  cue; 
and  the  excess  of  oil  settles  to  the  bottom.  The  aqueous  101111100,  which  eontabi  a 
considerable  quantity  of  the  oil,  may  be  advantageously  used  fcor  maecntii^  finh 
]iortions  of  seed.  1000  pts.  of  mustard-seed  macerated  with  freeh  water  ji^ 
from  2  to  7  pts.  of  oil ;  but  if  water  saturated  with  the  oil  by  r^ieeted  ^■»it»«rii«  ^ 
used,  the  product  may  amount  to  10  or  11  parta 

The  crude  oil  is  mostly  yellowish ;  it  is  purified  by  rectification,  alter  dfyiii;  onr 
chloride  of  calcium.  Pure  sulphocyanate  of  allyl  then  passes  over,  between  146^  a«i 
160*>. 

b.  From  allylic  iodide. — The  iodide  dissolved  in  aloohdl  is  dictflled  with  m^ 
cynnate  of  potassium ;  and  the  distillate  mixed  with  water  is  rectified,  tbs  pu* 
oil  passing  over,  between  145°  and  150°  (Zinin,  Ann.  Ch.  Phann.  aev.  1S8X  (■*' 
1  at.  iodide  of  allyl  and  1  at-,  sulphocyanide  of  potassium  are  imrloeed,  tosethcr  wdk 
a  little  water,  in  a  sealed  glass  tube,  and  heated  lor  some  hoore  to  10^;  wtfsri! 
then  added,  which  dissolves  the  iodide  of  potat»sium  and  secantes  the  sllylie  waS^ 
cyanate;  and  the  latter  is  rectified.  (Bert helot  and  De  Lac%  Ana.  Ch.  Fbji.  [3], 
xliv.  495.) 

Allylic  sulphocyanate  is  obtained  with  still  greater  facility  bj  the  action  of  aOjIi: 
ioiVidc  on  Hulphocyunate  of  silver.  The  action  takes  place  at  ordinaiy  tempeasnn. 
iodide  of  silver  being  formed ;  while  the  iodide  of  allyl  aisa}ipt*aT8,  and  is  rmlseid  koil 
of  mustard.     At  1 00  •  sulphid«»  of  silver  is  formed.    (Bert  h  slot  and  D«  Lara)  ' 

Prvpertits. — Allylif  hulphoeyanate  is  a  transparent  colourlesa  oil,of  stmagrHbeliEf 
power,  ami  ])oss(.ssing  in  the  high*  ht  degree  the  sharp  penetrating  oduar  of  hlvi 
mustiird.  Till  snialleM  quantity  of  the  v.iprmr  exoite.*^  tears,  and  is  apt  to  product  ir- 
flamniation  of  the  eyes.     It  hwV'  a  burning  tast<',  and  nipidlyblistftv  the  skin.    Spcci^c 
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gravity  =  1015 at  209  (Dumas  and  Peloaze),  1009  to  1010  at  15°  (Will).  Boils 
at  US^*  (Will).  Vapour-density,  3*54  (Will);  calculated,  3*42.  Befractinc  power 
-    1-516  (Will). 

It  is  sparingly  soluble  in  wtter,  but  dissolves  very  readily  in  alcohol  and  ether.  It 
dissolrea  eulpkur  and  phoephorus  with  tolerable  facility  when  heated,  these  bodies 
separating  in  the  ci^-stalline  form  on  cooling. 

Dreompoeitions. — 1.  Oil  of  mustard  kneaded  with  alumina  yields,  by  dry  dUtiUtition, 
carbonic  anhydride,  carbu retted  hydrogen,  and  a  small  quantity  of  sulphydric  acid, 
together  with  water.     (F  o  n  t  e  n  e  1 1  e. ) 

2.  Exposed  to  daylight  for  three  years  in  well -closed  vefwels,  it  gradually  becomes 
brownish-yellow,  and  deposits  an  orauge-yelluw  amorphous  substance  haying  tlie 
aspect  of  persulphocyanugen.  This  substance,  when  heated,  swells  up,  assumes  a  dark 
roluur,  gives  off  a  strong;  odour  of  mustard-oil,  aud  leaves  a  dull  but  perfectly  combus- 
tible charcoal.  It  dissolves  in  warm  potash -solution,  forming  a  yellow  liquid,  from 
which  acetic  acid  precipitates  light-yellow  flocks  ;  and  the  liquid  filtered  therefrom  still 
gives  a  light-yellow  precipitate  with  acetate  of  lead,  but  does  not  rudden  ferric  salts, 
And  ther^re  docs  not  contain  sulphocyanic  acid.     (W  ill.) 

3.  The  aqueous  solution  of  the  oil,  after  exposure  to  the  air  fur  some  hours,  loses 
its  shaxpnees.  but  retains  its  taste  and  mustard  odour,  and  deposits  a  grey  powder  con- 
taining sulphur  (Thibierge).  The  oil  undei^goes  no  change  by  exposure  to  the 
air  or  to  oxygen,  even  fur  a  considerable  time,  becoming  neither  acid  nor  alkaline. 
(Bon iron  and  Bobiquet.) 

4.  When  ehlorhte-ffat  is  very  slowly  passed  into  a  retort  filled  with  oil  of  mustard, 
Trry  volatile  crystals  are  formed,  having  a  silky  lustre  (with  evolution  of  hydrochlono 
acid,  acooiding  to  Dumas  aud  Pelouze).  These cr^-stals  become  coloured  and  decom- 
pose when  exposed  to  the  air,  and  are  dissolved  by  a  large  excess  of  chlorine,  yielding 
a  viscid,  no  longer  cnystallisable  liquid.  Potash-ley  conrerta  them  into  a  resinous 
substance  insoluble  in  potash.  They  are  insoluble  in  water  and  in  ether,  but  dissolve  in 
aloohol  in  all  proportions.    (Boutron  and  Fr^my.) 

5.  Bromine  acts  upon  oil  of  mustard  with  frothing  and  evolution  of  heat,  and  forms 
a  brown  resin  nearly  insoluble  in  water ;  the  solution  contains  sulphuric  and  hydro- 
btomic  acid.    ( A  s  c  h  o  f  f.) 

6.  Iodine  dissolves  quickly  in  the  oil,  forming  a  dark  red-brown  liquid.  (Aschoff.) 

7.  When  oil  of  mustard  is  treated  with  modomtely  strong  nitric  acid,  a  brisk  reac- 
tion takes  place,  the  oil  becoming  thick,  assuming  a  gn^en  colour,  and  being  converted 
into  a  resinous  substance  called  nit  rosin  a  py  lie  resin.  The  mother-!  i(juor  contains 
oxalic  acid  and  a  nitro-acid  called  nitrosinapylic  acid,  of  waxy  consistence,  solu- 
ble in  water,  insoluble  in  alcohol  and  ether.  The  solution  gives  yellow  precipitates 
with  lead-  and  silver-salts.  The  barium-.salt  in  a  yellow  powder,  soluble  ia  water,  and 
giv«v  by  analysis  18'23  per  cent,  carbon,  1-6G  hydrogen,  39*26  bar^'ta,  2-74  sulphur,  and 
21*96  oxygen,  which,  if  the  email  quantity  of  sulphur  be  neglecteii,  may  be  represented 
by  the  formula  C"H-Ba''(NO«)«N=0»,  making  that  of  the  acid  (?H\NO«)NO» 

8.  When  oil  of  mustard  is  completely  oxidised  by  mtruj  or  by  chromic  acid^  large 
quantities  of  formic  and  acetic  acids  are  produced,  together  with  a  small  quanti^  of 
propionic  acid. 

9.  Aqueous  potash,  soda  and  hari/ta,  also  the  oxides  of  lead,  silver,  and  mercury,  in 
presence  of  water,  convert  oil  of  mustard  into  sinapoline  (p.  311),  with  formation  of 
a  metallic  sulphide  and  carlx>nate :  e.y., 

2C«H»N8  -I-   SPb'O  +   H«0     -     C'H>«N«0   +   aPb'S  -h   Pb"CO». 

Oil  of  Slnapoline. 

mustard. 

For  this  decomposition  the  presence  of  water  is  ab8olut«*ly  necessary;  the  same 
oxides,  in  the  dir  state,  abstract  the  sulphur  but  slowly  and  imperfectly  from  oil  of 
mnstard. 

When  oil  of  mustard  is  boiled  for  some  time  with  strong  soda-ley,  in  such  a  manner 
that  the  vapour  may  be  condensed  and  flow  l>ack  again,  a  large  quantity  of  ammonia 
is  evolved,  and  an  oil  of  fishy  odoar  is  pruduce<l,  which  may  be  freed  from  the  last  traces 
of  sulphur  by  means  of  potash  and  hydrate  of  lead  ;  after  washing  with  dilute  acid  and 
with  water,  and  subsequent  rectification,  it  is  colourless,  and  exhibits  the  composition  of 
ally  lie  peroxide,  CHH).  It  forms  a  crybtalline  compound  with  nitrate  of  silver. 
(Hlasiwets,  J.  pr.  Chem.  li.  369.) 

10.  An  alcoholic  solution  of  potash  or  tfoda  acts  very  differently  from  the  aqueous 
solution.  When  oil  of  mustard  is  dropped  into  a  concentrated  alcoholic  solution  of 
potash,  great  heat  is  produced,  which,  if  (*are  be  not  taken  to  add  the  liquid  slowly, 
may  rise  in  a  few  seconds  to  violent  ebullition,  and  occasion  the  projection  of  the  con- 
tents of  the  vessel.     No  permanent  gas  is  evulveil,  excepting  perhaps  a  little  ammonia. 
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The  bruwn-ied  mixture  exhibiU,  in)}te;id  of  the  pungent  odour  of  oil  of  mutiM, 
lutirely  a  mild  garlic  odour;  deposits,  after  4  while,  cryttalH  of  neutial  puUiwie  eubi- 
uate  with  1  at.  water ;  and  when  decanted  frum  thette  cryHtals  and  mixed  with  water, 
is  resolved,  with  milky  turbidity,  into  aqueous  salphosinapic  add  (p.  626),  holding  in 
solution  a  certain  quantity  of  oil  which  may  be  dissolvAl  out  by  ether,  aad  an  oil 
which  sinks  to  the  bottom ;  and  if  the  mixture  has  been  heated  to  the  boiliQg-pQa^  u 
dark-coloured,  and  contains  insoluble  flakes.     (Will.) 

The  peculiar  oil  obtained  by  keeping  the  mixture  cold,  after  being  separated  from  tht 
aqueous  sulphuric  acid  by  collecting  it  on  a  wet  filter,  purified  from  potaeb  by  washing 
with  water,  rectified  with  solution  of  common  salt,  and  freed  from  the  water,  which 
makes  it  turbid,  by  standing  for  several  days  over  chloride  of  calcium,  and  decantatioo, 
is  transparent  ana  colourless ;  has  a  density  of  1*036  at  14^ ;  a  mild  aliiaoeoos  odov: 
a  taste  which  is  not  burning,  but  cooling;  boils  between  115^  sod  118^;  tnx'v 
partially  decomposed  by  distillation,  eren  in  a  stream  of  gas,  ammonia  being  fi>riiw<i, 
as  ^hown  by  the  vapour  browning  tiurmoric-paper  slightly,  and  a  brown  zesin  lemainiB^ 
which  gives  ofiT  a  large  quantity  of  ammonia  when  mure  strongly  heated,  and  fraa 
which,  by  continued  boilinff  with  water,  a  volatile  alkaloid,  not  yet  fiuther  a- 
amined,  may  be  extracted.  The  oil,  when  boiled  with  baiyta-water,  forma  aulphidt 
of  barium,  and  a  non-volatile  substance,  which  remains  in  solntioiiv  and  appean  to  be 
an  alkaloid.  From  lead-salts  and  silver-salts  it  also  precipitate  the  nlphid«  ot 
boiling.  It  forms  a  precipitate  with  alcoholic  mercuric  chloride,  and,  if  this  aolitaoB 
be  not  too  dilute,  likewise  with  alcoholic  stannic  chloride.  It  ia  nMnng^  tolahle  ii 
water,  but  dissolves  in  all  proportions  in  alcohol  and  ether.    (WilL) 

Its  composition,  as  determined  by  analysis,  is  as  follows  : — 
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As  the  oil  gives  ofiTanunonia  after  each  rectification,  whereby  the  amount  of  aitrom 
IS  diminished  in  greater  proportion  than  that  of  the  other  elementa,  itia  pvG^ble  tLi 
the  original  oil  before  the  first  rectification  was  Gi«H»N*8*0*JfH*  -  C^^W'SW^ 
(or  C'H'WSO),  and  therefore  -  C'H««NH)  (sinapoline)  +   fl«.      (WilL) 

According  to  this  assumption,  the  equation  for  the  deoompoaition  of  oil  of  moilaid 
by  alcoholic  potash  should  be  the  following : 

3C*NH»S  +   3KH0   +  H«0     -     KKX)*  +   C*H«NKS«  +  CH'flTOa 

11.  When  oil  of  mustard  is  mixed  with  pulverised  aoda^limt^  and  heated  fir  mmt 
time  to  120°  in  a  sealed  tube,  the  sharp  mustard  odour  is  found,  on  opening  the  tibe. 
to  be  replaced  by  an  aromatic  alliaceous  odour;  and  on  distilling  the  uqnid,  oxide  of 
allyl  (1.  142)  is  obtained,  while  sulphoeyanate  of  sodium  remain^  often  mixed  witk 
sulphide  of  sAdium,  produced  by  the  secondary  action  of  Uie  ezceae  of  aoda  on  the  nl' 
phocyanate  (Wertheim): 

2(C»H».CNS)   +  NaK)     -     ((?H»)»0  +  2NaCNa 

12.  From  an  alcoholic  solution  of  the  oil,  metallic  salte,  ^.z.merewric  wadfUtinie 
vMitridet  also  sUver-  and  lead-Baits  (the  latter  at  the  boifing  neat),  aepaiate  metaliie 
sulphides.     (Will.)  -o         /.     r- 

Dry  pulverised  hydrate  of  potassium  decomposes  oil  of  mustard  in  a  Mmilay  aamff 
to  the  alcoholic  solution  of  potash ;  but  the  producta  are  leee  definite^  becuse  it  a 
difficnlt  to  prevent  too  great  a  rise  of  temperature. 

13.  Monosidphide  of  potassium  heated  with  oil  of  mustard  in  a  aoftlitd  tttbe^  to  100° 
or  a  little  higher,  forms  sulphoeyanate  of  potassium  and  oil  of  garlic : 

2(C«H»)CNS  +  K«S     -     2KCNS  +  (C^»)flL 

If  a  polysnlphide  of  potassium  bo  hoiitcd  in  a  similar  manner  with  oil  of  miHtaid,aBi 
the  product  distilled,  a  solution  is  obtained  which  yields  delicate  czjatalline  aeedli^ 
having  a  most  int^^nse  odour  of  asafcetida. 

14.  Potassium  decomposes  dry  oil  of  mustard  completely,  eren  atordtnairtHmfr 
tnres ;  on  applying  a  gentle  heat,  sulphoeyanate  of  potassium  and  anlf^de  of  aUpan 
formed,  together  with  a  gsis,  which  has  not  been  examined. 

Many  of  the  hcai\y  metals  decompose  oil  of  mustard,  al)8trdcting  the  mdphv.  Het* 
ciiry  is  quickly  b]aokene<l  when  shak»'n  up  with  the  oil  and  water;  and  cupper  Tr«*2t 
in  which  mudtard-oil  is  diAtilled,  b<?come  coated  with  bulphide  of  copper. 
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OvmbinoHimg — Allylic  sulphiwyanate  unites  with  alkaline  Nulphides,  forming 
eompognds  of  the  form  C^H'NS.M'S.— Tlie;>c^tfM/ii/«^<//,  C'H»NS.K«S,  is  deposited  as 
rhite  gianukr  powder,  on  mixing  the  alcubolic  ttolntions  of  potassic  monomilphide 


preceding,  when  left  over  oil  of  Titriol,  in  needle-shaped  crystals  having  a  scarcely 
perceptible  yellowiuh  tinge. — The  hariuvusali^  C^H^NS-ba'S,  is  formed  by  gradually 
adding  oil  of  mustiud  to  a  warm  yellow  solution  of  barium-sulphide,  till  its  odour 
becomes  permanent.  The  filtrate  yields,  on  cooling,  laminar  efflorescent  ci^'stals  con- 
teininc  3  at.  water.    (WilL) 

Wilh  alkaline  sulphydrates  it  unites  in  like  manner,  forming  salts  of  allylsulpho- 

carbamie  or  sulphosinapicacid  (g.«.); ''•y^  C«H*.CNS  +  KHS  «    (CS*)"  Ig, 

Allylie  snlphocyanate  unites  readily  with    ammonia,  forming  thiosinamine, 
C*fl*N8Jlffl*  ■■    sulphocyanateof  allylammonium,<KrxTt/nnTft\{Si  or   allyl- 

■ulphoearbamide)  C*H*  >v.    With  the  alcoholic  ommofiMU,  in  like  manner,  it  forms 

thioanamines  in  which  the  typic  hydrogen  is  more  or  less  replaced  by  alcohol-radicles : 
thus  with   ethjfiamins,  it  forms    cthj-lthiosinamine  or    eUiyl-allylsulphocarbamide, 

C'H>y&NH*(C>H*)  -     C*H»  I V   (s^e  TuiosiNAMiifx) ;  and  with  trietkvlpMospkint, 

it    forms     triethyl-allyl-sulphocarbophosphamide,    C^H*NSJ^(C*iI*)*    « 

CH*  yj^    See  Fbobfhobus-basbs  (it.  616). 

Amylte  talpboo7«aat0»    C^»N8  -   (>h»|^  *  [^H^<>|^*    (Henry,  Ann. 

Oi.  Phys.  [3]  zxT.  248.~Medlock,  Ann.  Ch.  Pharm.  bdx.  21 4.>— Obtained  by  dis- 
tilling, in  a  capacious  retort,  about  equal  volumes  of  crystallised  amylsulphate  and  snl- 
phocyanate of  potassium.  It  is  a  colourless  veiy  mobile  liquid,  which  after  drying 
and  rectification,  boils  constantly  at  197^.  Specific  gravity  »  0*905  at  20^.  It  has  a 
pungent  alliaceous  odour,  and  bums  with  white  smoky  flamo.  It  is  but  little  attacked 
by  sulphuric  acid.  By  boiling  with  nitric  acid,  it  is  converted  into  amylsuli^urout 
acid. 

Bttyllo  BnlpboejaBate*    C*H*NS  -  (^»|s  ->  ^2{»|n.    (Cahours, Ann. 

Ch.  Phys.  [3]  xviii.  264. — Lowig,  PogR.  Ann.  Ixvii.  101. — Muspratt,  Ann.  Ch. 
Pharm.  Lxv.  253.) — This  ether  is  prepared :— 1.  By  saturating  a  concentrated  solution 
of  potanic  snlphocyanate  with  ethvlic  chloride.  As  soon  as  the  reaction,  which  is  slow, 
(but  may  be  accelerated  by  sunshine)  is  complete,  the  liquid  is  to  be  diluted  with  an 
equal  bulk  of  water  and  distilled,  the  dibtillate  niixfd  with  twice  its  volume  of  pure 
ether,  and  sufficient  water  added  to  separate  the  ethen>al  solution  of  ethylic  sulphocya- 
nate.  The  ether  is  then  drawn  off  by  distillation,  and  the  remHininp:cth^lic  snlphocya- 
nate is  purified  bv  rectification  over  chloride  of  calcium. — 2.  By  distilling  equal  parts 
of  calcic  ethylsulphate  and  potasnic  snlphocyanate,  both  in  concentrated  solution. 

Ethylic  eulphocranate  is  a  mobile,  colourless,  strongly  refracting  liquid,  having  a 
taste  of  anise,  and  a  pungent  odour  like  that  of  mcrcnptan.  Boils  at  146^.  Specific 
grarity  of  liquid  «  1'020  at  16°;  of  vapour  «  3'018.  It  is  insoluble  in  nnxtert  but 
mU-vkol  and  ether  dissolve  it  in  all  proportions. 

Ethvlic  sulphocvanate  is  rapidly  decomposed  by  nitrie  acid,  yielding  ethylsulphur- 
ooa  acid,  with  only  a  small  quantity  of  sulphuric  acid.  The  same  acid  is  formed  on 
treating  the  ether  with  hydrochloric  acid  and  chlmraU  of  potasnum,  the  reaction  being 
often  so  violent  as  to  set  the  volatile  products  on  fire. 

Chitfrinr  gradually  attacks  ethvlic  sulphocvanate,  forming  chloride  of  cyanogen,  and 
a  heavy  oil  soluble  in  water. — Bromine  attacks  it  violently,  forming  crystallisabls 
pnidiietB. 

When  heated  to  100°  in  a  scaled  tube  with  aqueout  potaih,  it  is  converted  into 
•thylic  disulphide,  with  formation  of  polastiic  cyanide  and  cyanato  (Briining,  Ann. 
Ch.^  Pharm.  cir.  193) : 

2C«H*CyS  +  2KH0  -  (C»H»)«S«  +  KCy  +   KCyO  +  H«0. 

On  boiling  the  ether  with  alcoholic  potash,  ammonia  is  given  vff,  together  with 
•tbylic  diitnlphide.  With  an  alcoholic  solution  of  potassic  monosulphide,  it  forma 
■ulphidc  of  ethyl  and  snlphocyanate  of  potassium,  without  evolution  of  ammonia. 
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The  alcoliulic  solution  of  ethylic  lulphocjanate  does  not  predpitBte  metalBe  fob* 
lions. 

Dry  amnumia-gas  forms,  with  ethylic  sulphocranHte.  a  small  qnantitj  of  a  Mf 
haying  the  composition  of  ethyl-sulphocarbamide,  (C8)''(C'H*)H"X'. — With  sqaw* 
ammonia  of  ordinary  stren^h,  black  uncrystallisable  products  are  formed ;  with  exnv* 
of  dilute  aqueous  ammonia,  the  products  formed  are  c^'anide  of  Mnmoniiun,  cubt^ 
midc,  and  disulphide  of  ethyl : 

2(C«H».CNS)  +   2NH»  +  HH)     -    (NH«)CN  +  CN»H«0   +   (C»H»)«S». 

Ethf/hmine  likewise  decomposes  ethylic  sulphocyanate.    ( Jean j ean,  CompL  md.  b. 
880:  see  also  Kromer,  J.  pr.  Chem.  Izxiii.  366;  Jahresb.  1858,  p.  401.) 

With  trkth^fphotphine  at  100°,  it  forms  a  lai^^  quanti^  of  triaihylphosphias' 
fnlphide,  together  with  cyanide  of  triethylphosphonium  (Hofmann,  it.  611): 

CH».CNS  +  2(C«H»)»P  -  (c^n^yps  +  (C«H»yP.CN. 

SUftylmiio  smpUooyanate,  C'H'N'S'  -  (C^j'ls*  "    (G^tI^'      ^^'' 

nenschei n,  J.  pr.  Chem.  Ixv  257.— Buff.  Ann.  Ch.  Pharm. zcri.  802,  c.  219 ;  Jahrah. 
1855,  p.  610  ;  1856,  p.  597.^  -Produced  by  heating  an  alcoholic  sohition  of  cthyloe 
chloride  (Dutrh  liquid),  with  an  equivalent  quantity  of  potassic  siil^ocpranatf,  to  100* 
m  a  sealed  tube.  Chloride  of  potassium  then  separates  out,  and  on  distilling  off  tki 
volatile  products  from  the  filtered  liquid,  removing  the  remaining  chloride  and  SQ]pli»> 
ryanate  of  potassium  with  a  little  cold  water,  and  dissolving  the  reeidne  in  hot 
water,  a  solution  is  obtained  which  yields  crystals  of  ethylenic  snlphocynnale  on  euol> 
inff. 

Ethylenic  sulphocyanate  is  moderately  soluble  in  boiling  water,  and  separates  tlMR- 
from  in  stellate  groups  of  small  needles ;  easily  soluble  in  warm  aloohoU  whenet  it 
crystallises  in  large,  white,  shining,  rhombic  plates.  It  melts  at  90^,  and  aolidifiasit 
83° ;  decomposes  at  a  stronger  heat,  giving  on  a  pungent  odour,  like  that  of  bmt 
onions.  With  vapour  of  water  it  appears  to  distil  ondecomponed,  the  vapov 
attackinf^  the  eyes  strongly,  and  exciting  violent  sneezing ;  it  has  a  sharp  bursiig 
taste.  It  dissolves  in  very  dilute  nitric  aeid^  crrstallises  again  in  needles  on  cooKair; 
but  stronger  nitric  acid  converts  it  into  a  crystalline  acid,  which,  according  to  Bi4  i> 
identical  with  disulphetholic  or  ethylene-sulphurous  acid,  CH'SH)*. 

Acids  do  not  separate  sulphocyanic  acid  irom  ethylenic  tnlphocymtiate.  The  sko- 
holic  solution  does  not  give  the  reaction  of  sulphocyanic  acid  with  ferric  salts  till  it 
has  been  boiled  with  potash.  When  boiled  with  haryta-wnter,  it  yields  earboasle  ssd 
sulphocyanate  of  barium.  On  boiling  it  with  plumbic  hydraU^  sulphide  of  lead  ii 
formed,  especially  on  addition  of  potash,  and  the  solution  gives,  with  lerrie  Mitit 
the  reaction  of  sulphocyanic  acid.  The  alcoholic  solutions  of  ethylenic  snlphomsiti 
and  mercuric  chloride  yield,  after  a  while,  a  white  precipitate  (Sonnenseheii^ 
With  ammonia  it  forms  an  easily  soluble  substance,  which  readilr  gives  np  solpharti 
mercuric  oxide  (Buff). — With  trifthylphotpkine  it  acts  similanj  to  ethjlie  salpk^- 
cyanate.  yielding  sulphide  of  triethylphosphine  and  cyanide  of  ethjlene-hrxeujl- 
diphosphonium  (H  o  f  m  a  n  n) : 

C^H^C«N'S«  +  4(C«H*)^  -  2(C«H»)«P8  +  (CH*)*  (C«H»)T«.CrW. 

BezyUo  Bnlptaocyanate*    C*H'*.CNS.     (Pelouze  and  Cahonrs,    Ann.  T 
Phys.  [4]  i.  5.) — Produced  by  heating  hexylic  chloride  to  100^  for  several  hcNmwi 
alcoholic  sulphocyanate  of  potassium.    It  is  a  nearly  colourless  fetid  liquid, of  ipad 
gravity  0922  at  12^  boiling  at  216<>— 220®. 

MetbjUc  Sulphocyanate,    CH'.CNS  »  ^CH*|^*     (Cahonrs,    Ann. 

Phys.  [3]  xviii.  261.) — Obtained  by  distilling  a  concentrated  solution  of  eqnalp 
of  potassic  Kulphocyanatc  and  calcic  methyli«ulphate.     It  is  a  colonrless  very  bu 
liquid,  having  an  alliaceous  and  intoxicating  odour.     Boils  between  132^  and  7 
Sj»ecilic  gravity  of  liquid,  1115  at  16°;  of  vapour   -  2670 — 2*549.     It  diiv 
slightly  in  vabr ;  in  all  prui>ortioDs  in  alcohol  and  ether.    Chlorine  attacks  it 
slowly  in  diflFutkHl  light,  producing  fine  crystals  of  chloride  of  cyanogen,  tngethn 
a  heavy  yellow  oil,  which  Hulidifios  in  contact  with  ammonia. — Nitric  acid  of  orr 
strength  dir«fsolveH  it  when  i^iirm,  and  deposits  it  again  on  cooling.     By  eoo 
boiling  with  nitrif  acid,  it  is  wnvorted  into  methylNulphurous  acid.     It  is  s 
attacked  by  juftash  a»  ordinary  temperatures  ;  but  alcoholic  potash  decompo^es  • 
heated,  ammonia  and  raothylic  disulphide  being  given  off,  while  cyanide  and es 
of  potassium  arn  found  in  the  residue.     With  alcoholic  tsulphide  oj  potaetium^ 
sulphocyanate  of  potjuisium  and  sulphide  of  nifthyl. — Aqueous  ammonia  dec 
it  quickly,  foriniii^  a  brown  subt^tuncc  rebi'nibliii^  uhnin,  and  a  small  quan 
white  cryfrtalline  body. 
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ItoSttlpliMjflumte,  C>«H'.CNS  -   ^^tJn^.    (V.  Hall.  Phil.  Mag. 

h- Hub  ether  is  produced,  together  with  naphthylamine,  hj  distilling 
Ipboosrbaiiiide  (obtained  by  digesting  erode  naphtbylamine  with  carbonic 
iUi  phosphoric  anhydride : 

line  oompoond,  baring  a  pecnliar  odour,  easily  fusible,  insoluble  in  wafer, 
ale  IB  alcohol  and  ether.  With  tnqthtkylamine,  in  alGoholic  solution,  it 
iphthyl-sulphocarbamide.  With  aniline^  it  yields  phenyl-naphthyl-aul- 
,  [(CS)'*.0'H*.C'«H'.H-]N«. 

•■Iptooejrmaate,  C^*.CNS  -  ^^^  |n.     (Hofmann,  Proc  Boy. 

487;  Chnn.  Soc.  Qu.  J.  ziii.  309.) — ^Produced  by  distilling  phenyl- 
ide,  (CS)''.CH*.H'.N^,  with  i^osphoric  anhydride.  After  rectification 
r,  it  IS  a  colourless  transparent  liquid,  smelling  like  oil  of  mustard, 
ifie  gravity  of  1*135  at  15°,  and  boiling  at  220^,  under  a  pressure  of 
i  distils  unaltered  With  water,  and  even  with  hydrochloric  acid,  but  is 
composed  by  alkalis.  Alcoholic  potash  converts  it  first  into  diphenyl- 
ide^  then  into  diphenyl-carbamide.    With  ammonia,  it  yields  phenyl-sul- 

C-H».CS.N  +   NH«     -     (CS)''.C^».H».N». 
,  H  unites  in  a  similar  manner :  with  aniline,  for  example,  it  forms 
hocarbamide,  and  with  naphthylamtne,  phenyl-naphthylsulphocarbamide, 
cntical  with  that  abore  described. 

flpkoaphine  it  unites  so  energetically  that  the  mixture  often  takes  fire : 
fl^  the  action  is  duly  regulated,  triediyl-phenyl-sulphucarbophosphamide, 
(GSr(C^*)".C^»J7J»,  isim)duoed(iT.  616).  With  trimethtlpkotphine, 
r,  it  forms  the  compound  C»*H»«NPS  -  (CSr(CH»y(C^»).NP,  which 
lid,  insoluble  in  water,  slifthtly  soluble  in  etner,  easily  in  alcohol,  and 
Iqrdiochloric  acid  the  aystiOline  salt  C>*H'*NPS.HCL 

DYMBMXO  AQUI.  Syn.  with  THncTLSULFHUBOUS  Acid.  (See 
BfHnBS.) 

MUUMrano  AOUK  a  conjugated  acid,  produced,  according  to 
mtingcnl  of  anise  or  tarragon  with  a  laige  excess  of  sulphuric  add. 

ISD.    See  Ikdigosulprtjsic  Acme  (iii.  262). 

An  oily  liquid,  produced  in  small  quantity  by  distilling  iodoform 
)  sulphide  (Bouchardat.  J.  Pharm.  xxiii.  12).  According  to  Eggert, 
flQ.Centr.  1857,  p.  513),  this  product  thus  obtained  is  nothing  but  car- 
ide. 

rVXiVZO  AOZD.    See  Ikdioosttlpeubic  Acids  (iii.  262). 
B&VCOO  AC3SD.    Syn.  with  Qlucososulphvbic  Acid  (iL  872). 

O&VTZVZO  ACI3>.  The  name  applied  by  Beraelius  to  a  glutinous 
tiKether  with  other  products,  by  the  action  of  sulphuric  anhydride  in 
li£alene.  (Gtrhanie*  IhiiU,  iii.  468.) 

ACUI.    (?H'SO*.    Syn.  with  GLTCBBOStOFHinuc  Acio 


N 
0«- 


0&TCO&I*XC  ACIB.  CH^SO*.  Syn.  with  ETETLiini-suLFHUiuc 
firHnsix,  SuLPHATB  OF,  ii«  582.) 

MJWWUmiC    ACZD.     C»H^SO«  -  (?H»N0».SO»  -  ^^g^'^" 

t,  Ann.  Ch.  Pharm.  cxiL  59 ;  Jahresb.  1859,  p.  328.)— Formed  by  treating 
with  sulphuric  anhydride.  By  converting  the  product  into  a  lead-salt,  de- 
th  snlphydric  acid,  &c.,  it  is  obtained  as  a  brown,  amorphous,  deliquescent 
is  decomposed  by  nitrous  add,  yielding  sulphobenzoic  acid,  together  with 
,  probably  glycoUic  add. 

I  aibasic  Its  neutral  barium-salt  has  the  composition  OU'Ea^NSO*.  By 
ad  with  plumbic  hydrate,  a  salt  is  obtained  having  approximately  the  com- 
Tb^NSO*. 
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BfnbPBO-KTBIlOQirzVOWIC   ACXBS*     See  Htdroquixovb  (liL  2 IP. 

SXrXiPBOMA&OA&IC  ACXB  and  SV&PBO&BXO  AOI9b  Oily  •£&. 
produced,  ac(>ording  to  Fr^mjr  (Ann.  Ch.  Phys.  [2]  Izr.  118),  toother  vith  n!^ 
glyceric  acid,  by  th^  action  of  strong  aalphuric  acid  upon  ol^in  at  low  ten^n- 
turcs.  The  sulpholeic  acid,  being  insoluble  in  the  acid  liquid,  scparatea  is  ib» 
form  of  an  oil  from  the  sulphoglyceric  acid,  which  remains diaaolved.  These  two  aeii 
have  not  been  separated,  and  consequently  their  composition  has  not  been  detenuo^i 
They  are  both  soluble  in  water  and  in  alcohol,  so  likewiae  an  tlieir  poUMcn-, 
t$odinm-,  and  aminonium-salts ;  the  other  salts  are  insoluble  in  water,  slightly  solaila 
in  alcohol. 

Sulpholeic  acid  is  decomposed  by  water,  yielding  bydzoleie  and  mett-deie  ahii 
(iv.  195).    Sulphomargaric  acid  yields  similar  products. 

BV&PBOIiZOVZC  ACZB.  A  syrupy  acid  obtained  by  trratang  eotton,  liao, 
sawduMt.  and  other  forms  of  cellulose,  with  strong  sulphuric  acid.  It  fonu  salable 
baits  with  bar}'ta  and  oxide  of  lead.     (Gerhardt,  ii.  648.) 

BVUnBOMAmSTZO  ACZB.  CH'H)*.3S0*.— An  acid  produced  hrdiaidlTim 
mannite  in  strong  sulphuric  acid.  It  appears  to  be  tribasic,  forma  gummy  deliqacsnl 
salts  with  the  alkalis  and  with  oxide  of  lead,  and  a  czystalline  salt  with  bazytjL 

BVXiPBOXBZJUnmnnc  AOZB.    C'N^H'S'  -  CyH^.2CyHS  -  ^j^ 

SuJphomeVonic  acid.  Sulphydromeliame  acid,  Hydrotkiomtttone*  ^Jamieson,  Ik. 
Ch.  Fharm.  lix.  339.) — An  acid  obtained  as  a  potassium-salt  by  boiling  peiialpim|fr 
nogen  with  sulphydrate  of  potassium : 

2C"N'HS«  +   3KHS  +   2H*0     -     C»N«H»KS«  +  2CNES   +  (W 

The  resulting  liquid  neutralised  with  acetic  acid  yields  a  copious  wrhifa  pifci[)itst^ 
consisting  of  sulphur  and  sulphomelannrenic  acid,  which  is  to  be  waahed  and  tratii 
with  cold  aqueous  ammonia,  to  dissolve  out  the  acid  and  leare  the  anijphur;  and  tbi 
filtered  solution,  afUr  being  left  to  evaporate  in  a  warm  plaos^  ia  to  be  boflsd  «U 
animal  charcoal,  till  it  yields  a  perfectly  white  precipitate  with  acida. 

Sulphomelanurcnic  acid  is  nearly  insoluble  in  cold  water,  alrolio1,and  ether,  sQfltij 
soluble  in  boiling  water,  which  deposits  it  in  very  small  needles.  It  ia  lastdfei,  brt 
nnldcns  litmus.  It  begins  to  decompose  between  140®  and  150^,  and  ia  zeiolvedM  • 
higher  temperature  into  mellone  and  sulphydrie  add : 

CyH»N.2CyHS     -     NCy«  +  2H«. 
Sulph<>ine{uiurmi{e  Melloota 

acid. 

When  heated  with  hydrochloric,  sulphuric,  or  nitric  acid«  it  ia  zeaolTed  into  *—■ »«^n. 
sulphydrie  add,  and  cyanuric  acid : 

CyH«N.2C}HS  +   8HK)     -     NH»  +  2H«8  +   Cy»HK)». 

Sulphomelanurenic  acid  is  monobasic.  Its  potassium-salt*  2C'N*H'KS'.JH^,fin» 
shining  colourless  prisms,  very  soluble  in  water  and  in  alcohoL — ^The  atdiwm-mh. 
2C'M  *H'NaS='.3H'0,  crystallises  in  large  translucent  plates  having  a  latty  sspsct^ « 
in  small  scales  resembling  cholesterin. — The  ftarmm-joA,  C*N*H%a'1B*.5H*0,  fiiw 
colourless  needles,  having  a  fine  adamantine  lustre,  and  very  aolnble  in  vat«.«-TW 
stroHiiumsaltj  C*N*H*8r"S*.4H'''0,  forms  large  plates  having  a  ws 
The  calcium-MiU,  C«N*H«Ca"S\2H>0,  forms  shining  cmtala.— The'flM 
C«N«H"Mg''S'.6n'0,  oTstallises  in  small  shining  needles^  veiy  aolndU  ia 
— The  silver-Mltf  C'N^H''AgS^  is  precipitated  in  white  flocks,  quite  iaaolaUe  is 
water,  on  adding  nitrate  of  silver  to  an  ammoniacal  solution  of  the  acid.  It  Ua^cii 
on  exposure  to  light,  but  bears  a  temperature  of  100®  without  deoompoaitioa. 

SVIbPBOMBXi&OWXO  ACZD.    Syn.  with  SuLFHOXKLAirunnKio  Acnk 


BxrXtFBOMBTUTXiZC  ACZB*   Syn.  with  Mrhtlsulfhubic  Acn>.    (Sis  flor 

PHUBIC   EtHBUS.) 

8raPB0M01.TaDATB8.    See  Moltbdrnvk,  Sulphidkb  of  (iiL  1043). 

SVXVBOMOBVBZBB.    A  product  of  the  action  of  sulphuric  add  on  inffftifciM' 

(iii.  1065). 

8XrX.PBOVA»BTBAZiBVa.     C'«H'«SO*  -  ^l^'|sO<.     (Beraelisi,  in. 

Ch.  Phys.  [2]  Ixv.  290.— Laurent,  Rev.  Sdent  viii.  £87.) — ^Thia  compound,  wM 
niHy  be  rt'gaixled  as  a  double  molecule  of  naphthalene,  (C'*H*),  huTing  two  of  iH 
hyilrogen-atoms  replaced  by  sulphuryl,  is  formed  by  directing  the  vapour  of  salFknrie 
anhydride  on  an  excess  of  fuBod  naphthalene.  A  n^  syrupy  liquid  is  theivby  AcBMd 
from  which  the  sulphonaphthalene  may  be  sop;iri<ted  by  tn>ating  it  with  boiii'i^  vster. 
and  crystallibing  the  residue  from  aqueous  ulcoiiol. 
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Sdfihaai^itlulrue  ciyctaUina  from  akoliolia  ntutiim  in  tBiUl>«i  iaodoruus 
■dilr*.  Il  mrtls  U  70°,  and  Botididpe  on  nxiliag  to  « lnin«paninl  muw,  vhicb  btvomoH 
litiak  hj  ftMtioo.  At  11  higher  tcmpamture,  it  dBCompoBea,  giving  off  >ul[diurouii 
vkjibid*.  It  il  dtgbt^  aolnble  in  water,  moreMlnblc  id  tMilingslcobol,  not atUckis) 
hWibif  pMatli-IeT.  Kitfomniuticuid  diuolrw  it  at  the  boiling  heat,  without  foruia 
tM  of  i^Fliane  acid. 

•■KnwJVAMTmAUO  AOXS.    C"H*SO*.    Sja.  vith  KtnrmunLran- 

tra  Aon.    (S«e  Scuhciodb  Etbuu.) 

■■■■tl'[|--r^'*-'*-  AoU,  CB'SKy.  Bjn.  with  NaFiTBtum-nrLFHOBouR 
Ion.    {8i«  Svifaii«i>v>  Ethibi.) 

wnrKvm^rwxMA^iBMMxe  aozs.  Sjn.  with  Nafhthiomic  Aod 
("•  "X 

Sfn.  witli  SdirsoMArsraAUC  Acm. 
.   A  product  of  the  dscompoaition  of  •ulpbate  of  naiEotim 

D  &OI9.    CTH'JI.SO'.     Bfa.  with  FaaMTUOLnDuo  Acm. 


fetrhar4l  and  OhanBel,  Compt  rend,  i 
M.  n».  Se;  GtriarJfi  IVwiti,  iii.   74.)- 


.'4.) — Prodund  by  iJie  action  of  ammonia 

■  ■ifhophrajtHe  cliloiida.  A  eonTcnient  mode  of  prrparing  it  ia  l«  poar  tho 
itliaiit  «•  ■  iBige  raen*  of  polniiwd  smnoaiam-au'boiiikte  ;  the  nBction  commeacM 
■■ifalal|r,  and  Miajbe  comfJeted  by  gmtlj  heating  ths  mortar  in  which  the  miztom 
■■■ad%  tm  Iba  odour  of  ths  chloride  u  no  longer  percaptibts.  The  piodoet  i*  then 
NAid  with  sold   water,  which  dinolm  oat  the  ■al-Bmmoniuc  and  the  eieen  of 


i^Mua,  bennd,  and  ■  aniaD  qosntily  of  pbanylie  eulphidf)  b;  healing  pbenyWaJphita 
l«][hobaaoht«)  of  •auMBiuK.   (SteshonBeiPioe.  Boy.  So&iir.  SM.) 

Sd{ks|Aanjluiiid«  oTatalltMa  ttom  aloohol  ia  aplesdid  Dacreons  acalnt  (Oar- 
kli4l);  froBi  aleohol  oi  water  in  lamina  resembling  naphthalene,  and  maUiag  at 
iW  (Sleabonael ;  accoiding  to  Oarhardc,  it  i*  ioMlaUe  in  watM,  rcrj  aoluhle  b 

Salphopbenjlamide  oontaina  two  atoma  of  tjpie  hydrogen,  cne  or  both  of  which 
way  h  n^>Uecd  I^  tneUU  or  oigatuc  ndides.    The  fdlowing  ocuDpoundi  hare  thua 

AimitomlplKwhenvUaiidt  ....    C*H*AcIfSO*. 

.    CE'itm-OfflSO". 
.    C^Ag(C'fl'0)H80». 

.  cmcrn'oysao'. 

.       .       .    C*H'(C'H'OXC»H'0)NSO». 

.    CH'(C"H"0)NSO'. 
.       .       .    CH*(C"H"OXO'H'0)SSO* 

.    CH\CH'0')"K30'. 
^AynAWMlfjtopimjdaMJdi,  C*H*AgN80',  il  obtained  aa  a  whiU  eryrtalline  prNlpi- 
fet*  en  addtag  nitiata  irf  alrar  to  an  alcoholic  and  ammoniacal  mlalion  of  aalpbu* 

%nvi»niipMieit^amdt,  C>*E^SO*,  i*  ftimcd  by  the  aetiea  of  mccinie  ehlaride 
a  Mlphophgnyfam  ide.  The  product,  which  is  tuwoiui  at  fleet,  eoEdiBe*  when  tieated 
with  tkobol,  and  cryHalliaea  therrfiom  in  rttj  fine  needle*. 

firmg/tmipkopAeniflantuU,  or  aulpiaplimglanrlidr,  C'*H"]7S0*,  ia  formed  by  Iha 
•ciiaaaaail>>e  on  snlphopfaenylic  chloride.  The  product  remains  viecons  for  a  long  time; 
ta  whMi  diasoWed  in  aleohol,  it  yields  splendid  priams.  with  ;nmunidal  Hicrt,  like 
HsU  ayatals  ttf  «iaathyst.  which  thsv  bIbd  res«nble  in  colour.  They  disaolte  easily 
B  aleohol  and  ether.    (Chioisa  and  Biffi;  GerltanUi  TraUi.m.  VSl.) 

Tbt  other  ctanpoiiDde  in  the  preceding  list  have  baea  already  deaciibed  under  Bia- 
■um*  (L  «S»,  MO),  and  CuioHunDi  (li.  177). 

<S01'  1  _ 

DUmlfkopktmylamidi.    CHUKSK)*   -    N.H.(C?H*SO')'    -    (C*H')'   J,- 
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y-  .\  -..'wi  '7  r^="'7  Heating  .irgentosnilphophenylamide  with  sulphophenylic  dilor-J* 
-n.-.r>::  ."  irrnailisalxon  from  ether. 

'      '  (C*H*S»0»)»| 


V2 


m        -1^^-  :  -"-i — Trif  winp!>"a2d,   obtained    by    heating    argento-benznvlp^y 


M  FLr:=_ir  '^-.T.-is.  errstaUiaet  from  ether  in  small  need]«*s. 


'•"Z" 


; 


?r-  r- 


:7  -Ati  lAXica  oc  r«dnciiig  agents  on  the  oorrespondingchlchit. 


C«H*SO».H)- 
H       )" 

\     ^-irharic  :md  Chio2za,Ann.  Ch.  Phys.  [3]  xhrii.  12».;- 


>:  'hi9  .u*!d  is  obtained  by  evaporating  an  ammoniacal  Mlatio! 

ce!iTiamidft^.  dzsr  at  .1  ^ntk  heat,  then  in  a  Tacnum.     A  Teir  Ul>cs 

=«.  -rr.:o3  utKTLiTely  crrstallises  in  concentric  groups  of  silky  fibm 

-  <4}lx.ie  n  -*nter  and  in  alcohol,  melts  at  160°,  gi^nng  off  a  ]Ktt 

f.zix.  oui    txirixu;  an  oil  which,  when  diesoWed  in  ammonia,  jidds 

:ra-iT-im!dr.    The  aqneous  solution  of  the  aminoniam-salt,  mrnxj 

:  :^*.r^t*aiur:c  icid.  deposits  splendid  needles,  which  melt  b<CT«n 

^•i    L.Ti*  iie    *')mpn8Ltion  of  the  original  salt.      The  tilvtr^t, 

-r-  «r»i  R  beaoriM  needles  on  adding  nitrate  of  silver  to  a  Ka< 


An  acid  produced  by  heating  phloraniioe  (ir. 
•i^n-iTT-:  b.:ii.     '?ii  famrating  the  solution  with  carbonate  of  htsim. 
^rii  miriiurxo  acid,  and  decolorising  with  animsl  chaieoi!, 
.•p:rlew  set^il^^.    Its  solution,  even  inien  reiy  dilute,  fbm 
rriie.  like  that  produced  by  tyrosinsnlphnzic  sol 
199.) 


'ir?' 


(?H»«SO«.— This  acid,  produced  by  the  srJa 
.m-  .a  aiiJ'.rfC:^:  acid,  forms  a  very  sour  syrup,  easily  soliiUt  a 
. i.  rie  Hirtiw-Ax/*,  CTI»Ba''80*.3HH),  cryst^sce  in  haid ippt- 
7-T---i4d  LC  ..»  .csoluble  in  alcohol  and  ether,  and  gives  off  its  nii? 
*?»HVVSO«.4H»0,  is  crystalline  ;  the  magnmnHjL'. 
rinini-r  The  iodittm-sait,  C»H"Na«SO«.xH«0,  forma  haid.  imlt 
'  ziveofftheir  water  at  260°.   (Nachbanr,  J.|v.Ch«. 


..>     ■:.,"?■■  .«--^a 


8eePBosnotn» 


T    r  J.  71.4 


See  Opiaxic  Actd  (iv.  206). 

See  IxDioosuLFBUBic  Acids  (iii.  262). 

Cm*SO*.  By  treating  well-dried  pjnaxt 
r-z  i-:-i  •  -^."-c-.  a  ^^riiuW-brown  syrup  is  obtain<>d,  which,  by  (tilstitx. 
::  •«.—- a.  i^-i  eTr&poration,  yields  an  indistinctJy  crrstalline  faanoa- 
u  -i*  -■   ■-''*H^Ba'*SO«.    (Schwanert,  Ann.  Ch.  Phiiirm.  am.26li 

Syn.  witli  QruinrK-sui.PHuaic  Aan  (p.  26). 

An  acid   isomeric  with   sulphocumiilic  vii, 

-•  %ra.ri'cr«  4=d  Gerluudr.  by  treating  retinyl  (iv.  9R)  with  faair* 

»  ."^mn-sL*  i»  les»  soluble  than  the  sulphocumolate.  and  vvpsnt^s 

rr'YCi^  ::<?  ::TutA,  which  bavo  not  the  uuorecniit  aspi>ct  of  tlie  rtilrhih 

^  l3iDir.i>M-irniKic  Ann»i  (iii.  'Jrti). 
cr    8U&PBOCX1VCZC     ACXB.      ("^'H^N}^   • 
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iC^WHy*JSO^f  (Peligot,  Ann.  Ch.  Phyii.  [2]  Urii.  68.>--Prcpared  by  treating? 
gluoo«e  with  1|  pt.  of  strong  sulphuric  arid,  luizing  the  nuiterials  bj  small  quantities 
and  in  a  cooled  TesseL  By  saturating  ^ith  carbonate  of  barium,  and  treating  the 
flltrate  with  basic  acetat<»  of  lead,  a  leacl-salt  is  preoipittiti-d,  containing  (at  170'*)  18*0*5 
per  cent.  C,  2*5  H,  65*15  PbO,  and  4*5  S0^  agreeing  appruximately  wiUi  the  formula 
C**H**PT>*SO'*. — Bv  decomposing  tliis  lead-Milt.  with  (iulpliydric  acid,  sulphoeacchario 
acid  is  obtained  in  the  form  of  a  liouid,  which  reddens  litmus,  and  has  a  sweet  and  sour 
taste,  like  that  of  lemonade.  It  docs  not  precipitate  barium -salts;  in  fact,  nearly  all 
ftfl  salts  are  soluble.  It  is  Tery  unstable,  decomposes  at  ordinary  temperatures  in  a 
Tairaiim,  and  quickly  at  the  heat  of  the  water-bath,  into  glucose  and  sulphuric 
acid. 

(c»H«or) 

■VXiFBOSA&IOTUOACZD.  CrH*SO*  -  C'H*0*.SO*  -       (SO) '70".— This 

acid,  discovered  by  Cahours  (Ann.  Ch.  Phys.  [3]  ziii.  92),  and  more  fully  examined 
hj  Mendins  (Ann.  Ch.  Pharm.  ciii.  39  ;  Jahresb.  1857,  p.  319),  is  produced  by  ex- 
poaing  perfectly  dry  salicylic  acid  (prepared  from  winti^rgreen  oil)  to  the  rapoor  of 
■nlphunc  anhydride.  The  product  dissolved  in  a  small  quantity  of  water  is  separated 
hj  filtration  from  unaltered  salicylic  acid  ;  the  filtrate  is  saturated  with  carbonate  of 
bariom ;  the  resulting  barium-salt,  which  separates  partly  as  the  filtrate  cools,  partly 
oa  arapontion,  is  decomposed  by  a  slight  excess  of  sulphuric  acid ;  the  filtered  solution 
ia  parCiaUy  saturated  with  carbonate  of  lead ;  the  lead  is  precipitated  by  sulphydric 
arid ;  the  concentrated  filtrate  is  left  over  oil  of  vitriol  till  it  deposits  sulphoAalicylic 
acid  in  oystals ;  and  these  are  freed  from  the  viscid  mother-liquur  by  means  of  abso- 
Juta  aleohol. 

fitalphosalicylic  acid  crystallises  in  long  thin  needles,  which  are  dissolved  in  all 
praportiona  by  tra/er,  aicuholf  and  ffher,  and  absorb  moisture  from  the  air.  It  is  a 
wry  strong  and  permanent  acid.  Its  solution  dissolves  zinc  with  evolution  of  hydro- 
San,  and  is  not  decomposed  by  heating  with  nitric  or  hydrochloric  acid,  either  dilute 
or  ouooentrated ;  by  boiling  with  a  mixture  of  the  two,  however,  it  is  resolved  into 
anlphtizie  and  sadicylic  acids,  the  latter  being  further 'converted  into  perchloroquinone 
(chloimnilX  which  separates  in  yellow  flocks.  Sulphosalieylic  acid  melts  at  120°,  and 
deeompoaea  at  higher  temperatures,  giving  off  phenol  and  a  sublimate  of  salicylic  acid. 
(Mendinib) 

Salphosalicylates. — Sulphosalicylic  acid  is  dibasic,  forming  neutral  acid  and 
doable  salts.  They  are  all  soluble  in  water  (the  lead  and  silver-salts,  however,  sparingly 
■olable),  and  nearly  all  are  insoluble  in  alcohol  and  ether.  With  ferric  salts,  they  pro>« 
daee  a  deep  violet  coloration,  inclining  more  to  red  than  that  produced  by  salicylic  acid. 
Thej  do  not  give  off  the  whole  of  their  crystallisation-water  below  180° — 200°,  and 
deeompoae  at  higher  temperatures,  with  evolution  of  phenol ;  the  acid  salts  also  yield 
a  sablunate  of  salicylic  acid. 

Tha  mmmonium'8alt  is  difficult  to  obtaiin  pure,  its  solution  turning  brown  and 
giving  off  ammonia  when  evaporated. 

Burium-taltt.— The  neutral  soft,  C'H<Ba'S0*.3H*0,  prepared  as  above,  is 
CfjBtalliBe,  easily  soluble  in  hot,  less  easily  in  cold  water. — The  atid  salt^ 
C*H»«Ba'W>".4HH),  or  CH^Ba"S0«.C'H«S0*.4H«0.  crystallises  in  oblique,  irregular. 
aia-sidad  prisms. 

The  fleium-»alt^  C^HH^^a^SCHH),  forms  hemispherical  groups  of  silky 
needles. 

Copfer'»alU,—T\kb  neutralsaft,  CH^Cu'SO*  (at  180O),  obtained  by  decomposing 
tha  bannm-aalt  with  cupric  sulpliatc,  forms  caulifiower-shaped  masses  of  crystals,  ex- 
trcmeW  soluble  in  water. — A  haair  salt^  C'H^Cu"S0'*.Cu"0.2H-0,  is  obtained  as  a  green 
njatafiine  powder  by  digesting  the  acid  with  recently  precipitated  cupric  oxide  and 
STSPoniting. 

The  l€t.d'$alt,  C'H*Pb"SO*,  crystallises  indistinctly  in  small  round  nodules. 
Tba  magnesiitm-salt,  C'H^Mg'SO'.SH^O,  crystallises  in  lung  irregularly  cnjss- 
ing  zaetangnlar  prisms,  which  become  opaque  in  the  nir,  and  dissolve  very  easily  in 
water.    The  solution,  mixed  with  sal-ammoniac  and  ammonia,  is  not  precipitated  by 
phiwphftt*  of  sodium  till  boiled. 

PotMSsiuM'Salis,— The  neutral  salt,  C^R*KrS0*.2R''0,\B^TmAnent  in  the  air, 
Tcrj  soluble  in  water,  less  soluble  in  alcohol,  and  may  be  crystallised  from  the  latter. 
—The  acid  taU,  CH*K;S0*.2H^0,  separates  from  a  hot  cuncentnvted  solution  in 
sphsrieal  p»ps  of  needles.— Another  acid  saU,  C'H*K«SOrC'H*KOMl«0,  separates 
from  a  somtion  of  the  neutral  salt  mixed  with  a  small  quantity  of  free  acid. — Potamo- 
cupric  mod  pota3si<hpluthbic  sulphotativi/fateehiiTe  been  ol>tained  as  unciystallisabls 
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The  iilver-salt,  C'H«Ag*SO«.HHV  obtained  by  dig»^ng  recently  pwcipiuted 
MiWer-oxide  in  the  hot  aqneows  acid,  is  sparingly  soluble  in  coM,  easily  soluble  iu  hot 
water. 

Sodiuvi'Smles.— The  neiOral  salt,  C*H^a*80«.3HK),  fbnns  tnunparent,  ooloor- 
less,  obliqtie,  six-sided  prisms,  which  do  not  give  off  all  their  water  till  heated  to  200^; 
it  dissolves  easily  in  water.~A  aoduhpotassio  »aU,  CH*KNaS0'.4HK),  obtained  hy 
neutralising  the  acid  potassinm-salt  with  carbonate  of  sodium,  crystAllises  in  rectau- 
gular  prisms  having  a  silky  lustre. 

The  Jtine-salt,  C'H<Zn''S0*.3H*0,  resembles  the  magnesiun-salt. 

Etkylic  Sul^hosalieylate,  C'HXC'H*)«SO",  is  formed  by  the  action  of  ethjlie 
iodide  on  argentic  sulpliosalicylate,  and  separatee  from  alooholio  solution  in  loft, 
kneadable,  siUcy  ciy?*tals,  which  aire  perfectly  neutral,  melt  at  66^,  and  distil  tiaal- 
tet«d  with  water.    (Mendius.) 

8V&FB08ZWAFI0  or  AMXt^-mUXnOOAMMAmW  AOMM^    (M^N^ 

-  C*H>qyaH'8  -     (CSr >^     (Will,  Ann.  Ch.  Pharm.  lii  80.)— This  acid  is  not 

known  in  the  free  state.  Its  salts  may  be  regarded  as  compounds  of  allylie  salpbo- 
cyaoate  (oil  of  mostiird)  with  metallic  sulphydrates,  and  those  which  are  soluble  may 
be  pioduie»d  by  the  dirtct  union  of  these  constituents ;  also  by  the  action  of  allylit 
Bulphocyanate  on  the  alkaline  solutions  of  the  oorresponding  hydsaies.  Hie  insolable 
salts  are  formed  by  precipitation. 

The  a»MNom«m-M//,  G'H**N'S>  «  (C*H*)ONa(KH«)HS,  formed  as  abore  by  dinot 
combination,  solidifies  to  a  magma  of  colourless  lamins ;  it  is  very  unstable,  decofa* 
posing  spontaneously  at  ordinary  temperatures.      

The  potasaium-talt,  C*H*KNS*  »  (C'H*)CyS  KH3,  separates  by  slow  erapoiatioo 
from  an  alcoholic  or  even  an  aqueous  solution  of  potassic  sulphydrate,  to  which 
mustard-oil  is  added  as  long  as  its  odour  is  destroyed,  in  large  rhombic  plates ;  by 
quicker  etaporation  in  smaller  crystals.  It  may  also  be  prepwred  by  slowly  dropping 
oil  of  mustud  into  a  concentratea  solution  of  potash  in  absolute  alcohol ;  decanting 
the  solution  after  several  hours  from  the  crystallised  potassio  carbonate,  diluting  it 
with  water,  and  evaporating  the  pale-yellow  filtrate  to  a  syrup :  this,  when  set  asides 
deposits  shining  crystals  of  potassic  sulphosinapate.  The  salt  cannot,  however,  bt 
obtained  quite  pure. 

The  crystals  of  potassic  sulphosim^te  are  transparent  and  colourless  so  lonff  u 
they  remain  in  the  liquid,  but  on  exposure  to  the  air  they  become  opaque  and  yelTov, 
lose  their  form,  and  become  partly  insoluble  in  water.  The  aqueous  solution  of  tha 
recently  prepared  salt  may  be  heated  without  giving  off  the  odour  of  mustard-oU ;  bst 
on  mixing  the  heated  solution  with  nitrate  of  silver,  sulphide  of  silver  is  precipitated, 
and  the  ^our  of  mustard-oil  becomes  perceptible.  Thf*  dried  salt,  when  heated,  gives 
off  mustard-oil,  and  yields  a  brown  liver  of  sulphur.  When  decomposed  by  sulphuric 
acid,  it  yields  a  large  quantity  of  sulphydric  acid,  but  no  sulphur. 

The  aodium-BoU,  C*H*NaNS^.3HK),  is  formed  by  direct  combination,  and  smrates 
in  nacreous  laminae,  which  are  unctuous  to  the  touch,  and  when  heated,  first  melt,  and 
then  give  off  a  large  quantity  of  mustard-oil ;  it  cannot  be  kept  without  decomposing. 

The  hanum-9alt,  (>H'«Ba''N«S^4H='0     -     2C«H*CyS.Ba"H«S^4HO,  is  obtained: 

(1)  by  heating  oil  of  mustard  with  a  solution  of  barium-niulpfavdrate  containing  alcohol ; 

(2)  by  passing  sulphydric  acid  gas  through  aqueous  alcohol  containing  hydrate  of 
barium  and  oil  of  mustard  in  suspension;  (3)  it  is  deposited  from  the  mother* 
liquor  of  the  alcoholic  solution  of  the  compound  of  allylie  sulphocyanate  and  snlphide 
of  barium  (p.  619).  It  forms  crystalline  laminae  resembling  the  sodiuro-salt  and  very 
soluble. 

The  calcium-Bait,  as  obtained  by  the  second  method  of  preparing  the  barium-tah, 
forms  a  slightly  yellow  transparent  Jell^,  which  decumposes  in  drying. 

The  fead'salt,  CTl'*Pb'TJ»S\  is  obtained  by  adding  neutral  acetate  of  lead  to  a  vwy 
dilute  solution  of  the  potassium-salt  acidulated  with  acetic  acid,  as  a  white  predpitativ 
which  decomposes  partially,  even  during  washing  and  diyine  in  a  vacuum  over  oil  of 
vitriol,  and  quickly  at  100°,  yielding  oil  of  mustard,  sulphide  of  lead,  and  fires 
sulphur. 

When  decomposed  by  sulphuric  acid,  it  gives  off  abundance  of  sulphydric  acid, 
without  the  slightest  odour  of  mustard-oil. 

The  soluble  sulphosinapates  yield  with  eopper-nalUt  a  green  precipitate,  and  with 
silver-safts  a  white  precipitate,  both  of  which  quickly  blacken  and  decompose,  eren 
when  immediately  thrown  on  a  filter  and  washed  with  cold  water. 

BVXiPHOBZirAPZSXar.  The  name  given  by  Hi^nry  and  Garot  to  sulphocyanate 
of  sinapine.     (See  Sinapikk,  p,  308.) 


4  •olutlon  U  puctiiJl;  dvcompoiH^  by  enpgtMioa  o*w  tho 


animm-iali,  C'H*(NH')^0'.H*0,  it  obuined  b;  pliuing  a  itniig 
r  acid,  together  witli  itqueoai  lunmoaiii,  under  a  bell-jar,  in  tLe  form  of  ■ 
•IthunCelv  becomee  BUed  with  needlf*  haring  an  add  r«ction. 
mU«.— The  ueulraJ  or  tripatauie  mtt,  2C'U'K''SO'.3H*<J,  ia  obuined  by 
I  add  vith  potiUMic  CBrbooate  uud  erapontiDg  in  li  lacnum,  u  a  wjnf 
Enr  deli^upHcent  njelala ;  but  OD  addW  a  emidl  qiiaatii;  of  arid  To  the 
U;  Bolididn  to  a  crystatline  pulp,  llie  aa]t  ia  iaaoiable  in  ab*olut4 
STM  off  a  thiid  of  ita  water  in  a  TBCUuni,  Lbs  reat  when  heatMl. — Th« 
U,  C*H'K'Sb'.SH=0,  obtained  hj  udding  nilphMaecuiB  acid  to  Uw 
■  TKT  soluble  in  viit«r,  and  hue  hd  arid  rracCion. 
I  miium-nlt,  obtained  b;  decumpoaing  the  barinn  ttit  nth  nlpb>t«  of 

0  TSTJP  •olubie  in  water. 

1  hariKK-talt,  CH'&'B'O"  (at  100°),  ia  a  whita  pneipiUIr,  obtained  bj 
tlM  neutral  potuaium-islt  with  bariom-cbWidv ;  it  ia  Teir  aoluble  in 
QGUcrie  acid ;  diaaolre*  also  In  nlphoaucdnic  acid,  (he  •olntian,  when 
am,  depoiiling  pryatala  whitb  appear  to  coueiat  of  an  acid  aalt. 
trntm-Kdi,  C'H'Ca'SO'  (at  1<HI°),  la  obtained  bTdiwdlTingcaldr  caitioiute 
inie  acid  and  eTaponling  to  dnneaa. 

timm  tait  ii  nnci^ataUiiable.  The  .Bnlphoin<Minitea  of  waayaaan,  irom, 
and  comer  appear  to  be  soluble,  inaiinuch  aa  Um  potuaiam-nlt  doea 
e  the  KilutioD*  of  th«a  metall. 

I  Iwf-aa/f,  CST&SK)".SH'0,  ia  a  white  prediHtate,  obtained  I7  adding 
d  to  an  alkaline  ■nlpbomeciniiti'.  A  batic  tott,  CfW^&0"IVO  (at 
led  by  treating  the  neutnl  salt  with  ammoaia.  . 

■It  ii  a  white  precipitate,  which  decompowe  completely  during  waabing, 
Np-gmen  colour. 

■nVK&anxiO  AOIB>  87D.  with  kuTumravtiffVi  Acts.  (See 
Bnaaa.) 

BTAMWATaSandaVKnOSTAnZTSB.  SeeTu),Sru>HmE9  0F. 
■■^VBATMB   and    SUrKOTHKUnUTBB.      See   Tku-vuVx, 

AlOXB.   Syn.  with  Thtvtlsclphubovb  Aai>. 


SULPHUR.  629 

ii  ft  fttfMBt  eoBftitiieiit  of  folculic  emanatioiia,  and  ftee  snlphuic  acid  m  MmetimM 
ftmad  IB  the  waters  of  Folcanic  neighboarfaoodB.  Gypsum,  coBleetan,  and  beayy  spar 
wwrtitnta  well-known  minerals ;  and,  in  addition  to  gypsum,  the  sulphates  of  magne- 
livB  and  sodium  are  Terr  common  ingredients  of  mineral  waters.  Sulphur  exists  in 
tb«  pvotoin-oompounds  of  animal  and  vegetable  organisms,  in  the  taurine  of  bile,  in 
tibajBjstin  of  urine,  and  in  the  alliaceous  volatile  oils. 

wtion. — 1.  Native  sulphur  is  sometimes  purified  by  a  rough  process  of  fusion, 
on  the  spot  where  it  is  obtained.  A  neap  is  sot  fire  to,  whereby  the  heat 
from  the  burning  of  one  portion  ftises  the  remainder.  It  is  more  usual,  how 
r,  to  purify  it  by  distillAtion  m  upright  earthen  pots  or  retorts,  set  back  to  back, 
im  two  lows,  in  a  long  brick  furnace.  The  distillate  is  received  in  somewhat  similar 
poC%  amnged  in  two  rows  outside  the  furnace,  and  furnished  each  with  an  opening 

' its  base,  through  which  the  sulphur  condensed  within  the  pot,  flows  into  a  pau 

~*iae,  in  which  it  congeals.  The  sulphur  thus  purified  by  fusion  or  distillation  is 
as  rough  sulphur,  and  contains  about  3  per  cent,  of  foreign  matter.  It  is 
r  puifled  bv  redistillation  in  an  iron  still.  The  vapours  are  sometimes  received 
im  a  lai^  brick  cnamber,  within  which  the  sulphur  condenses  in  a  pulverulent  state 
toeOMtitnte  flowers  of  sulphur,  or  sublimed  sulphur;  or  it  is  condensed  in  the 
lifnd  sUts  in  a  smaller  and  hotter  receiver,  and  is  either  cast  into  sticks,  when  it  con- 
thtwtM  roll-sulphur,  or  is  allowed  to  congeal  in  mass,  when  it  constitutes  refined 
IvBD-salphur. 

S.  nam  PjfriUa, — Sulphur  may  be  obtained  by  heating  disulphide  of  iron  in  close 
fneiselj  as  oxygen  is  obtained  by  heating  dioxide  of  manganese  under  similar 

3FeS«     -     Fe«*   +   S«. 

sulphur  is  made  principally  from  oopper-pyrites,  a  double  sulphide  of 
and  iron,  as  a  preliminary  stage  in  the  process  of  copper-smelting.  Upon  a 
of  broken  pjrrites  is  placed  a  layer  of  brushwood,  and  on  this  is  constructed  a 
Ida!  pile  of  ore,  having  a  central  wooden  chimney  communicating  with 
left  among  the  brushwood.  The  whole  pile  is  covered  with  powdered 
and  the  mass  set  fire  to  by  dropping  lighted  faggots  through  the  chimney. 
the  doiw  combustion  of  the  pile  proceeds,  sulphur  gradually  trickles  down,  and  is 
~  in  cavities  made  extempore  in  the  walls  of  the  heap,  whence  it  is  ladled  out 
iatu)  monlds.  Such  a  heap,  consisting  of  some  2,000  tons  of  ore,  will  continue  burning 
or  six  months,  and  will  yield  about  20  tons  of  rough  sulphur,  which  may  be 
by  fusion  or  distillation.  Copper-pyrites  is  sometimes  roasted  for  the  extrac- 
of  mphur  in  a  tall-domed  furnace,  from  the  summit  of  which  a  horiaontal  flue 
the  sulphur-vapours  into  a  chamber,  within  which  they  are  condensed.  The 
OTMnr  obtained  from  pyrites  is  partly  expelled  by  heat,  partly  displaced  by  oxygen. 

Mm  Mphnr  b  also  prepared  in  this  country  from  the  decomposition,  by  exposure  to 
■ba  of  the  kgdraUd  tulpkide  of  tron,  resulting  fix>m  the  purification  of  crude  coal-gas 
vitih  ftixie  oxide  or  hydrate : 

2FeS  +  H«0  +   0«     -     2HFe''0«  +   S». 

bjdiate  of  iron  produced  in  the  above  reaction  is  again  used  to  purify  the  crude 
vlwieby  it  becomes  converted  into  sulphide,  and  this  sulphide  is  then  reconverted 
and  sulphur  by  exposure  to  air  as  before.    These  alternate  processes  are 
an  indefinite  number  of  times,  until  the  amount  of  sulphur  in  the  material 
ftam  40  to  60  per  cent.,  when  it  is  distilled  off  in  iron  retorts. 
^  From  JlkaH-waate, — Alkali-makers'  waste,  or  tank-waste,  consists  of  sulphide  of 
together  with  alkaline  sulphides,  chalk,  lime,  &c  (p.  324).    This,  when 
^tdhj  hydrochloric  or  carbonic  acid,  yields  a  mixture  of  sulphydric  acid  and 
anhydride ;  and  by  introducing  an  additional  quantity  of  carbonic  anhydride, 
atmospheric  air  ot  sulphurous  anhydride,  and  heating  this  mixture  of  gases 
J  the  hydrogen  of  the  sulphydric  acid  unites  with  oxygen,  forming  water, 
dm  ealphnr  is  liberated  in  the  form  of  uncombined  sulphur-vapour,  which  bj 
I  condensed  to  liquid  and  solid  sulphur.    (For  details  of  this  and  the 
of  preparing  sidphur,  see  Richardson  and  Watts*s  CktnUeal 
TMmoitmWt  toL  i.  part  lii  pp.  1-27.) 

Il  8ii%nnr  results  from  a  great  number  of  other  reactions,  which,  however,  are  not 
IIBbI^  mnplflyed  for  its  commercial  preparation.  Thus  it  may  be  obtained  by  decom- 
|aahc  an  ^Imiw  polysulphide  with  an  acid ;  by  the  decomposition  of  the  chlorides 
tf  ra^plmrwith  water ;  by  the  spontaneous  decomposition  of  nyposulphurous  acid ;  by 
Alt  IgBitMn  of  the  tri-,  tetra-,  and  penta-Uiionates,  &c. 

JVsasift'it. — At  ordinary  temperatures  sulphur  is  a  very  brittle  solid,  of  a  len^on-yel- 
lov  flAonr,  tasteless  from  its  insolubility  in  water,  and  almost  inodorous.    It  is  a  bad 
cnMnrfcmr  of  beat,  and  a  non-condnctor  of  electricity.  By  friction  with  wool  or  hair,  ii 
Tab.  y.  MM 


e 


8S0  SULPHUR. 

bMomM  Deg>tlTclj  citctric.    It£  ip«cifle  gnvity  in  tha  Dttira  ojitalliBe  riali  a  HI 
it  begins  to  melt  ftt  1  I4'fi=',  and  a.t  120°  ii  «>iivgrted  inla  a  eerftctlj  ILopid,  ^ 

C"ow  liquid,  whidi  is  ligfatsr  tlun  Bolid  snlphiu'.    Piondsd  the  tompwmtuw  ri  ISP 
not  beea  much  exceeded,  it  imoUdiflea  mddcnlj  it  that  moe  tamMiatim  nto  i 


g«aled  at  thi>  low  tprnpsntore  ii  at  flnl  tnnipannt,  but  baconiM  (naqna  a 
rapidlj  than  that  whirh  has  bem  mngaalid  at  120°.  Aa  melted  aalphnr  i* 
heated  above   130°,  it  becomes  dariier  and  mora  riand.  nntil,  at  the  te 


at  120°  ii  foavtaiei  into  a  Mritatljl 
"  d  the  tompn 

tranaparent  nuai,  which  rataini  ita  traniparenej  for  ■  long  tine.  B;r  naalisf  nl(bt 
to  a  l«mperature  much  aboTS  120°,  ita  conoealing-poiDt  itloworcd  to  111'!°,  fitMibt 
produ<jtion  of  a  prcalifU'  modification  of  Ae  element.  Snlphor  which  haa  ban  en- 
gealed  at  this  low  tprnparatore  is  at  flnl  tnnsparant,  but  becomea  (naqna  modi  Bon 
\  .       .  ..... .  ..    .      I  .        i,p^^ 

of  2IH)— 2U°,  it  ia  so  thick  that  the  flask  in  which  It  is  coauined  maj  be  mnnd 
withont  any  outflow  Caking  plare.  The  tenipFntnre  of  moximnm  riaoditj  ngui» 
conslHnt  for  some  time,  owing  to  a  coniiderHble  sbaorption  of  latent  heat.  At  frca 
260 — 300°  and  npwurda.  ths  snlphur  again  liquefies,  tnit  does  not  become  so  tad  M 
at  Ilfi — 12(1°  when  first  melted.  On  coolinjt  it  panes  invenelj  throng  the  ■■■ 
changes  of  stala.  Snlphnr  boils  at  440°  and  is  converted  entiirW  into  an  aruir- 
eolonred  Tapour.  Aceoidins;  to  Bineao,  whose  statement  has  rrcsDUj  beoi  eoaSiwd 
b;  Qeeille  and  Trooat,  the  densitj  of  aulphur-vaponr.  when  takm  at  the  tampsRia 
of  1 000°,  is  32  times  ss  great  as  that  of  hydn^n  at  the  aane  (empsBtars ;  bat  ii 
densitj  taken  at  aboaC  600°  is  anomalous,  being  three  times  as  great  t»  it  abosM  }t 
thoorolLCAllj.  Sulphur  vaporiBes  to  a  slight  extent  at  ordinaiy  t«mpermt)UM ;  aalbt 
a  piece  of  silver-Ieiiif,  anspended  at  some  distance  abors  a  stick  of  nlphnr,  bsoBN 
slowly  tranatbrmFd  into  sulphide  of  silver. 

Sulphur  is  remarkable  for  the  great  number  of  allolropie  forms  in  vliidi  it  ek 
exist.  Of  these,  however,  there  are  two  principal  well-characteriBrd  TKiiatia*,  naaili, 
tiie  aolnhle  and  inaolnbla,  and  nunj  minor  modifloatioDa.  BsithiJot  diatiaKniAN  tfa 
■oloble  vaiietj  b;  the  name  of  electro-negative  snlphnr,  bacanae  it  is  thskia 
which  appears  at  tbs  powtive  pole  of  the  battaij  during  tha  alectraljaia  of  ai^vfa 
•oid,  ana  11  Mpantad  mm  Ihs  combinations  of  solphoi  wilii  tha  alsotio-paBlive  aiuk 


chlorine,  bromini 
soluble  sulphur:— 

1.  The  octaXtdrai  varirCj,  frequentlj  represpatad  bvthe  Bjmbo]Ba,wlu^iBtbsaat 
stable,  and  the  one  into  which  all  the  other  varieties,  solnhie  or  inaolnbl^  laalR 
change.  It  is  the  form  in  which  native  sulphur  is  found,  and  in  vhldl  A*  UJBlaliit 
lulphur,  obtained  by  the  spontAnenus  erapoistion  of  ilaBDintiDniDearboBiedisaljAifc 
are  usually  deposited.  Its  spfcifle  graritj  is  2-05,  and  its  melting-point,  aenadng  ■ 
Brodie,  1H'S°.  It  ie  readily  soluble  in  irarbonic  dirulphide,  dianlnhid*  ctf  tUsm 
benzene,  turpfntine,  petroleum,  &c. ;  slightly  soluble  in  alcohol  and  rther.  hi 
erjalalline  fnrm  is  that  of  an  elnngated  oclahrdron,  belongii^  to  the  triuMlzic  erfi|ll 
prismatic  ayslfm  (fy.  TS2t,  with  the  modiflmtions  shown  in  Jifi.  783.  TS4.  Aml 
a  :  h  :  c  -  0-8Hlfl  :  1  :  ISOft.  Angle,  P  ■  P  (btach.)  -  lOT"  ir;  P:  T  (ma.) 
•^  W  38' i  PiP(biuiat)  <=  Ui'ir-.Pii:  Fgn  (basal)  -  124"  H'.  Cbanp  ■■ 
periisct  fanUd  to  F  and  aP. 


1  Toolidiflea  at  ISO'.  It  djuaolres  reidilr  in  cubnoii;  dimilpbide  and 
nu.  Id  the  conrsa  nf  &  tew  dam  thii  prismatic  fonn  of  >i]]phi]r 
ntoiieaDilj  MmTert«d  into  the  oetabednd  Tari«t*,  th«  conrenion  being 
Ih  a  darelopmnt  of  heal,  which  is  most  evident  when  the  chaosa 
atiBidtllj  hj  wcxtiebiag  the  eryitali.  Opaque  vellov  ipota  flnt  nuka 
■Do^  and  Uieo  graduaUy  spread  throughout  the  mau.    Thg  cnatala 

frinoaCic  shape,  bat  on  eiamin&tion  an  found  to  be  niDTgrlod  into 
nf  minnCe  octobednini.  Convenelj,  a  transparent  ciTslal  of  octahe- 
,  wtum  healed  to  lOS — 11£°,  become*  tnmsfonned  into  an  opaque  mass  of 
oatic  ciystila.  When  a  saturated  solution  of  Bolphnr  in  hot  turpenlma  ia 
wl,  the  ctTStali  first  depoaitcd  are  of  the  prismatic,  thoM  lut  deposiUd 
pild  has  bmome  compaiatiTel;  cool)  of  the  octahedral  rarietj.  Occanon- 
tnaspareut,  oblique  prismatic  crjatals  an  deposited  IVom  the  sotutioD 
a  eaiiKinic  disulplude,  but  thej  soon  br^ok  np  into  opaque  aggregations 
tahadrons.  BoU-aulphDr  when  first  east  ii  of  the  obliqas  prismatic,  bat 
I  dtanges  into  the  octahedral  Tarietj.    lis  molecular  condition,  howerer, 

Hka  that  of  nnannealad  glass,  whence  it  retaina  for  a  long  time  the 
itf  of  tbe  prismatic  modification. 

mcnlLinu  nluNa  rarietj  of  aulphnr  is  predpitatpd,  in  the  form  of  white 
addition  of  acids  to  diluted  solutions  of  alkaline  poljsnlphides : 

K'S'  +  2HC1  -  2KC1  +  H^  +  S'. 
incd  mi(coscopica]l<r.  It  is  found  to  consist  of  minnta  nannle*  devoid  of 
dlanetec.  It  is  rndilj  solnhle  in  carbonic  disnlphioe  and  other  men- 
I  form  of  suIpbuT  has  a  gieenish-wbite  colonr.  and  is  known  bmiliorljby 
"milk  of  sulphur."  B;  keeping,  it  becomes  Enduoll;  converted  into  octa- 
lU.  Sablimsdenlphurappsanto  be  allied  to  miaform.  It  consists  of  much 
ilsa,  neither  the  snrface  nor  the  fracture  of  which  is  crystalline,  Snblimnl 
aja  contains  a  minute  proportion  of  one  of  the  iniiolnble  modifications  of 
Vapour  of  inlphur,  when  suddenly  cooled  b;  contact,  with  a  cold  suT&ce, 

the  form  of  atncles,  or  of  liquid  drops  surrounded  by  solid  pellicles.  These 
their  liquidity  for  a  considerable  time,  but,  when  solidified,  seem  to  ha*a 
aracter  oa  the  granules  of  sublimed  sulphur.  By  keeping  they  becom* 
D  the  octahedral  form. 

sipal  modifications  of  insoluble  sulphur  are  the  following:—!.  The 
JWoAitb  variety,  the  most  stable Ibrm  of  which  is  obtained  as  asoft  magma, 
ling  disulphide  of  chlorine  with  water : 

2S'Ci'  t  3H"0   -   *Ha  +  maty  *  s'. 

■Ipbnion*  acid  prodoMd  in  tlie  reaction  is  gtadnallir  decomposed  into 
Kad  and  sulphur,  thus:  WSKf  -  B'80'  +  3.  Tbs  sulnhur,  resulting 
bom  the  spontaneoua  decomposition  of  hyposulphurous  acid,  has  the  same 
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it  in  a  Tory  thin  stream  into  cold  water.    It  is  thus  obtained  •■  s  Mft,  jsOovirii- 
brown,  semitransparent  mass,  capable  of  being  drawn  oat  into  fine^  elastie  thmdi 
poBsessed  of  considerable  tenacity.    This  snlphnr  has  a  specific  grarity  1*95,  and  ii 
insoluble  in  carbonic  disnlpbide.    When  sulphur  heated  to  800^  is  snddenljF  cocU 
by  a  mixture  of  solid  carbonic  anhydride  and  ether,  it  solidifies  into  a  hard  perfccTtj 
transparent  mass,  which  becomes  soft  and  elastie  at  ordinary  temperatures.    Tha 
appears  to  be  the  solid  state  of  plastic  sulphur.    Another  form  of  plastic  nulphor  mar 
be  obtained  by  acting  upon  metallic  sulphides  with  boiling  nitric  or  nitromuriatie  icii 
Ordinaiy  plastic  sulphur  gradually  returns  in  the  course  of  a  few  hours  to  its  bhr.i 
state,  reacquires  its  yellow  colour,  and  becomes  converted  abnovt  entirely  uto  Uf 
octahedral   variety,  ike  conyersion  being  accompanied  by   evolution  of  heat.     If 
plastic  sulphur  be  heated  to  100®,  the  change  takes  place  suddenly,  and  the  trmpoa- 
ture  rises  to  1 10^.    According  to  Brodie,  sulphur  begins  to  pass  into  the  plastic  ttm 
at  a  temperature  very  little  above  120® ;  and  the  graduai  loss  of  tmnspamicTia 
crystallised  prismatic  sulphur  depends  upon  the  hardening  of  plastic  sulphur  encloicd 
mechanically  between  the  crystab.    Sulphur  which  has  been   converted  from  be 
plastic  into  the  brittle  state  does  not  dissolre  entirely  in  carbonic  disnlphide,  bat  « 
oefore  observed,  leaves  a  buff-coloured  residue  of  insoluble  sulphur,  the  propoctioD  4 
which  may,  it  is  said,  be  increased  by  frequently  causing  the  same  sulphur  to  smuu 
alternately  the  plastic  and  the  brittle  state. 

The  black  and  red  modifications  of  sulphur,  described  by  SCagnns  to  rssoh,  tk 
former  from  exhausting,  with  carbonic  disulphide,  the  mass  produced  by  the  freqsrflt 
alternate  strong  heating  and  sudden  cooling  of  sulphur,  and  the  latter  from  hesOD^ 
the  black  modification  to  a  temperature  of  130 — 160°,  are  considered  by  Mitschrriia 
to  depend  upon  the  presence  of  greasy  impurities  in  the  sulphur.  When  eolutioBi  of 
sulphydric  acid  and  ferric  chloride  are  mixed  together,  a  blue  precipitate  is  MBMCins 
formed,  which  is  said  to  be  a  peculiar  allotropic  form  of  sulphur. 

Sulphur  may  be  made  to  combine  directly  with  the  great  nuMority  of  the  elcBtfa 
Hydrogen-gas  and  sulphur-vapour  bum  in  one  another,  though  not  TVtj  leedilT,  tt 
form  sulphydric  acid,  H'S.  When  melted  sulphur  is  treated  with  chlorine-ffas,  unl- 
phide  of  chlorine,  CPS',  is  produced,  and  similar  reactions  take  place  with  brooiai 
and  iodine.  Sulphur  is  highly  infiammable,  and  when  heated  in  air  or  ozygra  to  • 
temperature  of  250®,  takes  fire,  and  bums  with  a  clear  blue,  feebly  luminous  flaw, 
being  converted  into  sulphurous  oxide,  SO*.  Carbonic  disulphide,  CSr,  refclti 
from  passing  sulphur-vapour  over  red-hot  charcoal.  Sulphur  also  unites  direcclv  «:ia 
phosphorus,  arsenic,  silicon,  and  boron.  Nearly  all  the  metals  combine  dinvtlj  vith 
sulphur,  either  at  ordinary  or  increased  temperatures.  Zinc,  iron,  copper,  lead,  silTtf. 
tin,  &c.,  bum  in  sulphur- vapour  with  great  brilliancy,  the  comboation,  save  of  tki 
sine  and  iron,  commencing  spontaneously,  provided  the  metal  is  in  &  snfBciently  diviU 
state.  Moreover,  mixtures  of  sulphur,  water,  and  finely-divided  metal — iron  or  oofipB, 
for  instance— begin  to  react  at  ordinary  temperatures,  evolve  &  oonaiderable  aaml 
of  heat,  and  yield  hydrated  protosulphide.  Sulphur,  when  acted  on  by  strong  litiii 
or  nitromuriatie  acid,  at  a  gentle  heat,  is  gradually  dissolved,  with  productioB  of  nl- 
phuric  acid,  H'SO*.  Caustic  alkalis  also  dissolve  sulphur  readily,  with  ^""**"*  J 
metallic  sulphydrate  and  hyposulphite,  thus : 

4KH0   +  S*    -     2KHS  +  HH)  +  K«SK)». 


The  two  atoms  of  sulphydrate  thus  produced  are  capable  of  dissolving  fear 

atoms  of  sulphur  to  form  a  metallic  pentasulphide  uid  sulphydric  acid :  SSHS  «>  S* 

-  K«S»   +   H«S. 

Sulphur  in  its  chemical  relations  is  the  representative  of  o^rgen,  to  which  it  ii 
equivalent,  atom  to  atom.    The  two  elements,  though  veiy  dissimilar  in  their  atiian 
physical  characters,  correspond  veiy  closely  in  the  nature  of  the  compounds  wkicj 
they  form,  and  in  the  properties  they  exhibit  when  both  are  in  the  gasNMS  Mtt 
Although  sulphur  rarely,  if  ever,  displaces  oxygen  by  direct  elementary  sabsdiatMa 
yet  the  two  elements  are  mutually  interchangeable  by  double  decxnnpoaitioB  of  tbar 
respective  compounds;  and  in  the  great  minority  of  instancee   where  uajgta-tjue- 
pounds  are  obtainable  by  addition   of  oxygen,  analogous  solphur-compondi  an 
obtainable  by  the  addition  of  sulphur.    Thus,  when  cyanide  of  potaasiiia,  KCS,  m 
treated  with  peroxides,  we  obtain  oxycyanate  of  potassium,  KCNO ;  and  by  tNadsf  it 
with  sulphur,  or  persulphides,  we  obtam  sulphocyanate  of  potaaainm,  KCKS.    Afu^ 
oxygen-gas  and  sulphur-vapour  alike  support  the  combustion  of  hydrogen,  ehimal 
phosphorus,  and  the  metals,  to  form  precisely  analogous  corapoimds.  ThefbUofwnwBt 
a  few  illustrations  of  the  number  and  variety  of  corresponoing  oomponnds  to  wU 
oxygen  and  sulphur  respectively  give  origin : 

KHO.    C0«,    C«H*0,    C1"P0,    K>PO«,      Sb«OS».     K^SnO*.    Ac 
KHS,     CS=,     CH'S,     C1>PS,     K"PO»S,    Sb«S»,       K^SoS",     fte 
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Ab  atom  of  Bulphnr,  being  the  aqnivalent  of  an  atom  of  oxygen,  if  neceesarily  the 


another,  and  so  in  other  instances.     Certain  sulphur-compoundt*,  moreover,  manifest  a 
great  x^esemblance  to  those  of  carbon.     (0  d  1  i  u  g '  s  Man  ual  of  Chemistry.) 

SUJkFSUX,  BXOBKZ9BS  OF.  Sulphur  dissolves  in  bromine  at  ordinary  tem- 
peratures without  perceptible  evolution  of  heat,  and  forms  a  brown-red  liquid,  contain- 
ing, according  to  Lowig,  the  compound  Br'S^,  which  is  decomposed  by  distillation,  half 
of  the  sulphur  being  separated,  and  the  compound  Br'S  distilling  over.  Neither  of  these 
compounds  has,  however,  been  obtained  in  definite  form,  as  they  appear  to  be  capable 
of  dissolving  both  sulphur  and  bromine — the  latter,  indeed,  in  all  proportions.  The 
brown-red  solution  of  sulphur  in  bromine  (tmells  like  disulphide  of  cnlorine,  and  reacts 
in  a  similar  manner  with  water,  nitric  acid,  ammonia,  &c.    (Gm.  ii.  283.) 


SUXi»Bini»  CBIiOBZBaS  or,  or  SITLPBIBSS  07  CB&OSZVB.  Sul- 
phur and  chlorine  unite  directly  even  at  ordinary  temperatures,  more  quickly,  however, 
when  sulphur  is  snblim#>d  in  an  atmosphere  of  chlorine.  Only  one  compound  of  these 
elcmt'nta  nas  been  obtained  pure  in  the  free  state — viz.  the  disulphide  of  chlorine, 
C1*S*,  analogous  to  disulphide  of  hydrogen.  —  A  protosulphide  of  chlorine,  C1*S^ 
snalcgouB  to  sulphydric  acid,  is  usually  described  as  produced  by  treating  the 
disulphide  with  excess  of  chlorine ;  but^  according  to  the  recent  experiments  of  Carius, 
it  is  merely  a  mixture  of  the  disulphide  with  the  hemisulphide  of  chlorine,  or  tetra- 
chloride of  sulphur,  C1*S.  This  last-mentioned  compound  is  not  known  in  the  free 
state,  but  exists,  according  to  H.  Hose,  in  combination  with  several  metallic 
chlorides. 

JMaiUplilde  of  ClilorlBO,  C19.  Prvtochloride  of  Sulphur.  Halb-Chlorschwrfd. 
Chlortchwtfd  im  Minimum. — This  compound  was  first  described  in  1804  byThomson 
(Nicholson's  Journal,  vi.  96),  and  by  Berth  el  ot  (M^m.  d'Arcueil,  i.  161)— the  mu- 
tual action  of  chlorine  and  sulphur  having  been  previously  noticed  by  Hagemana,  in 
1781 — and  has  been  more  particularly  examined  by  H.  Rose  (Pogg.  Ann.  xxi.  431 ; 
xxiv.  303;  xxviL  107;  xlii.  517,  542),  Dumas  (Ann.  Ch.  Phys.  xlix.  204), 
Harchand  (J.  pr.  Chem.  xxii.  507),  Heintz  (Ann.  Ch.  Pharm.c.  370),  and  Carina 
(lAirf.  cvi.  291 ;  ex.  209). 

Disulphide  of  chlorine  is  prepared  by  passing  dry  chlorine-gas  into  a  retort  in  which 
sulphur  is  sublimed  at  a  gentle  heat.  It  then  distils  over,  and  may  be  collected  ia  a 
receiver  surrounded  by  cold  water,  and  freed  from  excess  of  sulphur  by  rectification. 
— It  is  also  produced  by  distilling  a  mixture  of  1  pt.  sulphur  with  9  pts.  stannic 
chloride,  or  8*5  pta.  mercuric  chloride.     (Berzelius.) 

Disulphide  of  chlorine  is  a  mobile  reddish-yellow  liquid,  having  a  peculiar,  penetra- 
ting, disagreeable  odour,  and  fuming  strongly  in  the  air.  Specific  gravity  »  1*687. 
Boils  at  139°  (Marchand),  at  136^  (Chevrier,  Compt  rend.  Ixiv.  304).  Vapour- 
density,  obs.   «  4*77  (Marchand);  calc.   »  4*68. 

It  dissolves  in  carbonic  disulphide,  alcohol,  and  ether,  not  however  without  decom- 
position in  the  two  latter.  It  dissolves  sulphur  in  large  quantities,  especially  when 
heated.  When  saturated  with  sulphur  at  ordinary  temperatures,  it  forms  a  clear 
jellow  liquid  of  specific  gravity  1*7,  and  containing  altogether  66'7  per  cent  sulphur. 
The  solution  of  disulphide  of  chlorine  with  excess  of  sulphur  in  crude  benzol,  is  used 
for  Tulcanising  or  sulphurising  caoutchouc 

Reactions. — 1.  With  chlorine,  bromine,  and  iodine. — When  chJorine-gas  is 
pmBfifd  for  several  days  in  the  dark  through  disulphide  of  chlorine,  a  dark  brown-red 
uqnid  is  formed,  from  which  (according  to  Davy,  Dumas,  and  Marchand)  a  certain 
quantity  of  chlorine  may  be  expelled  by  gentle  ebullition,  leaving  the  protosulphide  of 
chlorine,  Cl^,  which  boils  constantly  at  64".  According  to  Carius,  on  the  other 
hand,  the  boiling-point  continually  rises  during  the  distillation,  and  does  not  become 
eonstant  till  it  has  risen  to  138^  at  which  temperature  disulphide  of  chlorine  passes 
over.  The  brown-red  liquid  is  also  convertod  into  the  reddish-yellow  disulphide  by 
passing  a  stream  of  dry  air  through  it.  At  a  cortain  stage  of  the  distillation,  a  dark 
Dxown-red  liquid  passes  over,  containing  sulphur  and  chlorine  in  the  proportion  re- 
quired l:^  the  formula  Cl'S ;  but  it  acts  with  motnls  and  other  bodies  like  a  mixture 
of  the  compounds  C1*S*  and  SCI*.  Hence  (-arius  concludes  that  the  so-called  proto- 
sulphide of  chlorine  (or  dichloride  of  sulphur)  is  not  a  definite  compound,  but  a  mix- 
ture, in  atomic  proportions,  of  the  two  compounds  just  mentioned  :  CPS*  +  SCI*  ■■ 
3C1*S.  Carius  has  further  shown  that,  by  passing  dry  chlorine  through  the  disulphide 
of  chlorine  at  various  temperatures,  liquids  arc  pn^duced,  containing  various  pro- 
poxtions  of  sulphur  and  chlorine,  both  above  and  below  those  required  by  the  formula 


1 
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8C1',  bat  not  in  any  euM  ezhibitang  a  constant  boiling  point  Tha  reinlta  am  ma 
in  the  following  tabU,  togeUMr  with  the  calculated  percentagea  for  the  fewn«H.  9Cr. 
SCI',  and  801« : 

SKI*  47-48  per  cent  S ;  62*52  per  oent  GL 
Situated  at  +20<>  32-35        „  67*80 

»  +6«  to  +6*4°   81*47         .,  6918 

801*  31-13         „  68-87 


+  0-4®to  +  lo     30*00 


99 


m  -l-fi*"..   -2*6°  29*61         „  .     .  „ 

-6«    „  -80     27-98         „  71-67 

SCI*  18*39         „  81*61  „ 

According  to  Cheyrier  also  (Compt  rend.  Ldy.  302),  the  liquids  obtained  1^  stta- 
rating  disulphide  of  chlorine  with  chlorine,  at  various  temperatures,  do  not  exhibit  tnj 
constant  boUing-point — Iodine  and  bromine  likewise  dissolve  easily  in  the  disulpbide; 
but  without  forming  any  definite  compounds,  the  resulting  liquids  beginning  to  doU  at 
temperatures  below  136'^  (the  boiling-point  of  the  disulpMde  of  chlorine),  but  quickly 
attaminff  that  temperature  on  distillatioD. 

2.  With  phosphorus. — ^When  2  at  phosphorus  are  gradually  added  to  8  at  di- 
sulphide  of  chlorine,  chlorosulphide  of  phosphorus  is  fonned,  and  4  at  aolphnr  sepa- 

ZCl^  +  P«    -     2PSa«  +  8*. 

(Chevrier,  Compt  rend.  Ixiil  1003).  If  an  excess  of  phosphorus  is  used,  trichlorids 
of  phosphorus  is  also  formed,  t^Rether  with  a  sulphide  of  pLosphorus,  aa  previously 
shown  by  Wohler.  (Ann.  Ch.  Fhys.  [3],  xliv.  56.) 

3.  With  metals. — Bisulphide  of  chlorine  poured  upon  coarsely  pulverised  ar$eme 
or  antimony f  becomes  strongly  heated  and  distils  over ;  but  by  pouring  the  lionid  back, 
and  warming  it,  the  sulphide  of  chlorine  mi^  be  completely  decomposed,  trioiloride  of 
arsenic  or  antimony  distilline  over,  and  sulphide  of  arsenic  or  antimony  remaimng 
(Wohler,  Ann.  Ch.  Fhann.  Ixxiii.  114).  If  the  materials  are  mixed  in  the  proportaoo 
of  2  at  arsenic  or  antimony  to  3  at  disulphide  of  chlorme,  the  iHiole  of  the  metal  is 
converted  into  chloride,  and  the  wiiole  of  the  sulphur  is  set  firee,  crystallising  partly  in 
opaque  needles,  partly  in  shining  octahedrons : 

8b«  +   3C1«S«     -     2Sba«  ■»-  S» 

(Chevrier,  Compt  rend.  Ixiv.  302;  Bandrimont  tbicL  368).  The  mlfhidte  o/ 
anmic  uid  antimony  are  acted  on  bv  disulphide  of  chlorine  almost  as  enaigeticaliir  as 
the  metak  themselves,  yielding  similar  products  (Wohler,  Baudrimont) : 

Sb«8«  +  3C1«S«    -     2Sba«  +  &. 

Tin-JUingB  act  with  great  violence  on  disulphide  of  chlorine  rWohler),  stannic 
chloride  distilling  over,  and  sulphur  remaining  (Baudrimont);  etannio  eulvkide 
acts  but  slowly,  and  only  when  heated. — Alttminium''/oU  gently  heated  with  the  disul- 
phide, decomposes  it  rapidly,  a  brown-red  liquid  distilling  over  and  depositing  ^i^te 
crystals,  probably  a  compound  of  disulphide  of  chlorine  with  chloride  of  aluminium. 
— Mercury  heated  with  disulphide  of  (uilorine  attacks  it  slowly,  sulphur  being  d^K>- 
sited,  and  mercuious  or  mercuric  chloride  produced,  according  to  the  proportion  of 
mercury  present — Sulphide  of  mercury  acts  in  a  similar  manner,  but  less  stionglv. — 
Iran  reduced  by  hydrogen  slowly  decomposes  disulphide  of  chlorine  at  the  boiling  heat 
of  the  latter,  and  is  converted  into  ferric  chloride. — Zinc,  under  similar  circumstances, 
acts  but  very  slowly. — Magnetium  and  eodium  do  not  exert  the  slightest  action  on 
disulphide  cdf  chlorine,  even  after  prolonged  boiling  In  general  metals  and  metiUhc 
sulphides  are  attacked  by  disulphide  of  Silorine,  with  grater  facility  in  proportion  as 
their  chlorides  are  more  volatile.    (Baudrimont) 

4.  With  water. — ^Disulphide  of  chlorine  dropped  into  water,  sinks  in  the  form  of 
oily  drops,  and  is  slowly  aecomposed  into  hydrochloric  acid,  sulphur,  and  hyposul- 
phurous  add,  idiich  last  is  gradually  resolved  into  sulphurous  acid  and  fine  snl- 
phnr: 

2C1«S«  +  3BP0     -    4HC1  +  8«  +  H«SK)«, 

orH'SO*  +  a 

5.  With  alcohols. — Etkylie  alcohoi  acts  upon  disulphide  of  chlorine  at  ordinary 
temperatures,  irith  formation  of  hydrochloric  add,  sulphurous  add,  ethylie  chloride, 
sulpnurous  chloride  (chloride  of  thiimyl),  ethvHc  sulphite,  general^  also  small  qnaati- 
ties  of  mercaptan,  ethylsulphuzous  add,  and  nee  sulphur: 

8H3l«  +  C«H«0    -    SOCl*  +  C»H«L 


•aeie  aeid  the  mctioa  u  timiUr,  bat  takra  place  chieS;  in  the  mumei 
Iw  Hcond  tqiutCiaa.— ^d»Mm  and  other  aalts  of  monobuia  addi  jicld 
luta.  ^it  of  tbe  metallic  EaipMde  [>Toducsd  &]>o  nacto  with  ths  anl- 
eridet  fanniog  chloride  ud  aulphate,  with  aepantioo  of  aalphni'.  thiu, — 
SlTa<S  +  4S0C1*  -  BNaCl  -•■  TXifSXy  +  &. 
h^beA  with  dimliJiidf  of  chlorine  j 
pfanTOQi  anhjdride,  and  free  ndphur  (Ci 

tKP  +  ^Ito*    -    MaQ  +  sea*  +  80*  +  S". 

lalphnrieaDhjdrid*. — Whamponr  of  aolphnrie  ■□hydride  u  pwted 
Ida  of  chlorine  oontained  in  a  Tesael  innonaded  by  a  freezing  miztore,  a 
jmd  ia  formed,  consiitiii^  of  S'Oi'Cl*  -  SKlll'-ASO*.  It  ia,  howeTar,  tbit 
d  decompoaea  aa  aoon  aa  it  ia  remored  from  the  frHziuE  miitnre.  pTing  w 
aahjdridB,  aod  leaTiag  the  compoond  S'O^CV  ( -  S'Oi'CT'  ~  my). 
eoDponnd,  which  mmj  be  rennled  as  SO'.SO'Ct'  (or,  Bccording  to  B«n»- 
'JSO"),  ia  alao  prodnced  bj  matiUing  dianlpbide  of  chloride  with  Nordban- 
iaacid.  When  pnriSed  bj  rectifleatiDa,  it  form  an  oilj  colonrleaa  liquid, 
imii^  I'8I8  at  Ifi",  boiling  at  Iifi°,  uid  diitilliag  witbont  deeonpoaildon. 
it  jielda  hjdiochlorie  ajid  aolpharie  adda : 

BHWl*  +   8HH>     -     SHCl   *   aH'80'. 
aBumia-gaa  it  jielda  nentral  sulphamale  of  anunoniiuB.    (H.  Boa  a,  Fogg. 
!fil :  ilfi.  16T  ;  lii.  69.) 

B  i  a.-~-VapoaF  (if  disalt^ide  of  chlorine  unite*  with  ammonia-gaa, 
mad  4NH*,S*C1',  which  nu>;  be  eipoaad  to  the  air  (or  a  long  tuDS 


faing  dpcompoaition.  It  diaeolvpa  in  abeolnte  alcohol,  bat  ia  decompoaed 
illi  precipitation  of  ■nlphnr.  end  foinution  of  ehlorida  and  fajpoaiuphila 
im.  (Martens,  J.  Chim.  mM.  liii.  430.) 

hjdio  carbon  a. — Dianlpbide  of  chlorine  nnitea  directly  with  itli^lna  and 
naing  the  compounda  C'H'.CIV  and  CH'.CI^.  (Onthiie,  i.  2091 

Iplrirta  of  OUoHna,  or  FrotoeliluUa  or  Snlpttiir,  01*3.— Thii 
■aalready  ob>«rTed(p.  tSS),  does  not  appesi  to  exist  in  the  &ee  state ;  bat 
(  H.  Bote  (Fogg.  Ann.  zdi.  G36),  it  forms,  with  trichloride  of  anenie,  the 

;A*CI1*.C1*9,  which  ia  a  biown  liquid,  obtained  by  the  action  of  dry  chlorina 
"le  of  BiHaic;  and,  accoiding  ts  Qnthria,  it  Ibmia,  with  ethylene  and 
la  CH'.Cra  and  C»H".C1'3. 

',  SCI*.— Thia  compound  is  not  biown  in  the  sepa- 
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In  the  first  case,  however,  the  oocnrrence  of  the  Bolphnrous  chloride,  80G1*,  ii»  fariU 
most  pajt,  masked  by  the  formation  of  secondary  products,  as  of  salphnrons  anhjdnde— 
thus: 

SOa»  +  CH^O-Na-O     -     NaCl  +   CmH)Cl   +    SO*. 

Acetate  of  sodium  is  decomposed  bj  tetrachloride  of  snlphar  in  the  same  manacr  ■ 
the  benzoate,  but  the  chloride  of  acetyl  produced  acts  on  another  portion  td  the  waik 
benzoate,  forming  acetic  anhydride. 

The  compounds  of  tetrachloride  of  sulphur  with  metallic  chlorides  are  obtained,  ht 
the  most  pttrt,  by  passing  chlorine-gas  over  the  respectiye  sulphides. — ^The  almwmmm- 
compound^  2A1C1'.SC1^,  is  produced  by  gently  heating  chloride  of  alaminium  vitk 
disulphide  of  chlorine,  and  passing  chlorine  over  the  resulting  dark-red  mass  ii 
a  somewhat  higher  tem|ierature.  A  yellow  oily  liquid  is  thus  obtained,  which  vitK 
mately  solidifies  to  a  crystalline  mass.  It  is  decomposed  by  water,  with  greet  erololigi 
of  heat,  yielding  free  sulphur,  alumina,  hydrochloric,  sulphuric,  and  hyposnlphvna 
adds  (R.  Weber,  Pogg.  Ann.  civ.  421). — The  antimony-eompouitd,  8SbCl*.SSn*, 
obtained  by  heating  grey  sulphide  of  antmiony  in  a  stream  of  ddorine,  is  a  mhat 
amorphous  powder,  which  melts  when  h(«ted,  and  is  resolved  into  disulphide  of 
chlorine,  free  chlorine,  and  trichloride  of  antimony.  It  is  oxidised  and  dissolTid  by 
nitric  acid,  and  absorbs  ammonia  in  somewhat  considerable  quantity  (H.  Rosei?^ 
Ann.  xlii.  532). — The  tin-compound,  SnC1^.2SCl\  produced  by  the  action  of  chloriatai 
stannic  sulphide,  forms  fine  large  crvstals,  which  fume  strongly  in  the  air ;  waj  &§ 
fused  and  sublimed  without  decomposition ;  are  gradually  dissolreid  by  nitric  acid,«itk 
formation  of  stannic  oxide  and  sulphuric  acid;  form  with  water  an  add  liqoi 
milky  from  separated  sulphur;  and  absorb  ammonia^gas,  with  conBidcirable  erahoioi 
of  heat,  forming  a  yellow-brown  mass  which  is  decomposed  by  water  (H.  Boss,  Fob. 
Ann.  zlii.  517).  —  A  titanium-compound  of  uncertain  composition*  bat  appaic^ 
containing  less  than  2  at.  SGl^  to  1  at.  TiCl*,  is  produced  by  mixing  titanic  dilondi 
with  brown  chloride  of  sulphur,  or  by  passing  chlorine-gas  orer  titanic  solphids.  TU 
first  process  yields  it  in  large  yellow  crystals ;  the  second  only  as  a  crystalliBS  BiaL 
It  deliquesces  rapidly  in  contact  with  the  air,  melts  when  heated,  solidificiiatki 
crystalline  state  on  cooling,  and  sublimes  without  deoompositioiL.  (H.Boii^fii 
p.  527.) 

SVXiPBirat,  CTAirZBB  07.    See  SuLPHoCTuno  AKHTDBnn  (p.  516)l 

SVXiFBint,  BBTBCTIOar  AVB  aSTIMATIOV  OV.     1.  R€actio%».^ 

The  most  important  compounds  in  which  sulphur  occurs  are  the  metallic  salphiii« 
sulphat(?8,  sulphite's  and  hyposulphites,  and  certain  organic  compoonds. 

Most  metallic  sulphides  are  insoluble  in  water;  those  of  the  alJkali-metali  lal 
alkaline  earth-mctals,  however,  dissolve  in  water — the  former  andecomposed,the  ]«na 
with  partial  decomposition  (p.  483).  The  solutions  give  with  lead-salts,  Ac,  dv 
reactions  of  sulpbydric  acid  (i.  217 ;  iii.  204).  Sulphides  heated  on  charcoal  is  the 
oxidising  blowpipe-fiamo  give  off  all  their  sulphur  as  sulphurous  anhydride,  which  bit 
bo  detected  by  irs  odour ;  or  if  the  sulphide  be  heated  in  an  inclined  glass  tabe  opcsi^ 
both  ends,  so  that  a  current  of  air  may  pass  over  it,  sulphurous  anhydride  will  also  be 
formed,  and  may  be  detected  by  its  odour,  acid  reaction,  &c  (p.  MO).  On  fiMUf  & 
sulphide  on  charcoal  with  sodic  carbonate  or  a  mixture  of  that  salt  and  borax,  plaev 
the  piece  of  charcoal  containing  the  fused  mass  on  a  plate  of  policed  silver,  asi 
moistening  it,  a  black  or  brown  stain  of  sulphide  will  be  formed  on  the  BittL 
Metallic  sulphides,  acted  upon  by  strong  nitric  or  nitromoriatie  add,  are  npMi|T 
oxidised,  forming  metallic  oxide  or  chloride,  sulphuric  acid,  and  nsnally  sobs  fm 
sulphur,  which  melts  into  globules  very  difficult  to  oxidise. 

Metallic  sulphates  sre,  for  the  most  part,  easily  soluble  in  water;  thesolpbtfiv 
of  strontium,  calcmm,  lead,  and  mercurosum  are  but  slightly  adnble,  and  the  buiia> 
salt  is  almost  insoluble  in  water,  and  likewise  in  hydrochloric  and  nitric  add.  Ii 
soluble  sulphates,  therefore,  sulphuric  acid  is  easily  detected  by  addition  of  cUoriii 
or  nitrate  of  barium,  which  forms  a  precipitate  insoluble  in  acids.  In  insdnUe  cr 
spHnngly  soluble  sulphates,  the  sulphuric  add  is  detected  by  boiling  the  salt  wilJis 
conc-entrated  solution  of  an  alkaline  carbonate,  whereby  an  alkaline  solphatoisfowd. 
which  dissulvos  in  the  water.  Sulphates  heated  before  the  blowpipe  on  cfaaraisl  vith 
sodic  carbonate,  yield  sulphide  of  sodium,  in  which  the  sulphur  may  be  detected  in  the 
manner  above  mentioned.     (See  Sulphates). 

Tlie  sulphites  of  the  alkali-metals  are  soluble  in  water;  the  rest  are  iaiolibl* 
or  sparingly  soluble,  but  dissolve  in  excess  of  sulphurous  acid.  Sulphites  arc  ivwlj 
detected  by  the  characteristic  odour  of  sulphurous  anhydride,  which  they  evoht  efc^s 
treated  with  hydrochloric  or,  better,  with  dilute  sulphuric  add.  HypoiulpliiKi 
treated  in  the  Kame  way  also  give  off  sulphurous  anhydride,  but  are  di^n^ishd  froa 
sulphites  by  likewise  yielding  a  deposit  of  sulphur.    (See  Sulfhob,  OxTOBr-aafif  or.j 


oit(nted  into  lulphuric  acid.  The  solution  U  then  tnated  vith  chloride  or 
bunim,  mud  the  pncipitaled  nlphate  of  barium  is  colloded  od  s  fllt«r.  wuhsd, 
[united.  BefoniddiDgtlieba^ta-BolutioD, hovaTer,  theliqnidmnat  ba  am- 
duntad  vith  WBlar,  becwue  the  nitrata  uid  chluride  of  b&riumare  theaualTel 
in  rtraufr  nitric  uid  hj^droehloric  idds.  The  liquid  it  then  boiled,  tad  mtim- 
tto  (tuid  till  the  precipitate  bai  complstel;  aelded  dawn;  after  which  the 
U  il  fint  puied  throi^  tlie  filter,  and  then  the  precipitate  thrown  npon  it ; 
Militate  be  pound  upon  the  ffltar  before  it  haa  settled  doim,  it  Till  be  nira 
ED^^  As  ths  Qiidation  of  the  anlplinr  ii  very  slow,  the  metal  being  com- 
ddiMd  and  dissolved  long  bafbre  it,  and  a  portion  of  the  Bulphor  arparated  i 


it,  and  a  portion  of  the  Bulphor  arparated  in 
.  to  collect  this  portion  on  ■  atnall  weighed 
;hiag,  and  aftenrards  estimate  the  dissolved 


■Mine  its  amount  bj  direct  veighiag,  a 

I  ■bora.  The  nitrie  or  nitromariatic  add  need  for  the  oxidation  ihould  be 
id  the  action  aided  bj  heat ;  otherwise,  eepeeiallv  in  treatjug  the  aulphids  of 
«,  ihg  lower  salphides  of  jton,  and  the  salphides  of  the  aJkidi-metala, 
m  fnlphur  may  be  driven  oiF  as  sulphydric  acid,  and  therohj  lost.  For  the 
Ml,  on  oxidiiing  with  chlorate  of  potassium  and  hj'drochloric  acid,  the  sdd 
be  poured  at  once  on  to  the  pulrerised  aolphide,  but  gradually  added  to  the 
f  the  sulphide  with  the  chlorate  of  potaasium.    In  applying  tbeie  methoda  of 

to  the  sulphidps  of  the  alkali-metals  and  alkaline  earth-metals,  part  of  the 
I  inreto  eacapeas  sulphjdric  acid,  unless  verj  particular  precautions  aretaken. 
■nia  method  of  guarding  against  this  source  of  error  is  to  place  the  sulphide 
1  tctt-tube  encl(»ed  in  a  capacioue  Baak,  pour  f^uning  nitric  add  npon  it,  and 
eljr  dose  the  veaeel  with  a  tigbt-Btting  stopper. 

r  gaseral  method  of  onalTeine  metallic  enlphides  is,  to  fuse  them  with  3  pis. 
a  or  tedii  niiraU,  and  about  the  rerae  weight  of  lodu:  carboiiatf,  whereby  the 
■  eODTerted  into  anlphuriir  add,  which  unites  vith  the  ulkali,  and  the  metala 
It«d  into  oxides.  The  fused  mass  is  digested  vith  vater  -.  the  filtered  solu- 
nliwd  with  nitric  acid ;  the  sulphur  precipitated  therefrom  aa  anlphsle  of 

""'  the  residual  oiidee  diaeolved  in  hydrochloric  or  nitric  add. 

bode  juat  described,  the  metals  are  obtuini '  '        '    '  ''    ' 

may  be  separsted  and  eadmated  bj  the  me  ,      , 

«1  caaea  may  here  be  noticed.  Native  sulphide  ot  lead  (galena),  if  not 
Ih  other  sulphides,  is  beat  analysed  W  tsating  the  finely  pulverised  most 
ing  nitric  add.  Thereby  the  lead-sulphide  is  completely  converted  into  sdI- 
d  weighing  the  latter.  If,  hovever,  other  sulphides  are  present,  it  is  beet  to 
nineral  vith  saltpetni.  The  use  of  hydtochloric  add  and  chlorate  of  polaa- 
iM  idriaahle,  because  chloride  of  lead  would  be  formed  as  well  as  sulphate. 
ideof  biimnth  must  be  oxidised  with  pure  nitric  acid,  because  the  presenw 
Uoric  add  interferes  vith  the  quantitative  eatitnat  ion  of  bismuth. — Sulphide 
r  most  also  be  oxidised  with  pure  nitric  acid,  and  the  silver  Hnt  predpitated 
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falil-ore,  with  considerable  evolution  of  heat;  and  niien  the  bulb  oontuningthewBaal 
has  cooled,  it  is  gently  heated  in  order  to  separate  the  yolft tile  ehlor idea,  «b& 
must  be  driven  beyond  the  space  between  the  two  bulbs.  Thofle  elementi  which  m 
volatilised  as  chlorides  are  sulphur ^  arsenic,  anHmonv,  mercwy,  part  of  the  irn, 
(and,  if  too  strong  a  heat  has  been  applied,  some  of  the  sine) :  thote  whicb  mrnsiM 
in  the  bulb  as  non-volatile  chlorides,  are  ooppgr,  silver,  sine^  and  the  gnatar  put  d 
the  iron. 

For  the  analysis  of  the  volatile  chlorides,  the  bulb-tube  is  divided  betwecs  Dk 
two  bulbs,  and  the  portion  containing  the  sublimate  is  covered  with  a  wide  tnbe.  elositd 
at  one  end,  and  moistened  on  the  inside  with  water,  in  which  position  it  ia  left  for  34 
hours.  The  sublimate  thus  absorbs  water  gradually,  and  may  then  be  diaMlrsd  oc 
by  water,  without  the  evolution  of  heat  and  probable  loea  which  wonld  ennie  if  rhii 
precaution  were  ne^loeteil.  The  tube  being  thoroughly  rinaed  out,  the  sulodoB  i» 
added  to  the  liquid  in  the  receiver,  any  sulphur  that  separates  ia  filtered  oS,  and  ut 
antimony  that  separates  is  dissolved  by  heat  The  acid  solution  ia  then  saturated  vi:l 
Bulphydric  acid,  the  washed  precipitate  digested  with  sulphide  of  ammoniom,  aod  'Jit 
undissolved  sulphide  of  mercury  collected  on  a  filter,  dried  at  100^,  and  wcigt^ 
(Hg"S  :  Hg  B  29  :  25).  The  sulphides  of  antimony  and  arsenic  are  prvcipiutrd 
from  the  sulphide  of  ammonium  solution  by  dilute  sulphuric  acid,  and  the  metal*  Hpa- 
rated  in  the  manner  described  under  AnsBirac  Ci.  368).  The  filtrate  (eontainiog  ql^ 
taric  acid)  is  neutralised  with  ammonia;  sulphiaeof  ammonium  added;  the  preeipitit«d 
sulphide  of  iron  filtered  off,  washed  with  water  containing  snlphydric  acid,  and  du- 
aolved  in  hydrochloric  acid;  the  solution  heated  with  nitric  acid;  and  tha  iRmptt* 
cipitated  by  ammonia. 

The  bulb  containing  the  non -volatile  chlorides  is  digested  with  dilute  faj^ 
chloric  acid,  till  only  chloride  of  silver  remains  undissolved ;  this  is  weighed  h 
described  at  p.  298.  From  the  solution  the  copper  is  precipitated  by  sn^ydhe 
acid ;  and  the  iron  and  zinc  are  separated  as  described  under  Ibok  (iii.  386). 

The  sulphur  is  best  estimated,  in  a  separate  portion  of  the  ore,  by  fusion  vita 
3  pts.  chlorate  of  potasnium  and  3  pts.  carbonate  of  sodium. 

This  mode  of  analysis  is  applicable  to  boumonite  (sulphides  of  antimony,  lead,  ud 
copper),  rod  silver-ore  (Hulphides  of  antimony  or  arsenic  and  silver),  and  other 
minerals  resembling  fahl-oros  in  composition.  Wlien  lead  is  present^  the  chloiiiM 
must  be  distilled  at  a  very  gentle  heat,  so  that  the  lead  may  remain  with  the  aos- 
volatile  chlorides;  and  when  these  chlorides  are  treated  with  dilute  hydrochloric  and, 
a  large  quantity  of  water  must  bo  added,  to  insure  the  complete  solatioa  of  thi 
plumbic  chloride.    (Conington's  Handbook  of  Chemical  Analysis,  p.  2 1 8.) 

The  sulphides  of  the  alkali- metals  and  alkaline  earth-metals  aresomfltiflMi 
analysed  by  decompo8ing  thorn  with  hydrochloric  acid,  receiving  the  evolved  8ulpbyd=e 
acid  in  a  solution  of  acetate  of  loiid,  oxidising  the  precipitated  sidphide  of  lead  vith 
fuming  nitric  acid,  weighing  the  sulphate  of  lead  thus  produced,  and  thence  calculit* 
ing  the  quantity  of  sulphur.  In  the  sulphides  of  gold  and  platinum,  from  which  ty 
sulphur  is  completely  expelled  by  ignition,  its  amount  may  be  determined  by  weighiai 
the  residual  metal. 

From  all  non-metallic  elements,  except  selenium  and  tellurium,  sulphvr  but  fct 
separated  in  the  same  way  as  from  the  metals,  viz.,  by  oxidation  to  salphuric  acid,iad 
precipitation  as  barium-sulphate.  The  methods  of  separating  it  finom  selenium  isi 
tellurium  are  given  under  Selkntum  (p.  226). 

The  sulphur  in  organic  compounds  may  likewise  be  estimated  by  oxidisxnff  the 
compound  with  fuming  nitric  acid,  and  precipitating  the  resulting  snlphniic  add  witi  i 
baryta-solution  (i.  247).  Another  method,  gi ven  by  W.  J.  R a s  s e  1 1  (Chem.  Soc.  Qb.  J. 
vii.  212),  is  to  bum  the  substance  in  a  combustion-tube  with  oxide  of  meRnir,  mi- 
bonate  of  sodium  being  added  to  take  up  the  sulphuric  acid  produced,  and  a  small  bfft 
tube  dipping  under  water  fitted  into  the  open  end  of  the  combustion-tnbe,  so  that  uj 
acid  vapours  that  escape  may  be  condensed  in  the  water.  At  the  end  of  the  oombas* 
tion,  this  liquid  is  acidulattd  with  hydrochloric  aci<i,  the  tube  washed  out  with  \h» 
acid  solution,  the  liquid  filtered,  and  the  sulphuric  acid  precipitated  by  chloridt  d 
barium. 

The  quantitv  of  sulphuric  acid  in  a  soluble  sulphate  is  estimated  by  prKipitatJag 
the  aqueous  solution  w-.th  chloride  of  barium.  Some  sulphates  which  are  usobbk  ia 
water,  may  be  dissolvol  in  hydrochloric  or  nitric  acid,  and  the  baryta-solutioa  iJifi 
added.  The  8ulph.it  o^  of  oalcium,  strontium,  and  lead  may  be  decomposed  bj  boiliu 
with  a  solution  of  sixlio  o.-^rUmnte,  and  the  sulphuric  acid  precipitated  by  ehloodr« 
barium  from  the  filtortnl  ttobtion  previously  acidulated  with  nitric  or  hydrochlarx 
acid.  Sulphate  of  barium  may  be  analysed  by  fosing  it  in  a  platinum  crucible  vitb 
three  times  its  weight  of  mxlic  carbonate;  the  fused  mass  digested  in  water;  thf  U- 
tersd  soda-solution  acidulated ;  and  the  sulphuric  acid  precipitated  as  abof«. 
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Mfk«f o«s  and  hjposnlphnroiis  acid  ma^  be  eftimat«d  by  ooddataon  with 
utxitasid.  wbcvabr  they  are  oooTerted  into  ralphonc  aeid ;  or  by  BoDBen's  iodometiM 
•itkii  (i.  ai6). 

1  Jt0mi0  Weight  of  ^M/pAtir.— Beraelins  in  1818  (LekrhueK  ▼•  1187), 
drtmiarf  the  atomic  w^ght  of  ralphinr  from  the  qnaatit^r  of  plnmbio  ralDhate 
(Fb'90')  ptodoeed  by  treating  a  known  weight  of  pore  lead  with  nitric  and  solphnrie 
mk,  100  pta.  of  lead  yielded  from  146*380  to  146*468,  or  on  the  ayermge,  146*419 
IbdO*:  vheoee  (for  Pb  -  207)  S  «  82  18.  SubsequenUy  (1846),  Berselins  ob- 
feyifl  DMily  the  aame  reeolt  by  detennining  the  quantity  of  silver-eulphide  prodnced 
hy  deeoBpQiing  a  known  weight  of  the  chloride  with  dry  sulphydric  acid  gas.  In 
Imt  aipMUMQta  ha  Ibund  (for  Ag  -  108  and  a  -  86*46),  8  -  321.  The 
MM  Bomber  was  fonnd  by  Svanbergand  Struve  (J.  pr.  Chem.  xUt.)  from  a  single 
msrimit  made  in  the  same  manner.  Erdmann  and  Marchand  in  1844  (J.  pr. 
CbB-sad.  396),  by  heating  pore  cinnabar  in  hydrogen  gas,  obtainedfrom  lOOpts.  of  Uie 
mlpMe,  in  four  experiments,  86*206  to  86*222  pts.,  mean  86*211  pts.  of  merenry : 
Wbm  (for  Hg  *  200),  8  -  32006.  8traTe  in  1862  (Ann.  Ch.  Pharm.  Izzx. 
S09)  bj  wdnring  argentic  sulphate  with  hydrogen,  obtained,  as  a  mean  of  six  experi- 
watt,  3  *  32.  Dnmas  in  1869  (Ann.  Ch.  Pharm.  cxiiL  20),  by  converting  a 
ksfvs  vci^  of  ailTsr  into  snlphide,  Ag'S,  obtained  S  »  32*01 ;  and  lastly,  8ta8 
ii  1860  [ReehercJkeM  Mur  Ui  rapporU  rieiproguis  de§  poida ^atomique$)  by  heating 
^fwia  a  stream  of  pore  snlphnr-Taponr  or  pure  snlphydric  acid  gas,  obtained  as  a 
MM  of  iv»  axperimisits,  ^Mn  100  pts.  silyer,  114*8622  argentie  snlphide:  whence 
8-»07. 

Ail  thmt  raaulta  oome  ao  near  to  the  whole  number  32,  that  this  number  may  be 
mid  IB  escalation  without  sensible  enor. 


V&VOSZBB  07«  According  to  Davy  and  Dumas,  a  compound  at 
feflriDS  and  sulphur  is  obtained  by  distilling  flu^ide  of  kad  or  fluoride  of  mercury  with 
iBl{ibir. 

tWUWVWLf  XOSmsS  of.  iodine  and  solphor  combine  when  heated  together 
mm  lodsr  water.  The  resulting  compound,  I*S*,  is  a  blackish-grey  radio-ciystalline 
■M^  ratsmbling  native  sulphide  of  antimony.  It  decomposes  at  higher  temperatures, 
p«  off  iodine  on  exposure  to  the  air,  and  is  insoluble  in  water.— -By  heating  2  at 
ndiat  with  1  at.  sulphur,  a  compound  is  obtained  which  smells  like  iodine,  and  is  said 
•a  bt  a  powerful  remedy  in  skin  diseases. — ^A  cinnabar-red  iodide  of  sulphur  is  ob- 
tKSid.  seeording  to  Grosourdi,  by  precipitating  trichloride  of  iodine  with  sulphydris 
sod. 


OB  map  AVB  OZTCm«AOIDS  07.  Sulphur  ibrms  two 
Til.  sulphurous  oxide  or  anhydride.  SO',  and  sulphuric  oxide  or 
isbydride^  SO*.  Sulphurous  oxide  is  produced  by  the  combustion  of  sulphur  in  air 
m  csjgm-^^ :  and  sulphuric  oxide  may  be  formed  by  passing  a  mixture  of  diy  sul- 
pboens  oxide  and  oxygen  or  air  over  heated  spongy  platinum.  Each  of  these  oxides 
aulas  with  1  at  water,  forming  respectively  sulphurous  acid,  H*0J90'  »  H*&0*, 
■idiulphuricacid,HK).S(^  -  H'SO*. 

Tbess  two  acids  may  be  regarded  as  oxides  of  sulphydric  acid,  H'S.  A  complete 
saisi  of  oxidised  compounds  of  sulphydric  add  would  comprise  the  following  members, 
ooDSipon^ng  to  the  oxides  of  hydrochlorie  add  (L  907) : 


flolphydric  add,  H'S. 

H«80. 

H«SO». 


Hydrochloric  add,  HCl. 
Hypochlorous  add,  HGIO. 
Chlorous  add,         HCIO*. 
Chloric  acid,  HC10». 

Perchloric  add,       HC10«. 


Salphuroos  add,  H'SO*. 
Sdpharicadd,    H*SO«. 

lU  fiat  and  second  msmben  of  the  sulphur  series  of  oxygen-compounds  are  at  pr^ 
•at  naknown,  but  we  axe  acquainted  with  their  chloro-derivatives,  sulphurous 
tklorida,  or  ohloride  of  thionyl,  Cl^SO,  and  sulphuric  chloride,  or 
ekloride  of  sulphuryl,  0^80'. 

lbs  chlorine  adds  are  mouobasie,  or  contain  but  one  atom  of  replaceable  hydrogen ; 
lii  lbs  BslphmHadds  are  dibadc,  or  contain  two  atoms  of  hydrogen  replaceable  br 
Mlali ;  both  aulphuroua  and  snlphuxio  adds  are  accordingly  capable  of  forming  neutzaL 
add,  and  doable  salts. 

Wplrawaa  and  suli^Qrie  acids  can  be  formed  from  the  anhydrides  by  direct  hydia- 
lioBu  sad  the  anl^rdriaea  from  the  adds  by  direct  dehydration. 

Mpbnona  and  sulphuric  adds  can  both  be  obtained  by  the  direct  oxidation  ol 
rndf^aido  add ;  and  oonvefsely,  metallic  sulphides  can  be  forsfted  by  the  deosidation 
flfnqihitas  aad  sulfJkates.  Sulj^nrous  add,  moreover,  veiy  readily  affiuds  sulphydric 
sad  ij  daoTirtation 
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Sulphurous  and  sulphuric  acids  are  oonrertible  into  one  anoCfaer  bj  oriditim  ai 
deoziaation  respectively. 

Sulphurous  and  sulphuric  chlorides,  SOCl'  and  S0H?1',  yield  snlpliiiroiu  and  nl- 
phiiric  acids  respectively  by  treatment  with  water  [replacement  of  Cl'  by  (HO/],  sod 
nay  be  reproduced  from  those  acids  by  the  action  of  pentachloride  of  phoepbona.  Thej 
may  also  be  produced  from  the  chlorides  of  sulphur  (p.  5S4). 

Allied  to  the  sulphates  there  is  a  group  of  salts  called  thioanlphates  or  mm 
frequently  hyposulphites.  Their  composition  is  that  of  8u]phAteii(M^B0*),  ia 
which  1  at  oxygen  is  replaced  by  sulphur,  their  general  formula  being  M'SH)'.  What 
sulphite,  such  as  Na*SO',  is  acted  upon  by  oxygen  or  a  peioxidiaed  a^bstaBe^  it 
becomes  an  oxysulphate,  Na-SO^ ;  when  acted  upon  by  sulphnr  or  a  pennlphnrettii 
substance,  it  becomes  a  thiosulphate,  Na'S^. 

There  is  also  a  remarkable  series  of  acids  called  polythionie  Acide  WTiiiaiiii^g 
six  atoms  of  oxygen  and  two  or  more  atoms  of  sulphur,  via. : 

H«8»0«  Dithionic  add. 
H«S"0«  Trithionic  add. 
H<SK)*  Tetrathionic  add. 
H>S*0*  Fentathionic  add. 

The  corresponding  anhydrides  are  not  known. 

The  dithionates  (also  caUad  kypostdphatet)  are  formed  direedr  from  ■nlpIiBmi 
anhydride  and  a  metallic  peroxide,  thus :  MnO'  +  280*  «  Mn*8H>*.  Vbcn  hMlrf 
they  break  up  into  a  sulphate  and  sulphurous  anhydride^  e.y.  Hn'SK)*  »  Ma"80* 
+  80^  The  tri-,  tetra-,  and  penta-thionates  nndeigo  a  »■— «nm-^  dceoopoa- 
tion  when  heated,  but  yield  sulphur  in  addition. 

Snlplmroiis  OompooBdo* 

DioxiDB  OF  Sulphur,  Sulfhubous  Oxide,  or  8uz.pbubovs  Avit* 
DBiDB,  80'. — ^This  compound  occurs  as  gas  in  Tolcanic  neifffabonrfaoodi,  in  tb 
gaseous  state  and  dissolved  in  the  water  of  the  springs.  It  is  formed  aitiidtflf 
either  by  oxidation  of  sulphur  or  by  deoxidation  of  sulphuric  acid :— («)  By  bania| 
sulphur  in  air  or  oxygen,  by  roasting  metallic  sulphides,  or  by  heating  sulphur  ^a 
metallic  oxides,  those  of  copper  and  manganese  for  instance ;  (fi)  By  hfiating  sulpbirie 
acid  with  copper,  mercury,  or  other  metals,  or  with  charcoal,  sulpbiir,  or  organie  bodka 
It  also  results  from  the  decomposition  of  thiosulphuric  and  ditnionic  acida. 

JfV<^ara/ton.  — SulphurouD  oxide  is  usually  prepared  by  the  <<<»n*i^^fi9in  of  foli 
add.     For  preparation  on  the  laboratory  scale,  strong  sulphnzic  add  is  hf  tul  wsk 
copper  or  mercury  : 

Hg  +   2H«S0«     -     Hg'80«  +  2HK)  +   80*. 
Cu*  +   2IPS0«     -     Ou«80«    +   2HK)  +   80«. 

The  sulphurous  oxide  then  passes  off  as  gas,  and  the  residue  oonaista^  in  the  mm  of 
mercury,  of  mercuric  sulphate,  in  the  case  of  copper,  of  cnproua  solphateb  mixed,  a««d> 
ing  to  Maumen6,  with  cuprous  and  cupric  sulphides,  llie  gaa  may  be  passed  thra^s 
small  quantity  of  water  to  wash  it,  and  then  dried  over  chloride  of  ealciun.  la  fkt 
manufactory,  charcoal,  straw,  sawdust,  &c.,  are  substituted  ibr  the  metali,  bat  thi 
sulphurous  oxide  obtained  by  means  of  these  substances  is  always  contaminated  wilk 
about  half  its  bulk  of  carbonic  dioxide.  Wach  (Schw.  J.  L  26)  leoommends  a  labonftarf 
process  for  making  sulphurous  oxide,  by  heatine  sulphur  and  solphorie  oxide  togetbs 
in  sealed  U-tubes,  whereby  the  sulphurous  oxide  is  obtained  in  the  liqnid  state,  it 
the  cooled  extremity. 

Properties. — At  common  temperatures,  sulphurous  oxide  is  a  gss,  bst  it  Mf 
very  readily  be  condensed  into  the  liquid  state  by  a  pressure  of  three  »<wm»«iJi— ^ « 
by  a  freezing  mixture  of  ice  and  salt  The  liquid  oxide  may  be  obtaineif  is  hift 
quantities  by  heating  copper  turnings  with  sulphuric  acid,  and  fitting  ihe  efobcd 
gas  first  through  a  little  water  to  wash  it,  then  through  an  empty  U-tnbe  annwaded 
by  ice  to  cool  the  gas  and  condense  its  moisture,  then  through  a  chloride  of  caldm 
tube  to  render  it  perfectly  dry,  and  lastly  into  a  suitable  reoeiyer  immersed  in  a  fiflcs* 
ing  mixture  of  salt  and  ice.  The  product  thus  obtained  may  be  prescrred  in  solid 
tubes,  or  in  soda-water  bottles  firmly  corked  and  wired,  or  preferably  clowd  wilk  s 
vulcanised  caoutchouc  pad  retained  by  a  screw-damp.  Wnen  the  iiq[ad  ondt  ii 
evaporated  rapidly  under  the  air-pump,  or  when  it  is  cooled  by  s  misEtue  of  solid  C8^ 
bonic  dioxide  and  ether,  it  solidifies  in  white  semicrystalline  llnkes.  JoUd  lal- 
phurous  oxide  is  heavier  than  the  liquid.  It  melts  at  about  —  79^.  The  liqmd  oiidc  ii 
a  colourless,  transparent,  mobile  fluid.  Its  specific  grarity  is  1*46.  It  bob  at  —10°. 
Respecting  the  tension  of  its  vapour,  as  determined  by  R^gnanlt^  see  W«at  (iii.  M) 


f«d  M  L  dLftiufecting  ogept 

•Ud  to  1300°  ar  upinrda,  oi  Butucet«d  Co  the  action  of  ■  powarfnl  in- 
rk,  it  ii  raolTed  into  tne  lulphur  and  oij^rai.  irhieh  oiidiaai  put  of 
ou  oxide  to  mlphuric  oxide.  It  rapidly  eitiDguishea  the  flame  of  buTDJug 
irarthelen  potattiitM  bnnu  brightly  in  it,  fornxins  i,  polyBolphide  of  potu- 
UT  with  Bulphits  uid  thioflol^Hte.— Finely  dirided  tin  heated  in  t£e  gu 
brightly,  forming  ilAnnii;  oxide  and  enlphide. — Anmu:  acle  upon  it  aaXj 
of  TipouT,  fonning  uraeoioiu)  oxide  uid  nulphidfl.^^nfiimniji  ia  slovly  M- 
t,  fonaing  the  red  trisulphide.— Precipitated  lead  ia  alowly  coDvarted  into 
froa  (finely  dinded)  glowa  when  heU^  in  the  gaa,  farming  ealphide  of 
TOM  aulphate.— Afanijaiiie  ptnaide,  geotly  he&ted  in  the  gu,  is  <M>Dverted 
MU  nilphale :  Uad-oxidt  or  carhonale,  chiefly  into  lolphide. — Oupric  oxidt 
a  nduced  to  cuprouj  oxide,  the  ramiiiDdar  being  conrertcd  inlo  cophe 
lehiff,  Aon.  Ch.  Fhftnn.  cnii.  93.) 

Bovi  Acid,  H'SO'  -  H'O.SO'  -  t^'^jo'.-..  Thii  add  mar  be 
>  baming  anl^hydrie  acid  in  excess  of  air  or  oxygen  ;  or  by  liberating  it 
ta,  ths.tulphitcB,  bj  the  addition  of  a  stronger  acid,  inch  ai  the  fulphurie, 
e,  oxalic,  &F.~-In  practice  it  ia  altraya  made  by  poasing  Balphnmna 
water.  When  liqnid  aulphiiraiia  oxide  ia  added  to  ice-cold  water,  or 
eonbinatioD  attended  by  violent  rbullilion  takes  place,  while  a  Kilid 
id  ramaina,  mixed  with  an  eiceai  of  ice.  whether  used  as  snch  or  froien 
ivaetioD.  The  solid  hydiated  add.  in  the  form  of  white  laminated  etjitala, 
Iw  Duide  by  passing  moist  aulphorona  oxide  eaa  throngfa  a  fnenng 
?i«rTe  (Ann.  Ch.  Kiarm.  liriii.  228)  obtained  nitn-like  dystsls  of  sol- 
d,  haling  the  formula  H'SO'.BH'O,  by  cooling  to  -  8'  a  satuiated  lolntion 
oj  acid  through  which  a  cnrrent  of  Uie  gas  was  being  tiansmitted.  The 
lad  at  +  t°.  Dopping  (J.  pr.  Cbem.  iliv.  2SS)  Bneeeeded  in  procniinK 
id,  H'SO',  in  the  form  of  cubical  eiyatala,  bj  eooUng  to  ceio  a  latniatsd 
utirai  of  lulpharoai  acid. 

ico  of  salpburoai  acid  ia  made  commercially  by  coadsniing  ths  T^oni 
ig  anlphor  in  ■  coJce  scnibber.  tbrongh  which  water  is  kept  tnckling.  Is 
irj  the  gaseons  oxide  is  passed  into  distilled  water,  which  at  15°  abaarb* 
inw*  ita  Tolnme  of  the  gaa  (ii.  76S).  The  combinatian  ia  attended  hj  a 
idon  of  temperature.  The  reenlting  lianid  has  a  specific  gia-rity  of  1-04. 
eaa,  has  the  smell  of  bnining  snlphur,  and  reacts  strongly  add  to  test-papar. 
d  it  gives  off  snlphnrous  acid  or  oxide,  bnt  very  prolonged  ebulhtion  ta  n- 
■i*«  (^  the  whole  of  the  gas.  By  exposure  to  air,  the  solution  slowly  oxidises 
[ie  acid.  When  mixed  with  hTdrochloric  acid  and  metallic  sine  orsCanaons 
ia  rndneed  to  the  state  of  sulphydric  acid,  which  in  the  case  of  ainc  may  be 
bj  ita  reaction  on  lead-paper.    With  stannous  chloride  a  precipitate  of 
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SulphuioiiB  add  and  oxide  rednee  the  arsenic,  chromic,  and  peonoapgame  add%  mi 
precipitate  metallic  gold  from  its  chloride.  They  also  predpitate  tellnriam  and  wtfaasm 
from  tellimous  and  selenious  acids  respectiTelj,  and  snlphnr  from  solpl^rdrie  add. 

For  the  detection  of  sulphurous  oxide  in  gaseous  mixture.  Sen  iff  (Ann.  Ch. 
Pharm.  cxviii.  91 )  recommends  the  use  of  paper  moistened  with  aolution  of  memnw 
nitrate,  which  becomes  grf^y  from  precipitation  of  metallic  mezcnrj.  Bright  metallic 
copper  heated  with  hydrochloric  acid  containing  sulphurous  add  inunediatcly  beoonut 
dull,  then  groj  and  brown,  or  brown-black,  from  formation  of  sulphide.  The  depoui 
thus  formed  is  distinguished  from  that  produced  by  arsenic  under  Bimilnr  cucumstaoeet 
by  not  adhering  dosebr  to  the  metal,  by  not  disappearing  when  heated  in  a  tube,  ud 
by  not  dissolving,  with  evolution  of  hydrogen,  when  boiled  with  moderately  diloti 
hydrochloric  add.  Beinsch  (Zeitschr.  anal.  Chem.  i.  220)  recommends  this  reartiaa 
as  a  very  delicate  test  for  sulphurous  add ;  butaccoiding  to  Freaenina  {ibid.  i.  22\\ 
it  is  not  nearly  so  delicate  as  that  with  iodate  of  potassium  and  staich. 

SuLPHX7B0U8  Chlobidb,  SOCl*.  ChloricU  of  TkionvL  Sulphurous  CA<V 
aldehyde. — This  compound,  derived  from  sulphurous  ada,  80.HO.H0,  by  th« 
substitution  of  2  at.  cnlorine  for  2  at.  hydroxyl,  is  formed  by  the  action  of  vativ 
alcohols,  adds,  &c.  on  the  sulphides  of  chlorine  (pp.  534,  635);  but  is  more  euUj 
prepared  by  the  action  of  phosphoric  pentachloride  on  sulphurona  oxide  (Schif  f  Ana. 
Ch.  Fharm.  di.  Ill),  or  by  that  of  phosphoric  oxychloride  on  snl^ute  of  calaoa 
(Carius,i&f(;.  Ixx.  297): 

SO*  +  Pa»     -     P0C1«  +  8(K!1«. 

SCaSO*  +  2P0C!1«     -     Ca*PK)«  +  8SOCl«, 

It  is  separated  by  fractional  distillation  from  the  fixed  caldc  phoephate  prodaed 
simultaneously  in  the  second,  and  by  fractional  distillation  from  we  phoaphmic  axj- 
chloride  produced  in  the  first  reaction. 

Sulphurous  chloride  is  a  colourless,  strongly  refracting  liquid,  which  boila  at  81*. 
It  is  decomposed  by  water,  yielding  hydrodiloric  and  sulphnKma  adds ;  bj  akoboli 
with  formation  of  hydrochloric  add  and  alcoholic  chlorides  and  sniphites  (p.  6UJ^ 
and  by  ammonia,  with  formation  of  thionamide:  Cl^SO*  +  2NU'  »  SK)  •*• 
(NH»)%0. 

Mbtallio  Sulphites. — Sulphurous  add,  as  already  observed,  is  dibasie. ftrmiag 
normal  or  neutral,  and  acid  salts  represented  by  the  formulae  M^SO*  and  MHSO*  for 
monatomie  metals ;  and  by  corresponding  formidse  for  polyatomic  metals ;  also  donhls 
salts.  The  sulphites  have  been  examined  chiefly  by  Muspratt  (Ann.  Ch.  Phaim.  L 
259  ;  Ixiv.  240)  and  Rammelsberg  (Pogg.  Ann.  bcvii.  245,  891). 

Sulphites  are  usually  made  by  transmitting  gaseous  sulphurous  oxide  through  wtfff 
in  which  metallic  hydrates  or  carbonates  are  dissolved  or  suspended.    The  add  mlphitcs 
of  barium,  strontium,  caldum,  and  magnesium,  and  the  neutral  and  acid  sulphites  ol 
lithium,  sodium,  and  potassium,  are  soluble  in  water.     Most  other  sniphites  nt 
insoluble,  and  may  be  prepared  by  precipitation  with  a  sulphite  of  alkmli-metaL    Tks 
sulphites  M'SO*  and  MHSO*,  present  a  great  analogy  to,  and  are  for  the  most  piit 
isomoiphous  with,  the  carbonates,  M^CO*  and  MHCO*  respeetivelj.     Both  aeid  sad 
neutral  sulphites  form  well-defined  crystals,  sometimes  hyorated,  bat  mora  Bsncnl^ 
anhydrous.    The  sulphites  are  decomposed  at  a  red  heat,  either  into  siil|mateaB4 
sulphide,  or  into  sulphurous  anhydride  and  metallic  oxide.    When  heated  with  chi^ 
coal,  they  are  completely  reduced  to  the  state  of  sulphides,  or  in  some  cases  to  that 
of  oxides.    They  are  also  readily  reduced  in  the  moist  way  by  stannous  chlocids^  or  by 
nascent  hydrogen  evolved  from  hydrochloric  acid  and  sine,  with  furmation  of  Bstallie 
sulphide  or  of  sulphydric  add.    The  sulphites,  particularly  if  in  eolation,  beeome  coa- 
verted  into  sulphates  by  exposure  to  air,  or  by  treatment  with  oxidising  agents^  sseh 
HS  nitrous  arid,  hypochlorous  acid,  chlorine,  &c.    The  solutions  also,  when  acted  on  bf 
sulphur,  sulphydric  acid,  or  alkaline  eulphydrate,  form  thiosnlphates  (hjposalphifatl 
The  sulphites  are  decomposed  by  nearly  dl  adds,  save  the  carbonic  and  bone^  with 
liberation  of  sulphurous  acid.     The  acidified  solutions  of  the  aalta  act  like  sal|dnDiNi 
acid  as  powerful  reducing  agents,  and  are  frequently  emplojred  as  such  in  analjaa 
Acid  stdphite  of  sodium  was  at  one  time  much  used  as  an  anttekfore  (L  810). 

Solpmte  of  Alnmlnlam.— A  basic  sulphite,  A1K)'.S0*.4HK>  or  Al^SO^. 
4AlH'0'.6H-0,  is  obtained,  according  to  Gougginsperg,  by  dissolving  recently  picftpi- 
tatod  aluminic  hydrate  in  cold  aqueous  sulphurous  acid,  or  pnasinff  snlphnvom  ^ 
into  water  in  which  the  hydrate  is  suspended.  On  heatine  the  resmtinff  aoIntioB,  tka 
salt  separates  as  a  white  earthy  powder,  which  must  be  collected  on  ft  filter  while  kc, 
as  it  rpdiHsolvcs  on  cooling.  It  is  insoluble  in  puzv  water,  and  on  exposure  to  tht  sir 
is  f;rjidu;illy  convert^ni  into  sulphate. 

Sulphites  of  Ammonium.— The  neutral  8<ut,  (NH^)^SO'ja'0,  is  pR^and  ht 
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MMirag  talphiuroaf  ooode  md  tmmoiiia-giiMB,  both  moist,  into  abaolnta  alcohol;  the 
nqmd  thn  Moom«s  filled  with  white  silky  crystals  of  the  salt,  which  most  be  dried 
between  filter-paper.  It  has  a  strong  alkaline  reaction,  an  unpleasant  caustic  taste, 
and  dissohes  yory  slowly  in  water.  Tho  crystals,  when  exposed  to  the  air,  first  become 
moist,  but  after^vmrds  dj^^,  being  oooTerted  by  oxidation  into  sulphate  of  ammonium. 
(Muspratt.) 

The  neutjral  sulphite,  when  heated,  gires  off  water  and  ammoniii,  and  is  couTerted, 
according  to  Muspratt,  into  the  anhydrosulphiu,  (NH^)»0.2S0=  or  (NH*)=SO".SO*. 
[It  might  rather  be  expect<xl  to  yiold  the  acid  suJphite,  NH^.H.SO"  » 
(NH^)'i)0*  —  XH'].  This  salt  is  neutral  to  ye^ctable  colours,  gives  off  a  considerable 
quantity  of  sulphurous  oxi^ie  on  exposure  to  the  air,  and  is  gradually  but  completely 
eoDTorted  into  sulphate  of  ammoniuuL  It  dissolyos  easi^  in  water  and  in  al- 
eohoL    When  heated  in  a  tube  it  gives  off  sulphurous  oxide,  and  yields  a   sub- 

limate  perhaps  consisting  of   2NH*.S0*.in*0  or  (SO)"  V^.^H^O.     When    sulphu- 

zons  oxide  is  passed  into  aqueous  ammonia  till  the  odour  is  entirely  destroyed,  and 
ftbsolnie  alcohol  is  then  added,  a  white  alkaline  crystalline  mass  separates,  containing 
(KH«)*80«.NH".iHH).    (Muspratt) 

•ulptaita  of  Anttmony,  8bK)*.3SO*  m  Sb^SO*)*,  is  obUined,  according  to 
Benelios,  by  digesting  antimonious  oxide  in  sulphurous  acid,  or  by  passing  sulphurous 
oxide  into  antimonious  chloride.    It  is  a  white  insoluble  powder. 

0«lpUto  of  Baiiunif  Ba^SO',  is  obtained  by  precipitation  as  a  white  powder, 
and  crystallises  from  solution  in  warm  aqueous  sulphurous  acid  in  permanent  six-sided 
prisms.  When  heated  in  a  close  vessel,  it  is  resolved,  according  to  Bammelsberg, 
uto  sulphide  and  sulphate  of  barium  :  4BaS0>  -  BaS  +  3BaS0^ 

SiOphtto  of  BiMnvtli,  Bi*0'.SO*  »  2Bi^0*.Bi\S0>)*,  is  deposited,  according 
to  Danson,  from  a  solution  of  bismuth-oxide  in  the  aqueous  acid,  left  to  stand  in  a 
doM  T«eael,  as  a  straw-yellow  precipitate,  becoming  white  when  dry.  According  to 
Hoflpntt,  it  is  likewise  prodncea  by  passing  sulphurous  oxide  through  the  nitrate. 

•atpliito  of  ChMlmlwin,  Cd"SO'. — The  anhydrous  salt  separates  from  the  aque- 
ous solution  by  evaporation,  in  indistinct  cry HUiUine  forms  (Bammelsberg).  On 
adding  alcohol  to  the  solution,  the  same  salt  separates  as  a  preciuitute  resembling 
alumina,  which,  if  left  to  stand  in  the  liquid,  changes  into  fine  silvery  crystals  of 
the  hydrated  salt,  Cd^SO")'.H'0.  these  cr}'stals  dissolve  sparingly  in  water,  easily  in 
dilute  adds  (Muspratt).  The  salt  oxidises  slowly  in  the  air,  and  when  heated, 
grrea  off  sulphurous  oxide,  leaving  a  yellow  residue  of  cadmic  oxide,  sulphide,  and 
aidphate.  Sulphate  of  cadmium  is  also  formed,  together  with  the  sulphide,  on  dissolving 
cauninm  in  sulphurous  acid.    (Fordos  and  G^lis.) 

AmmonuhcadmUi  sulpkUf,  (NH<)2CM''(S0')*,  is  obtained,  according  to  Scholer,  by 
passing  sulphurous  oxide  to  saturation  into  the  solution  obtained  by  adding  ammonia 
IB  ali^t  excess  to  chloride  of  cadmium.  It  then  separates  as  a  white  precipitate  con- 
•istiiiff  of  microscopic  rhombic  prisms,  nearly  insoluble  in  water,  even  on  boiling.  When 
heated,  it  gives  off  sulphite  of  ammonium,  leaving  a  mixture  of  cadmic  oxide  and 
■olphatei — Acid  stUphite  of  Cadmammonium,  (NH'''Gd")HSO',  is  formed  by  dissolving 
counie  sulphite  in  aqueous  ammonia,  and  separates  on  cooling  as  a  crystalline  powder, 
or  in  niaU  shining  prisms  which  smell  of  ammonia  and  are  decomposed  by  water. 
(Ram  meU  berg.) 

■■Iplitfo  of  CJaletmiif  Ca'SO',  is  obtained  in  the  anhydrous  state  by  precipitation. 
On  suspending  the  precipitate  in  water,  passing  sulphurous  oxide  through  the  liquid, 
and  leaving  the  resulting  solution  for  several  days  over  oil  of  vitriol,  a  hydrated  salt 
■eparates  m  six-sided  prisms  containing  Ca"S0>.2H>0  (Muspratt),  2Ca''S0'.H'0 
(Bammelsberg).  Sulphite  of  calcium  has  an  astringent  sulphurous  taste,  and 
becomes  covered,  on  exposure  to  the  air,  with  silky  efflorescences  of  calcic  sulphate. 
When  heated,  it  gives  off  water,  sulphurous  oxide,  and  sulphur,  and  leaves  a  residue  of 
calcic  sulphide  and  sulphate  (Muspratt,  Bammelsberg).  Bespecting  the  prepara- 
tion of  this  salt  on  the  large  scale,  and  its  use  in  ble:)ching.  and  in  protecting  organic 
■nbstanees  from  decay,  see  Anthon.     (Dingl.  pol.  J.  clix.  137-) 

A  compound  of  caMe  sulphite  and  sulphide,  CaSO'.2CaS.6H^O,  is  found,  according 
toKuhlmann  (Compt.  rend,  lil  1169),  lining  the  cavities  of  sod:i-residues  which 
have  been  lixiviated,  and  afterwards  exposed  to  the  air  for  several  years. 

•nlplitto  of  Coiimiiy  Ce^SO*,  crystallises  in  ne<.  dies.     (E 1  a  p  r  o  t h.) 

•nlplitto  of  Ohromiviiif  2Gr'O'.3S0^.16HK),  separates  from  solution  as  a  yellow 
powder  (Dan  so n)^  on  addition  of  alcohol,  or  on  heating,  as  a  greenish- white  powdec 
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which  giTot  off  tnlphnroui  oxide  when  heated  (Mm pratt).  Aoeoidiiig  to  Beitl&v; 
Folphnrous  oxide  peesed  into  a  eolation  of  potasdo  airomate  forme  a  brown  predpi- 
tAte,  gradually  taming  green,  and  dieaolTUig  to  a  green  liqaid,  whidi  depoiitB  t 
basic  salt  on  cooling. 

SnlpbltM  of  Cobalt.— a.  Cobaltou$  8ulphit€,  Co'SO", eepazmtee  on  addikioa 
of  alcohol  to  the  eolation  of  cobaltoue  carbonate  in  ealpharoas  add,  as  a  floocojent 
precipitate  probably  containing  1  at  water.  From  a  eolation  freed  frmn  air  by  boiliiig 
and  left  to  cool  in  a  closed  vessel,  red  granalar  cnrstab  separate  oontaining  5  at  witer 
(Maspratt).  The  same  solution  evaporated  down  in  an  atmosphere  dT  hydrogm, 
gives  off  salphoroos  oxide,  and  deposits  peaohblossom-coloared  crystals  of  a  salt  con- 
taining  3  at  water.  The  mother-liquor  on  cooling  deposits  a  light  rose-eoloored 
powder,  probably  a  basic  salt.  Ammonia  partially  dissolves  the  trihydrated  salt  with 
red-brown  colour,  and  alcohol  added  to  the  solution  throws  down  a  vellow  crystalline 
powder  containing  ammonia,  sulphurous  oxide,  and  probably  oobaltio  oxide,  Oo^O*. 
(Bammelsberg.) 

PoUusithoobaUom  mdphiU,  E*0.Co''0.2S0*  -  K*Co''(80')>,  is  obtained;  as  a  pale- 
red  crystalline  or  amorphous  precipitate,  bv  heating  cobaltoue  sulphite  or  chloride 
with  neutral  sulphite  of  potassium,  or  by  boiling  oobaltie  hydrate  with  a  suiBcieot 
quantity  of  the  alkaline  sulphate. — ^A  todumrmUt  oontaining  Na*0.8Co''0.880*  er 

Na*Co'(80*)'.Co''0,  is  prepared  in  like  manner.  Both  salts  oxidise  on  ezpoiore  to 
the  air.    (W.  Schnltse,  Zeitschr.  Ch.  Pharm.  1865,  p.  89 ;  Jahresb.  1866,  p.  270.) 

fi.  Cob  a  I  tic  Sulphites. — ^A  warm  solution  of  ammonium-sulphite  dissolvet 
recently  precipitated  cobaltic  hydrate,  with  evolution  of  ammonia,  forming  a  di^ 
alkaline  liquid;  and  this,  if  strongljf  saturated,  deposits  after  a  whiles  a  reddish-yellow 
powder  which  redissolves  on  washing  with  water,  the  solution  then  graduallv  depo- 
siting yellow-brown  crystals,  and  afterwards  a  yellow  powder  oontaininff  2(OoK)'.38(^ 
10NH'.9H'O,  and  apparently  identical  with  Uie  porpureo-cobaltio  smphite  deseabed 
by  K  u  n  z  e  1  f  i.  1 049 ).  The  mother-liquor  deposits  brown  crystals  which  are  deoomposad 
by  water,  yielding  a  yellow  salt  probably  identical  with  £iiniel*s  tiiammonio-cmltie 
sulphite  (L  1061).  (Geuther,  Ann.  Ch.  Pharm.  cxxviiL  167;  Jahresk  1863. 
p.  267.) 

Pbtasno-oobaltie  mlphite,  EK).CoK)'.4SO*  «  KCcTiBO^,  is  formed,  by  hmtiDg 
cobaltic  hydrate  for  some  time  with  a  frequently  renewed,  concentrated,  neutral,  or 
slightly  alkaline  solution  of  potassic  sulphite,  as  an  amorphous  powder  which  disMdves 
slightly  in  sulphurous  or  hydrochloric  acid,  and  decomposes  in  drying.— A  sodjftm  $alt, 
bavins  the  composition  Na'O.CoH)'.3SO*,  is  obtained  m  a  similar  manner.  (Oe  uther, 
Schultse.) 

•nlplilteo  of  CSoppor.— a.  A  basic  euprio  $ulphite,  4Cu''030'.7HK)  or 
Cu''SO*.3Ca''H*0*.4HK),  is  obtained  by  adding  cuprie  hvdrate  to  absolute  aleohol  Mtu- 
rated  with  sulphurous  oxide,  as  a  green  precipitate,  infoluble  in  water,  and  not  deoon- 
posed  by  washing  therewith. 

$.  Cuprous  sulphite,  Cu^SO*. — ^The  anh^rdrous  salt,  which  has  a  brown-red 
colour,  is  obtained,  according  to  Bott^,  by  treating  cuprous  hydrate  with  aqueous  sul- 
phurous acid.  The  same  sslt  is  obtained  pure  and  as  a  hydrate,  by  passing  suk^hurous 
oxide  through  water  in  which  ammonio-ciq>roas  sulphite  is  suspended.  The  Jattv  is 
thus  converted  into  an  insoluble  red  powder,  which  on  boilinR  toe  liquid,  is  oonveited 
into  a  mass  of  microscopic  crystals  consirting  of  00*80* JEH),  resembling  the  red 


doable  salt  in  general  appearance,  but  lighter-coloured,  and  exhitntiii^  under  the 
microeoope,  distinct  quadratic  prisms  or  octahedrons,  whereas  the  double  salt  cnrstel- 
lises  in  obIi(^ae  prisms.  Cuprous  sulphite  is  converted  by  hvdrochlorie  add  into 
cuprous  chlonde,  and  dissolved  by  ammonia  to  a  colourless  Hquid  which  does  not  ton 
blue.    (Bog oj ski,  J.  pr.  Chem.  liii.  408.) 

Ammonio-cuprous  smpkite,  (NH')CuSO',  is  obtained  in  colourless  lamine  by  deeom- 
posing  cuprie  sulphate  with  excess  of  ammonium-sulphite,  and  passins  sulphurous  oxide 
through  the  brown  liouid  till  it  becomes  oolourless ;  or  bpr  passing  the  sulphurous  gas 
(not  too  long)  through  an  ammoniacal  solution  of  cupno  sulphate  (Bogojski);  or 
by  adding  sulphite  <3  ammonium  at  the  boiling  heat  to  a  solution  of  cuprie  sulphate 
or  nitrate  strongly  supersaturated  with  ammonifti  till  it  becomes  colourless;  the 
resulting  solution  mixed  with  excess  of  nitric  add  and  e^KMed  to  the  air,  deposits  the 
doable  salt  in  nacreous  six-sided  tables-  (H.  Vohl,  J.  pr.  Chem.  xcv.  218).  It  is 
insoluble  in  oold  water,  and  is  decomposed  by  boiling  water  into  sulphurous  osids 
and  cuprous  oxide ;  also  by  sulphuric  add  into  metaUic  copper  and  cupiie  sulphate. 
In  a  solution  of  cuprie  sulphate  it  is  immediately  converted  into  red  cupiDso-cqwie 
sulphite  (Bogojski).— Another  double  salt,  oontaining  Ou<8O*.7(KH«)^8O'.10E^ 
m  (NH«)*Cu(80')«.6HH),  is  produced,  according  toPian-de-Saint-ailUt(Aiuu. 


.  .16H*0, 18  said  to  be  obtained 
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Ch.  Pbaim.  bEZXfiii  165 ;  Jahretb.  1868,  p.  872),  by  tmting  eaproiii  diloride  with 
ralphitA  of  ammoniimi.  It  cryitallisM  in  needles,  and  is  oonrerted  into  the  prece- 
dioff  mU  by  satoimting  its  solution  with  salphnrouB  add. 

^Mastuhcuprous  Suipkites.— The  mlt,  Cu^S0'.2E'S0*,  is  produced,  according  to 
Cheneol  and  Muapntt,  bj  adding  sulphite  of  potassium  to  a  moderately  concentrated 
•olation  of  cupric  sulphate  or  nitrate,  or  according  to  Vobl  by  passing  sulphurous  oxide 
into  a  solution  of  a  cupric  salt  mixed  with  excess  of  potash.  It  is  a  yellow  precipi- 
tate which  by  boiling  with  water  is  conyerted  into  the  salt  8Cu*SO'.3Cu''SO'.2K'80'. 
Sammelsberg,  by  mixing  a  cupric  salt  in  the  cold  with  sulphite  of  potassium,  and 
digesting  the  resulting  yellow-brown  precipitate  with  a  strong  solution  of  potassio 
■nlphite,  obtained  a  salt  containing  apparently  Cu'SO'.8E*SOM6HK)  ;  but  its  compo- 
sition is  uncertain,  as  it  was  perhaps  mixed  with  unoombined  potassic  sulphite. 

Soduh-cupraua  sulphite,  Cu*SO'.5Na^O'.38HK),  is  formed,  according  to  Muspratt, 
by  adding  alcohol  to  a  mixture  of  the  solution  of  sodic  and  cupric  sulphites ;  on 
l«>Aring  ue  liquid  thereby  separated  in  a  yacuum,  the  double  salt  is  deposited  in  fine 
jellow  crystals. 

Na«O.SO« 

A  sodia^/erroso^/errico^prous  sulphite,  '^%?^soV 

CuK).SO« 

fay  adding  neutral  sulphite  of  sodium  to  a  solution  of  2*49  grms.  (2  at.)  cupric  sulphate 
and  6*66  grms.  (4  at.)  fenous  sulphate  in  100  c.c.  water.  The  precipitate  formed  at 
fint  rediasolyes  to  a  dark  purple-xed  liquid,  which  after  some  hours  deposits  the  com- 
pln  salt  in  small  black  crystals,  appearing  dark  purple-red  by  transmitted  light.  (A. 
Dtromeyer,  Ann.  Ch.  Pharm.  dx.  237.) 

C'«jiroso-c«i>rfc5u/i>A*/f,^*|8W.2HK)«Cu«SO«.Cu"SO».2HK).(Rammels- 

berg  and  Bogojskt) —Prepared  by  treating  hydrate  or  carbonate  of  copper  with 
•^neons  snli^nrous  add,  or  oy  passins  sulphurous  oxide  through  water  in  which 
Mther  of  these  compounds  is  suspended  ^Muspratt),  or  by  addine  a  concentrated 
■olution  of  add  potaraic  sulphite  to  a  solution  of  cupric  sulphate,  and  gontly  warmim; 
the  filtered  liquid  (Bourson).  It  forms  red  crystals  or  a  crystalline  powder,  which 
disaolyes  in  hydrochloric  acid  with  brown  colour,  becoming  green  on  dilution,  with 
■cpaxation  of  white  cuprous  chloride.  The  same  salt  is  obtained  combined  with  5  at. 
water,  by  ■lowly  passing  sulphurous  oxide  through  a  solution  of  cupric  acetate,  or  by 
^**^rg  an  alkaune  sulphate  to  a  cupric  salt  in  excess.  It  then  separates  as  a  yellow 
floeenMnt  predpitate,  which  remains  unaltered  in  dry  air,  is  insoluble  in  water,  but 
dlMolyea  without  decomposition  in  acetic  or  sulphurous  add.  On  evaporating  its  solu- 
tion the  red  dihydrate  separates  out.    (P6an-de-St-Gilles.) 

AmmoHUheuproso-cuprie  sulphite,  (NH*)*Cu*Cu'(S0')'.6H'0,  separates  in  light-green 
oyatala  on  mixing  a  saturated  solution  of  ammonium-sulphite  with  cupric  sulphate 

(Pian-de-St-Gilles). — A  potassi(hcuproso-cuprie  sulphite,  EK)u*Cu*(SO')*,  is  ob- 
tained as  a  red  precipitate  on  heating  a  solution  of  cupric  sulphate  with  potassic 
■olphite.    (Bog  oj  ski.) 


of  maymlnm,  Di"SO'.H*0. — Produced  by  passing  sulphurous  oxide 
through  water  in  which  strongly -ignited  oxide  of  didymium  is  suspended.  The  rose- 
eolonred  solution  becomes  turbid  when  heated,  and  deposits  the  salt  as  a  light  bulky 
predpitate,  which  redissolyes  on  cooling.  If,  howeyer,  the  excess  of  sulphurous  add 
be  expelled  by  boiling,  the  predpitate  becomes  reddish-white  and  pulyerulent,  and  no 
loBger  xedissolTes  on  boiling.    (M  a  r  i  g  n  a  c.) 


of  OtaolBiiBiff  0*^0',  is  yeiy  soluble  in  water,  and  is  not  decomposed 
by  boiling. 

of  Gold. — ^Neither  auric  nor  aurous  sulphite  is  known  in  the  separate 


.—Potassio-aurie  sulphite,  6K«SO».Au«(SO«)«,5H»0, or  2(KAu'"0«.4KHSO*). 
HH),  is  obtained  by  dropping  a  solution  of  potassic  sulphite  into  a  slightly  alkaline 
solution  of  potassic  aurate,  in  yellow  needles  insoluble  in  the  alkaline  liquid,  but  dis- 
aolying  in  water,  with  evolution  of  sulphurous  acid  and  separation  of  gold.  Acids 
likewise  decompose  it.  When  heated,  it  leaves  metallic  gold  and  sulphate  of  potassium. 
(Fr^my.) 

Sodio-aurous  sulphite,  2Na«Au(SO")«.6H«0,  or  3Na=SO«.Au«SO*.5H«0,  forms  a 
colourlees  solution,  which  is  precipitated  by  alcohol,  appears  yellow  by  reflected  light 
(like  fulminaung  gold),  purple  by  transmitted  light  (like  purple  of  Cassius).  Its  solu- 
tion eiyes  with  nitrate  of  silver  a  priHiipitate  of  the  colour  of  lead-chromate,  and  forms 
with  lead-salt*  a  red  insoluble  compound .    ( H  e  i  n  t  z. ) 

Vou  V.  >'  N 
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Sulplittes  of  Irldtvm.    (Birnbaum,  Ann.  Ch.  Fbann.  esom.  177 ;  Jakak 

1865,  p.  283.)-«.   Iridic  Sulphite,  IrO«i«)«.4ffO  -  (2of  [^'"'^  ^"^ 

sulphurous  oxide  into  water  in  which  iridic  oxide  (iii  822)  is  sn^wnded,  pMt  of  th« 
oxide  dissolves  with  light  olive-green  colour,  while  Che  rest  remains  wndissohed  u 
brownish-ereen  iridic  sulphite.  This  salt,  when  diy,  forms  a  blaick-brovn  amorriMu 
mass ;  which,  when  heated,  gives  off  water,  solphnrous  add  and  snlphnrie  acid,  icd 
leaves  black  oxide  of  iridium.  Hydrochloric  and  sulphuric  acidf  disaolTe  it  virh 
jrreen  colour  and  evolution  of  sulphurous  oxide ;  nitric  add  and  poCaah  aepazate  blai 
iiidic  oxide. 

0.  Ir idiom  SidphUe,  I^S0»)».6H«0  -  /^2X|o«.6ffO.— This  salt  it  ooDtsbfd 

in  the  light  olive-green  solution  above  mentioned,  and  separates  by  gmdual  erapon* 
tion  as  a  brown  amorphous  mass.  It  dissolves  easily  and  with  gi^T  ooIoQr  in  icid% 
and  when  heated  with  potash,  becomes  first  brown,  then  green  and  bine. 

The  following  double  salts  of  iridious  sulphite  are  oMained  bj  mixing  the  olirc* 
green  liquid  filtered  from  iridic  sulphite  with  the  corresponding  alkaline  eazbooiKrf, 
in  quantity  not  sufficient  to  form  a  prcdpitate.  Tha  solutioni,  when  left  to  thcB* 
selves,  deposit  the  double  salts  as  dark  crystalline  precipitatea : 

Ammonio-iridious  sulphite,     (NH«)"Ir"'(SO«)».8BPO. 
Potassio-iridious  sulphite,       K"Ir*(80»)".3H*0. 
Sodio-iridious  sulphite,  Na>Ir'-(80»)«.4HK). 

Respecting  other  double  sulphites  of  iridium,  lee  vol.  iii.  p.  822. 
Snlpliites  of  Xron.— «.  Ferric  Baits,-— Th^naUrcdtaU,  FtH^^.SSO'  -  Fi^SO^ 

B  /Pe'"^*  ( ^*  ^'  °^^  known  in  the  solid  fonn.   The  red  solnuon  lormed  by  diwohiif 

ferric  hydrate  in  sulphurous  acid,  or  adding  an  alkaline  sulphite  to  a  fame  tA, 
quickly  becomes   converted  into  ferrous  smphate. — The  dibane  saH^  SFeV-ffiO* 

=    FeK)».Fe«(SO«)»   =    /^^2|I|o»,  is  thrown  down  by  alcohol  from  the  nd  sohtioD 

above  mentioned,  as  a  yellow-brown  hydrated  precipitate,  whidi  oxidiMs  ii 
the  air  to  soluble  ferric  sulphate.— The  trilHuie  taU,  feK>'J30'.6H'0  -  2FcH)*. 


Fe'(S0')M8H*0   -  /pJ?£|o«.6H<0,  is  produced  by  treaUng  the  dibane  sahvitk 


water.    A  solution  of  ferric  oxide  in  sulphurous  add,  exposed  to  the  air  lor 
days,  deposits  the  tribasic  salt  as  a  nd-brown  predpitate  containing  7  at 
(Muspratt,  Eoene).    If,  on  the  other  hand,  the  same  solution  ia  heated,  itdc 
a  straw-yellow  ochry  precipitate,  which  contains,  according  to  Koene,  3Fe*0'J90'.7H^ 
and  suffers  no  alteration  on  exposure  to  the  air. 

Pottusio'/erric  Sufphites. — The  blood-red  solution  obtained  by  passing  snlphi 
gas  through  water  iu  which  ferric  hydrate  is  suspended,  yields,  on  addition  of  ea 

potash,  a  double  salt  containing  (Fe«0».SO«).2(K«O.SO').6HK)  -  (F^^K*!^"*^ 

(Muspratt).— Another  double  salt.  (Fe*0*.S0*).K-0.2S0*,  is  formed,  aeeordiaglo 
Koene,  as  a  deep-yellow  precipitate  on  adding  dilute  potai^-ley  to  the  alcohohc  ffl- 
trate  obtained  in  the  preparation  of  dibasic  ferric  sulphite. 

B.  Ferrous  sulphite,  Fe"S0r3H«0,  is  obtained,  to|[ether  with  an  eqmTilnt 
quantity  of  the  hyposulphite,  by  dissolving  clean  iron-wire  in  aqueous  anlphomas  anA 
(P'ordos  and  G^lis).  On  leaving  this  solution  to  evaporate  in  a  vaenum,  ths  ml- 
phite  separates  out  first  in  pale-green  crystals ;  or  it  may  be  precipitated  aa  a  vbtfi 
powder  by  adding  alcohol  to  the  solution.  It  is  also  produced  by  diaaolving  neeoth 
precipitated  ferrous  carbonate  in  sulphurous  acid.  The  nearly  oolonrlsas  emub 
dissolve  sparingly  in  water,  but  abundantlv  in  aqueous  sulphurous  add,  and  ars  eoi- 
verted  slowly  in  dry,  quickly  in  moist  air,  into  sulphate.     (Muapratt.) 

Sulphite  of  Xiead,  Pb"SO*,  prepared  by  double  decomposition,  or  by  paatiag  rel- 
phurous  oxide  into  a  solution  of  neutrrtl  plumbic  acetate,  is  a  white,  insolnble.  snhr- 
drous  powder,  which  when  heated  gives  off  sulphurous  oxide,  and  leiaves  a  mixtwvof 
sulphate  and  sulphide.     It  has  been  proposed  as  a  substitute  for  white  lead. 

Bnlpntte  of  Utliium,  Li^'SO'.eH^O,  separates  from  iu  aqueous  solntioo  ot 
boilinpf,  or  on  addition  of  alcohol,  in  white  fcatheiy  crystals,  which  turn  Iigh^yfUDVts 
exf)08ure  to  the  air.     (Danson.) 

Sulphite  of  Magneaium,  M<r  "80>.6H-0,  forms  smaU  shining  eiyrtals.  beki«!it 


•alDbl«  M  the  aimple  mugDesic  lulphita  farmed  U  Ihe  •uma  tinM. 
IM  aC  KaBB«B«M.  Mn'80'.SH'O  or  (acconlii^  (o  Samnwlaberg)  2Hd'^80*. 
m  nddiih-whit*  crjaUlline  powdsr,  tuUlen  at  flrat,  but  leuTing  a  dbumoiu 
iltaRMto.  It  U  iniolQblB  in  witer,  ilcohol,  ind  ether,  ud  pamiulait  in  tha 
pntt.  John).  Whan  heated  in  >  tmail  retort,  it  giTci  dT  water  and  ml- 
sida,  and  leaves  a  graeniih-bcown  pnlTsnilect  leaidus  of  mangaDio  oiide, 
n  ndphiite,  and  lulphide  of  roangaacM.  (Rum  me  !■  berg.) 
Has  of  laeraiuy. — «.  Jtf«rcitrtc  Joi(*.— WhenasjrnpyBolntion  of  baaie 
Bitnt«  IB  miipd  with  a  dilnta  aolatioD  of  alkiiJiiie  ■ulphitn,  a  bcnTj  whitn 
dpitate  is  formed, Tailing  in  eompoiition  between  ihp  neutral  salt.  Hg"O.SO' 
V,  and  the  baaic  lalt,  IB^'O.SO*  or  Hg'O.Hc'SO',  according  aa  the  menmria 
In  the  prepantion  eontained  leaa  or  man <i baat.—'FbrntiilTal tall,  Hg"30*, 
■■ddr,  and  ia  eonrertad  bj  boiling  with  water  into  a  mixture  of  mercuroua 
aad  matallic  merciuy. — The  batic  Kit,  E^O.Ug'SO',  when  gentl;  heated  in 
Ittfa.  or  boiled  with  wat«r,  ia  moTerttd,  without  alt«nUioa  of  percentage 
«■,  Into  neutral  mereurona  anlphate,  Eg'SO*  (P  Jan-de-Si-Oillee,  Ann. 
L  [1],  xzxri.  80). — Tba  nitrate  la  the  onlj  mercuric  mlt  from  which  mercnrie 
EBtt  ba  prrpaied,  all  othcn  being  reduced  or  diaaolved  by  alkaline  anlphites. 
mtnuric  nIpkUt,  Rg'S^SO'f,  ia  formed,  according  to  Wicko,  by  treating 
vsrie  ebloride  with  a  lolntion  of  acid  aulphite  of  lodiam,  and  leparatea  ai  a 
'MaUine  powder  eonaiating  of  micnwcopic  cnbee.  It  ia  modaiatefj  aoluble  in 
rha  aolation  depoaita  metallic  mercary  when  heated;  it  ii  deeompoaed  by 
I  tha  cold,  b^  ammania  only  when  heated,  with  formation  of  a  white  predpi- 
I  bM  precipitaled  by  alkalia. 

lio-mtnuriB  SuiphUt,  ( NH<)*Hg*(SO*)'.— A  Bolotion  of  add  ammoninm-nl- 
Bnatad  at  the  boiling  beat  with  mercuric  oxide,  and  then  left  to  evaporate  at 
beat,  depoaila  thia  doable  salt  in  laige,  tiunspareat,  colonrlen,  aoft,  tabaUr 

It  dronnpoaaa  when  eipoeed  to  Ught,  with  wparatioD  of  mercury  ^globulea  ; 
■0  nen  when  kept  in  the  dark  and  in  well-cloaed  Tsaarla.  The  aqueoua  aolalioo 
■aa  in  the  aame  way,  alowly  in  the  cold,  immediately  on  boiling.  With  potaab 
a  white  precipitate,  conBistlne  of  2Hg'80'.N'Hg*.2E*0.  (Hiriel.) 
if-tttrvurie  ndpkUe,  K'Hg'(SO'l'.H*0,  wparstee  from  a  mixture  of  the  aatu- 
Itttfama  of  potaaaic  aulphite  and  mercuric  chloride,  in  tufta  of  amall  white 

It  diaaoltea  alightlj  in  cold  watar,  fonaing  a  central  aolution.  (Pian-de- 
•a.) 

tr  wJ^iUfe,  Na<Hgf(BO^*.HK),  ia  obtuned  by  adding  mercuric  chloritte 


I    St-Oillea).  —  Another  double  ealt,  cODtaining 
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luspended.  It  is  a  whitd,  yery  easily  decompoeible  mlt,  being  qniddj  osidifed  ts 
sulphate,  with  separalion  of  metallic  mercury.  When  heated  in  a  tect-tiibe,  it  nahs. 
gives  off  a  large  quantity  of  sulphurous  oxide,  and  yields  a  tnblimAt*  of  memrou 
sulphite  and  metallic  mercury.  It  is  also  quickly  decomposed  by  bofling  vith  wite:. 
mercury  being  separated,  and  free  sulphuric  acid  remaining  in  somtion.  Warm  nitne 
acid  dissolves  it  easily,  vith  evolution  of  nitrous  acid.  Hydrochloric  add  oonvcfts  it 
into  mercurous  chloride.  When  it  is  dieted  with  caustic  potash,  the  filtimte  which 
runs  away  from  the  black  mercurous  oxide,  contains  but  litUe  sulphite  of  potassiiim. 
(Rammelsberg.) 

Sulphite  of  mckel*  Ni^SO'-SHK),  separates  by  spontaneoua  eraporation  from  it« 
aqueous  solution,  in  fine  tetrahedrons.  It  is  insoluble  in  pure  water,  soluble  in  vixcr 
containing  sulphurous  acid,  and  becomes  opaque  when  heated  with  water,  probably  ii 
consequence  of  conversion  into  the  anhydrous  salt,  or  of  another  hydrate  (Mnsprsttl. 
— ^The  Utrahydrated  salt^  Ni"S0'.4HK),  is  obtained,  acooiding  to  Mnspratt,  by  boiliDC 
the  solution  of  nickel-hydrate  in  sulphurous  acid;  it  then  separates  in  small  grets 
crystals,  nearly  insoluble  in  water.  Metallic  nickel  is  dissolvea  by  aqueous  snlphtUMt 
acid,  with  formation  of  sulphite  and  hyposulphite  of  nickel;  on  eyaporatmg  toe 
solution,  the  sulphite  crystallises  out  with  6  at.  water.    (Fordos  and  Gelis.) 

An  ammoniO'StdphUe  of  nickel,  Ni''SO'.3NH'.3HK),  is  thrown  down  by  alcohol  froa 
a  solution  of  nickel-sulphite  in  ammonia,  as  a  light-blue  crystalline  precipitate,  whieb 
dissolves  in  a  small  quantity  of  water  to  a  light-blue  liquid,  becoming  tnrbid  wbca 
mixed  with  more  water,  or  when  heated.     (Bamme  Isberg.) 

Bnlpliitea  of  Osminm. — Osmioits  Sulphite^  Os'BO',  is  formed  by  treating  aquou 
osmic  acid  with  sulphurous  acid,  and  separates  on  mixing  the  solution  with  suphate  or 
carbonate  of  sodium,  and  leaving  it  to  evaporate,  or  warming  it,  aa  a  bloe  jelly,  wfairk 
while  moist,  oxidises  readily,  wit^h  formation  of  sulphuric  acid,  but,  after  drying,  farm 
an  almost  unalterable  powder  of  a  dull  black-blue  colour.  It  is  inaolable  in  water,  te: 
dissolves  easily  in  hydrochloric  acid,  forming  an  indigo-coloured  solution  witbott 
evolution  of  sulphurous  oxide.  It  is  decompmed  by  potash  at  the  boiling  heat  asi 
when  heat^  by  itself  is  resolved  into  sulphide  of  osmium,  osmic  tetroodde,  and  ml- 
phurous  anhydride.   (Claus,  J.  pr.  Chem.  xc  65;  Jahresb.  1863,  p.  295.) 

The  salt,  Os0.2SO'.6KCl,  is  obtained  by  treating  the  following  eompoond  witk 
hydrochloric  acid :  it  forms  a  brown-red  crystalline  salt,  haying  a  sharp  taste,  afri 
very  soluble  in  water.     (CI  aus,  Ann.  Ch.  Pharm.  Ixvii.  376.) 

Oamio-potasm'  SulphUr,  Os;H^SO»)^3K»S0^4HK).  or  08'^«H«(8O»)».4H^.  b 
formed  by  heating  osmio-potassic  chloride  with  a  solution  of  potaasic  snlphits.  It  is 
a  light,  white,  or  faintly  rose-red  powder,  consisting  of  small,  softi  errstalline  sesl«ff. 
It  is  very  slightly  soluble  in  water,  and  decomposes  at  180^.  (Clans,  Ann. Ch. 
Pharm.  Ixiii.  355.) 

Snlpliltea  of  Flatliiiim.— a.  Piaiinie  Sulphite,  Pt^(SO*)',  obtained  bt 
dissolving  platinic  oxide  in  sulphurous  acid,  and  gradual  evaporation,  ia  a  white  gaamj 
mass,  soluble  in  water  and  in  alcohol,  and  having  a  strong  acid  reaction.  Wha 
heated  it  is  resolved  into  metallic  platinum  and  sulphuric  anhydride.  IVom  a  sohliaa 
of  aunc  chluride  it  throws  down  metallic  gold,  the  solution  then  containins  {datiaie 
chloride  and  Hulpliuric  acid.  It  is  not  decomposed  by  sulphuric  or  bj  hyunehlone 
acid.     It  frrms  double  salts  with  sulphites  of  alkali-metaL    (Dobereiner.) 

3.  Platinous  Sulphitfy  Pt"SO*,  is  obtained  by  passing  sulphnroos  oxide  throi^ 
wat^'r  in  which  platinous  oxide  is  suspended.  On  leaving  ue  liquid  to  itaelf  with  dbi 
vessel  closed  airtight,  the  oxide  gradually  dissolves,  forming  a  brown-green  sdhttian. 
It  forms  colourless  double  salts  with  sulphites  of  alkali-metals. 

Ammonh^-platinom  5u/pArt/',(NH<)«R"(SO»)».}PO,discovei«i  byLiebigandaBthwl 
by  Bookmann,  is  prepartnl  by  reducing  a  solution  of  platinic  chloride  to  pbtiaou 
chloride  with  sulphurous  acid,  neutralising  with  ammonia,  precipitating  with  akoho!, 
and  crystallising  from  water.  Form^long,  flat,  white  needles,  easily  sdnble  in  vster. 
— Another  ammonio-platinous  sulphite,  containing  (NH*)'Pt''(SO')*,  is  formed,  ii  a 
white,  bulky,  crystalline  precipitate,  on  mixing  a  moderately  concentrated  solotiosflf 
ammonio-platinous  chloride  with  neutral  sulphite  of  ammonium.  (J.  Lan^  J.  pr- 
Chem.  Ixxxiii.  415.) 

PotassiO'phtinnus  Stdphitr,  2K«R''(SO»)*.3H«0,  produced  by  heati]^  potaano- 
platinous  chloride  with  acid  sulphite  of  potassium,  crystallises  in  microeeopie  sii-iidei 
prisms,  having  a  faint,  Ftraw-yellow  colour,  sparingly  soluble  in  cold,  easily  in  vm 
water.  The  nf'utral  solution  is  decomposed  by  hydrochloric  acid,  only  when  hasted; 
hydrate  and  carbonate  of  potassium  do  not  alter  it,  even  with  aid  of  neat ;  eszboetf* 
of  sodium  thruwH  down  a  white  precipitate  of  the  sodium  double  salt;  esrbooatf  of 
ammonium  and  bulphydric  acid  do  nut  act  upon  it  (Lang).    Clans*  by  decoBpoam 
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platinie  diloride  with  sulphite  of  potauium,  obtained  the  salt  K*Pt''H<.(SO*)*.HH), 
analoffOQi  to  the  osmium-alt  above  described.    Lang  was  not  able  to  prepare  this  salt 

Sodio^atinouM  Sulphite,  Na«Pt''(S0')«.3H*0,  prepared  by  reducing  platinie  chloride 
to  platinoos  chloride  with  sulphurous  acid,  saturating  the  liquid  with  sulphurous  acid. 
and  exactly  neutraJising  with  sodic  carbonate,  is  a  bulky  nearly  colourless  pre- 
cipitate, which  dries  up  to  a  white  amorphous  powder,  acquiring  a  tinge  of  yellow 
when  moistened.  It  is  sparingly  soluble  in  cold,  more  soluble  in  warm  water, 
insoluble  in  alcohol.  From  the  aqueous  solution  it  is  precipitated  unaltered  by  the 
chlorides  of  sodium,  ammonium,  and  barium,  and  by  nitrate  of  silrer.  It  given  off  its 
water  of  aystallisation  between  180^  and  200',  and  may  then  be  hcat^  to  240°  with- 
out alteration;  but  at  higher  temperatures  it  becomes  darker,  and  is  completely 
de'Ximposed  at  a  red  heat  The  platinum  in  this  salt  cannot  be  detected  by  the 
ordinary  reagents ;  but  strong  acids  decompose  the  salt,  eliminating  sulphurous  oxide, 
and  converting  it  into  the  following  compound.  By  cyanide  of  potassium  it  is  dissolved 
and  converted  into  potassio-platinous  cyanide.  (Litton  and  ^chnedermann, 
Ann.  Ch.  Pharm.  xliii.  316. — Lang.) 

Another  sodio-platinous  sulphite,  N}i*Pt''(SO')*.II-0,  is  obUiincd  by  dissolving  the 

? receding  in  dilute  hydrochloric  or  sulphuric  acid,  and  Iwivinu:  the  solution  to  evaporate, 
t  is  then  deposited  as  a  yellow  powder,  moderately  rtoluble  in  water,  and  forming  a 
plightly  acid  solution,  from  which  it  is  precipitate  by  common  salt.  In  other  respects 
it  resembles  the  preceding  compound.     (Litton  and  Schnedermanu.) 

Arpfnto-platinous  Sulphite ^  Ag^"(SO*)*,  produced  by  mixing  the  corresponding 
potassiom-salt  with  nitrate  of  silver,  is  a  white  precipitiite,  insoluble  in  water,  easily 
soluble  in  ammonia.    (Lang.) 

MlplittM  of  FotaMlum.— The  neutral  salt,  K'S0'.2H'0,  is  obUined  by  satu- 
rating a  solution  of  the  carbonate  with  sulphurous  acid,  and  evaporating  over  oil  of 
Titriol,  in  large  monoclinic  octahedrons,  somewhat  deliquescent,  very  soluble  in  water, 
slightly  soluble  in  alcohol,  having  a  strong  alkaline  reaction  and  hitter  taste.  When 
heated,  it  swells  up,  gives  off  sulphurous  oxide,  and  leaves  sulphate  of  potassium 
mixed  with  sulphiae  and  hydrate.    (Muspratt.) 

The  acid  saltt  EHSO',  is  produced  by  supertatuRiting  a  warm  and  moderately  con- 
eentrated  solution  of  the  carbonate  with  sulphurous  acid,  and  separates  on  cooling,  or 
on  addition  of  absolute  alcohol,  as  a  white  mass  of  cr^-stallinc  needles.  The  solution, 
it  left  for  several  weeks  in  a  stoppered  bottle,  depositt!  tho  salt  in  large  rhombic  prisms. 
It  has  a  disagreeable  sulphurous  aftertaste,  a  neutral  reaction,  gives  off  sulphurous 
oxide  continually  on  exposure  to  the  air,  and  is  finally  converteii  into  sulphate.  Iti 
polufion,  when  evaporated,  gives  off  sulphurous  acid,  leaving  a  mixture  of  acid  and 
nentral  salt,  and  after  prolonged  boiling,  only  the  neutral  salt  remains.  (Muspratt, 
Bammelsberg.) 

An  ank^rosulphite^  KK).2S0',  or  K^O'.SO',  is  formed  by  piissing  sulphurous  oxide 
through  a  warm  concentrated  solution  of  the  carbonate,  till  tlie  effervescence  ceases  and 
the  liquid  assumes  a  greenish  colour.  It  is  then  deposited  on  cooling,  in  hard  granu- 
lar crystals,  which  must  be  collected  on  a  filter,  washed  with  alcohol,  and  dried 
between  filter-paper.  It  dissolves  very  slowly  in  water,  very  slightly  in  alcohol,  and 
not  at  all  in  ether,  has  a  disagreeable  saline  taste,  and  is  perniauent  in  the  air.  When 
heated,  it  gives  off  sulphurous  oxide  and  sulphur,  leaving  a  residue  of  potassic 
sulphate.    (Muspratt.) 

Solplitte  of  XlMkUam.    See  Rhodium  (p.  105). 

Snlpliito  of  Xntheniuiii  and  Fotas■i1UD,K?Ru'(S0')^  is  produced,  according 
to  Clans,  as  a  cream-coloured  pulverulent  precipitate,  by  boiling  potasbio-ruthenioua 
chloride  with  sulphite  of  potassium.  By  repeated  solution  and  evaporation  it  may  be 
obtained  nearly  white.    (C 1  a  u  s. ) 

Svlpblte  of  Stlwor,  Ag^O',  is  prepared  by  dissolving  silver-oxide  in  sulphurous 
acid,  or  by  precipitating  a  silver-salt  with  an  alkaline  sulphite  or  sulphurous  acid ;  and 
is  deposited,  according  to  the  mode  of  preparation,  in  small  white  shining  needles,  or 
as  a  white  precipitate  resembling  chloride  of  silver.  The  salt  is  very  slightly  soluble  in 
water,  has  a  disagreeable  taste,  and,  according  to  Muspratt,  acquires,  on  exposure  to 
the  air,  a  dark  purple  and  ultimately  black  colour.  According  to  Fourcroy.  the  crys- 
tals are  unalterable  even  in  sunlight.    It  forms  double  salts  with  alkaline  sulphites. 

•nlplittea  of  SckUuzn. — The  neutral  salt,  Na'SO*,  is  easily  prepared  by  satu- 
nting  a  solution  of  the  carbonate  with  sulphurous  aci<i,  and  adding  to  it,  while  warm,  as 
much  sodic  carbonate  as  it  originally  contained.  The  salt  then  separates  on  cnoling  in 
monodinie  crystals  containing  Na*S0".7H*0.  It  is  very  soluble  in  water ;  the  solution 
has  an  alkaline  reaction,  and,  when  heated,  deposits  a  salt  (probably  anhydrous),  which 


550         SULPHUR:  OXIDES  AND  OXYGEN-ACroS. 

disappean  again  on  codling.    It  disBolves  slightly  in  aqneons  alooboL    At  160^  it 
girea  off  the  vhoU  of  its  water,  becoming  white  and  enamel-like,  and  at  a  higher  tm- 
peratuR  melta  u>  a  yeUowiah-red  mass,  from  which  alcohol  extracts  aolphide  ^  ^oiiisL, 
fearing  snlphate  (BammeUberg). — ^Another  hydrate,  containing  Na^SO*.10HK),  U 
prodoiccd,  according  to  Mospiatt,  Inr  saturating  a  solution  of  eodic  carbonate  with  ni- 
phurooa  add  till  it  acquires  an  acid  reaction,  and  leaying  it  orer  oil  of  ritrioL    It  then 
separates  in  large  oblique  prisms,  which,  on  exposure  to  the  air,  quickly  effloresce,  i£.d 
an*  gradoallT  ooGrerted  into  sulphate.     It  has  a  faiut  alkaline  reaction  and  ootLls 
salpasrc;<ia  tasc«  iMuspratt).    Specific  gravity  of  the  decahydrated  crystals  «  1*561 
(Bui^net.  J^hrcab.  1£^1,  p.  15). — Vanquelin  obtained  the  neutral  sulphite  with  8  «L 


Aiti  mipiitt^  XaHSO*. — A  solution  of  sodie  carbonate,  supersaturated,  while  vara, 
\Lzh.-as*3Q3  add.  dr'pcieits  this  salt  on  cooling  in  small  shinins  prisma.  Akohd 
prwzpitacea  ±  in  to*  ziaxLuIar  fixm.  It  smells  of  sulphurous  acid,  has  an  add  re- 
vci^n.  an  mLpaaamaz  suIrhsriKU  taste,  effloresces  veiy  easily  in  the  air,  and  is  fimDj 
•sm-nat^iti  biLa  folzcas*  •  jCuspratt).    Clark  obtained  an  acid  salt  with  9  at  vato. 

mipki£f,  Na^!m«)H(30^.8HK),  crystallises,  according  to  Mangae, 


3L  '3JA  smnoczmc  ^ui«ca. 


Sr'SO^,  is  obtained  by  double  decomposition,  as  a  vliiu 
lod  3L  <sy9CaIiiae  grains  by  dissolring  the  precipitate  in  aqueoii 
aumiinrans  tenL  ir  zj  Tsasfng  solphnoos  oxide  through  water  in  which  carbonate  ti 
A2mc:um  :a  «K«siiied  ICxsprastt.  The  orsuLi  are  flat  rectangular  plstH. 
Mrunuaad.  wn^.  rmi  ^t»  EaameUberg).  The  salt  is  graduallj  conrertea  isli 
zaaca  !▼  -exsamsR  :a  "iut 


-!»  ji  I  rtjiriiiil,  according  to  Berthier,  on  boiling  a  solstki 


C^'t^ic  Smipkite,  or  Sulphite  of  Ursnfl, 
T—  *  i-:^  IZ}*:  =  Tr«:-  '^y^S^?.  Migrates  as  a  flooculeat  precipitate,  of  a  in 
1.^-fi^lu^  r.^-.-an  m.  Tntny  Tfu*  xisnce  with  sulphite  of  ammonium,  or  on  paaBB| 
a:  "...^■"jjt  jsz-u^  -2r^Tiz3.  -rxcp  :x  wbLai  xaaic  hydrate  is  suspended.  It  is  pennaBoC 
r  IS  ;ir  K  Ttiraur-  T^^itMEinr-s.  }nz  i^Komgosn  when  heated,  giying  off  sulpharaai 
si  julT-zsz  ft  iTiwi  Tssone.  pnhablr  of  oranoso-uranic  oxide  (Mnsprattl 
X  "s  !»::---«  ?'4^  JLxa.  *xxt.  239),  a  solution  of  uranic  nitrate  mixed  vftk 
TTcua  A  >mim-7«Qow  or  sulj^ur- yellow  precipitate.  con«i»tiif 


..r    •_ 


'^.'*"^'.*  23^'    icxF*!  wtzn.  Ticsihle  quantities  of  uranate  of  ammonium:  it  ii 
if  AEsnanxnmi-BiaititK.  and  somewhat  solable  even  in  water.  Amad- 

*2;  Jahresb.  IS52,  p.  376),  the  salt  obUiutd  bT 
wsamt  in  which  uranic  oxide  is  suspended,  and 
1.11  -u  ^nionaDf.  anaoB  t.I?0']rS0*.4HK). 


rr'SO».Ur^HK)>.H«0,  is  pedpvtated,  vitk 

a  soIuboB  of  uranous  chloride  with  solphitt 

sdam:  djaaohvs  easily  in  acids,  and,  when  hfated. 


is  a  white  powder,  insoluble  in  water,  sligliflf 
Js-  sincun.  w&en  evaporated,  yields  crystals  of  yttrie  nj* 
liiiL  L>i&^ 


^C»..lBP»?   (accQffdin^    to    Fordos    and    O^lisX  (t 
s  -?  BiiBnwksbergw  ezystallises,  on  eraporating  a  solatioa  d 
\  n  anall  sparingly  soluble  prisms  hariitf  an  cb- 
upgjuicjtoi  finom  l^e  aqueous  solution  by  aicobol  or 
rn  aajwsnrc  to  the  air,  it  is  quickly  confuted  isto 
-«;:^.^.7.    .-^L.  ^acMt    I  mm  jrr**  jff  wacv  and  sulphurous  oxide,  leaving  a  reiidBe  of 

n     SO*,  is  obtained  in  cxystilline  ensti 

■rtieoas  ammonia,  and  STaporating  at  a  |Ffat!f 
3  vkcoBpQsed  by  water,  whioi  dissolvve  out  ^q!- 

_^ SI  wmte  powder,  insoluble  in  water,  somewhst  solnbii 

^.-irr»  t'i»  -mi.  iw.'LitJttd  4oB  the  solution  by  boiling.     (Berthier.) 
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Ale0h0lic  8%lfhit€9.    Sulphurous  Ethers, 

The  two  atoms  of  hjdxogm  in  the  molecule  of  salpharoas  acid,  ^1^/  1 0*,  nay  be 

partlj  or  wholly  rqdaeed  bj  monatomic  aleohol-mdicles,  giring  nee  to  add  and  neutral 
■ulphoroiia  eCheza,  repreaented  by  the  general  formulaB : 

Add.  MeutraL 

The  add  ^hers  ma^  also  be  regarded  as  compounds  of  sulphuric  anhydride  with 
hydrocarbons  containing  even  numbers  of  hydrogen-atoms,  and  are  sometimes  designated 
•a  salpho-acids,  e,g,: 

Fhsnylmlphuions  acid,^.)^|o*     -     C^«.SO',    Sulphobensolic  acid. 
Ko  neutral  sulphurous  ethers  are  at  present  known  of  the  form  ^  ^i»'  [  0',  but  there 

is  a  group  of  acid  ethers,  x^^mfo*,  derived  firom  a  double  molecule  of  sulphurous 

arid,  H*6^,  by  substitution  of  a  diatomic  alcohol-radide  for  half  the  hydrogen. 
These  are  the  so-called  disulpho-acids,  which  may  also  be  formulated  as  compounds 
of  hydioeazbon  with  2  at  SO*,  e.y. : 

(S0)«  ) 
Fheoylene-sulphurousadd,  (C«H«)''VO«     »     G^«.2S0',    Disulphobenzolic  add. 

K*    } 

The  aeid  sulphurous  ethers  of  the  monatomic  alcohol-radiclfs,  OH^'*'*,  homo- 
Iqgooa  with  ethyl,  are  produced  by  the  action  of  oxidising  agents,  e^pedally  of  nitric 
aod,  OB  the  iulphidfe,  sulphydrates,  and  sulphocyanates  of  the  corresponding  radiclee; 
nethylsulphurous  add  also,  by  electrolytic  reduction  of  its  chlorinated  deriratiTes 
(p.  665) ;  these  ethers  do  not  appear  to  be  formed  by  the  action  of  sulphurous  add 
on  the  corresponding  alcohols. 

The  add  sulphurous  ethers  of  other  alcohol-radicles  (phenyl,  naphthyl,  &c.)  are  pro- 
doeed  by  the  action  of  strong  sulphuric  acid  on  the  corresponding  hydrocarbons  con- 
•T**"*ig  STtn  numbers  of  hydrogen-atoms,  e.ff. : 

C^*  +  H«SO*     -     HK)   +   (C^»)HSO». 

Baosene.  Pnenyliulphurotu 

AH  theae  ethers  are  monobasic  adds,  forming  well-defined  cirstalline  salts.  The 
pntoasiiim  siUn  of  phenylsulphurous  and  benzylsulphurous  acid  are  decomposed  by 
mrioo  with  excess  of  potasaie  hydrate^  yielding  sulphate  of  potassium  and  the  corrs- 
spondiDg  alcohols,  phenol  and  cresol,  e^, : 

((rH')KSO»  +  KHO     =     K»SO«  +  (CH')HO. 

BenByltulphIt*  CretoL 

of  poUMium. 

The  salts  of  all  the  add  sulphurous  ethers  are  converted  by  pentachloride  of  phos- 
phoma  into  chlorides  derived  from  the  add  ethers  by  substitution  of  chlorine  for 
njdiozyl,  e.g. : 

Ethylsulphurous  add 80.C*H*0.H0. 

Ethylsulphurous  chloride SO.CH'O.CL 

These  dilorine-compounds,  when  enclosed  in  sealed  tubes,  gradually  resolve  them- 
•^▼00  into  a  chloride  of  the  alcohol-radide,  RCl,  and  sulphurous  oxide,  SO' ;  when 
heated  with  pentachloride  of  phosphorus,  they  are  decomposed  according  to  the  general 
•qoatioo: 

RC1S0«  +  TO*    -    80CP  +  RCl  +  POCl«. 

They  are  eonverted  by  caustic  potash  into  the  original  add  ethers ;  by  ^minftnii 
into  amidss ;  by  alcohols  into  the  corresponding  neutral  ethers,  e.g. : 

C5«H»C1S0  +  ((?H»)HO     -     Ha  +  ((?H»)«SO»; 

EthjUulphoroiM  Ethyllc  sul- 

chloride.  ph>t«. 

C*H«C1S0«  +  (CH«)HO     -    HCl  -I-  (CH«XC^*)SO«. 

Ethylralphoroiu  Mttbylttkyllc 

tulphiu. 
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Thenentral  sulphnrons  ethers  of  the  alcohol-mdidesOH^'*'*  are  alfomdmi 
by  the  action  of  alcoools  on  disulphide  of  chlorine  (see  page  6Z6\  or  on  nuplnmi 
chloride ;  in  the  latter  case,  according  to  the  general  equation : 

80C1«  +   2(OH«-^>)H0     -     2Ha  +  (OH**«)«0». 
These  neutral  ethers  are  resolved  by  oanatie  alkalis  into  the  correepoinding  ilokoli 
and  a  sulphite  of  alkali-metal,  e.ff. : 

(C«H»)-SO*  +   2KH0     «     2(C«H»)H0   +   K«SO». 

But  the  neutral  sulphurous  ethers  of  other  alcohol-radicles  (phenyl,  naphthyl,  &e.) 
exhibit  a  different  reaction  with  alkalis ;  ethylic  naphthylsulpnita  for  ezamplie*  wha 
treated  with  potash,  yields,  not  sulphite,  but  naphthvisulphitA  of  potaaaium.  (Carivi, 
Ann.  Ch.  Phann.  cxiv.  140;  Jahresb.  1860,  p.  421.) 

The  acid  sulphurous  ethers  of  diatomic  alcohol-radielei — the  kh 
called  disulpho-acids,  are  obtained  in  some  cases  by  the  action  of  strong  sulplnhe 
acid  upon  hydrocarbons:  thus,  naphthylene-sulphurous  or  diaulphonaphthalic  Bad, 
C'H'S'O*,  is  produced  in  small  quantity,  together  with  naphthylsnlphnrons  add,  br 
the  action  of  sulphuric  acid  on  naphthalene.  More  frequently,  howerer,  they  are  pp>- 
duced  by  the  action  of  fuming  sulphuric  acid  on  the  cyanides  of  the  alcohol-rsdiiEki 
(nitriles),  (or  on  the  corresponding  amides,  which  differ  therefrom  by  addition  of  I  iL 
HK)) :  thus  phenylic  cyanide  or  benzonitrile,  treated  with  faming  aalphuzie  aeid,yieldi 
phenylenesulphurous  or  disulphobenzolic  acid : 

C'H»N  +   3H'80«     -     C^«S«0*  +   (NH«)HSO«   +    CO«. 

The  formation  of  ethylene-sulphurous  acid,  and  ita  homolognas,  maj  1m  iBpttmand 
by  the  general  equation : 

OH«-*'.CN  +  3H«S0«     -     (C"H^)H«S«0«  +  (NH«)HSO*  +   CO*. 

They  are  also  produced  by  the  oxidation  of  the  sulphocarbonat^s  of  diatomic  alaiA 
radicles ;  f.^.,  ethylene-sulphurous  acid,  (CH*)H*SK)*,  by  the  action  of  mtnt  Mad.  m 
ethylenic  disulphocarbonate  or  trisulphocarbonate  (p.  502). 

These  ethers  are  dibasic  acids,  forming  add  and  neutral  salts. 

a.  Sulphurous  Ethers  containing  Monatomie  Aleokol-radicletm 

AmjlsnlpHnroiiB  Aold,    C'H>«SO'    «     (C*H")HSO'     »     0*Hulo*.  (Of. 

H  i 

rathewohl,  J.  pr.  Chem.xxxiy.447. — O.Henry,  Jun.,Ann.Ch.Phys.  [8], xzr.  241— 
Med  lock,  Ann.  Ch.  Pharm.  Ixix.  225.) — This  acid  is  produced  by  the  action  of  nitne 
acid  on  the  sulphydrat«,  disulphide,  and  sulphocyanate  of  amyL  When  aB]yl-■<^ 
captan  is  added  by  small  portions  to  gently  heated  nitric  acid  of  specific  gzv^il?  I'H, 
two  layers  of  liquid  are  obtained,  the  upper  of  which  is  oily,  and  of  TariaMe  tama> 
sition — the  lower  watery,  and  consisting  of  amylsulphurous  acid  mixed  with  nitzkaad; 
and  on  cyaporating  the  latter  oyer  the  water-bath  till  the  odour  of  nitroua  add  is  w 
longer  perceptible,  a  thick  colourless  syrup  is  left,  consisting  of  irapnTe  amylnlpInDm 
acid.  This  product  may  be  used  to  prepare  most  of  the  amvlsulphites,  inaamodiuoi 
treating  the  resulting  salts  with  boihn^  alcohol,  the  amylsulphite  diasolTes,  vhils  tbi 
small  quantity  of  sulphate  with  which  it  is  mixed  remains  behind. 

The  pure  acid  is  obtained  by  decomposing  the  lead-salt  with  sulphuretted  hjdrqiei, 
and  oyaporating  the  filtrat^e,  as  a  very  add  syrup,  ha\'ing  a  peculiar  odonr.  Aecaraiig 
to  Gerathewohl,  it  does  not  crystallise  eyen  in  a  yacuum  over  oil  of  TitrioL  Medlod, 
howeyur,  obtained  it  as  a  deliquescent  crystalline  mass. 

The  amylsulphites  of  amTnonium^  potassium^  and  ra/ctsm,  crystallise  in  eoloiirice« 
laminae,  insoluble  in  water  and  in  alcohol. — The  barium-^aU,  C**H''Bs'W)',  looy 
traiibparcnt  unctuous  scales,  which  gyrate  upon  water  like  amjlsulphste  or  bs^nt* 
of  barium.  It  bums  in  rathrr  strong  heat  without  decomposing. — The  eopftrmlt 
forms  bluish-green  tables ;  the  lead-saUf  C'*K"Fb"SK)*,  colourless  lamin»  eoBtaittiBg 
water  of  crystallisation,  which  they  give  off  at  120<>.— The  sUver-miU,  C»H"A^^,  op- 
tallises  from  a  moderately  concentrated  solution  in  yeiy  fine  colourless  zhombiepbua 

DiAMTLic  or  Neutral  Amylic  Sulphite,  (C*H")^S0".  (Carins,  Aaa 
Ch.  Pharm.  cvi.  291  ;  cxi.  97  ;  Jahrosb.  1858,  p.  26;  1859j).  88.)— Fiodneed  br  the 
action  of  disulphide  of  chlorine  or  sulphurous  chloride,  (SOCl*),  on  smylie  aleohoi.  tbr 
decomposition  in  both  cases  being  similar  to  that  which  takes  place  in  the  piepantioi 
of  ethylic  sulphite  (p.  554).  The  second  process  is  the  easier  of  the  two ;  1  aL  nl- 
jihiirous  chloride  being  added  to  2  at.  amylic  alcohol,  and  the  lesnlting  liquid  ficed 
from  liydrochloric  acid  by  passing  a  stream  of  carbonic  dioxide  thvoagli  it* 

Amylic  sulphite  thus  prepared  is  a  nearly  colourless  oily  liquid,  smelling  like  tori  i« 
alcohol  and  ethylic  sulphite,  giying  off  sulphurous  add  on  exposure  to  moist  air,  and 
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■eqiiiriiig  t  nd  or  Intyvn  colour.  It  is  decomposed  by  wafer,  and  more  qm/dktj  hj 
■qiieoiu  alkalis^  into  amylsnl^hnroos  add  and  aroylic  alcohoL  VHien  heatml  above 
160^  in  contact  with  the  air,  it  begins  to  decompose  into  amylic  slcohol  and  sulphnions 
sonde ;  bnt  in  an  indifierent  gas,  it  may,  for  the  most  part,  be  distilled  without  decom- 
position at  230O— 260. 

rsoy\ 

BcniQFtenlphnroui  Aeld»»  CH^O*     -     C'H'  L0>.    ThlwnyUulphurous,  Sul- 

H  J 
wAoioiuiet  8vIphotol%gnie^  SulphibemyliCt  or  Sulphobemoenic  Acid.  (H.  Deri  lie,  Ann. 
Gil.  Phrs.  [3],  iii.  173.)---Produced  by  tbe  action  of  fuming  sulphuric  acid  on  toluene 
(bmzyfic  hydride,  i.  673),t  and  purified  by  conyersion  into  a  lead-salt,  separation  by 
■alphydric  acid,  and  concentration  in  a  vacuum.  It  crystallises  in  small  veiy  deliquescent 
lininiw. 

Bgng^^tufpkite  of  ammonium  crystallises  in  small  stars;  the  potassium-salt  in  very 
aoliible  anhydrous  lamina ;  the  barium-salt^  C'^H'*Ba"S'0',  in  crystalline  scales  yery 
■olnble  in  water,  but  not  deliquescent — The  lead-salt  is  very  soluble. 

The  benzylsnlphites  do  not  precipitate  sigentic  or  cupric  nitrate. 

(SO)-) 

<MuB«Bjlralpliiiroiia  Aeld,  C*H»SO*  -  C^B}^>0*,StdphocumenicAcid.(Gf^^T- 

bardt  and  Cahours,  Ann.  Ch.  Phys.  [3],  i.  87.) — Prepared  by  adding  about  1  pt.  of 
enmene  to  2  pts.  Aiming  sulphuric  acid,  and  sgifating  till  the  whole  is  dissolved. — The 
hamtm-taUt  U'*H''fia'*§K)*,  obtained  by  saturating  the  acid  solution  with  carbonate  of 
barinm,  crystallises  in  a  mass  of  nacreous  very  brilliant  laminse,  resembling  fish-scales. 
Its  solution  is  not  decomposed  by  boiling,  and  does  not  precipitate  the  solution  of 
akie  chloride,  plumbic  acetate,  mercuric  chloride,  cupric  chloride,  nickel-chloride,  or 
Usmuth-chloride. 

Btbylmlpliiiroiia  Btliem. — Three  of  these  compounds  are  known :  viz.,  ethyl- 
■nlpharous  acid,  produced  by  the  action  of  oxidising  agents  on  sulphydrate  and 
nlphocyanate  of  ethyl ; — ethylsulphurous  chloride,  by  the  action  of  phoaphorio 
os^chloride  on  metallic  ethylsulphites ;— and  neutral  ethylic  sulphite,  by  the 
action  of  alcohol  on  disulphide  of  chlorine,  sulphurous  chloride,  or  ethylsulphurous 
ehloride. 

ETHTLiVLPHVBOVi  AciD,  C*H*SO*  =  (C«H*)HSO«.  Suiphetholio  Acid. 
M^potmlpkethylic  Add.  (LowigandWeidmann,  Pogg.  Ann.  xlvii.  163;  xlix.  329. — 
X^pp,  Ann.  Ch.  Pharm.  xzxv.  346. — Muspratt,  Chem.  Soc.  Qu.  J.  iii.  18;  Compt. 
Chim.  1848,  p.  10.)— This  acid  is  produced : — 1.  By  the  prolonged  action  of  nitric 
acid  (specific  gravity  «  1*23)  on  mercsptan.  The  resulting  liquid  is  evaporated, 
diluted  with  water,  neutralised  with  carbonate  of  lead,  filtered,  and  concentrated ; 
tha  lead-salt^  after  crystallisation,  is  decomposed  by  sulphydric  acid ;  and  the  filtrate 
eoDC^ntrated  by  evaporation. — 2.  By  the  action  of  moderately  dilute  nitric  acid  on 
•fthylie  sniphocyanate.  The  liquid  is  cohobated  five  or  six  times,  then  evaporated  to  a 
■ymp,  which  after  dilution  is  saturated  with  carbonate  of  barium ;  and  the  barium- 
nlt  thus  obtained  is  decomposed  by  sulphuric  acid.  In  both  modes  of  preparation 
■oliguric  add  is  formed  as  well  as  ethylsulphurous  acid,  and  in  greater  quantity  as 
the  nitric  acid  is  more  concentrated. — 3.  By  treating  ethylic  sniphocyanate  with  a 
wuxtun  of  hydrochloric  acid  and  potassic  chlorate. 

£Uiylsnlphurous  acid  concentrated  by  evaporation  forms  a  heavy  oil,  of  specific 
CfaTity  1*30,  in  which  limpid  crystals  gradually  form,  especially  at  low  temperatures. 
It  has  no  smell,  but  a  very  sour  taste,  with  disagreeable  aftertaste,  like  that  of  phos- 
liboretted  hydrogen.  It  dissolves  in  all  proportions  in  water  and  in  alcohol^  and 
absorbs  moisture  from  the  air.  It  bears  a  rather  high  temperature  without  decompo- 
aition,  but  if  very  strongly  heated,  gives  off  sulphuric  acid  and  sulphurous  anhydride. 
Paasd  with  hydrate  of  potassium^  it  yields  a  product  from  which  hydrochloric  or  sul- 
phnric  acid  eliminates  a  large  quantity  of  sulphurous  acid. 

The  ethylsulphites,  (^H'MSO*,  are  soluble  in  water  and  in  alcohol,  and  have 
a  disagreeable  taste,  like  that  of  the  acid.  They  decompose  when  strongly  heated, 
taming  black,.-|;iving  off  sulphurous  anhydride,  togother  with  fetid  sulphurous  vapours, 
which  bum  with  a  violent  flame,  and  leaving  a  carbonaceous  residue  containing 
nataUic  sulphide  and  sulphate. — The  ammonium-fiolt  crystallises  in  very  deliquescent 
tab]»tB.— The  potassium-salt,  C*H*KSO«  (at  120°)  forms  lamellar,  opaque,  deliquescent 
oystals,  sparingly  soluble  in  cold,  more  soluble  in  boiling  alcohol.  It  gives  off  676 
per  cent,  water  at  120^  and  decomposes  at  a  higher  temperature  — Tbe  sodium-salt, 

*  The  twin  baniTltiilphnront  acid  U  applied  by  KoIb«  to  the  eompound  C*H*80*,  mora 
properly  called  pbanyUulphuroos  or  tulphophenirHc  hydride  (p.  M3). 

t  There  U  formed,  at  the  same  tinae,  a  crystalline  subtunce.  probably  homologous  with  staphob^n* 
stdo. 
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CH^NaSO'jrH'O,  fcrms  deliquescent  ctystals,  exhibiting  mniilaF  dianeUiv-IW 
haHum^alt,  C'lI'^Ba'S-O'-n'O,  is  extivmely  soluble,  but  may  be  obtained  k  In 
rhomboidal  prisms  by  slow  eyapoiation  of  a  very  concentrated  sdlndofii.    It  ptet  off 
its  water  at  100^,  dissolves  very  easily  in  hydrated  alcohol,  bat  is  inaolnblt  in  abMkip 
alcohol,  which  precipitates  it  £rom  a  strong  aqueoas  solution  in  ailkj  needlM.— T^ 
cafciuni'salt,  C*H'«Ca''S»0«  (at  lOOO),  forms  L'rapid  crystals  reaemblmg  tbe  Unva- 
SHlt,  very  soluble  in  water  and  in  alcohoL — The  M(r4fnfsmm-taU  crjutMUi9e§  hy  vxiia^ 
in  hydrated  prisms. — The  citprie  §alt,  C'E'^Cu'S^O*  5H*0,  forme  ligbt-blue  pniej. 
becoming  anhydrous  at  120'^'. — The  furrtnu  salt^  formed  by  diasolring  metallic  inn  ia 
a  boiling  concentrated  solution  of  the  acid,  crystallises  on  cooling  in  coloarlete  pmai. 
— The  manganese-aaU  forms  colourless  needles. —The  leadsa/t,   C*H**Pb"S'(>  ia 
lOO^X  crystallises  from  a  hot  concentrated  solution  in  fine  colourless  plates.— T^ 
silwr-salt,  obtained  by  saturating  the  boiling  aqueous  acid  with  carbonate  of  tUtm. 
forms  colourless  laminae. — The  finc-saU  forms  colourless  dendritic  cryatsls,  effloivsci^ 
in  dry  air,  but  absorbing  moisture  in  damp  air.     The  crystallised  salt  suits  vha 
heated,  and  solidifies  in  a  crystalline  mass  on  cooling.     It  gives  off  8*72  per  ceic.  ;S 
at.)  water  at  12(F,  and  22*96  per  cent.  (3  at)  more  at  180^. 

£thtl8ulphubox78Chlobide,CHK]!ISO^  (Gerhardt  and  Chancel, GQeipL 
rend.  xixr.  691.) — This  compound,  derived  from  ethylsnlphnrons  acid  bj  snbsdtacin 
of  CI  for  HO,  is  easily  obtained  by  distilling  ethylsulphite  of  sodium  with  exeeM  <i 
phosphoric  oxychloride.  It  is  a  colourless,  slightly  fuming  liquid,  insoluble  in  w&ter,wn 
soluble  in  alcohol,  having  a  specific  gravity  of  1*357  at  22*5^,  and  bmlingat  171' 
Caustic  potash  converts  it  into  a  mixture  of  potassic  chloride  and  ethjlsnlphite  (Grr* 
hardt  and  Chancel). — When  kept  in  a  sealed  tube,  it  is  gradually  resolved  int*. 
ethyh'c  chloride  and  sulphurous  anhydride.  Heated  with  pentaehloride  of  pkefpk^nt 
to  120^  in  a  sealed  tube,  it  yields  sulphurous  chloride,  ethyiic  chloride^  and  pho^iluni 
oxychloride : 

c^»ciso«  +  pa»  -  soa«  +  cmnji  +  poci". 

Alcohol  oonverts  it  into  neutral  ethyiic  sulphite.    (C'arin  s.) 

DiBTHTLic  Sulphite,  (C'H*)'^0'.  Neutral  Ethnic  SulpkUe.  Sy^wrmuBkm 
(Ebelmen  and  Bouquet,  Ann.  Ch.  Phys.  [3],  xvii.  66. — Carina,  Awi.  Ch.  Fhim 
cvi.  291 ;  cxi.  93 ;  Jahresb.  1858,  p.  94 ;  1859,  p.  87.)— This  ether  is  prodand:- 
1 .  By  the  action  of  absolute  alcohol  on  disulphide  of  chlorine.  Aooosding  to  Gsiii^ 
the  first  products  are  sulphurous  chloride  and  ethyiic  sulphydrate: 

S«C1*  +  C*H«0     -     SOCl«  +   C«H-8; 

and  these,  by  their  mutual  action,  produce  ethyiic  sulphite,  together  with  ethyiic  dikridi^ 
hydrochloric  acid,  and  free  sulphur : 

3S0a«  +   4(C«H»)HS     -     (C«H»)«SO»  +   2C»H»a  +    4HC1  ♦  81 

The  alcohol  is  to  be  added  in  excess  to  the  sulphide  of  chlorine  (Carius) ;  the  fi^ 
filtered  from  the  precipitated  sulphur  is  distilled  ;  and  th<«  portion  whieh  foss  oi^ 
between  IdO^'  and  170^,  is  collected  apart     (Ebelman  and  Bouquet.) 

2.  By  the  action  of  sulphurous  chloride  on  alcohol : 

S0C1«  +  2(C»H*)H0     =     2HC1   +  (C«H»)«SO". 

The  alcohol  must  be  perfectly  anhydrous,  and  added  by  drops  to  the  salpknos 
chloride ;  but  the  result  is  not  affected  by  the  proportions  in  which  the  two  ssbftasea 
are  ultimately  mixed.    (Carius.) 

3.  By  the  action  of  absolute  alcohol  on  ethylsulphurous  diloride  (Carius): 

C«H*C1S0«  +  (C«H»)HO     -     HCl  +  (CH»)«SO«. 

Ethyiic  sulphite  is  a  limpid  colourless  liquid,  having  an  odoor  aomewhst  like  tki 

of  mint.     Boiling-point  160^.    Specific  gravity  of  liquid  »   1*085  at  16^;  of  fipos 

»  4*78.     It  dissolves  in  all  proportions  in  alcohol  and  ether ;  staler  preriintskf  it 

from  the  solutions,  and  gradually  decomposes  it. — Chlorine  attacks  it  strongly,  and  is 

bright  sunshine  forms  crystals  of  trichloride  of  carbon,  CCl*,  togi-ther  with  a  stKSsif 

fuming  liquid  containing  trichloracetic  chloride  and  diloride  of  sulphuiyl  (£belB«i 

and  Bouquet). — By  aqueous  alkalis  or  alkaline  carbonates,  it  is  quiekly  decoap^ 

into  alcohol  and  an  alkaline  sulphite.     On  adding  to  a  dilute  8oluti<m  <^the  ether ii 

anhydrous  alcohol,  a  quantity  of  a  solution  oi potassic  hydrate  in  absolute  alcohol,  od 

fcufiicient  to  decompose  it  completely,  a  precipitate  is  formed,  consisting  of  potaiiie 

ethylsulphite.   When  its  alcoholic  solution  is  saturated  with  dry  ammcwuk git,  wA 

hoated  to  120 — 140°  in  a  sealed  tube,  laminar  crystals  of  neutral  smmoDiiun'^alpliiti 

separate  on  slow  cooling,  and  the  liquid  separated  therefrom  contains  ethylsBii*: 

(C*H»)«SO*  +   4NH»     -     (NH«)»SO»    ^    2(C«H»)HW. 


aand  mty  kIm  be  fonaed  lij  heating  <t]i;lBulpban>iu  chloride  with 
il  in  ■  smled  tnbe  to  120°;  bat  tita  fajdRichloiic  acid  trvmtd  in  ths 
■m  another  portion  of  iba  ftrnjlic  alcohol,  sad  tha  «at>T  thereby  piodnced 
ha  gieoler  part  of  the  double  pthec, 

ie  talphile  is  a  fainti;  yplloiriBh  oily  liqtud,  boiling  vitli  paitial  daaoai- 
rtni  i\{p  and  236°,  and  nsembling  amylic  lulpbiLe  in  all  its  caaclioDa. 
ttylmraas  StlMra. — Then  are  three  compoonda  of  this  graop,  cor- 
nellj  to  the  (thjleulphnrans  ethers:  tii.,  mettajlinilphnnins  acid,  methjl- 
bkcide,  and  neutral  melbyLc  eulphite ;  also  a  methjletbjlie  snlplutc. 
miPBnBOTia  Acm,  CH'SO'  -  (CH")HSO".  Sulpiovuliolic,  lUe/M- 
9Bip*™rtM«(/f  Auric  Aif.  (Kolbe,  Ann.  Ch.  Pharm,  lir.  171.— Mns- 
bir.  751 :  Chem.  Soc.  Qa.  J.  iu.  22.>— This  acid.  discoTcred  bj  Kolbe  in 
lar  with  ita  three  chlonDstod  deriTatires,  CH'CISO',  CH'CI'SO",  and 
I  pi>diiced  :  1.  Bt  the  electrolytic  reduction  of  either  of  these  chlorinated 
r  the  actios  of  nitric  acid  on  snlphocjsnate  or  dianlphide  of  methyl,  the 
Dg  conducted  in  the  same  manner  aa  for  the  preparation  of  athylsDlpnucoua 
.     (Hnspratt.) 

I*  from  TrKM'iromeihr/liiJphuroui  Arid.  ~1,  A  perfectly  neutral  tda- 
ne  trichloromethylenlphite  (p.  S38),  is  decomposed  by  the  cnrrent  of  a 
uen's  battfty,  the  electrodes  being  fanned  of  amalgamated  nnc  The 
uM  place  at  first  with  great  rise  of  temperature,  bot  quietly,  no  hydrogen 
1  at  the  negative  pole  ull  nearly  tbe  whole  of  the  CridilocomethyUalpliite 
into  methylsnlphite.  After  an  hunr's  action  of  the  battarj,  the  liquid 
nnch  charged  with  chloride  of  lioc,  that  zinc  is  deposited  at  the  negative 
dnc  is  then  precipitated  by  carbonate  of  potassium  at  the  boiling  heat ; 
npoialed  to  ita  former  bulk,  and  the  correat  again  made  to  act  npon  it, 
ti^  of  carbonate  of  zinc  (resDlling  from  precipitation  of  tiie  chlimde  of 
nu,  by  the  ezceaa  of  poCaeaic  carbonate)  increasea  to  anch  an  amonnt,  that 
sd  al  the  negative  pole.  The  solution  is  then  again  precipitated  by  carbon- 
ion,  and  the  procssa  repeated.  The  evolution  of  hydrogen  at  the  negative 
t  begin  tiU  S4  pts.  of  nuc  (to  100  pta.  of  Cd'ESC)  have  been  dissolved 
rapote.  The  bqnid,  in  addition  to  methylaulphite,  contains  chloromethyl- 
I  a  Tery  large  quantity  of  chloride  of  potassium.  It  must,  therefbcr,  be 
>  dryness ;  t£e  residue  boiled  with  tdconol  of  SO  per  cent,  filtered  from 
of  potassium,  whicb  for  the  mont  part  remains  undissolved;  the  alcohol 
tad  the  reaidue,  after  being  diluted  with  wat^r  and  mixed  with  car- 
aasinm,  again  aubjected  to  the  action  of  the  current  till  tbe  evolution  of 
nmes  very  bridL     This  galyanic  decomposition  (for  70  grammes  of  tri- 
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The  ammonium-salt  forms  long  deliquescent  prisms. — Th^  potaatmm-mlt^  CH'SSO* 
(at  100®),  crystallises  from  solution  in  boiling  alcohol  of  90  per  cent.,  in  a  thick  pslp 
of  interlaced  needles.  It  becomes  moist  in  the  air,  bnt  aoes  not  d^liqupsn*.  fti 
aqueous  solution  is  neutral  to  test-papers. — An  add  talt,  CH*KSO*.CH*SO*  (at  lOO^i, 
is  obtained  by  leaying  a  solution  of  the  neutral  salt  in  methyUulphurous  sod  to 
evaporate  in  a  yacuum  over  oil  of  ntriol.  It  forms  deliquescent  qaadrilateral  phoEi, 
which  strongly  redden  litmus. 

The  barium-salt,  C  H«Ba''S«0«  (at  100°),  forms  rhombic  transparent  tabl«8,  pc^ 
maneut  in  the  air ;  it  is  precipitate  from  its  aqueous  solution  by  alcohol  in  ^hix^ 
blender  needles.—  The  cupric  salt,  C«H«Cu''S«0«.6H«0,  forms  beautiful  Tt^rj  frjUlH 
crystals. — ^The  Uad-salt,  C-'n*Pb"S-0*.H*0,  obtained  by  neutralising  methylsulpihanoi 
acid  with  carbonate  of  load,  crystallises  in  large  rhomboidal  prisms,  which  are  p(T> 
manent  in  the  air,  and  give  off  their  water  of  crystallisation  at  100°. — A  boM--  Itad-Mh, 
C»H«Pb''S«0«.2Pb''0  (at  100°),  is  obtained  by  boiling  the  neutral  salt  with  oxidf  i 
lead,  and  evaporating  in  a  vacuum,  as  a  white  amorphous  mass,  the  solution  of  vhid 
is  precipitated  by  carbonic  acid. 

The  silver-salt,  OH'AgSO',  cr}'Btallises  readily  in  thin  anhydrous  lanunx.  having  u 
acid  reaction  and  sweetish  taste,  and  not  very  easily  altered  by  exposure  to  light ;  tia 
solution  may  be  evaporated  by  heat  without  decomposition. 

Methtlsulfhurous  Chlobide,  CH'CISO*.  (Carius,  Ann.  Ch.PhanD.auT. 
140 ;  Jahresb.  1860,  p.  422.) — Prepared  by  heating  methylsulpliarous  add  vith  twhst 
its  weight  of  phosphoric  pentachlonde,  adding  a  little  more  of  the  latter,  uid  itiuUtii^ 
by  fractional  distillation  the  portion  of  the  product  which  boils  between  150''  and  l-M'. 
When  fireshly  prepared  it  is  a  colourless  liquid,  having  an  odour  like  that  of  neictl 
ethylic  sulphite,  but  likewise  sharp,  and  exciting  sneezing.  It  fumes  slightly  ij:  ta 
air,  sinks  in  water,  and  is  slowly  decomposed  thereby,  yielding  hy<lrochlorie  ul 
methylsulphurous  acid. 

DiMBTHTLic  or  Nrutral  Mxthtlic  Sulphite,  (CH*)^0'.  (Car iQi.Au. 
Ch.  Pharm.  ex.  209 ;  cxi.  93 ;  Jahresb.  1859,  p.  86.) — Produced  by  the  action  of  merhvLs 
alcohol  on  disulphido  of  chlorine  or  ou  sulphurous  chloride,  also  by  that  of  mffbrlij 
alcohol  on  methylsulphurous  chloride,  the  reactions  being  exactly  similar  to  tiuM  br 
which  ethylic  sulphite  \h  obtained  (p.  554). 

It  is  a  colourless  liquid,  boiling  at  121*5°,  under  a  barometric  prossure  of  755'4  mx. 
Specific  gravity  of  liquid  =  10456  at  16'2^  (compared  with  that  of  water  at  4'  m 
unity):  of  vapour,  obs.  «  3*655  to  3*703;  calc.  =  3*796.  When  not  decompcwd'sf 
exposure  to  moist  air,  it  has  an  agreeable  odour  resembling  that  of  ethylic  sulphite. 

It  dissolves  in  all  proportions  in  alcohol  and  ether ;  slightly  in  water,  with  enh- 
tion  of  sulphurous  oxide  and  formation  of  methylic  alcohol ;  and  reacts  with  alkali^ 
ammonia,  and  pentachloride  of  phosphorus,  exactly  like  ethylic  sniphits. 

Methtlbthtlic  Sulphite,  C*H»S0«  =-  (CH*XC«II»)SO».  (Carius.  Am  a 
Pharm.  cxi.  93;  Jahresb.  1859,  p.  88.) — Product^  by  the  action  of  ethyls nlp-hsmi 
chloride  on  methylate  of  sodium,  the  mode  of  preparation  being  mmilar  to  ihxt  -i 
ethylamylic  sulphite  (p.  554).  It  is  a  colourless  fragrant  liquid,  which,  on  ezposaiyto 
the  air,  takes  up  water  and  gives  off  sulphurous  acid.  Boiling-point  140*^  to  UW. 
Specific  gravity  of  the  liquid  =  1*0675  at  18°  (water  at  4°  =  1);  of  the  vapoor  • 
43045.    Its  reactions  are  similar  to  those  of  ethylic  and  methylic  snlphite. 

Chlorinated  Methylsulphurous  Acids. 

Three  chlorinated  acids  are  known,  derived  from  methylsulphurous  add  by  thf  scb* 
etitution  of  one,  two,  and  three  atoms  of  chlorine  for  hydrogen. 

Chloromethtlsulpudrous  Acid,  CH'CISO'  -  (CH*C1)HS0".  CUcr> 
wethi/ldithionic  Acid,  Chlifrelayl-ht/ponidphuric  Acid,  (Kolbe,  Ann.  Ch.  Pharm.  hr. 
174.)—  Produced  by  the  partial  dei*hlorination  of  dichloromethylsulphurous  sn\.  it 
means  of  the  electric  current.  To  prepare  it,  the  aoueous  solution  of  potassic  dich^r^ 
methylsulphite,  CIIKCISO'  (p.  557),  is  mixed  with  sulphuric  acid,  and  digged  wrti 
zinc  till  saturated  therewith.  The  solution  is  then  left  to  cool,  and  decanted  frnm  th» 
crystallised  zincute  of  ix)taF8ium ;  t  he  rest  of  the  zinc  is  thrown  down  from  it  bv  boiliv 
with  carbonate  of  potassium  ;  the  filtrate  is  evaporated ;  and  the  residue  pounded  h^ 
boilfvl  with  alcohol  of  80  per  cent.  On  evaporation,  chloromethyl8ulphit**of  potaMi'ja 
is  obtAined,  mixed  however  with  a  considerable  quantity  of  unaltered  diehloroinftaTi- 
sulphite.  It  must  therefore  be  again  treated,  as  above,  with  snlphnric  add  and  one* : 
and  on  subsequent  treatment  with  alcohol,  but  little  of  the  latter  salt  will  ftmii. 
To  convert  this  portion  likewise,  the  aqueous  solution  of  the  residue,  acidulated  wh 
a  small  quantity  oi  sulphuric  acid,  is  exposed  to  the  action  of  two  elements  of  Pon- 
fceu's   zinc-carbon  battery— the  current   being   conducted  into  the  solutioB  ly  »«ti 


meihod  of  sepantiug  the  tvo  wilu.  Tha  liquid  lUbJKted  lo  the  actioD  of 
moit  alwrnja  contain  free  sulphuric  acid ;  atherviM  tfaa  cbloromsthjlaul- 
<  farther  conTaited  into  malhjlsiiIptiiCe,    As  iood  m  tbs  dichloraiMllijl- 

Esoipletelj  di  •appeared,  the  liquid  la  treated  vith  carbuaats  of  potauitun 
a  the  Bne ;  tha  filtrate  eTapomlad  bi  dr}'iiua  ;  the  reiidoal  miu*  boiled 
[  of  80  par  cent.,  which  learee  behind  tha  anlphaMk  and  the  grssitar  part 
d(  of  putuaium  ;  tha  potaasiuni  ig  precipitated  from  the  alcoholic  Bltrate 
I  add  in  sltghC  ezc«u:  the  filtrate  eraporated  till  the  boiling-point  liaea  to 
1  tha  hydrochloric  acid  is  expelled  ;  the  riacid  reaidue  diluted  with  water ; 

Mtai>l«d  with  carbonole  of  lead,  and  filtered  from  the  inaoluble  aalphatfl 
.  dw  filtrate,  freed  from  lead  bj  sulphuretted  hjdrogen,  ia  again  filCereiC  and 
I  bf  eraporacion.  The  residue  is  the  concentrated  aqueous  Hcid,  CH*Ci30'. 
t^lmlphuious  acid  ia  a  thickiah  liquid,  aynip}'  at  16° i  aCranglj  acid; 
jrtkia  ;  BUBlaina  a  heat  of  140°  without  decompoaitjon. 
>rDmethjlaulphitei  are  ail  aoloble  in  water,  and  mnat  of  them  are 
a.—The  ammontum-tall  ct7>lalliaea,  by  alow  erapoiation,  in  deliqaesceot 
Mpelauium-tall,  CH'KCISO',  crjatalhaaa  in  needles  from  a  hot  saturated 

■kohol  of  98  par  cent.,  the  liquid  thenbj  becotning  aami-aolid.  Tha 
Md  between  niper,  and  dried  at  101)°,  ore  anhrdroua  ;  at  a  red  beat,  (hej 
:er  and  Eulphuroua  oxide,  with  a  trace  of  auJphur,  and  leave  chloride  of 
w>h  blackened  bj  ehatcoal : 

(WKCISO*     -     KCl   +   0   +   H'O   *   SO". 
cmMi  moist  in  the  air,  but  does  not  daliqusace.     It  doea  not  diasolva  in 
iboL 

m-taii  crjataUiaes  from  boiling  alcohol  of  96  p«r  cent,  IQ  needles  oniled 
irapsi  Slid  deliqoMCODt  in  the  ur, — The  bariinn-iait  forms  small  rbombio 
tt  TMden  litmus  faiutl;.  and  have  a  cooling  salins  taste. 

(?!H'Pb-Cl'S'0*(at  lOO").— The  aqneouaacid,  aatunited  with  carbMUteof 
•pontedorer  i»l  of  vitriol,  jields  delicate  silk;  neodles,  united  in  tofts, 
pmsed  between  paper  and  dried  over  oil  of  vitriol,  they  appear  doll  and 

retain  S'7  per  cent.  (1  at.)  water,  which  escapes  at  100°. — The  aall  dis- 
vadilj  in  water,  forming  a  aolntion  which  reddena  litma^  and  taatee  sweet 
afterwards  astringent- 
Ion  boiled  with  lesd-oiide  yields  an  alkaline  filtrate,  which  depoaits  car- 
id  on  eipofure  to  the  air. 

L — The  aaturatfll  solution  of  carbonate   of  silver  in  the  aqueous  add. 
Hirer  oil  of  vitriol  in  vaevo  and  in  the  dark,  leaves  a  pal^jellow  riscid 
h  with  difficulty  yields  small  cryatala,  having  a  alight  acid  reaction,  a 
I  diaagKeably  metallic  taste,  and  very  sensitive  to  light  and  heat. 
B0)(BTatLenLrHCBODsAcin,CH'Cl'S0>  -  (CHC1')US0'.  DitUvro. 
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To  obt  n'm  the  acid  from  tlie  potassium-salt,  the  alcoholic  solution  of  this  salt  ii  rnjui 
with  sulphuric  acid;  and  the  liquid  filtered  from  the  sulphate  of  pofwinm  is  cv^v- 
rated  as  far  as  possible  without  decomposition,  and.  if  chloride  of  ^tasnnm  be  pi^ jt, 
till  all  the  hydrochloric  acid  is  driven  off.  The  sulpharic  acid  is  then  prsapim*! 
t'rom  the  filtrate  by  baiyta-water,  added  exactly  in  the  right  proportion ;  the  filtni« 
evaporated  as  far  as  possible ;  and  the  residue  exhausted  by  boiling  ether,  vbkh 
leaves  undissolved  any  salt  that  may  still  be  present,,  and  on  evaporation  leaves  th^iHl 
in  the  form  of  a  coloured  liquid.  To  decolonse  this  acid,  oxide  of  lead  is  disralvfd  ia 
it,  the  lead  precipitatr^l  by  sulphuretted  hydrogen,  and  the  liquid  filtered.  "Hk 
ooloiirin  J -matter  remains  with  the  sulphide  of  lead,  and  the  filtrate,  eraponied  n 
t?acno,  leaves  the  cr}'Btallised  ai'id. 

Dichloromcthylsulphurous  acid  crystallises  by  evaporation  in  a  racunm,  in  oBkll, 
colourlesH,  deliquescent  prisnu.  Its  properties  are  very  much  like  those  of  trichlc'ro' 
methylsulphurous  acid.  It  decomposes  chlorides,  sustains  a  heat  of  140°  vitLntf 
alteration,  but  melts  at  a  higher  temperature,  with  evolution  of  white  Tapocn  aa-j 
Keparation  of  carbon.  It  is  not  oxidised  by  nitric,  nitromuriatic,  or  chromic  acid.  It 
dissolves  zinc  with  evolution  of  hydrogen,  forming  dichloromethylBulphite,  and  liki^ 
wise  monochloromethylsul^hite  of  zinc.  The  quantity  of  the  latter  salt  is  greaier  u 
the  evolution  of  hydrogen  is  kept  up  for  a  longer  time  by  continual  addition  of  rel* 
phuric  acid ;  its  formation  is  represented  by  the  equation : 

2CH«C1«S0»     +     Zn«     «    Zn'Ol*  +   C«H«Cl«Zn*S*0«. 

The  dichloromethylsulphites  are  soluble  in  water,  some  of  them  also  ii 
alcohol.  They  are  distinguished  from  the  chloromethylsulphites  by  giving  off  hyd^v 
chloric  acid  by  diy  distillation,  together  with  sulphurous  and  carbonic  anhydrides*;  tki 
residue  consists  of  metallic  chloride  slightly  coloured  by  chaicoal : 

2CHC1«KS0»     =     2KC1  +  C  +   2S0*  +  C0«   +   2HCL 

Carbonic  oxide  is  also  found  among  the  gaseous  products,  being  probably  fbnned  I7 
the  action  of  the  free  carbon  on  the  carbonic  anhydride. 

The  amnumium-aalt  crystallises  by  spontaneous  evaporation  in  eoloorless  pri<a^ 
permanent  in  the  air,  and  often  an  inch  long. — The  potassiumrtali,  CHCl^KSO*,  fc-rei 
small  pearly  scales.  It  dissolves  in  water  and  in  boiling  alcohol,  but  not  in  nid 
abHolut^  alcohol.  It  is  permanent  in  the  air,  neutral  to  test-papers,  and  has  a  slighir 
saline  taste.  It  bears  a  heat  of  260®  without  decomposition,  but  at  higher  femptiv 
tures  it  is  deoomponetl  in  the  manner  above  mentioned. — The  tilver-talt,  CHCl'A^.S)', 
obtained  by  neutralising  the  acid  with  carbonate  of  silver,  is  very  aensitive  to  luh 
and  heat.  When  protected  therefrom,  it  may  be  obtained  hj  evapontion  ia  a  vscbu, 
in  small  tranitparent  crystahi,  which  may  be  heated  to  150°  without  decompoaing. 

TuiCHLouoMETiiYLST7LPHUBons  AciD,  (CCl')HSO'.  TnckicTomtetk^diitkkmit 
or  Chlorocarttoht/^pffgulphuric  Acid,  (Kolbe,  loc.  cU.) — Obtained  as  a  poCasBiam— « 
barium-salt,  by  gently  heating  trichloromethylsulphurous  chloride,  CCl^SO*  (p.  559i, 
with  pota*>h  or  baryta :  and  isolated  by  decomposing  the  barium-aalt  with  sulf^unc 
acid,  removing  the  excess  of  sulphuric  acid  with  carbonate  of  lead,  and  the  exoenol 
lead  by  sulphydric  ju.'id. 

The  acid  orystiillises  by  evaporation  in  small  colourlees  prifma,  cmtaiLiif 
CHCl"SO'.H-0.  The  crystals,  dried  in  a  vacuum,  yield  a  colourleaa  deliquvSNU 
mass,  difficult  to  dry  completely.  It  melts  at  130^  in  its  water  of  cryataUieatMB,  and 
l)egins  to  boil  at  l(iO^  partly  volatilising;  while  another  part  is  completely  rewind 
into  hydro<^'hloric  acid,  sulphurous  oxide,  and  chloride  of  carbonjl  (phosgene-gas): 

cnci«so>   =   Hci  ■».  SO*  +  coa«. 

It  easily  dissolves  zinc,  with  evolution  of  hydrogen,  yielding  dicIiloromathTlsuIphtte  of 
zinc.  It  is  nut  attacked  by  boiling  with  fuming  nitric,  nitromuriatic,  or  <*nwMp^.  ^^ 
It  decomposes  all  salts  of  volatile  acids,  ev<>n  the  chlorides. 

The  aqueous  acid  is  converted,  by  a  small  quantity  of  potassium-amalgam  (1  pe. 
pota.«isium  to  100  ptA.  mercury),  into  dichloromethylsulphite  of  potassium ;  with  a  Urgtf 
quantity  of  the  amalgam,  the  monochlorinated  salt  is  formed,  and  with  a  still  larger 
quantity,  the  methylsulphite. 

The  trichloroniethylsulphites  arc  soluble  in  water  and  in  alcohol,  and ksn 
an  astringent  metallic  taste.  When  calcined  they  decompose  like  the  add,  giviiifroff 
sulphurous  oxide  and  phosgene,  and  leaving  a  residue  of  chloride.  The  erolutioa  J 
]>lio.sjy;one  distinfniishes  the  trichloromethylsulphitea  from  the  monochlorinated  acd 
(iiohlorinated  salts. 

The  ammonium-saU  forms  largt^  regular  prisms,  permanent  in  the  air,  and  iw^Ind 
by  heat  into  sal-ammoniac,  sulphurous  oxide,  and  phosgena — The  pt^taMttvn-tt'ii 
prepared  as  above,  and  purified  by  recrystallisation,  forms  thin  traaspaiioi  pU(i% 
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«lnA  htm  M  hMoh  diiigrenble  tafto,  ei&oretoe  od  exposure  to  the  air,  and  give  off 
M  p««cai(l  at)  water  at  100^.  It  may  be  heated  to  300<>  withoot  decomposition, 
kat  liiniiMfinass  at  a  higher  temperatiirs  in  the  manner  abore  mentioned.  In  aqueous 
foteM  it  is  coBTcrted  by  electiolTBis,  if  no  free  add  is  present^  into  methTlsnlphite  of 
prta««<p.665>. 

TW  mJmm^  tMJt,  obtained  like  the  potaasinm-saIt»  forms  thin  rhombic  tables,  which 
dknM»  '**^!J*  ^'^  '^'^  ^^^'^  soluble  in  water  than  the  potassium-salt — ^The  barium- 
0tt,  (yClf'Btr^rO'JHK),  jfirepared  as  above,  crystallises  on  cooling  from  a  hot  aqueous 
nlstiaB,  in  small  oolourless  laming,  but  by  spontaneous  eraporation  in  tables  of. larger 
mm.   Ths  ciystala  dried  at  100®  still  retain  3*06  per  cent  (1  at)  water,  which  escapes 

Hm  Uoi-^&it,  CKn*Pb''8K)'.2HK),  crystallises  by  spontaneous  evaporation  of  the 
aqown  sulution  in  broad  tables,  which  redden  litmus,  and  have  a  sweetish  rough  taste ; 
th«v  eoatsia  6*1  per  cent  (1  at)  of  water,  which  escape  at  100°  ;  decomposition  begins 
A  ilO^.  Tlis  aqneouB  solution  boiled  with  oxide  of  lead,  yields  an  alkaline  filtrate, 
viMfc  is  pPt^tated  by  the  carbonic  add  of  the  air,  and  when  evaporated  in  a  vacuum 
hM«  SB  attorphoas  basic  salt 

IW  wfftr  mH  Conns  small  tables,  permanent  in  the  air,  and  containing  5  at  water, 
tf  viuch  only  8  at.  go  off  at  180° — the  other  three  remaining  till  the  siSt  begins  to 
dacoBpuas. 

Simtnft,  OCPAgSO*. — ^The  aqueous  solution  evaporated  in  a  vacuum,  and  protected 
ftpB  1i|ht  yialda  ti«naparent  and  colourless  prisms,  which  redden  litmus,  ha.e  a 
tiitfali  laerallic  taste,  blacken  on  exposure  to  the  light  ftnd  likewise  when  their 
i|aoM  Mhitioii  is  boiled.  But  when  fr^ed,  by  heating  to  100°,  from  the  2  at  waterof 
■jBilfiMrifin  which  they  contain,  they  remain  colourless  in  sunshine. 

CUoronutkyUulpkuroua  Chloride*, 

Two  ehiorides  are  known,  derived  from  di-  and  tri-chloromethylsulphuroos  add,  by 
isbtitation  of  01  for  HO.  When  they  are  treated  with  alkalis,  the  reverse  substitu- 
taa  if  dfccted,  hydrochloric  acid  being  evolved  and  the  acid  produced  ;0.ff,: 

CHCIV  TT,  CHCl«)n 

(SO)--^©    .  f  (O    .     (SO)"  {g 

Chtoride.  Add. 

IhoiiOBOMBTBTLSULPHirBOvs  Chlobidb,  OHCl^O*.  (Kolbs,  Ann.  Ch. 
n«m.]iv.  153. — Gerhardt  Compt  chim.  1845,  p.  197.) — ^This  compound  is  formed 
\if  ^  aotion  of  redudng  agents  on  trichloromethvlsulphurous  chloride.  When  a  current 
ii  islphsrcms  oxide  gas  is  passed  through  an  alcoholic  solution  of  the  latter  body,  till  the 
hnod  BO  longer  gives  a  raedpitate  with  water,  a  solution  is  formed,  containing — be- 
HM  folpburoBs  add — ^hydrochloric  add,  sulphuric  add,  and  dicbloromethylsulphurous 
eUoride: 

CCl'QO'  +   S0«  +  2H«0     -     HCl  +  H«SO«  +  CHa«SO«. 

lUf  chlorids  cannot  be  completely  separated  from  the  bodies  with  which  it  is  mixed, 
UM  it  is  very  easily  decomposed  by  evaporation,  yielding  phosgene-gas  together  with 
nlphsric  and  sulphtirons  acids.  A  small  qunntity  spread  out  upon  a  surface  soon  fills 
tte  irisis[lisr»>  with  suffocating  vapours  of  phosgene  and  sulphurous  oxide : 

CHC1»S0»  -I-  0     -    C0C1«  +  S0«  +  HCI. 

(Ifiriii  pasMd  into  the  aqueous  solution  repredpitates  trichloromethylous  sulphide.-^ 
Ibaiint  forms  a  similar  precipitate,  containing  bromine  as  well  as  chlorine. — Iodine 
ftoM  M  prsdpitate.  The  aqueous  solution  boiled  with  potash  yields  chloride  and 
fchkwmethylsulphite  of  potassium. 

lUi  esmpoond  has  not  been  obtained  in  the  semrate  state,  and  therefore  its  com- 
pmtioB  bus  not  been  determined  bv  analysis.  Kolbe  assigned  to  it  the  formula 
uCraO*  {ichwt^liffeamrs  KohUnchlorid) ;  the  more  probable  view  of  its  mposition 
aiboft  givso  was  suggested  by  Oerhardt.    The  two  formulae  differ  only  by  HCI. 

TaiCBLOBoiCBTHTLSULPHVBOUS  Chlobidb,  CCl^SO'.  Sulphite of  Pierchlorids 
tf  CtrhMi.  Sckwejligeaurte  Kohlensuperchlorid  (Kolhe).  CKhrunterachwefiigeauree 
Ckhrhohlmoxyd  (Berzelius).— This  compouna,  discovered  by  Berzelius  and 
X^rest  (Schw.  J.  ix.  298),  and  further  examined  by  Kolbe  (Ann.  Ch.  Fharm.  liv. 
118k  is  prodooed  by  the  action  of  moist  chlorine  on  carbonic  disulphide : 

CSF  +   6C1»  +  2H«0     -     CC1*S0«  +  SC1«   +   4HC1. 

IsiU  picpazaa  it  by  intaducing  into  a  stoppered  bottle,  having  a  capadty  of  about 
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tax  litre*,  a  quantity  of  mftnganic  peroxide  and  hydrochloric  add  snAcient  to  fill  about 
half  of  it,  then  adduis  about  50  pammea  of  carbonic  diaulphide,  and  immediitfAj 
closing  the  vesaeL  The  mixture  is  left  for  aereral  days  in  a  cool  place ;  then,  afttr 
frequent  agitation,  exposed  to  a  temperature  of  about  30^  (most  oonTenienthr  to  the 
rdjTs  of  the  sun  in  summer),  till  the  greater  part  of  the  carbonic  disulphide  is  tnns- 
formed.  The  action  is  much  &cilitated  by  aading  from  100  to  800  grma.  of  commer- 
cial nitric  add.  All  danger  of  the  Yessel  burning  from  internal  preasuze  nuyb» 
obviated  by  lifting  the  stopper  from  time  to  time.  The  mixture  is  then  truisfSsmd 
to  a  laige  glass  flask,  and  distilled  in  an  oil-bath  into  a  cooled  recdver.  Undecoa> 
posed  carb^c  disulphide  then  passes  over  first,  mixed  with  a  yellowish  fetid  liquid ;  and 
afterwards  the  trichloromethylsulphurous  chloride,  which  attaches  itself  in  oystals  to 
the  sides  of  the  receirer,  but  is  eadly  detached  by  slight  blows :  60  grms.  of  carbooie 
disulphide  yield  nearly  100  grms.  of  trichloromethylsmphurous  chloride. 

Tms  chloride  is  a  white,  cr3r8tAlline,  volatile  body,  insoluble  in  water  and  in  acids, 
soluble  in  alcohol,  ether,  and  carbonic  disulphide ;  its  alcoholic  solution  is  prsdpitated 
by  water.  It  melts  at  186^,  and  boils  without  alteration  at  170^;  distils  also  with 
vapour  of  water.  It  has  an  extremely  pungent  odour,  exdtes  tears,  and  produces  a 
disagreeable  roughness  in  the  throat.  Its  alcoholic  solution,  when  recentlv  pzepaied, 
is  but  slightly  douded  by  nitrate  of  silver,  predpitation  not  taking  place  till  the  liquid 
has  remained  for  some  time  in  contact  with  the  air. 

The  compound  sublimes  like  camphor,  in  small,  colourless,  transparent  plates,  haring 
an  adamantine  lustre.  In  the  dry  state  it  does'  not  alter  the  colour  of  litmus,  hut 
reddens  it  when  moist,  in  consequence  of  deoompodtion.  The  moist  aystala  are  nhitA, 
opaque,  and  form  vegetations  like  hoarfrost  It  supports  a  moderately  hi^  temMn- 
ture  without  decompodtion ;  but  when  passed  through  a  tube  heated  to  cuill  redncas^ 
it  is  resolved  into  chlorine,  sulphurous  oxide,  and  perehlorethylene: 

2CCl<S0«    -     CK51*  +  2C1»   +  280». 

When  distilled  with  a  large  excess  of  strong  sulphuric  add,  it  is  resolred  into  salpha* 
rous  oxide,  hydrochloric  add,  and  phosgene : 

CC1*S0«  +  H«0     -    SO*  +  2Ha  +  C0C1«. 

In  contact  with  air  and  water,  it  decomposes  in  a  similar  manner,  yielding  hydrodiloris 
add,  aulphurous  oxide,  sulphuric  add,  and  carbonic  dioxide. 

It  dissolves  in  caustic  potash,  forming  trichloromethylsulphite  and  chloride  of 
potassium. 

WttpHtlijlmilpliiiitms  Aoldt  C**H*SO*  -  (C'^H^HSO*  -  g'«^.^(^'    ^^ 

phonaphtkalio,  Hypo»¥lfhonaphthalie,  or  NaphthylditUonic  Acid,  (Faraday  [1837], 
Ann.  Ch.  Phys.  [2J,  xxxiv.  164.— Berselius,  ibid,  Ixv.  290.— Wohlep,  Ann.  Ch. 
Pharm.  xxxviL  197. — Regnault,  Ann.  Ch.  Phys.  [2],  Ixv.  87. — ^Lanrent,  R«v. 
sdeat  xiii.  687. — Eimberly,  Ann.  Ch.  Pharm.  cxiv.  129.) — ^This  add  is  produced, 
together  with  naphthylene-smphurous  (disulphonaphthalic)  add,  by  melting  naphtha- 
lene with  strong  sulphuric  ada  or  sulphuric  anhydride. — When  naphthalene  is  dissdved 
to  saturation,  in  strong  sulphuric  add  heated  to  90°,  and  the  solution  is  exposed  to  the  air, 
it  solidifies  completely  after  some  time ;  and  the  solidified  mass,  after  being  fr^ed  from 
excess  of  add  by  pressure  between  porous  tiles,  dissolves  completely  in  water,  pro- 
vided all  the  naphthalene  has  been  converted  into  add  producta.  To  separate  the  two 
adds,  the  aqueous  solution  is  neutralised  with  carbonate  of  barium,  concentrated,  and 
mixed  with  twice  its  volume  of  alcohol,  which  predpitates  naphthylene-sulphite  of 
barium,  while  the  naphthylsulphite  remains  in  solution,  and  may  be  crystallised  them- 
from. — To  obtain  the  free  add,  the  solution  of  the  barium-salt  is  precipitated  by 
£ulphuric  add ;  the  excess  of  the  latter  removed  by  carbonate  of  lead ;  the  resultiag 
naphthylrolphite  of  lead  is  decomposed  by  sulphycinc  add;  and  the  filtrate  is  evapo- 
rated in  a  vacuum. 

Naphthylaulphurous  acid  may  be  obtained,  by  evaporation  of  its  aqueous  or  alcoholic 
solution,  as  an  irregularl^r  crystalline  deliquescent  mass,  containing  C'H^C.HH).  It 
has  a  strongly  add,  astdngent,  metallic  taste ;  is  extremely  soluble  in  water,  oil  of 
turpentine,  fixed  oils,  and  alcohol,  but  very  slightly  soluble  in  ether.  It  melts 
between  86^  and  90**,  blackens  at  about  120°,  givins  off  an  odour  of  naphthalene,  and 
when  more  strongly  heated  swells  up  consider^ly,  leaving  a  very  bulky  dndec  The 
aqueous  solution  turns  brown  on  boiling. 

Naphthylsulphites. — The  add  is  monobasic  Its  salts  are  soluble  in  water, 
for  the  most  part  also  in  alcohol,  and  have  a  bitter,  almost  metallic  tasta.  When 
heated,  thev  give  off  a  considerable  quantity  of  naphthalene,  together  with  sulphurons 
oxide,  and  leave  a  residue  of  sulphate  and  sulphiae. — ^The  potassium-salt  fused  with 
excess  of  potassic  hydrate  is  decomposed,  with  evolutioa  of  snlphusous  oxide«  aai 
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flhrniRtion  of  a  solid  body,  probably  naphthol  or  naphthylic  alcohol  (Wcrt^ 
CX>mpL  rtud.  bur.  750.) 

Th«  ammouium'tait  crystallises  in  slender  needles,  permanent  in  the  air.  Its  solu- 
tiun  becomes  acid  on  eraporation.  When  subjected  to  dry  distillation,  it  melts, 
decomposes,  and  takes  fire.— The  potassium-salt,  2C'<>H'KS0*.U-0,  crystallises  in 
nsTiIl,  white,  yeiy  brilliant  scales,  permanent  in  the  air,  and  slightly  soluble  in  water. 
—The  sodium-salt  is  similar,  and  has  a  strong  metallic  tatite. — The  wYivr-^a/^, 
C**H'Ag$0*,  is  moderately  soluble,  100  pts.  of  wat^r  at  20°  dissolving  about  103  pts. 
of  it.     The  solution  is  not  decomposed  by  boiling. 

The  hariutn-folt,  C*H"Ba'*S*0*.2HK),  crystallises  from  a  hot  saturated  solution  on 
cooling,  in  small  tufts  or  cauliflower-heads ;  by  spontaneous  eraponition  in  irregular 
acah-a,  grouped  like  cockscombs.  In  the  dry  state  it  quickly  absorbs  moisture  from 
th«  air.  It  is  but  sparingly  soluble  in  water,  100  pts.  of  water  dissolving  1*13  pts.  of 
it  at  16°,  and  4*76  pta  at  100°.  It  dissolves  also  in  absolute  alcohol  and  in  ether. 
Heated  on  platinum-foil,  it  bums  with  a  bright  very  smoky  flame,  leaving  a  blackish 
residne. — Tiie  strantium-salt  is  crystalline. — The  calcium-salt  crystallises  with  diffi- 
culty. When  boiled  with  nitric  acid,  it  yields  nitronaiihthylsulphite  of  calcium. — ^The 
maffiifsium-,  eine-,  nickd-,  manpanous,  and  ferrous  salts  arc  also  crystallisable. — The 
rupric  salt  cxystalliscs  in  greenish  scales  containing  water,  which  they  partly  give  ofF 
in  dry  air. — ^The  neutral  lead-salt,  C"H**Pb''S'0*,  crystallises  less  regularly  than  the 
buium-sait  When  heated  it  decomposes,  throwing  out  ramifications  in  all  directions, 
•nd  increasing  consideRvbly  in  volume.  Its  solution  boiled  with  oxide  of  lead  yields 
A  basic  salt  containing  C»H"Pb"SK)«.Pb''0  or  C^HwPb"SK)«.3Pb''0,  according  to  the 
quantity  of  oxide  usi<l. — The  mercuric  salt,  obtained  by  dissolving  mercuric  oxide  in 
Baphthylsulphuruns  acid,  is  yellow  and  deliquescent. 

Metunaphfhi/lsulphurous  Acid, — This  name  may  bo  applied  to  an  acid,  apparently 
iflomeiic  with  naplithylsulphurous  acid,  which,  according  to  Foruday,  is  sometimes 
formed  in  small  quantity  in  the  preparation  of  the  latter,  especially  when  1  pt.  of 
naphthalene  is  very  strongly  heated  with  2  pts.  of  concentrated  sulphuric  acid,  with- 
out, however,  allowing  the  mixture  to  give  off  sulphurous  oxide.  On  saturating  the 
aqueous  solution  of  the  pruduct  with  carbonate  of  barium,  the  barium-salt  of  this 
peculiar  acid  is  precipitated,  together  with  sulphate,  and  may  be  dissolved  out  from 
th«  latter  by  boiling  water ;  on  evaporating  the  resulting  solution,  it  is  deposited  in 
■mall  hard  crystals,  slightly  soluble  in  water  and  in  alcohol.  This  salt  contains  the 
same  quantity  of  barium  as  the  ordinary  naphthylsulphite,  but  is  distinguished 
from  it  by  not  burning  with  flame  when  heated,  but  merely  smouldering  (Faraday, 
Berxelius). — The  potassiunt-sali  of  the  same  acid  crystallises  in  scales,  soluble  m 
water  and  in  alcohoL — The  lead-salt  is  very  much  like  the  barium-salt.  By  decom- 
posing it  with  sulphuretted  hydrogen,  an  acid  is  obtained,  which  crystdlises  in  scales, 
■oft  to  the  touch,  permanent  in  the  air,  but  turning  brown  on  exposure  to  the  sun. 
(Faraday,  Berzolius.) 

Napktkylsulphurous  Chloride,  C'«H'C1S0«.  (Kimberly,  Ann.  Ch.  Pharm. 
cxiT.  129.)--Produced  by  the  action  of  phosphoric  pontachloride  on  naphthylsulphite  of 
•odium  dried  at  100^.  On  treating  the  product  with  water,  and  crystallising  the  un- 
diaifolved  portion  fn)m  ether  free  from  alcohol,  it  is  obtained  pure,  in  colourless, 
microflcopic,  rhombic  lamiue.  It  is  inodorous,  melts  at  66°  and  solidifies  in  globular 
Bia.Mtea  on  cooling,  but,  if  kept  from  agitation  and  from  contact  with  solid  IxMlies,  it 
lemiiios  liquid  below  55°.     It  dissolves  very  easily  in  ether,  benzol,  carbonic  disul- 

Ehide,  and  phosphoric  oxychloride.  It  is  for  the  most  part  decomposed  by  dry  distil - 
It  ion,  the  decomposition  beginning  at  about  120°.  It  is  slowly  decomposed  by  water, 
easily  by  ptitask,  lu  aqueous  aufl  especially  in  alcoholic  solution,  yielding  alcohol  and 
naphtliylstdphurous  acid. — Alcohol  converts  it  slowly  in  the  cold,  quickly  when  heated, 
into  ethylnaphthylic  sulphite: 

C'H'CISO*  +  (C«H»)HO     -     nCl   +   (C*H»XC««n')SO». 

AqaK>us  a7ii7i<o;ita converts  it  into  naphthylthionamic  acid: 

C'»H'C1S0*  +  H'N     -     HCl   +   C>«n»NSO^ 

Ethjflfiaphthylie  Sulphite,  C»«H»SO«  -  (^!h7|sO».     (Kimberly,  loc,  cit.) 

—Prepared  by  heating  1  at.  naphthylsulphurous  chloride  with  not  more  than  2  at. 
alcohol,  in  an  apparatus  so  arranged  that  the  vapours  may  condense  and  flow  back 
a^in ;  then  dii^ling  off  the  excess  of  alcohol,  and  washing  the  residue  with  water; 
if  lh«  product  is  coloured,  it  must  be  dissolved  in  ether,  and  treated  wiili  animal  char- 
coal. 

£thylnaphthylic  sulphite,  wlten  recently  prepared,  is  a  viscid  liquid  at  firdinaiy 
trmperatures,  and  does  not  soliuifv  even  at   —8'^  to  ^10°;  but  after  keeping  for 
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fev«nl  days  (oi;  if  it  has  bem  liMtad  above  50^,  a/Ur  week*  or  montiii),  it  aoUdifiM  in 
nodulee  oompoeed  of  laminar  crystalB.  It  is  foftolnble  in  water,  but  mixes  in  all  pit>. 
poHiomi  with  alcohol  and  ether.  It  k  deeompMod  hy  dietillation,  giving  off  snlphomui 
oxide,  jielding  a  conaidarable  mblimate  of  naphthiileDe,  and  leaving  a  small  esrbo- 
naceoos  reaidne.— By  aqneona  or  aleoholio  potash,  it  it  quickly  resolved  into  aleobnl 
and  naphthylsolphite  of  potaaaiom.  In  alcoholic  solution  it  is  decomposed  by  wat«t 
in  the  same  manner  as  by  potash ;  and  when  heated  with  water  alone  in  a  sealfd  tabe 
to  about  150^,  it  is  resolved,  without  blackening  or  £t>rmaiion  of  seooDdary  prodnets, 
into  alcohol,  naphthalene,  and  sulphurio  acid  (probably  first  into  alcohol  and  nsphtbyl- 
•iiljDhnreii*  acid,  i^uoh  is  then  further  split  up  into  naphthalene  and  sulpfanrie  aad). 
—With  pentaeUoride  of  pMotpkorus,  it  yields  ethylic  chloride,  naphthylsulphuroui 
ehloride,  and  phosphoric  oxycnloride : 

((OT^C'^HOSO*  +  PCl»    -    CmHJL  +  C»«H»C180"  +  P0C1». 

Napktk^likionamie  Aeid,  Ci«H*NSO'  -      (80)*  l^     Nt^kiksfiMmamidi, 

H  I 
(Kimberly,  2o0.  ctt.)— Fnduoed,  by  toitnrating  naphtbylsulphurons  chloride  with 
ammonia,  as  a  yellow  oil,  which  solimfies  to  an  amorphous  mass.  It  dissolves  easil/ 
in  ether  and  in  alcohol,  and  separates  from  either  solution  in  microscopic  cnrstali, 
apparently  quadratic  combinations,  P  .  oP  .  Poo ,  with  the  angle  P  :  P  on  the  latenl 
edgea  »  HOP.  It  dissolves  also  in  aqueous  ammonia,  in  strong  hydrochloric  add,  sikI 
in  glacial  acetic  aqd,  and  crystallises  from  the  two  latter  solutions  unaltered.  It  in 
inodoroua,  has  a  greyish-yellow  colour  when  dry,  li^t-yellow  when  moistened  with 
aqueous  ammonia,  gr^ually  turning  red  on  exposure  to  the  air.  It  melts  without 
deoompositioik,  in  boiling  water,  to  a  viscid  li<|uid,  which  solidifies  to  an  amorphous 
mass ;  at  a  higher  temperature,  it  chars  and  gives  off  pungent  vapours. 

It  is  qniek^  decomposed  by  aqueous  pUaak,  yielding  ammonia  and  n^phthyU 
•alphite^  potassium.  Heated  with  aqueous  nitrite  of  poiasmtm,  it  gives  off  nitrogen, 
and  is  converted  into  naphthylsnlphite  dT  potassium ;  part  of  it  is,  however,  translbrnied 
at  the  same  time  into  a  resinous  substance,  insoluble  m  water,  and  detonating  slightly 
when  heated. 

When  the  alcoholic  solution  of  the  acid,  containing  a  little  tree  ammonia,  is  mixed 
with  excess  of  argmtio  nitrate,  and  the  ammonia  is  allowed  to  evaporate  gradually  at 
<U!dinazy  temperatures,  argentic  naphthvlthionamate,  C**H*AgN»0*,  is  de- 
posited  as  a  white  crystalline  substance,  easily  soluble  in  alcohol,  ether,  and  ammonia, 
and  quickly  blackening  when  exposed  toUght. 

Bengonapktkylikionamie  acid,  C**H^C^*0)NSO',  is  pmdnced  by  fbsing  na|>hthy|. 
fhinnminio  add  with  slu  eoulvalent  quantity  of  bensoic  chloride,  till  hydr<Khloric  tcid 
is  no  longer  evolved ;  ana  on  washmg  the  product  with  lukewarm  water,  drying  it, 
and  recrystallising  ftom.  alcohol,  it  separates  in  microscopic  prismade  crystals,  easily 
Bolnble  in  alcohol,  ether,  aqueous  ammonia,  and  glacial  acetic  add.  It  melts  without 
decomposition  at  100®,  but  decomposes  at  a  higher  temperature,  and  when  boiled  with 
aqueous  potash,  gives  off  ammonia,  and  yidds  benaoate  and  naphthylimlpbite  vi 
potassium.  When  its  solution  in  absolute  alcohol  is  mixed  with  ammonia  and  argeotio 
nitrate,  and  left  to  evaporate,  it  depodts  argentic  bensonaphthylthionamate, 
G**H'Ag(C^HK))N80',  as  an  amorphous  fio«mlent  predpitate,  wMch  dissolves  some- 
what slowly  in  alcohol,  and  may  be  oratallised  in  microscopic  needles  by  mixing  its 
ammoniacai  alcoholic  solution  with  a  slight  ezeees  of  acetic  add,  and  gently  winning 
the  liquid.    (Kimberly.) 

Bromo't  CkkfXh,  and  IHtro^napkikylmdjikmrom  Aeii$. 

These  acids  are  ibrmed  by  heating  the  bromo-,  chloro-,  and  nitro-naphthalenes  with 
filming  sulfuric  add,  or  (in  the  case  of  the  monochlorinated  compound)  with  ordinary 
concentittted  sulphurio  add. 

Bromonapkthphnlpkmrous  Acid,  C>*H%SO*  -  ((^•H'BOHSO'.  (Lau- 
rent, Compt  ehim.  1849,  p.  392.)— When  the  solution  obtained  by  heatins  bromo- 
naphthalenewith  Aiming  sulphurie  add  is  neutaralfeed  with  potash,  diluted,  and  boiled, 
the  filtered  liqaid  deposits,  on  cooling,  a  crystalline  pulp  otpotassic  brotfumapMikyUul' 
pkUe,  C'*H'BrKSO*,  wMdi  is  colouriess,  slightly  A^ublrm  cold  watM^,  moderately 
soluble  in  boiling  water  and  alcohol,  whence  it  crystallises  In  tnberdes.  Boiling  nitric 
add  coaverts  it  into  a  y^ow  sah,  which  takes  fire  idien  heated  in  a  dose  vessel,  and 
probably  oonnsts  of  C»«H*(NO»)BrKSO». 

A  solutioa  of  potasdc  bromon^thylsalphite  poured  into  a  warm  moderately  coneeiH 
trated  solution  of  barium-diloride,  precipitates  the  hromonaphtk^Umlpkite  of  harmm^ 
C**H"Br>Ba''8*0',  as  a  crystalline  suit  soluble  in  cold  water.  '  The  M^utiun  of  the 


o.f—tjuBa  ■  mmu™  oi  c  Tout,  itniiig  suipanno  ■cia  ana  i  tol  enuna- 
Iraa  i*  hntwl  to  140^  for  a  qnartaiof  &d  hoar,  •  tncKiittruit  bravnuh  liquid 
•d,  vbich  dors  Dot  alteroD  mollis;  but  ii  ooiiTMled,  by  additjon  of  a  bw  dnp« 
,  into  a  vhit«,  ball«rT,  tmrvelj  OTBtaUiDC  nutu,  which  ma;  ba  fraid  ftda 
f  nlphoric  acid  bj  spnadin^  it  out  on  a  poroiu  tile  (Zinin).  The  bum 
aan  to  ba  Conned,  with  erolntion  of  hydrochloric  aeid,  on  dinolTing  ehlorida 
halena  iu  fuming  Bulphurit  acid.     (Laurent.) 

iD^hthylsiilphuroua  mid  diaKilvfa  luisitT  in  wator  and  in  alcohol;  whni  hMted, 
ton  browaiah  liquid,  decoinpoaea,  and  giTBK  off  an  odoui  of  naphtbulBus. 
MWKnut-foA  of  this  acid  in  crystitlliae  and  Tgr;  solablti.  lb  solution  fbrnu 
card*  precipiuil«  with  fpnoui  and  argeolic  salts. — The  potautHm-taU  is 
Klnble  ia  watra  and  in  alcohol— The  bariuiA-taH,  C"H'*Cl'Ba''SK}*,  fbnna 
pie  Derdlsa  of  a  dull  white  ealonr,  and  Tery  tolubla, — The  eupriB  $alt  ia  blniah 
•olable.— The  ferroKi  ta/t  is  a  while  floccolent  predpiule.— The  Itad-talt  it 
iMrif  insoluble  powder. — Thp  tilvtr-tait  is  a  whits  curdj  predpitMte,  sligfatlj 
■  water,  uid  decompomeg  at  100°. 

•*rBitapktliyliulpkurou»  Acid,  (C"B>Cl')BaO*.  (Zinin,  be.  eB.)— 
1  like  the  preeeding.  It  is  a  white  butterj  acid,  rer;  solable  in  wata,  Ita 
''  '  Tn;  Bolnble.— The  poUuaiutn-atdt  and  the  borimn-aiM, 
ino^Bs.— TherfBCT^sfla.C'H'Cl'AgSO', 


IB,  p.  as*.)    _.-, J „ r „^ 

tnuiing  the  diluted  aolntion  with  potash,  converting  thr  potanium-nlt  into 
Hklt,  tban  into  *  lead-aoit,  (jid  dei'ompaaing  the  Utter  with  sulphoric  add. 
soaa  adntioD  thus  obtHiaed  wlidifim  an  cooling  to  a  mug  of  microacopio 
wideh  ma;  be  purified  by  recryalallisation  from  boiling  atcobol. 
ttmimum-iait  of  this  arid  ii  eanlyaolnble  in  WHt^r  and  in  aqoeotu  ammonia. 
ha  other  trichloninaphtbjlsulphitea,  nen  those  of  potasainm  aad  sodium,  are 
ilichtly  soluble  in  cold  water;  cuasequentlj  the  acid  and  its  ammonium-salt 
spitates  even  in  the  cold  dilute  a^lutiona  of  the  nitrute  and  gulphit*  of  pota»- 
,  lodinm,  and  in  those  of  the  chlorides  of  bacium  and  calcium,  and  of  the 
I  (rf  nugnniuin,  nickel,  and  copper, 

atanimm-talt  forms  opaque  mieroacopic  scales,  vei;  soluble  in  btriling  vUer, 
lolnble  in  eohl  water  and  in  boiling  alcohol.— The  Aarmxi-jiaU,  C«H'a*Ba~3<0*, 

bun  SOO  U>  4U0  p(«.  of  boiling  water  to  diasoLve  it An  ammoniacal  evvrie 

l<Cl'Cu3K)*.4NH'.4H'0,  is  oblwned  by  pouring  a  snlution  of  the  ammoDium- 
oipric  acetate,  adding  ammonia,  and  heating.     The  solution,  on  cooling 
to  a  6Umentons  jelly,  like  the  mycodprmic  substances  deposited  Irom  tArtane 
,     The  miahed  salt  has  a  lilac  colour,  chunging  to  blue  on  drying. 
ehl»TonapkthsUiilplntro<n  Aeid,  (C'*H'C1')BS0>.  (Lauren t.Compt 
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crystals.— The  oaldumsait,  C»H>«Ca"(NO«)*S'0»,  is  moderately  HoluUe  in  irale?  oi 
in  alcohoL 

Diniironaphthyhulphurous  Acid,  C'«H«(N0»)^BO»,  is  formed  by  the  p- 
longed  action  of  nitric  acid  on  naphthylsulphurous  acid. — Its  ainmomitttk-mi, 
C'*H*(NH*)(NO')*SO",  crystallises  in  yeflow  needles ;  it  is  decomposed  by  snlji^hjiin'e 
of  ammonium,  yielding  a  deposit  of  sulphur,  and  a  peculiar  acid,  perhaps  utruiaf  > 
thionic  acid.   (Laurent^  Compt.  rend.  zxxL  587.) 

VHenylSQlpbaroiis  Acid,  C*H*SO*  »  (C<H')HSO'.  Sulphabensdie,  St!^- 
benzenic,  or  Sufphohenzidic  Acid.  (Mit8chcrlich[l  834  ],  Fogg.  Ann.  xxzi.  283, 6oi 
— St  en  house,  Proc  Roy.  Soc.  xiv.  351. — Wurtz,  Compt.  rend.  Ixir.  749.— Kekslc. 
ibid.  p.  752.) — Tliis  acid  is  produced  by  dissolving  benzene  in  fuming  sulpbax^  ani 
diluting  viUi  water,  filtering  to  separate  any  sulphobenzide  (p.  486)  tluit  may  hsT«  ^-vg 
formed  at  the  same  time,  saturating  with  carbonate  of  barium,  converUng  thfenfM;!::'^: 
barium-salt  into  a  cupric  salt  by  precipitation  with  cupric  sulphite,  pari^iiw  t:* 
cupric  salt  by  crystallisation,  and  decomposing  it  with  sulphurt-tted  hydrogMi.  Tlr 
acid  may  also  be  prepared  by  gently  heating  oenzene  with  about  sn  equal  roluiM<.f 
ordinary  concentrated  sulphuric  acid;  and  (according  to  Stenhouse)  this  is  th«rbr« 
method  of  obtaining  it  in  large  quantities,  using  4  vols,  sulphuric  acid  to  6  yols.  benz'X 
PhenylsulphurouR  acid  evaporated  to  a  syrupy  consistence,  yields  a  crystalline  lv^t■:u. 
which  decomposes  at  a  higher  temperature. 

The  phenylsulphites  or  sulphobenzolates,  C'H^MSO',  are  very  stable lah*. 
some  of  them  bearing  a  very  high  temperature  without  decomposine.  The  amnhieiLa' 
salt,  however,  decomposes  easily  at  200^,  yielding  sulphophenylamide  (p.  523);U{:r:bifr 
with  sulphurous  oxide,  ammonia,  benzene,  and  a  small  quantity  of  phenylic  snljhid*: 
and  the  sodium-  and  calcium-salts  yield,  by  dry  distillation,  phenylic  nlfi&i«. 
(C*H*)*S,  together  with  carbonic  dioxide  and  sulphurons  oxide.  (Stenhoaiv,  it. 
417.) 

The  phenylsulphites  distilled  with  oir^chloride  of  phosphorus,  yield  phenjiishiba- 
rous  or  sulphophenylic  chloride,  C*H*C1S0*  (Oerhardt  and  Chancel;.  Tby 
may  be  boiled  for  a  long  time  wiUi  excess  of  aqueous  potash  without  deoompoRtioft 
but  by  fusion  with  potassic  hydrate  they  are  resolved  into  sulphurons  acid  asd  nbiKl 
(Wurtz,  Kekul6): 

(C«H*)KSO«  +  KflO     -    IPSO*  +  (OH»)HO. 

PoU»iic  uhenyl-  Phenol. 

■ulphlte. 

The  phenylsulphites  of  ammonium,  potassium,  8odium,Knd  calcium  ciystalh'se  eM.*?; 
the  barium-salt  is  obtained  only  in  ciTstalHne  crusts ;  the  rinr-  and  M/c«r-«a//#  in*  ij« 
crystallisable.— The  cupric  salt,  C"H'»Cu''S»0«,  forms  fine,  bulky,  hydrated  oi«»i% 
which  give  off  all  their  water  at  170°.    (Mitscherlich.) 

Nifropheni/lsidphurous  acid,  CT1*(N0)»S0',  is  produced  by  boiling  phenylsotphnw 
acid  with  nitric  acid.— Its  ammoniim-salt,  C*H\NH*XN0')SO',  is  converCtd  hj  m- 
phydric  acid  into  phenylsulphamate  of  ammonium.  (Laurent,  CompL  zcad. mi 
538.) 

Phenylsulphurous  Chloriie,C^RH:iaO*    -(^*h»'(o-       Stify^^opkngHe  * 

Sulphobencolic  Chloride.  (Gerhardt  and  Chancel,  Compt.  rend.  sekt.  690.>— ^ 
duced  by  the  action  of  phosphoric  oxvchloride  on  a  phenylsulphite.  To  prrpsR  K 
benzene  is  gently  heated  with  an  equal  volume  of  strong  sulphuric  acid,  tiuif  is  no* 
pletely  dissolved ;  the  liquid,  after  dilution,  is  saturated  with  chalk  ;  the  filtceid  wb- 
tion  of  calcic  phenylsulphite  is  exactly  decomposed  by  carbonate  of  sodiom,  aad  v* 
solution  of  sodic  phenylsulphite  is  filtered  and  evaporated.  This  salt  bavii;  Wvi 
dried  at  150°,  is  then  mixed  in  a  retort  by  small  portions  with  ozydilorideof  pliot|^^ 
ru8,  so  as  to  form  a  thick  pulp.  The  reaction  begins  in  the  cold,  and  as  noo  st  ^ 
ceases,  the  pn)duct  is  to  be  distilled  as  long  as  any  oilv  matter  passes  ovtf,  aal  (i^ 
distillate  rectified,  collecting  apart  the  latter  portions,  wWh  distil  at  854^.  llMLivr 
portions  contain  also  a  considerable  quantity  of  phenylsulphurous  chlonda,  aadmax'^ 
utilised  for  the  preparation  of  sulphophenylamide  (p.  523). 

Phenylsulphurous  chloride  is  a  colourless,  strongly  refiracting  oil,  of  spsciSe  pirn 
1-378  at  23''.  It  boils  at  254"^,  has  a  strong  odour  like  that  of  bitter-afanood  o^.  izi 
fumes  slightly  in  the  air.  It  is  scarcely  attacked  hj  water,  bat  alkalis  iHtasrii 
convert  it  into  phenylsulphite  and  chloride  of  alkali-metaL  "With  aqusow  aaaaaa 
it  yields  sal-ammoniac  and  sulphophenylamide  (phenylthionamide). 

Phenylsulphurous  Hydride,  C«H«SO«.  Bensylsulpkurou9  Jeii.  (K»i:«. 
Ann.  Ch.  Pharm.  cxix.  153  ;  Jahresb.  1861,  p.  627.) — Produced,  as  a  sinc-flsh,  tj  d* 
action  of  zinc-ethyl  on  phenylsulphurous  chloride: 

2C«H*CIS0-    +   Zn"(C-H»)»    =.     2C='H*C1   +   C«H»»Zn"S*0«. 
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Pnre  phenylsulphurous  chloride  is  mixed  with  3  vols,  ether  free  from  water  and  alcohol, 
and  ziiic-etnjl  isgnuiuallyaddiHl  to  the  mixture  in  a  fla^k  filled  with  drj  carbonic  dioxide, 
the  liquid  becoming  hot,  and  depositing  a  white  powder  at  each  addition.  As  soon  is 
■  portion  of  the  mixture  no  longer  exhibits  the  smell  of  the  chloride,  the  paoty  mass  is 
to  be  heated  to  100^  to  expel  the  ether,  and  the  excess  of  ziuo-ethyl  is  decomposed  by 
wstcr,  which  will  not  dissolve  the  basic  zinc-salt  formed  in  the  reaction,  even  on 
boilinff.  On  tzeating  it  with  hydrochloric  acid,  the  whole  dissolves,  excepting  a  small 
quuility  of  a  disaoreeably-smelling  oil  [perhaps  C'H*(CH*)SO*J ;  and  the  decanted 
uonid,  un  cooling,  deposits  phenylsulphuruus  hydride,  in  large,  mostly  stellate  priFms, 
"vhich  may  be  fned  from  the  last  traci>s  of  the  oil  by  recrystallisation.  Its  formation 
from  the  zinc-salt  is  represented  by  the  equation : 

C»=H»»Zn"S20*  +  2HC1     -     Zn-Cl'  +  2CTI»S0». 

Fhenylsnlphurous  hydride  dissolves  slightly  in  cold,  easily  in  boiling  water — freely 
also  in  alcohol,  and  especially  in  ether.  It  is  inodorous;  has  a  strong  acid  tajste  and 
reaction ;  cannot  be  sublimed,  melts  below  100°,  and  begins  to  decompose  when  heated 
aborra  100^.  It  is  oxidised  to  phenylsulphurous  acid,  slowly  by  contact  with  the  air, 
qviflUy  by  nitric  acid.  By  nascent  hydn^en  (evolved  from  sulphuric  acid  by  sine),  it 
u  conyerted  into  phenylic  sulpliydrate. 

Phenylsulphurous  hydride  is  a  monobasic  acid,  which  easily  decomposes  metallic 
hydzates  and  carbonates.  According  to  Kekule's  views  of  the  composition  of  the  aro- 
natie  bodies,  it  maybe  regarded  as  benzene-sulphurous  acid,  C*H^(SO'H), 
that  is  as  benzene  in  which  1  at  H  i»  replaced  by  the  sulphurous  acid  residue,  SO'*H ; 
the  hydrogen  in  this  residue  is  still  replaceable  by  metals. 

The  ammomufH'Saii  crystallises  in  colourless  silky  laminte,  ensily  soluble  in  watrr, 
■paringly  in  alcohol  and  ether.  —The  barium-salt^  C'^H'*Ba"S'^0\  forms  crystalline 
g^-1^  easily  soluble  in  water,  less  soluble  in  alcohol. — The  cupric  salt  separates  from 
•  stvongly  concentrated  solution,  in  yellowish-green  laminie,  having  a  satiny  lustre  and 
ali^tly  scdnble  in  alcohoL — ^The  tuver'Salti  C'H^AgSO',  separates  from  a  hot  aqueous 
aolntioo  on  cooling  in  satiny  laminse,  slightly  soluble  in  cold  water.  The  same  salt  is 
obtained,  as  a  white  curdy  precipitate,  on  mixing  the  aqueous  acid  with  nitrate  of 
•ilTer. — The  neutral  ginc-wt^  G"H**2^"SK)*,  is  obtained  b^  boiling  the  aqueous  add 
vith  sine-earbonate,  or  b^  decomposing  the  basic  salt  obtained  in  the  preparation  of 
the  acid  with  carbonic  acid,  and  evaporating  the  filtrate.  It  crystallises  in  oblique 
ifaombie  plates  with  truncated  angles,  moderately  soluble  in  cold  and  in  hot  water. 

PlPJiail  1 L-PI80LFHUR0TT8  OF  DlPHBNTL-DlSULFHOPHBNYLlC  ACW,  C'*H'*S*0*.    (Fit  • 

tig,  Ann.  Ch.  Pharm.  cxxxii.  201.)— Formed  by  dissolving  phenyl  (iv.  409)  in  warm 
conoentrated  sulphuric  acid:  the  warm  much-diluted  solution  is  neutralised  with 
carbonate  of  potassium ;  and  the  sparingly  soluble  potassium-salt,  which  separates 
CD  cooling,  is  crystallised  several  times  from  water.  The  acid  separated  from  the  lead- 
■alt  by  sulphuretted  hydrogen  crystallises  by  evaporation  over  oil  of  vitriol  in  prismatic 
deliquescent  crystals,  which  melt  at  72*5^.  and  decompose  when  heated  above  200^. 
The  acid  is  dibasic. — The  potassium-salt,  C'H'K^'O*,  crystallises  in  efflorescent  prinms 
or  scales,  insoluble  in  alcohol,  slightly  soluble  in  cold,  more  easily  in  hot  water,  und 
decomposing  at  a  red  heat — The  barium-salt,  C''H'*Ba''S'0*.  is  a  white  crystalline 
precipitate,  nearly  insoluble  in  water  and  in  acids. — The  catciiim-Balt,  C"H''Ca"S*''0*, 
IP  also  very  difficultly  soluble  in  cold  water,  and  is  formed  only  on  heating  the  solution  ot 
the  potassium-salt  with  chloride  of  calcium. — The  lead-salt  is  insoluble  in  water,  but 
aolnble  in  acids. — The  silver-salt  cr^'stalliscsinlaminie,  more  soluble  in  cold  water  tlian 
the  potassium-salt.  The  salts  of  other  metals  do  not  form  prefipitates  with  the  solu- 
tion of  the  potassium-salt. 

Ttqrmjlsiilpl^iiroiia  Aoldt  C^'II'^SO'.  Syn.  with  Cymylsulphubous  Acid 
(iL  298). 

aSyljlsalpliiiroiia  Aeld«  C*H>*SO^  »  (C"H*)HSO'.  Sulphoxi/Unic  or  Sulphoxf/u>' 
He  Arid,  (Cahours,  Compt.  rend.  xxx.  819. — Church,  Chem.  Soc.Qa.  J.  xiv.  52.— 
Volck  el,  Ann.  Ch.Pharm.lxxxvi.  336. — De  la  Bueand  Miillcr,  Chem.  Soc.  Qu.  J. 
SIT.  54.>--When  xylene  is  left  in  contact  for  a  week  with  fuming  sulphuric  acid,  part 
of  it  dissolves,  and  the  undissolved  portion  becomes  more  or  less  filled  with  lon^ 
colourless,  shining  needles  of  xylylsulphurous  acid.  They  have  a  strongly  add,  after- 
wards bitter  taste ;  dissolve  rea<iiiy  in  water  and  in  sulphuric  acid ;  deliquesce  quickly 
on  exposure  to  the  wr,  and  may  be  heated  to  melting  in  a  vacuum  or  in  vapour  of 
xylene  without  decomposition;  at  a  higher  t*mptrature  they  become  dark-coloured. 

JfylylsulpkUe  of  barium,  C^H'^Ba'S^O*,  crystallises  in  nacreous  tianspnrent  scales, 
not  altered  by  boiling  with  watecw 
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/B.  Sulphurous  Ethers  containing  Diatomic  Akohot^radieUM, 

BtHytoiMHiiapliiirou  Jteld,  C^H'S'O*    -    (C^*)B\90^f    -    (C>H«)-VO*. 

Disulphetholie  Arid,  (Buckton  and  Hofmann  [1866],  Ch«ni.  Soe.  Qo.  J.  ii. 
260 ;  Ann.  Ch.  Phann.  c.  129. — Husemann,  Ann.  On.  Pharm.  czzri.  268  ;  JahmL 
1862,  p.  428.) — This  acid  is  produced: — 1.  By  heating  ethylraic  di-  or  tn-soipbo- 
carbonate  (p.  602)  with  fuming  nitric  acid : 

(C»H*)COS«  +   4N0«H     -     (C«H*)H«S«0«  +   4X0  +   CO«   +   HK). 
(C^H*)CS'  +   6N0»H     -     (C»H*)H-S^O«  -i-   6N0  +   CO*   +   SO*  +  2H^. 

The  liquid  is  heatod  as  long  as  nitxx>us  fnmos  are  evolved,  then  crapofmted  with 
repeated  addition  of  water,  and  neutralised  with  carbonate  of  lead ;  the  Ic^d-ak, 
which  ciystallisos  out,  is  decomposed  by  sulphuretted  hydrogrn;  aiod  the  filtwi 
solution  of  ethylene-sulphurous  acid  is  eTaporated  to  a  syrup.     (H  a  a  e  m  a  n  n.) 

2.  Together  with  tnilphopropionic  acid,  by  the  action  of  fuming  sulphiirie  add  m 
propionitrilo  (cyanide  of  ethyl)  or  propionamide : 

C»H»N   +   3iraO*     -     CPBTS'O*  +  (NH«)HSO«   +  COl 

FropionitrUe.  Kthrlene-  Acid  tulphals 

aulphuroiu  ofammonliim. 

acid. 

C'H»N    +    HK)  +   2H«S0*     -    C"H«80»    +  (NH«)HSO«. 

Prupionltrile.  Sulphopro-  Acid  •ulphaia 

pionicadd  of  ammoniiiB. 

Propionamide,  (C'H'NO),  which  differs  from  propionitrile  only  by  UK),  is  acted  spa 
by  sulphuric  acid  in  exactly  the  same  manner ;  and  being  easier  to  prfpan  iIhb  n> 
pionitrile,  is  used  in  preference  for  the  preparation  of  ethylene-sulphurous  add.  ivr 
this  purpose,  a  mixture  of  propionamide  with  an  equal  volume  of  Nordhauaen  salphim 
flcid,  is  heated  as  Ions  as  carbonic  dioxide  is  evolved  and  propionic  acid  disdis  am. 
The  solid  residue  is  then  dissolrod  in  water;  the  tree  suiphoric  acid  is  aeutnlbed 
with  finely-pounded  marble ;  the  sulphate  of  ammonium  is  decomposed  by  boili^t  thi 
liquid  with  carbonate  of  barium  till  it  no  longer  gives  a  permanent  predpitale  v«k 
chloride  of  barium ;  and  the  filtered  solution  of  ethylene-sulphite  or  ammoaiim  u 
concentrated  to  the  crystallising-point.  To  obtain  the  free  acid,  this  salt  is  ooBwiicii 
into  a  barium-salt  by  boiling  with  baryta-water;  the  barium-salt  is  deoomposid  W 
sulphuric  acid ;  the  acid  filtrate  is  boiled  with  carbonate  of  lead  ;  and  the  nsahiiif 
lead-salt,  after  crystallisation,  is  decomposed  by  sulphuretted  hydrpgen.  (Biektoi 
and  Hofmann.) 

The  syrupy  acid,  obtained  by  carefully  evapornting  the  aqueous  solntaon,  soUdiiM^ 
when  left  over  oil  of  vitriol,  to  a  radio-crystsilline,  Teiy  deliquescent  mass,  consatiM 
(according  to  Husemann)  of  G'H'SO*.HH).  It  gives  off  its  1  sL  water  at  lOJ^TsS 
the  uihy^us  acid  melts  at  94^,  and  solidifies  sgain  at  60^ (Husemann);  sthifhir 
temperatures  it  chars,  and  gives  off  white  vapours.    (Buckton  and  Hofmass.) 

^hylene-sulphurous  acid  is  dibasic,  forming  neutral  and  add  salts. — Tbe  ethj- 
lene-sulphites  are  all  soluble  and  ciystallisable. 

The  neutral   ammonium-salt,    CH*(NH*)^-0*,  erystallises  in    long    aonodiaie 


pot4 

sodium-salt,  CH^Na'S'O',  crystallises  in  well-defined  crystals,  belonging  to  the  trimetrv 
syntem.and  exhibiting  the  combination  ooP .  Pco. — The  neutral silngr-^t,  CH'-A^^SKI*, 
formn  thin  monoc-linic  tables ;  there  is  alHO  an  acid  silver-M/t,  CH^AgS'O'.CH'Ag'^O', 
forming  milk-white  spherical  groups  of  crystals.    (Husemann.) 

The  barium-salt,  obtained  by  boiling  the  solution  of  the  ammoninm-salt  withbuit^ 
and  precipitating  the  excess  of  the  latter  with  carbonic  acid,  crataUisas  in  fttllBir 
groupft  of  Hix-sided  tabletf<,  which  contain  CH^Ba'^S^.HK),  and  >M>tmBt  anhydnn 
at  170^  (Buckton  and  Hofmann). — According  to  Husemann,  a  hydntsd  aJt 
containing  C*H*Ba'S-0'.2H'0,  is  obtained  in  small  rhombic octahediona,  bysstintiic 
the  Htill  yellow  tjolution  of  ethylene-sulphocarbonate  in  fuming  nitric  aeid  with 


uate  of  bannni :  whereas  the  pure  acid,  saturated  in  like  mannn*,  yields  theaslndiw 
salt,   C*}I  *Ba"S^O*,  which  is  m(»re  soluble,  and  ciystalJisee  in  slender  ^»*mfA\mm 


prisms. 

The  cupric  salt,  C-H*Cu''S^0«.4HH),  forms  light-blue  numodinie  prisoik  «Urk 


give  off  J  of  their  water  at  100^^,  and  the  ro»t  at  170<>  (Husemann).— Tbe  k&l-9iA 
tiirms  easily  soluble  cr}'stalline  crusts,  containing  2C'U*Pb*90*.3HK)  (HnseBSDi;,- 
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%ee<MrdiiigtoBiicktoii  uid  Hofmann.  it  cryBfallises  in  thin  prisms  and  foar-sid«>d 
lamiiue,  and  its  solution,  when  quickly  evaporated,  dries  up  to  a  tough  gummy  mass. — Th«t 
tmoffmmim-Mit,  G'H*Mg*8H)*.6H'K),  crystallises  in  colourieBs,  easily  soluble,  mono- 
clinic  prisms  and  tables,  which  give  ofr  half  their  water  at  100^  and  the  rest  at  ISO^* 
(Husemann). — The  mercuric  soft,  C*R*ILg'S^O*.BBK>,  forms  long,  thin  monoclinio 
ynmtoa ;  the  mercurous  salt,  C*H*Hg*S«0»  H*0,  forms  white  crusts,  which  sejMurato  on 
vanning  into  an  acid  and  a  basic  salt  (Husemann). — The  zincsait,  C*Br*Zn''S-0". 
4H*0,  crystallises  in  nacreous  monoclinic  tablets,  which  do  not  give  their  last  atom  uf 
water  till  heated  to  176°.    (Husemann.) 

Appmdix  to   Ethylent-mtlphwruuB   Acid:    Sulphopboftonic    Aan,    C'H'^0*   ^ 

(SO)") 
C»HH)».80»  -  (C»Il*Or}-0»?— Produced,  together  with  ethylene-sulphunms  acid  (as 

H*  3 
abora  deacribed),  by  the  action  of  sulphuric  acid  on  propionamide  or  propionitrile.  Its 
ammonium-salt  remains  in  the  mother-liquor  of  the  ethylenc-sulphite  of  ammonium, 
and  may  be  separated  therefrom  as  a  syrupy  precipitate  by  addition  of  absolute 
aloohoL  On  boiling  the  dilute  mother-liquor  with  carbonate  of  banum,  and  concen- 
txBting,  solphopropionate  of  barium,  C'H*Ba"8^0*  (at  170°),  separates  in  cubie 
Bmnalea ;  or  if  the  solution  be  less  concentrated,  and  left  to  itself  for  twenty-four 
Eoors,  in  spherical  groups  of  silky  crystals.    (Buckton  and  Hofmann.) 

(SO)M 

aBet^|rlaBe-anlplinroiiaAoId«GH*SH)<  ==  (CH'r>0«.    DUulphmutholic Acid, 

H«  J 
Metkymh  Aad.  (Liebifl^  Ann.  Ch.  Fharm.  ziii.  35.— Wetherill,  Ubid,  Ixri.  122.— 
Strecker,  \fnd.  c  199.— Buckton  and  Hofmann,  ihid,  c.  129  ;  Chem.  6oc  Qu.  J. 
is.  241 ;  Jahresb.  1860,  p.  608.)— This  acid,  discovered  by  Liebi^,  is  produced : 
1.  Bythe  action  of  sulphuric  oxide  (anhydride)  on  ethylic  ether  (Liebig,  Wetherill, 
Strecker). — 2.  By  the  action  of  ^ming  sulphuric  acid  on  acetamide  or  acetonitrile 
(Buckton  and  Hofmann).  Its  mode  of  formation  by  this  second  method  is  ezsctly 
aimilar  to  that  of  ethylene-sulphuions  acid  from  propionamide  or  propionitrile  (p.  666), 
■nlphacetic  acid  being  formed  at  the  same  time  (p.  476). 

To  prepare  it  by  the  first  method  (which,  however,  yields  but  a  small  product),  sul- 
pharic  oxide  is  passed  in  the  state  of  vn].x)ur,  or  (preferably)  introiluced  in  the  solid 
atatAt  into  anhvnrons  ether  contained  in  a  cooled  vessel ;  tlie  rfoulting  solution  is 
abaken  up  with  water ;  the  watery  liquid,  separated  frr)m  the  ethereal  solution  of 
BCutnl  eUiylic  sulphate,  is  neutralised  with  carbonate  of  barium  :  the  methylene-sul- 
phite  of  barium  thus  produced  is  decomposed  by  excess  of  sulphuric  acid ;  the  filtered 
aolntion  is  boiled  with  curbonste  of  leaa ;  and  the  resulting  lead-salt  decomposed  by 
■olphuretted  hvdntten.     (Strecker.) 

By  evaporating  the  aqueous  solution  of  methylene-sulphurous  acid  over  the  water- 
liath  to  a  syrup,  and  leaving  it  to  cool  in  a  vacuum,  the  acid  is  obtained  as  a  mass  of 
tadiating  needle*  (Buckton  and  Hofmann);  when  left  over  oil  of  vitriol,  it 
■olidifies  in  long  needle-shaped  crystals  (Strecker).  It  is  very  deliquescent,  has  a 
WffT  aonr  taste,  and  is  not  decomposed  by  rather  strong  heating,  by  prolonged  boiling 
vita  nitric  arid,  or  by  passing  chlorine  into  its  Folation. 

The  methylene-sulphites,  (CH«)M»SK>«,  and  (CH«)M"S^-0-.  ;iro  easily  prepared 
bj  digesting  the  aqueous  acid  with  oxides  or  carbonates.  They  are  all  soluble  in 
vater,  but  insoluble  in  alcohol. 

The  amrnanium-gall,  CH'(NH*)'S*0*,  cry««talli8e«  in  neeilles  (Strecker)  ;  in  prisms 
of  97*^6,  bevelled  at  the  ends,  which  bear  a  heat  of  190^  without  diHMimposition. — The 
potaMiuiH'Mit  crystallises  in  shining  needles  or  cranulojt,  soluble  in  14  pts.  of  water  at 
82^  (Buckton  and  Hofmann). — The M>c/m/a-«n^/ crystallises  in  needles  (Strecker). 
—The  barium-foltj  €H'Ba''SK)*.2HK),  forms  nacreous  rectangular  plates,  which  give 
offtheir  water  at  160**  (Buckton  and  Hofmann):  at  140°  (Strecker). 

The  ca/irifs/r//,  obtained  by  precipitating  the  Imrium-SHlt  with  cupric  sulphate,  cry s- 
tallisefl  in  blue  rhombic  prisms,  containing  CIIK;;u"SH)'.6H*0,  which  eifloresce  and  turn 
whitish  on  exposure  to  the  air,  and  become  anhydrous  at  100°  (Strecker).  Buckton 
mad  Hofmann  obtained  a  cupric  salt  in  green  needles. 

The  neutral  lead-salty  CH«Pb'^K)*.2H«t),  obtained  by  boiling  the  acid  with  carbonate 
of  lead,  crystallises  in  large,  transparent,  colourless  rhombic  prisms  (in  small  square 
laminn,  according  to  Buckton  and  Hofmann),  which  give  ofiT their  water  at  100°. 
By  boiling  this  salt  with  plumbic  hydrate,  a  le*s  soluble  banc  salt  is  obtained,  sepa- 
lating  from  the  cooling  solution  in  ^colourless  crystals,  which,  after  drying  over  oil 
ef  Titriol,  appear  to  consist  of  C*H»Pb*S*0'*.H*0 ;  they  have  an  alkaline  reaction,  and 
ahenrb  carbonic  acid  from  the  air.    (Strecker.) 

The  sUver-saU,  CH'Ag'S'O*,  ciystalliscs  in  gruups  of  thin  needles  op  broad  plates, 
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\v-hich  may  bo  heated  to  150°  without  decomposition  (Buck ton  and  HofaAiiiiXVii 
Mricken  slightly  when  exposed  to  iJsht  (Strecker).  Its  concentrated  adatioD  ii » 
Ptantly  decomposed  by  ethylic  iodide,  yielding  aip^ntic  iodide,  alcohol,  and  bm 
methylene-solphuTous  acid,  but  no  ethereal  compound.  (Bnckton  and  HofBani.) 
The  rinc-saltf  which  is  produced  with  evolution  of  hydrogen,  bj  diaaoliing  noeiL  tLt 
aqueous  acid,  is  difficult  to  ciystallise,  and  is  not  precipitated  bj  aloohoL  (Borkioi 
and  Hofmann.) 

Vapbtbylene-anlpliiirova  Add,  C>"H"$'0<     -     (C'*H«)'^^SK)*.    Dimif^ 

naphtholicj  Thionaphthic^  or  Hjfposulpkanaphiholic  Acid.  (Bersaliua,  Ann.  Ck 
Phys.  [2],  Ixv.  290. — ^Laurent,  Compt.  chim.  1849,  pi  390. — Dnaart,  Gomptini 
Ixiv.  859.) — Benselius  obtained  this  acid  in  small  quantity,  toeether  with  utpbthTfed- 
phiirous  acid  (p.  560),  by  the  action  of  sulphuric  acid  on  naphthalene ;  and  lepuitcd 
the  two  by  the  different  solubilities  of  their  barium-salts,  the  naphthjlene-ffii}piD*jC 
being  the  more  soluble  of  the  two.  On  partially  saturating  the  diluted  solnKon  vi'i 
carl>onatc  of  barium,  the  naphthylsulphito  separates  out  first ;  and  on  ecmplf  ting  ihi 
saturation  ofthe  remaining  liquid,  concentrating  it  over  the  water-bath,  andmixicei: 
with  two  or  three  times  its  Tolume  of  alcohol,  the  naphthalene-anlphite  iadepoaiuda 
granular  crybtals  (Berzelius).  Dusart,by  usins  a  larger  proportion  of  frolpkc!; 
arid,  and  applying  a  stronger  heat,  has  sncceedod  in  converting  the  whole  of  'Ja 
naphthidenc  into  naphthylene-sulphurous  acid.  For  this  purpoee,  10  pta.  of  naphUulm 
HTv  strongly  heated  with  25  pts.  of  concentrated  sulphuric  acid,  tiU  a  sample  of  tk 
liquid,  saturated  with  a  strong  solution  of  sodic  carbonate,  remains  clear,  and  no  laager 
deposits  a  crystalline  precipitate  of  sodic  naphthylsulphite.  The  Bolntion  ii  tba 
diluted  with  water,  and  saturated  with  alkaline  carbonate ;  the  greater  part  of  th»  fol- 
phate  removed  by  crystallisation,  and  the  remainder  from  the  mother-liqiuxr  by  aiii- 
tion  of  alcohol.  The  evaporated  solution  yields  aystals  of  naphthjlene-siuphite,  vhia 
may  be  purified  by  recrystallisation. 

Naphthylene-sulphurons  acid,  separated  from  its  barium-salt  by  snlphuie  acid,(bM 
up  in  a  vacuum  to  a  brown  lamellar  mass,  having  a  sour  and  bitter  taste,  and  aihKc 
in  alcohol  (Berzeltns).  The  acid  is  dibasic.  The  naphthylene-salphit«i 
CioH'M'^'O*  and  C"II*M"SK)*,  resemble  the  naphthylsulphites ;  they  an  very  soIaUtb 
watfT.  but  in  general  less  soluble  in  alcohol  than  the  naphthylsulphites.  Theyhaveund 
flight  ly  metallic  taste,  bear  a  considerable  degree  of  beat  without  deoompositioe,  H 
at  very  high  temperatures  give  off  vapours  of  naphthalene,  with  a  09:1811  quaatitr  itf 
sulphurous  oxide  (Berselius).     They  are  decomposed  by   fnaion  with  hydnts  oi 

JH>ta8.sium,  with  formation  of  metallic  sulphite  and  the  potaaainm-aalt  of  naphthj 
enic  alcohol,  C'»H«0«     -     (C"H«)''H«0»: 


C'«H«K=S«0«  +  4KH0     =     2K*S0«  +  2HH)   +   C»«H«K»0«. 

Potasxlc  nanhthyl-  FoCassic  napb* 

eue-Bulpbite.  tbjlenate. 


The  naphthyleuic  alcohol  precipitated  from  its  potassium-salt  by  an  aeid,  and  fm- 
fied  from  accompiinving  tarry  matter,  by  solution  in  water  and  cxyatalliiatioB,  form 
hmall  rhombohedral  ciystals,  soluble  in  water,  and  easily  soluble  in  p^ash.  Thelinv 
sohition  instantly  bums  black  in  contact  with  the  air,  and  if  afterwards  neatitliffd 
yields  a  black  precipitate  of  an  acid  body,  which  in  strong  aolntions  solidiftea  toa  jeU^. 
(D  us  art.) 

yaphthylcne-^idphite  of  ammonium  is  obtained,  by  spontaneous  evapocatioB,  m  i 
frail ular  m;i8s  ;  its  solution  becomes  acid  when  evaporated  by  heaL — llie  patatmtm 
9^alt.  is  gRinuhir.  and  slightly  soluble  in  alcohol. — The  harium-ialt^  C'*H'Ba''SH)',  it  bit 
h1i};ht1y  soluble  in  water,  even  at  the  boiling  heat;  very  slishtly  soluble  in  alcohol  ;<■ 
I  va(K)ratiiig  the  aqueous  wlution,  it  remains  as  an  amorphous  maas  (Berxeliai).— 
Tht^  had'Salt,  C'«H«rb"S'0'.2H-0.  is  very  much  like  the  barinm-salt,  easily  solaUf  ii 
wattT.  but  nearly  insq^uble  in  alcohoL  It  retains  its  2  at,  water  at  100^,  Sot  gives  & 
upat220-.     ^^Laurcut). 

(s6)«  X 

Ybenylene-salptiiiroas  Aci^  C*H*S'0*  »     (C*HY(.0«     .     (TE^SraA 

Dhlphnh'tuoUc  Ai'iJ.  (Buck  ton  and  Hofmann,  Chem.  Soe.  Qo.  J.  iz.  SM.V- 
l>l>iu•'l^i.  ti^eiht^r  with  sulpliobenzoic  acid  (p.  486),  by  heating  benacmitiilf  (ptuBrlie 
cvani'Ie)  with  fuming  sulphuric  aoid.  The  product,  after  dBution,  ia  tzvatfd  wsk 
oarboiidto  of  barium,  is  in  the  preparation  of  ethylene-sulphnroos  aeid;  aad  tbi 
filtered  bolution  of  the  barium-^alts.  which  is  very  dark-colonred,  is  decompoicd  hj 
liulphurio  aoiil.  then  lx>iK'd  with  oxide  of  lead,  filtered,  and  treated  with  isIshTtibe 
acid.  Tlie  ai-id  li>juivi  is  tlicn  ttatumteil  with  carbonate  of  barionu  and  tbenfldtii; 
solution  treated  witli  aloohoj.  which  throws  down  first  snlphobenaoate.  and  aftemnii 
ph«MiylciU'-.Mul|i|i!re  ot  barium. 

riif  av.iil  is.  !i-  wv\ir.  nior*- easily  obtained!  by  hiah'n^  phenylbulphurons (•iiljJiohff- 
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■olie)  acid  (p.  663)  with  Aiming  sulphiiric  acid.  The  product,  is  very  dftrk-oolourpci, 
but  may  be  rendered  colourless  by  onTersion  into  a  lend-milt,  and  (H'paration  by  nuI- 
|4iydric  add.  The  liquid  saturated  with  carbonate  of  barium,  and  erapor:itt'<l.  yields 
'9kenylent-^ulpkiU  of  harium,  OH*Ba"S''0*,  as  an  appartntly  amnrphouN  mass,  which, 
DoweTer,  appears  distinctly  crystalline  under  the  microscope.  When  strougly  hiiitc<l 
on  platinum-foil,  it  bums,  with  evolution  of  sulphurous  oxide. 

y rtty  lene-aHlplmitma  or  Fropytone-siilpliiiroiia  Aeld«  C'H'S'O*  » 
fC'H*)H'SK)*.  Disu/pkopropolic  Acid. — Produced,  together  with  sulphobutyric  acid, 
i?*H*SO*,  by  heating  butyramide  with  fumins  sulphuric  acid.  The  bunum-ftults  of  the 
two  acids  are  both  Teiy  soluble  in  water,  and  very  difficult  to  separate ;  but  on  treating 
th«  concentrated  solution  with  absolut-e  alcohol,  the  sulphobutyrate,  C41"Ba''SH)^, 
■eparat«8  first ;  and  by  continued  fractional  precipitation  with  alcohul,  a  barium-salt 
Mat  length  obtained,  having  nearly  the  componitien  of  the  trity  le  no- sulphite, 
C*H*Bb"8*0*.  By  slow  evaporation  of  its  aqueous  solution,  it  is  obtaine<l  in  very 
minute  eiystala,  appearing  under  the  microscope  as  thin  pearly  plates.  (Buckton 
and  Hofmann,  Cnem.  Soc.  Qu.  J.  iz.  253.) 

Snlplrario  CUmiponnds. 

TnioziDB  OF  Sulphur.  Sulphuric  Oxide  or  Anhtdridb,  SO*. 
AukydroMi  Sulphurio  Acid. — This  compound  is  formed:  1.  By  th<;  direct  oxidation 
of  ralphmtms  oxide.  A  perfectly  dry  mixture  of  this  gas  with  oxygon,  subjected 
to  the  action  of  a  rapid  stream  of  eloctric  sparks,  slowly  diminishes  in  volume,  and 
deposits  sulphuric  oxide.  The  oxidation  may  also  be  effected  b^  passing  the 
miztnre  of  the  two  gases  through  a  red-hot  tube  containing  platmum-black  or 
platinised  pumice  (Piria,  Cimento,  ii.  293). — 2.  By  the  di>composition  of  acid 
'  Bolphatefl.  Acid  sulphate  of  sodium,  NalISO\  heated  to  dull  redness,  gives  off 
vmter,  leaving  the  anhydrosulphate,  Na»SO*.SO«  -  2NaHS0*  -  IPO ;  and  this 
compound,  distilled  at  a  higher  temperature,  gives  off  white  fumes  of  sulphuric 
•  osida,  leavinff  the  neutral  sulphate,  Na-SO*.  Ferric,  platinic,  antimonious,  and 
Infmuthie  smphates  also  give  off  sulphuric  oxide  when  heated. — 3.  By  the  distilla- 
.  tioin  of  fuming  sulphuric  acid.  This  liquid,  prepared  at  Nordhausen  in  Saxony,  by 
the  dry  distillation  of  dehydrated  sulphate  of  iron,  may  be  regarded  as  a  solution  of 
folphnric  oxide,  SO*,  in  tlie  stion^t  sulphuric  acid :  and  when  distilled  at  a  gentle 
heat,  giTcs  off  the  sulphuric  oxide  in  white  fumes,  while  ordinaiy  sulphuric  acid,  U-8(>^, 
Temains  behind.  The  sulphuric  oxide  may  be  condensi'd  in  a  dry  receiver  8urroundcd 
by  cold  water. — 4.  By  distilling  strong  sulphuric  acid  with  phosphoric  oxide  (an- 
hydride), sulphuric  oxide  then  passing  over,  and  glacial  phosphoric  acid  remaining 
behind : 

H»SO«  +  P»0»     =     2HP0*  +  SO*. 

Propertiet, — Sulphuric  oxide  crystallises  in  beautiful  white  slender  needles,  arrangod 

in  fentheiy  and  star-shaped  groups,  and  forming  an  opaque  mass,  rpsembling  a'tbestos. 

It  is  tough,  and  difficult  to  cut.     when  recently  solidified  from  the  liquid  or  gaFcouM 

■tate,  it  melts  at  about  18°,  but  quickly  psissos  into  another  modification,  in  which  it 

does  not  melt  below  100°,  volatilising  slowly  at  the  name  time,  and  returning  to  the 

fizat  modification  (Mar ignac,  Ann.  Ch.  Pharm.  Ixxxviii.  228).     In  the  meltcil  state  it 

ibnns  a  liquid  thinner  than  oil  of  vitriol,  and  probably  colourless  when  pure,  bnt  usually 

esbibiting  a  brownish  colour  from  the  presence  of  oi^nic  matter.   It  boils  at  3^)*^.   Thn 

specific  gravity  of  the  solid  oxide  is  1*9456  at  13*^  (Morveau)  ;  of  the  liquid,  1-97  at 

80^  (Bussy).    The  density  of  the  vapour  is,  according  to  Mitscherlichs  observation, 

.    32   +    3  .  16 
1-01 ;  the  calculated  density  u ^ x   00693     «     276. 

Reactions. — 1.  Sulphuric  oxide  has  a  most  powerful  affinity  for  water,  in  which  it 
dissolves,  forming  sulphuric  acid.  When  droppc'd  into  water,  it  hisses  like  rod-hot 
iron.  Wcwd,  paper,  and  organic  bodies  in  general  are  quickly  carbonised  and  dcatniyed 
by  it;  when  perfectly  diy,  however,  it  may  be  held  for  a  while  betwwn  tlie  fingers 
without  inconvenience,  but  it  soon  absorbs  moisture,  and  then  exerts  a  painful  corro- 
siTS  action. — 2.  It  does  not  alter  the  colour  of  litmus  or  any  other  vegetable  sub- 
stance, unless  moisture  is  present. — 3.  It  dissolves  without  alt«rjition  in  anhydrous 
«nrfoonic  disulphide,  forming  a  dear  solution,  which  fumes  in  the  air,  and  Boiidifiea 
■t  low  temperatures  to  a  deliquescent,  interlaced,  crystalline  mass. 

4.  Sulphuric  oxide  is  a  non-conductor  of  electricity,  and  is  not  decomposj'd  oven  by 
thecomnt  of  a  battery  of  14  BunsenV  element*.  But  when  dissolvfd  in  concentnito<l 
sulphuric  acid,  it  is  resolved  by  electrolysis  into  oxygon  at,  the  positive,  and  sulphur  at 
the  negative  polo.  With  certain  proiK>rtion8  of  the  acid  and  oxide,  piirt  of  th«»  sulphur, 
instead  of  being  separated  in  tho  frte  blalc,  reduces  the  sulphuric  acid  to  bulphurous 
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acid,  and  sulphurous  oxide  it  evolved  at  the  negative  pde.    (Oenthtr,  im.f^ 

Phann.  cix.  130.)  •  .  -  ,  , 

6.  Tho  vapour  of  sulphuric  oxide  ia  resolved,  at  a  strong  red  heat*  into  nuptaRi 
oxide  and  oxygen,  2  vols.  SO*  yielding  2  vols.  S0«  and  1  vol.  oxygen.— 6.  Piim^kmu 
takes  flru  in  the  vapour  at  ordinary  temperatores,  and  precipitatea  tho  ralphnr  m  tki 
form  of  a  thick  crust  (Vogel).— 7.  When  pkotpkontUd  hydraaa^as  is  fMsd  m 
sulphuric  oxide  at  ordinary  tempeiatuies,  snlphurons  oxido  ia  abundantly  avolved.  aad 
the  sides  of  the  vessel  become  coated  with  red  oxide  of  phoophoina  [?  amorpbois 
phosphorus]  ^H.  Rose).— 8.  Dry  sulphydric  aeid  deoompoMsa  ■olphnric  «ide,  wA 
formation  of  sulphuric  acid,  and  separation  of  aulphnr,  which  putlj  diaiohes,  wA 
blue  colour,  in  the  sulphuric  acid  (Geut  her): 

4S0*  -f   8H*S     -     8Hn30«  4-  8«. 

9.  Metallic  mrrcvry^  heated  with  sulphuric  oxide,  abatracto  put  of  the  an|H, 
fohning  sulphurous  oxide  and  mercuric  oxide,  which  unitaa  with  nndeeompoaed  nl- 
phuric  oxia<%  forming  mercuric  sulphate. — Red-hot  vnm  decompoaeo  the  vipon; 
forming  sulphide  of  iron  and  ferroso-ferric  oxide ;  sine^  imder  aimuar  cimuitftaixfi 
forms  sulphide  luid  oxide  of  sine.   (Albert  d*Heurense,  Ann.  Ch.  FhanB.  Ixviii.  24li 

10.  When  sulphuric  oxide  vapour  is  passed  over  anhydrooa  baryta  or  iimi  httXtA  t» 
low  redness,  combination  takes  place,  attended  with  vivid  incandoscenco,  and  the  hm 
IB  convprt(*d  into  sulphate. 

11.  When  dry  monotmfphide  of  potasrium  is  brought  in  contact  with  an  dens  d 
f\i»ed  sulphuric  oxide,  an  energetic  action  takes  place,  refoUing  ia  the  fafmatiw  d 
anhydrosulphato  of  potassium  and  sulphuric  oxide : 

6S0'  -t-  K<S    -    K'SO'JO*  -I-  4SO'. 


GaJUna  is  slowly  converted  by  the  liquid  oxide  into  solphata  of  laod,wfailo^ 

oxide  and  sulphur  are  set  free,  the  latter  dissolving  in  the  esoeM  of  snlphuieoniiai 

forming  a  blue  liquid : 

2S0«  +  Pb^S    -    Pb"SO«  •<-  80*  -I-  & 

Native  sulphide  of  antimony  dissolves  more  quickly,  with  hhie  ooloiBtioa  and 
tion  of  sulphurous  oxide  ancl  antimonious  sulphate,  which  aepazaloo  ■■  a  base 

dilution Ferrous  sulphide,  iron  pvritps,  and  copper  pyritaa  do  not  act  oo  fiind  at 

phuric  oxide.    (Oeuther,  Ann.  Ch.  Phann.  cxi.  177*} 

12.  With  prntack/orids  of  phospkoruit  sulphuric  oxida  yielda  osyehkridr  of  j/im 
phorus  and  sulphuric  chloride  (Schiff^  Ann.  Ch.  Phann.  cii.  Ill) : 

S0«  +  PCI*    -    POCl*  +  so«a«. 

1 3.  Sulphuric  oxide  dissolves  sufpkur  in  various  proportiona,  foraaii^  a  bravs.  i 
grtH>n,  and  a  blue  liquid,  the  first  of  which  contains  the  laxgoat  and  the  hurt  lib 
smallest  quantity  of  sulphur.  These  solutions  are  formed  by  plaeiag  flowers  of  ra* 
phur  and  sulphuric  oxide  in  alternate  layers  in  a  glass  tuba,  aealing  it,  and  hmba^  a 
to  16-^ — 19^  They  are  decomposed  by  water,  yielding  aolphwie  and  Hlphim 
acids  and  free  sulphur.     (Wach,  Schw.  J.  1.  1.) 

14.  Sulphuric  oxide  unites  with  a  tenth  of  its  weight  of  iodmeg  ^inmlng  ^  fflT«|ip«J 
of  a  fine  green  colour,  which  may  be  crystallised. 

16.  Vapour  of  nitric  peroxide  is  rapidly  absorbed  by  snlphnrie  osido;  and  if  tki 
action  bo  moderated  at  first,  b^  passinff  the  vapour  slowly  and  cooling  the  vesul,  ui 
finally  assisted  by  gentle  heatinff  till  the  sulphuric  oxide  beooooaa  aahuated,  a  vkili 
crrstalline  masH  is  formed,  fusible  without  decomposition  at  a  gontle  heat,  and  afftt- 
ing  nearly  in  composition  with  the  formula  NO*.SO'.  When  atran^y  heated,  it  df- 
compones,  with  evolution  of  oxygen,  and  a  small  quantity  of  nitric  paroaide;  aad  i 
the  heatinp:  be  dincontinued  as  soon  as  the  evolution  of  o^rgan  craiaa,  tliaia  nattiHi 
hiiril  cn'stiilline  compound,  similar  in  appearance  to  the  fbrmar,  hat  eonsifftiM  d 
N«0'.2SO»  =.  2(N0*.S0«)  -  0  (Weber,  Pogg.  Ann.  cxxiii.  SS7:  JafanaK  IM*. 
p.  \f)f)). — This  lattrr  compound,  which  msy  tM  regarded  aa  anhydwalphtt  d 
nitrosyl  or  azotyl,  (NO)-.SO'.SO*,  is  likewise  obtained,  aoeordii^  to  De  h 
Provosta  ve  (Ann.  Ch.  Phys.  [2],  Ixxiii.  362),  by  passing  tha  Tapoor  of  aitxir  pa- 
oxide  into  liquid  sulphurous  oxide : 

2S0^  +   4N0«     »     (NO)'S»0»  +  TPO'; 

and,  according  toBriining  (Ann.  Ch.  Pfaarm.  xcviiL  377)»  1^  tha  actioo  cf  bBb 

oxide  on  sulpliuric  oxide : 

3S0«  +  2N0     »     (N0)«8K)»  +  80«. 
16.  A  compound  of  sulphuric  oxide  with  nitrous  cA/oride,  VOCUO*,  is  otearf 
by  passing  the  vapours  evolved  from  nitromuriatic  acid,  aad  driad  by  cUonb  d 
aalcium,   over  sulphuric  oxide  till  it  is  saturated.    Ihia  oompoiind  if  w^iU  ui 


-JCIIUV  ({niimiu-cijr»i«iiiir  luius.  ituuju    u   ijiut^ij  umuuuwu    u]  wauai,  wilu 

uon  of  iudine.  B;  absoluM  akohul  it  is  quickly  nwlrcd  into  snlpbiuic  and 
lidi*.  With  alooholic  potaih  it  fornu  iodUs  uid  lulpluta  of  potaMioiii.  fitmng 
rie^ddnM  not  act  npon  it  ti.  ordinary  temperaturea;  hjtboeUoric  acid  dig- 
it, aitb  aTolntiaQ  of  chioriao,  ud  formation  of  chloride  of  iodiiit.  iKimmstii, 
Chm.  Ixxdi  7S  ;  Jnhiwb.  1861,  p.  134.) 
itifii  in  I  ti'i  Oxide  or  AnhgdritU, — Tapoar  of  aulplmrio  oxide  a  ibtoAti  by 

MMic  oxide,  fonning  a  yellow  gummy  man,  *tucb  diuolre*  in  wUei ;  the 
O,  vfaen  neutraltwd  with  haryta-nter  and  filtered,  yields  eryitala  of  baiio 
mIbI&  (Schiitienbarger,  Compt.  lend.  liiL  fiSB  ;  Jahretb.  ISSl,  p.  ii9.) 
iksrie  oiide  nnittn  with  nectte  aeid,  iemoie  aeid,  and  many  other  OTganie  acida, 
I  mlphaccUo  acid,  (?H'0'.SO",  eulphobenzoie  add,  C'H'O'.SO',  Sk.  ;  and  with 
^incarbimt,  forming  aulphoocid*,  which  may  be  regarded  ai  autphnnraa  ethera 
I):  u.,  wilh  beniol,  C*U',  it  forma  Bolphobeniolie  or  phenyUulphnioua  add, 
r  -  (SO)".CH'0.HO,  &a. 

rsmipttirK  OrUt  or  Ankydridt,  E!K)*G1*,— Thia  compound,  Biat  obtained  by  H. 
jgr  tba  action  of  aulphnric  oxide  on  dienlpbide  of  rhlorine  (p.  6SS),  ia  alao  pro- 

HHuding  to  Soaenatiehl  (Camj>t.  rend.  liii.  668),  by  heating  Bul[diuric 
■itb  diy  polTeriaed  ehlurida  of  aodiom,  diatiUIng,  and  redj^in^  to  nmora 
*  tneea  oT  anlphuiie  oxide.  It  ia  a  colonrleaa  oil,  of  ap«c&  grarity  1-763 
■•tichi);  1-818  at  lS°(BDae):  bulling  at  U£°  (Koae),  between  145°  and 
Kos'tnatiehl),  It  ia  Tiolmtly  decompuaed  by  water,  and  quickly  chan 
]  bodiea.  With  nuinsaaatas  it  erulvea  chloiine ;  with  alhalina  cbnunatM  it 
f*!"™*'-  oxychloridt^  CK)*C1' : 

K-CiO*   +  SWa*     -    K'SH)'  +   CrOSn'. 

liy  iMtate  of  aodinm,  it  forma  chloride  of  aeelyL  (Boaenatiehl.) 
nuiio  AoiD.  H'SO*  -  H'O.SO'  -  *^''(0'  -  (30»)-.H0.H0^nu» 
boportazit  acid  is  produced,  aa  already  obaerred,  by  the  hydiatieo  of  tlie  aohy* 
br  the  decotnpoaitian  of  anlpburie  chloride  ;  by  the  oxidation  of  aulphnr,  anlphj- 
rid,  and  aulphnrooa  add  ;  and  by  the  dectmipooitioB  of  the  polythionic  adoa 
I). 

Hro/iM. — By  tkt  ozidatiim  of  Svlpitiroia  Acid. — Bulpbuife  acid  ia  prodDcod  by 
I  Boiat  anlpbnraua  (nide  and  air  through  tubea  containing  apoDgy  plstiuDm 
to  low-rsdnaoa.  BoIpbaroDa  add  ia  alao  alovlj  converted  into  aidphuiic  add 
[•  nposure  to  air,  and  immrdistely  by  treatment  with  powerfai  oxidising 
Hie  enormfnia  qaantitiea  of  aulphnne  acid  manufoctnrcd  in  this  country  (more 
)0,000  tons  annually),  are  made  by  btuning  sul)Atir  or  toaatiog  pyrites,  and 
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ftnhydiosulphate  of  nitrosyl,  (NO)'SK)',  which,  together  with  certain  other  Milrhvf 
of  nitrosyl,  formed  from  it  by  the  action  of  water  and  of  the  sulphuric  acid  uriwiy 
produced,  is  deposited  as  a  wmte  crystalline  mass  on  the  sides  of  the  ressel  ur  cfciei- 
ber  in  which  the  reaction  takes  place.  The  formation  of  these  cryatulline  coiu;<4(ut3i 
is  not,  however,  a  necessary  stage  in  the  process,  and  in  fact,  when  steam  is  l«t»> 
introduced  into  the  chamber  (as  in  the  present  mode  of  making  the  acid),  it  dues  not  ub 
place  at  all. 

The  exjict  changes  which  nitric  oxide,  sulphurous  oxide,  oxygen,  and  water und/i^ 
in  presence  of  one  another,  have  been  minutely  studied  by  seyml  chemists,  particdc.j 
by  FroYostaye  and  Desains,  but  without  any  very  definite  results.  The  defcriptvo 
aboTe  given  must  indeed  be  considered  rather  as  a  general  than  a  strictly  acriK* 
account  of  the  reaction.  (Soo  GmefirCs  Handbook^  ii.  445 — 451 ;  also  W  eber,  JshmL 
1863,  p.  738;  1865.  p.  93 ;  Bull  Soc  Chim.  1867,  L  151.) 

In  the  manufacture  of  sulphuric  acid  on  the  laige  scale,  snlphnr  is  burnt  slov'.y  .ji 
an  iron  plate  forming  the  floor  of  a  sort  of  furnace,  the  amount  of  air  admitted  bej^ 
regulated  by  mejvns  of  a  smaller  iron  plate  forming  the  door  of  the  fhrnace,so  tLii  :> 
sulphur  wiien  once  ignited  may  go  on  burning  and  producing  sulphurous  ozidr  «:Jt 
tolerable  uniformity.     Upon  Uie  iron  plate  on  which  the  sulphur  is  burnt  ii^  a^^* 
placed  an  iron  pot  containing  a  mixture  of  nitrate  of  sodium  and  sulphuric  acid,  vsii 
continues  to  generate  nitric  acid  for  some  time.    The  sulphurous  oxide  and  nitrii.-  %t.A 
vapour,  from  one  or  several  furnaces,  are  conveyed  by  means  of  fluen  into  a  hsp 
lewlen  chamber  having  a  capacity  of  from  50,000  to  100,000  cubic  fed  or  no. 
Within  this  chamber,  into  which  steam  is  admitted  continuously  by  several  j«tK  t> 
reaction  chiefly  occurs.     The  nitric  acid  is  soon  reduced  to  nitric  oxide,  after  vil : 
the  succession  of  changes  already  pointed  out  takes  place ;  and  dilute  snlpharir  lod 
collects  on  the  floor  of  the  chamber,  whence  it  is  drawn  off  into  leaden  eraponii:^ 
pans.    The  vapours  escaping  from  the  large  chamber  are  nsuallj  passed  into  otr  or 
two  smalliT  subsidiary  chambers  also  supplied  with  steam.      In  these  a  fnztber  ff> 
dentation  occurs,  and  a  still  weaker  add  is  produced,  which  is  ran  back  into  the  bip 
cliamber  to  become  more  concentrated.    In  some  manufactories,  the  Tapoors  froa  lii 
subsidiary  chambers  are  then  passed  through  coke-scrubbers — that  is,  tluongh  eolm 
{•acked  with  coke,  over  which  water  is  constantly  pouring ;  and  here  a  further  eno  jk- 
sation  occurs,  and  a  very  dilute  acid  is  produced,  which  is   pumped   up  into  lb 
subeidiaiy  leaden  chambers.  In  a  few  factories,  Gay-Lussoc's  scmbber  is  used  iutnd 
of  the  water-scrubber.    The  coke  in  this  case  is  kept  moistened  with  roDcenCrttri 
sulphuric  acid,  which  completely  absorbs  the  nitric  oxide  gas.   The  acid  is  then  {ai^ 
into  a  second  similar  scrubber,  in  which  it  is  robbed  of  its  nitric  oxide  by  mcuitf 
the  sulphurous  oxide  proceeding  from  the  burning  sulphur.     In  a  theoretically  ^rm 
o^teration,  there  should  be  no  final  escape  into  the  atmosphere  of  any  other  gattao 
th»*  nitrogen  of  the  air  admitted  into  the  furnace,  and  thence  into  the  chamber ;  bol  n 
practice  a  small  quantity  of  sulphurous  or  nitrous  gas,  or  both,  escapes  condeiasfzitt, 
although  the  amount  of  sulphuric  acid  finally  pxoduoed  osuallj  appnainuia  lar 
closely  to  the  theoretical  quantity. 

The  arid  withdrawn  from  the  leaden  chambers  has  generally  a  speciflcgiavitTofafcrs 
1-55.   By  evaporation  in  a  series  of  shallow  leaden  pans,  its  specific  ffravicy'is  zw-^ 
to  altove  1*7.   This  acid  is  usually  dark-coloured,  from  the  presence  of  organic  narttr, 
and  is  teohnicall}  known  by  the  name  of  "  brown  arid."    The  further  coDeni;n.vi 
has  to  be  effected  in  retorts  of  glass  or  platinum.    With  glass  retorts  the  opi*ntua  k 
intermittent.    A  number  of  large  glass  retorts  are  heated  on  a  sand-bath  uxtil  *i' 
n-quiMte  concentration  is  attained.     Throughout  the  process,  a  diluted  sulphanori 
ciMitaining  sulphurx^us  acid  from  the  reaction  of  the  oiganic  matter  and  sulphuric  v^.l 
disrils  ovor.     This  is  returned  to  the  leaden  chamber,  and  the  concentrated  ookuitfa 
aoid  i«  si^'hone«l  off  from  the  retorts  into  carboys.    With  a  platinum  retort  the  proM*  j 
(vntinuous.     Brown  acid  is  constantly  admitted  at  the  top,  oonoentzated  acid  v;t> 
drawn  mmi  the  Ivttom.  and  diluted  sulphuric  acid,  with  sulphurous  acid,  distillfvj  uff 
into  n\<eivorsi.  wht-nce  it  is  pumped  back  into  the  chambers.     In  commerce,  th*  n >^ 
(vntrated  c>'>l«>urless  aoid.  having  a  specific  grarity  reaching  to  l'842y  or  approaufluJc 
viTj-  oli>s»^ly  rhtreti\  i«  alone  known  by  the  name  of  " oil  of  vitriol." 

Tho  pnvess  .ibovr  diSi'r:Hxi  is  subftantially  the  same  as  that  introdocfd  ItP:. 
KiH'bu.-k  .  l->u*  :he  vr.'ir  1720.  It  i?  known  as  the  English  mode  tif  manufiictoR. ud 
t!io  pnhui.'t  i>  .alU'd  •■  Er.^!;<h  oilof  vitrioL"  This  oil  of  vitriol  always  contaiD»M 
«!\'l  rot  '.intSoj'.urT'y  othi»r  impurities  chiefly  arsenic  and  nitrons  or  nitric  sod.   By 


ililufinj  it  w*.th  wnt'T.  the  le.ui  is  thrr-twn  down  as  a  white  prwipitate,  which  bccoshi 
\A,\y\  iv  ;':o  r»c^:«-'n  of  sulphuretted  hydrngen.  The  arsenic  maybe  rtcognifid  ly 
lvi«:ns.*?»v  or  M.ir>hV  '•  sTs.  ii"  by  neutmlising  the  diluted  acid  with  carbonate  of  potv- 
f!':ni.  tiU'rit'L'  r-^.*i:  t'>-  rr>u*ti:ig  sulphate  of  ptitas^ium,  and  treating  the  acidBliI^ 
fil'r.tre  with  >r.'j«i.Mr»''r.^l  l:ydp  m»  n.  when  a  yellow  precipitate  will  be  pnWuNd  Tl* 
]!iUvu>  vir  ULiric  .i^i.i  kwh  l«  detected  l>v  pouriic  in  a  dilute  holiilioa  of  MilrbaU  vl 
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BOD,  to  M  to  floAt  on  the  top  of  th(«  add.  Where  the  two  liquids  mrof,  a  browiiinh. 
jmrple  nng  of  diMoloraHon  will  be  prodyced.  The  addition  of  »«ulphide  of  barium  to 
arsenical  rolphunc  acid  producea  a  precipitate  of  mixe<1  sulphide  of  aiwnic  and  sulphate 
of  barium,  which  may  be  scparatoa  by  subsidence  and  decantation.  The  acid  may  be 
puriflcd  from  arsenic  by  heating  it  nearly  to  the  boiling-point,  and  passing  u  cum-nt  of 
Iiprdroehloric  acid  gas  through  it;  whereby  the  arsenic  is  curried  over  as  Tolatile  chlo- 
ride of  arsenic,  while  the  nitric  and  nitrous  adds  are  expelled  almost  completely.*  The 
nitrons  or  nitric  add  may  also  be  entirely  decomposed  into  water  and  nitrogen-gas,  by 
beating  the  add  with  a  little  sulphate  of  ammonia ;  and,  lastly,  by  distiUing  the  mil- 
phnric  acid  after  the  separation  of  the  arsenic  and  nitrous  acid,  it  may  be  obtained  quite 
pure.  The  distillation  mnst  be  effected  in  large  retorts,  heated,  not  at  the  bottom,  but 
■omewhat  at  the  sides,  to  avoid  the  yiolent  percussive  ebullition  which  results  from 
directly  heating  the  deposit  of  sulphate  of  lead  which  gradually  forms  at  the  bottom  of 
the  retort  The  vapour  of  oil  of  vitriol  has  a  very  small  latent  heat,  unil,  under  any 
arenmstances,  the  ebullition  of  the  add  is  somewhat  percussive.  The  presence  of 
platinnm-dippinga  in  the  retort  prevents  this  action  to  a  oonsideruble  extent. 

Aocordins  toNicklis  (Compt.  rend.  xlv.  250;  Jahresb.  1857,  p.  119),  comroerdal 
oil  of  vitriol  often  contains  hydrofluoric  acid,  but  may  be  freed  therefrom  by  diluting 
it  with  twice  its  bulk  of  water,  and  gently  heating  it  for  abont  fifteen  hours — the 
l^ydzoflvoric  acid  then  volatilising. 

For  ftirther  details  respecting  the  manufacture,  purification,  and  concentration  of 
rndphnrie  acid,  see  Richardson  and  Watts  s  Chemical  Technology,  vol.  i.  pt.  i.  pp. 
51»117»  and  pt.  v.  pp.  198-222. 

PrcptrtkB  and  Beactions, — Pure  oil  of  vitriol,  or  normal  sul|)hurlc  acid,  IPSO*,  is 
m  hearr,  oily,  colourless,  inodorous  liquid,  having  a  specific  gravity  of  1*842.  It  l>oil8 
mt  327^,  and  freezes  at  —  35®.  It  is  veiy  hygrometric,  and.  when  exposed  to  moist  air, 
vill  even  double  its  weight  in  the  course  of  a  few  days.  Hence  it  is  in  coni«tant  requi- 
•itkm  aa  a  desiccating  agent  It  abstracts  water  from  many  organic  substances,  and 
thereby  gives  origin  t » new  compounds.  Thus  alcohol,  acetone,  formic  acid,  glycerin, 
&&,  when  dehvdrated  by  sulphuric  acid,  produce  olefiant  gas,  mesitylcne,  carbonic 
ludda,  and  acrelein  respectively.  In  many  cases,  the  organic  substances  acted  upon  by 
■nlphnric  add  are  completely  broken  up  or  destroyed ;  as  is  especially  the  case  with 
woody  fibre,  sugar,  and  bodies  of  allied  composition,  which,  by  the  loss  of  water, 
bceomo  thoroughly  charred  or  carbonised.  This  charring  effect  of  strong  sulphuric 
add  is  highly  characteristic.  The  diluted  add  slowly  destroys  oiganic  fibres,  without 
diarring  Uiem.  But  tissues,  moistened  with  dilute  sulphuric  acid  and  then  heated, 
baoome  charred  from  the  concentration  of  the  add  which  gradually  takes  place.  The 
admixture  of  the  strong  add  with  water  is  attended  by  a  great  development  of  heat. 
On  mixing  4  parts  by  weight  of  oil  of  vitriol  with  1  part  of  water,  the  temperature 
riaea  from  0®  to  100^.  Ino  cooled  mixture  of  water  and  acid  occupies  a  volume  con- 
■iAerably  less  than  that  of  the  two  separate  liquids. 

Sulphuric  add  is  reduced  to  sulphydric  add  by  passing  its  vapour,  with  excess  of 
Aytfrv^SN,  through  a  tube  heated  to  redness. — Phosp/ionm  takes  fire  in  sulphuric  acid 
Taponr,  and  libentes  sulphur.  At  increased  temperatures,  not  only  ;t»c,  iron,  copjter, 
9wmi7yf  miner,  and  most  of  the  metals  save  gold  and  phitinum,  but  also  charcoal  and 
mdphur,  exert  a  reducing  action  upon  strong  sulphuric  aeid,  and  evolve  sulphurous 
add.  AH  the  metals  of  the  zindc  and  ferric  families,  with  the  exception  of  copper, 
readily  displace  hydrogen  from  the  diluted  add  to  form  their  respective  sulphates  of 
metal.  At  ordinary  or  somewhat  increased  temperatures,  sulphuric  add  decomposes 
the  salts  of  nearly  all  other  acids,  with  production  of  the  corresponding  sulphates,  and 
libenition  of  the  respective  adds.  By  its  action  on  certain  highly-oxidised  metallic 
cmnpoanda,  such  as  the  peroxides  of  lead  and  manganese,  and  the  manganic,  chromic, 
and  ferric  acids,  or  their  salts,  it  produces  sulphates  of  the  respective  metals,  with 
crrolurion  of  oxygen-gas.  Sulphuric  acid,  like  the  anhydride,  absorbs  nitric  oxide  pts, 
fcirraing  a  crystalline  sulphate  of  nitrosyl  (p.  577)t  which  dissolves  unchanged  in  an 
fsccaa  of  add.  The  vapour  of  sulphuric  add  is  decomposed,  at  a  red  heat,  into  water, 
aulphnrous  oxide,  and  oxygen. 

Sulphuric  add  reacts  with  a  large  number  of  hydrogenised  bodies,  alkaline,  neutral 
mnd  acid,  to  form  new  compounds  by  the  elimination  of  water.  The  typical  reactions 
are  the  following: 

(1.)      H*SO«  +  2A  -  2H«0     -     X. 

In  aocoidanoe  with  this  reaction,  the  neutral  sulphates  of  ethyl  and  phen^rlf 
also  sulphobenzide  and  tnlphonaphthalene,  are  formed  by  the  action  of  sulphuric  add 

•  On  the  preparatinn  ofmlphurlc  »cld  free  frmn  uni-nlp.  for  medlcr».Vr*1  fHirpoM^.  le*  B|ox  am 
iChem.  Soe.  Qirj.  xt.  M)  ;  aliu  B u f  gn  v  t  and  li  ii  s » }  ;J.  I'l  arm.  [:»]  *li*.  177  i  xW\.  Mi ;  Jahrrib. 
lifia,  p.  151  ;  lS64.p.  144). 


574         SULPHUR:    OXIDES  AND  OXTGEN-ACID&. 

upon  alcohol,  phenol,  benzene,  and  naphthalene,  lespeetivdj.    AU  theee  {Ndaeti  m 

neutral  in  their  properties. 

(2.)    H»SO«  +  A  -  H«0     -     Y. 

In  accordance  «nth  this  reaction,  sulphanilic  acid,  ethylaulphiiiie  acid,  pheoTW- 
phuric   acid,  phenylsulphurous  add,  and  naphthjlsulphuroua   acid   ue  fonwd  If 
the  action  of  sulphuric  acid  upon  aniline,  aloonol,  phenol,  benaenev  and  oaphthalne, 
rt* ftpeetively.     All  these  products  have  the  properties  of  monobasic  acida.     Solpkoric 
acid    also  reacts,  in  accordance  with  the  above  equation,   upon  benaoic  and  oths 
mouobasie  acids ;  but  then  the  products  of  its  action  (sulphobenxoie  add,  for  instaix») 
have  the  properties  of  dibasic  acids.    The  rule  which  applies  to  all  sneh  reactiooa  ti 
those  now  under  considoration,  is  that  the  basidty  of  the  nrodnet  eqnala  the  tarn  of 
the  basidties  of  the  reagents,  minus  as  many  units  of  basudtj  ••  there  an  atomi  of 
water  eliminated  (see  Acids,  i.  49). 

(S.)    2H»S0*  ^-  A  -  2H»0     -     Z.- 

In  accordance  with  this  reaction,  methylene-snlphurooa,  ethylene-snlphnroiia,  nqib- 
thylene-salphurous,  and  phenylcne-sulphurons  acids  (p.  661),  also  dianlphaailic  acid 
(p.  479X  have  been  oUained.  AgrecaMy  to  the  above  rule,  all  these  prodaets  hsn 
the  properties  of  dibasic  adds.  In  the  actual  reactions,  Nordhaosen  acid,  or  evn 
sulphuric  anhydride,  is  fi^equently  employed. 

Hjfdrates  o^  8u/pkmric  Acid, — There  are  two^  if  not  more,  wen-defiDedhydntM  «f 
sulphuric  add — namely,  the  monohydrate,  H'SO^H'O,  and  the  dihjdrate,  H*SO* JH^ 
Th<>  first  compound  has  a  specific  gravity  of  1*78,  and  solidifies  at  8**  or  9^,  fanatf 
a  mass  of  colourless  six-sided  prisms,  whence  it  is  called  glacial  sulpharic  acid 
It  boils  at  205^ — 210°,  giving  off  a  weak  add  vapour.  It  ma^  be  obtaiaed  by  enp»> 
ratiug  any  dilute  sulphuric  add  at  a  temperature  of  205^,  until  it  ceases  to  lose  wmml 
The  second  h^iate  results  from  the  mixture  of  1  at.  oil  of  ▼itriol  with  8  ak  wtto, 
This  proportion  corresponds  with  the  maximum  condensation  (naarlj  8  per  ent) 
which  results  from  the  union  of  the  acid  and  water.  Its  ^edfie  giKwitj  is  1*61  It 
boils  at  193'',  giving  off  nothing  but  water  until  the  temperature  rises  to  S06^.  It  wtj 
be  obtaiaed  by  evaporating  any  more  dilute  add  at  100°,  until  it  cesses  to  lose  satai 
jBoth  these  hydrates  dissolve  snow  with  production  of  intense  cold. 

Fumim^  Sulj^hurie  Acid, — ^TUs  is  a  mixture  or  compound  of  snlphiuie  add  aad 
eul{^ufic  nnhydnde,  obtained  by  the  decomposition  by  heat  of  eestain  snlphateL  1^ 
anhydnaulphates  of  the  alkali-metals,  H'-SO^.SO',  and  the  sulphates  of  tlie  triatonie 
metals — iron  (fierricum),  bismuth,  antimony,  &c. — when  subjected  to  dry  distiDatioc, 
give  off  sulphuric  oxide  or  anhydride  (p.  569),  and  if  moisture  is  pivsent,  pan  of  thi§ 
*co«pound  iH  converted  into  sulphuric  acid.  At  Nordhausen,  in  Saxony,  an  impaR 
ffirric  sulphate,  obtained  by  exposing  ferrous  sulphate  (green  vitriol)  to  a  modmte 
S»e>it  in  contact  with  the  air,  is  distilled  in  earthern  retorts  arranged  in  a  reverlrrat- 
ory  furnace ;  and  the  distillate,  consisting  chiefiv  of  sulphuric  anhydride,  is  rsreiTai  is 
a  small  quantity  of  water  or,  more  frequently,  in  ordinary  oil  of  vitrioL  The  prodoct 
thus  obtained  is  a  heavy  brown  oily  liquid,  known  as  Nordhausen,  or  Saxon,  ur 
fuming  oil  of  vitriol.  It  has  a  specific  gravity  of  1*9,  a  composition  coirfspoiidiag 
nenrly  with  the  formula  H'SH)',  or  H*SO\§0',  and  is  probablv  a  definite  cosipoaad 
analr>gou8  to  the  metallic  anhydrosulphates  above  mentioned.  It  solidifies  at  (P, 
forming  colourless  transparent  crystals.  When  gently  heated,  it  breaks  up  into  n]> 
phuric  oxide,  SO',  which  distils  over,  and  sulphuric  add,  H'SO*,  which  remaioi. 

According  to  R.  Miiller  (Ann.  Ch.  Pbarm.  cxxii.  1 ;  Jahresb.  1882,  p.  93),  a  cm* 
tallinc  compound  of  this  acid  with  nitric  peroxide,  containing  li'"5PO'.N*b',  is  pnidtM^d 
>iv  the  action  of  nitric  peroxide  in  excess  on  onlinaiy  concentrated  sulphuric  arid: 
ail'SO*  +  2N0^  =  ir-SO'.N-'0«  +  BK>.  it  diswlves  in  concentrated  wm 
riradily  than  in  dilute  sulphuric  acid,  and  separates  unaltered  on  dilating  thefixBir 
solution  with  water. 

lines  of  Siiiphuric  Acid. — Sulphuric  acid  is  the  starting-point  of  nearly  all  iiapor 
tant  chemical  nianufiu-tures.  It  is  liii^ly  used  in  the  preparation  of  nitric  addfiva 
the  nitrates  of  potafttium  and  sodium,  of  hydrochloric  ada  and  chlorine  tnm  dikridi 
of  PodiuD),  and  consequently  in  the  preparation  of  various  bleaching  eonpoaodL 
SuporphoHphate  ol  lime  and  artificial  manures  generally,  of  whi^  many  tbooMod  tcsf 
arc  annually  consumed  ui  this  country,  are  maa«  by  the  action  of  sulphuric  add  m 
bonr'8.  cuprulite8,  &c.  But  the  preatcst  consumption  of  this  acid  is  in  the  manufiKtoe 
of  Bulptmtefi,  i-speciully  of  sulphate  of  sodium  from  the  chloridsb  whidi  is  tha  fas 
step  in  the  niHiiufacture  of  commercial  soda  or  carbonate  of  sodium.  It  is  also  laigrlj 
nse<l  for  dissolving  Hilrer-alloy.  The  fuming  acid  is  used  chiefly  for  diisnlri^ 
in<li;2ro,  the  solution  constituting  the  important  dyestuff  called  Sazony-bloe  (iiL  2o8> 
(0  (11  i  n  g *  s  Manual  of  Ckemistrj/.) 


8JJLFHUBIC  ACID. 


Far  othrr  Ublei   of  ihe  ttrcngth  of   nlphnric  ncid,  gee  Kichardioi]  nnd  Wotu'l 
IcmrW  TreiMolcss,  TX)I.  L  pt.  T.  pp.  S1&-S2U. 

Btrimtivu  of  Sulpkitrie  Acid. 
8Tii.FHDRiaBB<  BrmKimUphmie  Jdd, 

■Pivpond  lika  iht  t  white  crriUlliii*  inij, 

hieh  ToluiliiH  at  io  a  «(iled  tab*  with 

iMM  of  ailTvr-wlp)  stde.SO'Br'  +  Ab'SO* 

,  aAgBr  +   S0\    ,  „  .     ,        Til.  2.) 
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SuLPHUBioCHLORHTDBATa,  HCISO*  «•  (^T|hO*     OklofkydroBulpkurwi 


(HO)«SO«  +  PC1»     -    C1(H0)80«  +  Ha  +  P0C1». 

It  is  also  produced  by  the  action  of  water  on  sulphuric  chloride : 

a'SO*  +  HK)     -     C1(H0)S0«  +  RCl; 

by  the  direct  combination  of  hydrochloric  acid  gas  and  sulphuric  oxide ;  and  by  the 
action  of  platinum-black  on  an  imperfectly  drioi  mixture  of  dilorine  uid  sulphnrDUf 
oxide.  It  appears  also  to  be  identical  with  the  com^und  which  H.  Boee  obtained  by 
distilling  disulphide  of  chlorine  with  fuming  sulphuric  acid  (p.  535). 

Sulphuric  chlo^hydrate  is  a  colourless  liquid,  which  boils  at  145^,  and  is  at  the  same 
time  partially  resolved  into  sulphuric  acid  and  sulphuric  chloride :  2HC1S0'  »  H^* 
+  CI^O'. — By  pentachloride  of  phospkoruB  it  ib  converted  into  sulphuric  chloride.^ 
When  poured  into  watery  it  sinks  to  the  bottom,  and  graduslly  dissolves,  with  forma- 
tion of  sulphuric  and  hydrochloric  acids.  It  has  decidedly  add  properties,  and  forms 
definite  salts,  in  which  its  hydrogen  is  replaced  bv  metals :  thas  it  dissolves  ektoridt 
of  godrnm  at  a  gentle  heat»  with  evolution  of  hydrochloric  acid  and  formation  of  the 
salt  NaClSO*.— With  nitrate  of  sodium,  it  yields  sulphate  of  sodium  and  chloride  of 
nitryl: 

Na(NO«)0  +  HCISO*     «     NaHSO*  +  NO«a 

Ethyl-  and  phenyl-compounds  analogous  to  sulphuric  chlorhydrate  are  produced  by 
the  direct  combination  of  ethylic  and  phenylic  chloride  with  sulphuric  oxide. — Tht 
ethyl-compownd,  CHK/ISO',  is  a  colouriess,  oily,  pungent  liquid,  heavier  than  water, 
at  the  bottom  of  which  it  will  lie  for  weeks  without  thoroughly  decomposing.  Sal* 
phuric  and  hydrochloric  acids  may,  however,  be  detected  immediately  after  its  immer- 
sion, and  on  neutralising  the  liquid  with  baryta,  a  soluble  barium-salt  is  formed, 
probably  the  ethylsulphate. — ^A  similar  compound  is  formed  by  chloride  of  metk^, 
and  apparently  also  by  chloride  of  acetyl.  (R.  Williamson,  Chem.  Soc  Qu.  J.x  100.) 

The  phenyl-compoundt  CHK^ISO*,  is  a  liquid  whidi,  when  treated  with  exeeos  of 
milk  of  lime,  forms  a  soluble  calcium-salt,  C"H*Ca"Cl'S*0*i  which  separatee  on  evapo- 
ration in  flat  tabular  crystals.    (Hutch ings,  Chem.  Soc  Qu.  J.  x.  102.) 

Sulphuric  Chlobidb,  80*01?.  Chloride  of  Sulphuryl,  Stdphurie  CUoratd^ 
hydt,  Chlorondphuric Add,  (Regnault,  Ann.  Oh.  Phys.  [21,Ixix.  170;  Ixxi.  445.— 
A.  W.  Williamson,  Proc  Roy.  Sm*.  vii  ll.)-^This  oompouno,  which  may  be  regarded 
as  sulphuric  acid  in  which  2  at.  HO  are  replaced  by  2  at.  01,  was  disoovered  by  Reg- 
nault, who  first  obtained  it,  mixed  with  chloride  of  ethylene,  bv  passing  dry  chlorine 
into  a  mixture  ci  ethylene-ffas  and  sulphurous  oxide ;  afterwards,  in  greater  qoantity, 
by  exposing  a  mixture  of  chlorine  and  sulphurous  oxide  gases  to  strong  sunshine  for  a 
consioerable  time.  The  resulting  liquid  may  be  freed  from  excess  of  chlorine  by 
a^tation  with  mercury  and  subsequent  distillation.  It  is  also  produced  bv  the  actioa 
or  phosphoric  pentachloride  on  sulphuric  oadde ;  but  it  is  best  obtained  by  distilling 
strong  sulphune  acid  with  the  pentachloride,  or  sulphate  of  lead  with  the  oxychloride  d 
phosphorus : 

SO*  +       P01»    -      S0«01«  +       POOl* 
H«SO«  +      2P01*     -      80*01*  +     2P0a»  +  2Ha 
3PbS0*   +  2P001*     -     3S0*a«  +  Pb»P*0* 

Sulphuric  chloride  is  a  colourless  filming  liquid,  of  specific  gravi^  1*66.  It  boils  at 
77^,  and  may  be  distilled  unchanged  over  caustic  lime  or  baryta.  When  poured  into 
water,  it  sinks  in  the  form  of  oily  drops,  which  gradually  disappear,  being  ooorerted 
into  hydrodiloric  and  sulphuric  acids: 

S0*01*  +  2H'0     »     2Ha  +  H'SO*. 

With  alcohol  it  behaves  in  a  similBr  manner,  thus : 

SO*a*  +   2{0*H*)H0     -     20*H»a  +  H«S0«. 

In  the  actual  reaction,  however,  the  sulphuric  acid  is  converted  into  ethylsulphnrieaeid 
by  the  intervention  of  another  atom  of  alcohol : 

H*SO*  -f  (0*H»)HO     -     H*0  +  (CH»)HS0«. 

With  dry  ammonia-gas,  or  with  commercial  sesquicarbonate  of  ammonia,  it  forms  lol* 
phamide,  according  to  Regnault : 

80*01*  +   4NH'     »     2NH<C1   +   N*H<S0*. 
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According  to  H.  Bom,  howerw,  the  product  thus  obtained  is  a  mixture  of  Md-ammoniM 
•ad  ncvtiml  ralj^iainate  of  ammonium  (p.  476). 

NiTBOsoarLPHUBioAciDp  H^SO^NO)*.  Nitrondpkurie  Acid.  AzoiyUuipkurie 
Acid,  NUrotulphurouB  Aeid,^A  dibasic  add,  known  only  in  its  alkaline  salts,  which 
are  produced  by  the  simultaneous  action  of  snlphurons  and  nitric  oxides  on  caustic 
aUukline  solutions.    (See  NiTBOSOsrLPHATES,  iy.  116.) 

SuLPHJLTBS  or  NiTBOSTL  OF  AioTTL. — ^These  are  salts  produced  by  the  sctiou 
of  sulphuric  acid  and  sulphuric  anhydride  on  the  oxides  of  nitrogen.  Three  of  them 
are  known,  corresponding  exactly  in  composition  to  the  sulphites  of  sodium,  thus : 

Sodirnn-ialti.  NiUofjrl-Mltt. 

HNaSO*    Acid  sulphate  H(NO)SO« 

Na'SO«      Neutral  sulphate       (NO)*SO« 
Na«S*0»     Anhydroeulphate       (NO)«S»0'. 
Aeid  tulpkats  rf  nitrosyl  was  obtained  by  Welt zi en  (Ann.  Gh.  Pharm.  cxt.  213  ; 
Jahreab.  1860,  p.  106),  as  a  white  crystalline  mass,  by  passing  nitrous  anhydride  into 
normal  sulphune  acid : 

2H«S0«  +  (N0)«0     -     HK)  +  2H(N0)S0«. 

It  ia  probably  identical  with  the  compound  formed  by  heating  the  anhydroeulphate 
with  ralpbnric  acid  containing  a  little  water,  and  crystaUising : 

(NO)«S«0'  +  H«0     -     2H(N0)S0*. 

Hemtral  ndpkaU  of  nitrosyl,  (NO)*SO\  has  been  described  by  Oaj-Lussac,  Froyo- 
■laye,  Mitscherlich,  and  others.  It  is  produced  by  the  action  of  nitric  peroxide  on 
■nlphniie  add,  thus : 

ffSO*  +  4N0«     -     (NO)«SO«  +   2HN0*. 

By  this  nroceaa,  Ghty-Lussac  obtained  it  crystallised  in  four-sided  prisms.  It  is  also 
•aid  to  be  produced  by  the  action  of  nitric  oxide  on  sulphuric  acid  (Henry  and 
PI  i  a  a  o  n) ;  by  that  of  nitric  peroxide  on  sulphurous  acid  (H.  Da  y  y) ;  by  dissolying  the 
aDhydroaulphate  in  a  small  quantity  of  hot  oil  of  yitriol  (Proyostay  e),  and  in  ^er 
ways.     (Gmelm*9  Handbook,  ii.  447.) 

The  anhydrowlphate  ofnitroajfl,  (NO)*S«0'  »  (NO)'SO<.SO*,  is  formed  by  the 
action  of  sulphurous  oxide  on  nitric  peroxide  (Proyostaye),  also  of  sulphuric  nxide 
on  nitric  oxide  (Br lining);  and  by  heating  the  compound  N0'.80',  resulting  from 
thedirect  combination  of  nitric  peroxide  and  sulphuricoxide(P.  W^ber) — (see  p.  570). 
It  is  a  hard,  white,  amorphous  mass,  which  fuses  when  heated,  and  yolatilineB  without 
dcoomposition.  It  dissolyes  in  concentrated  sulphuric  acid,  apparently  without  change ; 
Init  with  slightly  diluted  sulphuric  aoid,  it  forms  a  bulky  crystalline  substAnce,  pro- 
bably the  add  sulphate  of  nitrosyl.  When  hf'ated,  it  giyes  off  brown  yapours;  and  as 
tlie  distillation  is  continued,  the  distillate  approaches  more  and  more  to  the  composi- 
tion NH)*.8S0»,  or  (N0)»S0«.2S0».    (Weber,  Jahresb.  1862,  p.  94.) 

All  the  sulphates  of  nitrosyl  are  deliquescent,  and  are  immediately  decomposed  by 
vater  into  sulphuric  add  and  nitric  oxide  gas. 

The  crystals  which  form  in  the  leaden  chambers  during  the  manufacture  of  oil  of 
Titriol,  wnen  only  an  insufficient  quantity  of  8t«am  is  admitted,  are  perhaps  a  mixture 
cf  the  different  sulphates  of  nitrosyl  just  noticed.  According  to  Weber,  howeyer  (loe, 
die),  they  oonnst  entirely  of  the  add  sulphate,  H(NO)SO\ 

Mbtallic  Sulphates. 

General  formula,  M'SO*,  or  a  multiple  thereof — The  sulphates  form  a  yery  abun- 
dant class  of  salts,  which  are  usually  obtained,  as  aboye  mentioned,  by  the  action  of 
nlphuric  add  on  metals,  or  on  their  hydrate  oxides,  and  salts.  Some  of  them  are 
lurmed  by  the  decomposition  of  other  sulphates :  e.g.,  ferrous  sulphate  by  the  action  of 
metallic  iron  on  cupnc  sulphate,  and  the  latter  by  the  action  of  metallic  copper  on  the 
anlphate  of  silyer  produced  in  the  process  of  gold-refiniug  (ii.  925).  Insoluble  sul- 
phiit««  (as  those  of  barium  and  lead)  are  formed  by  pn-cipitation,  Hnd  the  sulphates  of 
potassium  and  sodium  may  be  formed  by  fusing  the  insoluble  sulphates  of  barium, 
atrontium,  caldum,  and  lesid  with  potassic  or  sodic  carbonate,  or  by  boiling  the  inso- 
luble sulphate  with  a  solution  of  alkaline  carbonate.  Lastly,  sulphates  are  formed  by 
the  oxidation  of  sulphides:  the  tulphat^s  of  iron,  sine,  and  copper  are  obtained  in  this 
manner,  by  oxidation  of  the  natiye  sulphides  of  those  metals. 

The  sulphates  may  be  diyi^ad  into  tne  following  groups: — 

1.  Type,  ffSO*  w      ]«     r  O'- — This  group  includes  the  sulphates  of  the  mona- 

tomic  metals  and  the  neutral  sulphates  of  the  diatomic  metals.  With  the  alkali-metals, 
•ulphunc  acid  forms  acid  and  neutral  SHltt«:  f.g..  KHSO^and  K^O*;  also  double  salts, 
Vol  V.  P  r 
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sncb  as  (NH^)  NaSO^  PoUssiiiin  and  sodium  also  form  aDfaydroBolphatM,  eonpoisd 
of  a  molecolA  of  the  neutral  salt  united  with  fralphrtric  anhydride :  0^.,  Na80*.SO*. 
All  the  sulphates  of  the  alkali-metals  are  soluble  in  water ;  the  neutral  potaasium-Bilt, 
howeyer,  is  much  less  soluble  than  anj  of  the  others. 

The  diatomic  metals — that  is  to  say,  all  the  esrth-metals  excepting  a]amiuiam,thori" 
num,  and  sirconium,  and  the  greater  number  of  the  heaTy  metals, — ^form  neottal 
sulphates,  represented  by  the  general  formula  M"SO*.  The  sulphates  of  bariiisi, 
strontium,  caJeium,  and  lead  are  found  native.  The  barium-  and  lead-salts  are  inso- 
luble in  water;  the  strontiura-salt  almost  insoluble ;  the  calcium-salt  slightly  soluble ; 
the  magnesium-salt  and  the  heaTy  metal  sulphates  are  freely  soluble,  except  that  of 
mercury,  Hg"SO\  which  is  decomposed  by  water.  The  heavy  metal  sulphates  hare 
an  acid  reaction,  and  all  of  them,  except  the  sulphate  of  leaid,  and  perhaps  those  of 
manganese  and  zinc,  are  deoorapoeed  by  ignition. 

2.  Sulphates  formed  on  the  7^  of  a  Double  AtoUcule  of  Sulphurie  Acid,  H*SK)* 

-   (*')•  J0..-Thi.  g«.np  mdude.  a  few  »mple  .ulphaU.  («.  g.,  rttoni*  mJph^ 

80*^8*0*,  and  droonic  sulphate,  Zr'^SK)')  and  a  large  number  of  double  sulphates, 
containing :  (a),  1  atom  of  a  diatomic  and  2  atoms  of  a  monatomie  m^tal,  such  u 
potHssio-cupric  sulphate,  KK^*^0*  ;  (3),  1  atom  of  monatomie  and  1  atom  of 
tri atomic  metal,  such  as  common  alum,  or  potassio-aluminic  sulphite,  KAIISH)*. 
AU  these  double  sulphates  are  soluble  salts,  decomposible  into  their  oonstitoeot 
salts  by  excess  of  water  or  by  diffusion.  The  sub-|proup  a  likewise  indudea  the 
acid  sulphates  of  barium  and  calcium,  Ba''H*SH)*  and  Ca'^'S'O'. 

3.  Type,  H«S»0"  «  ^h*  ^'  I  ^**'"  '^^  ^^"^  includes  the  neutral  sulphatel  ^ 

the  triatomie  metals :  s^.,  Ai*S>0**,  fe^SK)**,  &e.  These  saltA  are  ofien  finuul 
native :  they  are  soluble,  strongly  add  compounds,  decomposible  by  ignition.  To 
the  same  group  belong  certain  add  and  double  sulphates  of  the  alkali-metals :  $^^ 
K*H«S»0»«  and  K*Li«S«0". 

There  are  also  a  few  sulphates  delved  f^m  higher  multiples  of  H^O*,  which  will 
be  noticed  further  on. 

Nearly  all  sulphates  are  crystallisable.  The  insoluble  or  difficultly  soluble  sulphates 
of  lead,  barium,  strontium,  and  caldum  occur  native,  in  large  well-de6ned  orystals; 
many  soluble  sulphates  also  in  smaller  crystals,  or  crystalline  masses.  Many  crystal- 
line salphates  contain  considerable  quantities  of  water  of  crystallisatioa :  thus  the 
sulphates  of  iron,  cobalt,  nickel,  manganese,  sine,  and  magnesium  crystallise  with 
7  at.  water ;  the  double  sulphates  of  the  alkali-metals  and  the  metals  of  the  ferro- 
magnesian  group  with  6  at.  water ;  the  alums  with  12  at.  water. 

Among  the  crystalline  sulphates,  there  are  several  isomorphous  groops^ — ^vii .,  the 
anhydrous  sulphates  of  potassium  and  sodium  (trimetric) ;  the  anhydrous  sulphates  of 
osdcium,  strontium,  barium,  and  lead  (trimetric);  the  pentahydrated  sulphates  of 
manganese  and  copper  (triclinic) ;  the  hexhydrated  sulphates  of  nnc^  nickel,  and 
cobalt  (monodinic) ;  the  hexhydrated  double  sulphates  of  the  alkali-metals  with 
magnesium,  sine,  nickel,  cobalt,  iron,  manffaneae,  and  copper — e^.,  K'Mg"8'O'.6H'0 
(monodinic) ;  and  the  slums,  or  dodecafaydrated  double  sulphates  of  the  alkaU-metala 
with  the  sulphates  of  triatomie  metals— 4^.,  EA1"'SH)".12H*0  (monometric,  and 
mostly  octahedral). 

The  simple  sulphates  of  the  fbnomaCTesian  family,  with  6  or  7  at.  water,  retain 
1  at.  with  very  considerable  force.  Thus  sulphate  of  magnesium,  MgS0*.7HK), 
loses  6  at.  water  at  a  temperature  not  much  above  100^;  but  it  holds  bade  the 
seventh  atom,  even  when  heated  to  upwards  of  200^.  This  last  atom  of  water  r^taintd 
by  the  ferromagnesian  sulphates  was  called,  by  Graham,  constitutional 
water.  The  monohydrated  sulphates  of  the  form  M'oO^.H'O  are  analogous  to  gladal 
sulphuric  add,  F^SO*.H«0. 

The  dodecahydrated  double  sulphates  of  the  alkali-metals  and  triatomie  metals  con- 
stitute the  true  alums.  The  sulphates  of  ammonium,  potassium,  and  sodium  are 
capable  of  forming  alums  with  the  aluminic,  ferric,  chromic,  and  manganic  sulphates :  the 
existence  of  sudium-iron-alum  and  sodium-manganese-alum  appears,  however,  to 
be  doubtfuL  Alums  have  also  been  formed  Containing  the  monatomie  metals, 
thallium  and  silver:  e.ff.,  silver-aluminium-alum,  AgAl"^*0M2HK);  and  Wurtc  hss 
obtained  an  ethyl-ammonium-alum,  (OH*N)  Al''ff'0M2H"0.  In  addition  to  thew, 
there  are  several  pseudo-alums,  derived  in  like  manner  from  2  at.  sulphunc 
add,  but  having  a  different  number  of  atoms  of  crystallisation-water,  or  a  dimereDt 
crystalline  form — e.g.t  KCr'"SK)*.6H*0 ;  or  containing  diatomic  metals,  and  derivtd 
from  4  at.  sulphuric  acid,  such  as  Mn''(Al"')«S*0'«-24H«0 ;  Fe''(Fe'^)«  S<0»«-  24TtH),  &c 

The  genuine  alrms  are  all  soluble  in  water,  forming  solutions  which  hare  a  styptic 


diotomie  metali  fields  iitgt  nambfr  of  bacic  anlphntrs,  whioh  maj  bcnguded 
Bml  lolphUea,  oombiDsd  mlh  metallic  ends  ropWiug  tlui  water  of  hjdnlcd 
rio  Bcia  on  iU  Mlla.    Thu  th^ra  is  a  dibiaic 
ondiBff  to  giMiat  mlpburia  acid,  E^O'.H'O ; 

*>9E|^,  eoneapoiidiiig  to  tbs  wcond  hydntb  ui  buiiiuui^h:  bciu,  n-ou-.^ji-u  ; 
xibMu  snlpluU  of  copper,  Cu"SO*.3Ci]''0.3H'0,  correBpondiii^  lo  blnp  vitriol, 
'.CH*0.  Much  mors  bighlj  buic  iiu]phiit«i  Diny  aJso  he  obrairied,  imd  will  ba 
nd  in  thrir  places.  Host  of  these  btunc  salphatca  are  insoluble  in  walw,  and 
bv  vhieli  arc  soluble  are  decnmpowd  b;  a  great  excess  of  valer  into  metallio 
whfdntt  and  normal  metallic  sulphate. 
pMtang  ths  reaetiotu  of  mlphatM,  ■«  p.  S36. 

pkUM  at  AlwaUnlnm.— n.  Tbe  normal  (or  n^fnt/)  mUpUlf,  A1'(S0<)>  - 
ISO*,  ocenn,  as  a  hjdiata  eontsining  18  at.  mter,  id  delicate  flbrooi  maasfs  or 
in  Ttrioiu  localitjes:  *a  at  Klin  in  Bohnuio,  on  tho  TolcHuic  islund  of  Mito 
OtccUn  Arehipalogo.  ia  Ihs  aatpr  of  the  Tolcano  of  Pasto,  at  Coniapo  in 
"''''''n  ID  Australia,  &c. ;  it  is  blown  niinemln)ricHlljr  u  n/uno^ea,  hair-tait. 


Mlti*  pTBpared  on  the  Ini^  scale  as  concentrated  alam,  Ibr  ues  in  djeing 
.  cf  i!Oinmon  alum,  b;  treating  pure  clay  with  stronj;  sulpbnric  acid.  The  day, 
Bait  be  11  tnt  u  poaaibla  from  iron,  ia  heated  lo  redui'ss  to  render  it  potouE, 
i*ly  gronnd,  and  maed  with  half  its  weipbl  of  aulphurio  Bcid  of  specific  gisTity 
.  ft  mcrberotoiy  furnace,  the  hearth  of  which  has  tbe  form  of  a  walled  pan.  Tbe 
■  ia  heated  till  the  acid  begins  to  Yoiiitilise:  tho  masa  iseiposed  to  the  air  for 

d>ja,tliaB  IrMted  with  water;  and  the  retniltiiig  solution  of  aluninie  nulphate 
1  mm  iron  by  careful  precipitation  with  ferrorjanido  of  potassium.  The  solu- 
oa  purified  ia  then  evaporatM  to  a  sjTup,  and  transfcnvd  to  small  leaden  puna. 
It  It  nlidiflea  to  a  crysLalline  mass  (Dumas).  According  to  Hurler  and 
)I  (Pharm.  Centr.  1852,  p.  544),  this  salt  mvj  aleo  be  obt&ined  [anhydroai]  bj 
[  mnKniium-alum  in  iron  cylinders,  the  anlphite  of  ammonium  tberet^ 
I  being  leeeiTed  in  water,  and  rrcouTerted  into  sulphate  by  oxidation  in  the  air. 
lagtoPersoi  (Ann.  Cb.  Fbys.  [3],  In.  102),  a  sijution  of  alum,  or  of  sulphate, 
,  or  chloride  of  aluminium,  miinj  with  a  large  eicesa  of  -boiling  concentrated 
lie  acid,  depoeite  the  anhydrous  sulpbata  as  a  white  powder. 
tml  aluminie  lulphate  cijetallisce  with  difficulty  m  thin,  flexible,  nacreous 
)t  haTing  a  «weelisb  taste,  Bolnble  in  i  pte.  of  water,  insoluble  in  alcohol. 
liag  to  fanoi,  the  crystalliaatiou  <■  much  facilitated  by  adding  alcohol  to  the 
n.  The  salt  when  heat«d  melts  in  its  water  of  cTTstalliaation,  swells  up 
ij,    and  leaTes  a  white  poroui  mass,  consisting  of  the  anhydrous  solphalc, 

diMoliee   Tery  slowly  io  wsMr,  and  when  heated   to   redness  leavea  pun 
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excess.  It  is  perceptibly  oystalline,  and  very  soluble  in  dilate  acids,  eren  in  VBrm 
acetic  acid. — ^The  same  salt  is  obtained  by  the  action  of  zinc  on  a  cold  solotioa  of 
normal  aluminic  sulphate.  The  action  is  veiy  slow,  even  when  electrolytically  acc«^ 
lerated  by  placing  the  materials  on  a  platinum-dish ;  but  aft^r  a  week,  a  traD8{«rent 
jelly  is  obtained,  which,  when  separated  by  washing  from  zinc  and  excess  of  almninic 
sulphate,  and  dried  over  oil  of  vitriol,  solidifies  in  small  transparent  masses  baring  i 
Titreous  fracture.    (Debray,  Bull.  Soc  Chim.  [2],  vii.  1.) 

The  pentabasic  salt,  5A1^.3SO'.20H*O,  is  obtained  by  gently  boiling  a  solution  of 
the  normal  salt  with  zinc  in  a  platinum-difth.  A  granular  precipitate  is  thereby 
formed,  easy  to  wash,  and  soluble  in  dilute  adds ;  it  gires  off  its  water  at  100®.  (De- 
bray.) 

y.  Double  Salts  of  Aluminic  Sulphate.  Alums. — The  formula  of  nonud 
aluminic  alum  is  Al'n!£(S0^)M2H*0,  M  denoting  a  monatomic,  and  for  the  most  ptit 
an  alkali-metal.    Their  general  characters  have  been  already  described  (p.  679). 

Ammonio-aluminic  Sulphate^  A1(NH^)S0M2HK).  Amnumia-aluini, — This  salt  is  pre- 
pared, like  potash-alum,  by  adding  sulphate  or  chloride  of  ammonium  to  a  solution  of 
aluminic  sulphate.  It  is  also  found  native  as  Uckermgite,  at  Tschermig  in  Bohemift, 
in  octahedrons  and  fibrous  masses :  hardness  a  1  to  2 ;  spmfic  gravity  a  1-56. 
According  to  Buignet  (Jahresb.  1861,  p.  16),  the  specific  gravity  of  the  artificially  pre- 
pared crystals  is  1*653.  It  is  more  soluble  in  water  than  potash-alum,  100  pts.  of 
water  dissolving  6*22  pts.  of  it  at  0®,  and  421*9  p^  at  100°.  In  other  respects  it 
bears  the  elosent  resemblance  to  potash-alum,  and  is  used  for  the  same  purposes;  in 
fact,  the  application  of  the  alums  as  mordants,  &c.,  depends  upon  the  sulphate  of 
aluminium  which  thev  contain,  not  on  the  alkaline  sulphate.  When  heated  to  rednesi, 
it  leaves  anhydrous  alumina,  and  when  heated  with  alkalis,  it  gives  off  ammonia.— A 
basic  ammonia-alum,  analogous  to  basic  putash-alum,  is  obtained  by  gradually  adding 
Hmmonia  to  a  boiling  solution  of  the  normal  alum,  but  not  to  complete  sitnrv 
tion. 

Argento-aluminie  sulphate,  or  $t7t>«r-a/«m,AlAg(SO*)'.12H'0,  is  obtained 
by  heating  equivalent  quantities  of  argentic  and  aluminic  sul^liate  with  a  small  qnantity 
of  water,  in  an  oil- bath,  till  the  argentic  sulphate  is  completely  dissolved.  It  erjt' 
tallises  in  octahedrons,  and  is  resolved  by  water  into  ita  component  salts.  (Church, 
Chem.  News,  ix.  156.) 

Casio-aluminie  sulphate,  or  Casium-alum,  AlCs(S0*)'.12HK),  crystallisM 
in  octahedrons,  having  a  glassy  lustre  (Bunsen).  100  pts.  of  water  at  17^  dissolve 
0-619  pt  of  this  salt;  in  hot  water  it  dissolves  as  easily  as  potash-alum.  (J.  Red- 
ten  bacher,  J.  pr.  Chem.  xciv.  42.) 

Potassio-aluminic  sulphate,  or  Potash-alum^  A1K(S0*)M 2H«0.— This  is 
the  salt  to  which  the  name  a  lum  is  most  generally  applied.  It  is  obtained  by  adding 
sulphate  or  chloride  of  potassium  to  a  solution  of  sulphate  of  aluminium.  Thesulphate 
of  aluminium  is  sometimes  prepared  for  this  purpose  from  clay  by  the  action  of  sni- 
])huric  acid  in  the  manner  already  described,  but  more  frequently  by  the  caldnatioa  of 
aluminous  schists,  which  are  ai^^aceous  rocks  containing  considerable  quantities  of 
sulphide  of  iron.  The  sulphide  of  iron  is  converted,  by  exposure  to  the  air,  into  ferrous 
sulphate  and  free  sulphuric  acid : 

2FeS«  +   0'  +  H*0     -     Fe'SO*  4-  H«SO*; 

and  the  sulphuric  acid,  acting  on  the  alumina  contained  in  the  clay,  forms  sulphate  of 
aluminium.  These  aluminous  schists  are  found  in  two  different  geological  positions— 
viz.,  in  the  transition  strata   [alum-slate],  in  which  position  they  are  largely  im- 

firegnated  with  bitumen ;  and  in  the  lower  tertiary  strata,  just  above  the  chalk 
alum-earth].  The  latter  are  much  less  compact  than  the  former;  consequently  their 
oxidation  is  easier,  and  sometimes  takes  place  spontaneously.  The  greater  part  of  the 
alum  manufactured  in  England,  France,  and  Germany  is  obtained  £ram  the  aluminous 
schists. 

The  most  extensive  alum  manufactory  in  Oreat  Britain  is  at  Hurlett,  near  IRusley. 
The  next  in  magnitude  is  at  Whitby,  of  whose  state  and  processes  an  instroctive 
account  was  published  by  Mr.  Winter  in  the  twenty-fifth  volume  of "  Nicholaon** 
JoumaL**  The  stratum  of  aluminous  schist  is  about  twenty-nine  miles  in  width,  and  is 
covered  by  strata  of  alluvial  8uil,  sandstone,  ironstone,  shell,  and  clay.  Thealmn-achist 
is  generally  found  disposed  in  horizontal  laminae.  The  upper  part  of  the  rock  is  the 
most  abundant  in  sulphur,  so  that  a  cubic  yard  taken  from  the  top  of  the  stratum  is 
five  times  more  valuable  than  the  same  bulk  100  feet  below. 

K  a  quantity  of  the  s<;hi8t  be  laid  in  a  heap,  and  moistened  with  saa-wator,  it  will 
take  fire  spoutaneously,  and  continue  to  bum  till  the  whole  inflammable  matter  is  con- 
sumed. Its  colour  is  bluish-grey.  Specific  gravity  »  2*48.  It  imparta  a  biCominous 
principle  to  alcohol. 
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Tht  rotk,  hntken  into  nuU  pieces,  is  laid  on  a  horicontal  bed  of  fuel,  composed  of 
brwhvQod,  ke,  Whtn  about  fi>ur  feet  in  height  of  the  rock  is  piled  on,  fire  is  set  to  the 
^mom,  acid  fresh  rock  oontinually  poured  upon  the  pile.  This  is  continued  until  the 
wlinJ  kmp  is  mised  to  the  height  of  90  or  100  feet.  Its  horizontal  area  is  at  the  same 
b^  pKfTMBnrely  extended,  tm  it  forms  a  great  bed  nearly  200  feet  square,  havins 
•boat  100.000  yards  of  solid  measurement.  The  rapidity  of  Uie  combustion  is  allayed 
hfpktftnng  np  the  crerioes  with  small  schist  moistened.  Notwithstanding  this  pre- 
csttM,  a  fi«at  deal  of  sulphuric  or  sulf^urous  add  is  dissipated.  130  tons  of  calcined 
•dwc  prodafle,  on  an  average,  one  ton  of  alum.  This  result  has  been  deduced  firom 
m  sne^  of  150,000  tons. 

Ibt  calcined  mineral  is  digested  with  water  in  pits  usually  containing  about  60 
cdbie  lardiL  The  liquid  is  drawn  off  into  cisterns,  inA  afterwards  pumped  up  again 
i|)QO  frwh  flileined  wtine.  This  is  repeated  until  the  specific  grayity  becomes  1*15.  The 
hUAoihaastcd  schist  is  then  covered  with  water  to  take  up  the  whole  soluble  matter. 
TW  meag  bqaor  is  drawn  off  into  settling  cisterns,  where  the  sulphate  of  lime,  iron, 
ud  «sitii  are  deposited.  At  some  works  the  liquid  is  boiled,  which  aids  its  purifica- 
Csa.  U  is  then  nm  into  leaden  pans  10  feet  long,  4  feet  9  inches  wi(ie,  2  feet 
3  odMs  deep  at  tlie  one  end,  and  2  feet  8  inches  at  the  other.  This  slope  &ci- 
liuAM  the  applying  of  the  pans.  Here  the  liquor  is  concentrated  at  the  boiling  heat. 
Jnrj  m/wmng  the  pans  are  emptied  into  a  settling  cistern,  and  a  solution  of  chloride 
of  yaliaittm  (etther  pretty  pure  from  the  manufacturer,  or  crude  and  compound  from 
th*  Mpbotkr)  is  added.  The  quantity  of  chloride  necessary  is  determined  by  a 
uMfm  ffiTWiment  in  a  basin,  and  is  regulated  for  the  workmen  by  the  hydrometer. 
Bj  dn  idoition,  the  pan-liquor,  which  had  acquired  a  specific  gravity  of  1*4  or  1*5,  is 
ndaufi  to  1*36.  After  being  allowed  to  settle  for  two  hours,  it  is  run  off  into  the 
eoolflf  te  he  crystalliMd.  At  a  greater  specific  gravity  than  1*35,  the  liquor,  instead 
if  dptsIHiing,  would,  on  cooling,  solidify  in  a  magma  resembling  grease.  Urine  is 
tfOflOBsUy  added,  to  bring  it  down  to  the  proper  density. 

Aft«  ftandiag  four  days,  the  mother-waters  are  drained  off,  to  be  pumped  into  the 
BHs  OB  the  succeeding  day.  Tlie  oystals  of  alum  are  washed  in  a  tub  and  drained. 
mj  ui  then  pot  into  a  lead  nan,  with  as  much  water  as  will  make  a  saturated 
niilioo  «t  the  boiling-point  Whenever  this  is  effected,  the  solution  is  run  off  into 
osbi  At  the  end  of  ten  or  sixteen  days,  the  casks  are  unhooped  and  taken  asunder. 
1W  iha  is  found  exteriorly  in  a  solid  cake,  but  in  the  interior  cavity  in  large 
rasMial  oystals,  consisting  of  octahedrons,  inserted  successively  into  one  another. 
&•  bit  process  is  called  *'  roching."  Mr.  Winter  says  that  22  tons  of  chloride  of 
iwnerimn  will  produce  100  tons  of  «dum,  to  which  31  tons  of  the  black  ashes  of  the 
iBi^^oiler,or  73  of  kelp,  are  equivalent.  Where  much  iron, exists  in  the  alum-ore, 
tW  likiline  chloride,  b^  its  decomposition,  gives  rise  to  an  uncrystallisable  chloride  ol 
am.    Fur  this  reason  it  is  preferable  to  the  sulphate  of  potassium. 

Alaa  may  also  be  obtained  from  cryolite,  Al'F'.SNaF,  by  heating  the  mineral  with 
tkiM  timre  its  weight  of  strong  sulphuric  acid,  whereby  anhydrous  neutral  sulphate  of 
lismiDtam  and  acid  sulphate  S[  sooium  are  obtained ;  treating  the  resulting  mass  with 
A  anil  quantity  of  cold  water  to  remove  the  add  sodium-salt ;  then  digesting  the 
tBk>drMU  fflilphate  of  aluminium  with  warm  water,  to  convert  it  into  the  hydrated 
ok,  ud  adding  the  proper  quantity  of  sulphate  of  potassium.  The  alum  thus  (A>tained 
a  Marl;  if  not  quite  free  from  iron.     (Fersoz,  Ann.  Ch.  Phya  [3]  Ivi.  105.) 

it  Tolb  near  Bome,  and  m  two  or  three  other  localities,  there  is  found  a  mineral 
aUid  il9nitg  or  alum-stone^  consisting  of  common  alum  together  with  normal  hydrate 
«f  aluminiam,  AIK(S0*)'.2AIH'0'.  Now  when  this  mineral  is  calcined,  at  a  moderate 
tMiS,  t>ie  hvdrate  of  aluminium  is  decomposed  into  water  aud  anhydrous  alumina, 
^rtHit  the  Milphiite  of  aluminium  and  potassium  remains  unaltered,  provided  the  heat 
ktf  boen  prevented  from  rising  too  high ;  and  on  treating  the  calcined  mass  with 
v»Uf;  ihe  double  sulphate  dissolves,  while  the  alumina  remains  behind.  The  mineral 
br£arie  raid  nation  is  quite  insoluble  in  water.  The  solution  when  evaporated  yields 
iW  ^fla  in  cubic  crystals,  generally  having  a  reddish  tint  produced  by  ferric  oxide. 
TW  kind  of  alum,  called  Raman  alum,  is  much  valued  by  dyers,  because  the  iron 
vturfa  it  ooDt^ins  is  in  an  insoluble  state,  and  therefore  cannot  exert  any  ii^urious 
(ftd  00  the  colours. — Alum  prepared  in  the  ordinary  way  always  contains  iron  in  the 
•hUestaU;,  viz.  as  ferric  sulphate,  Fe^SO*)*,  which,  being  isomorphous  with  sulphate 
tiahminium,  is  diflScult  to  remove  by  successive  (^stallisation.  It  mAj  be  predpi- 
U'4d  by  ferrocyanide  of  potassium,  as  described  in  the  preparation  of  stdphate  of 
•Inaiirinm ;  bat  a  cheaper  way,  recommended  by  Th^nard,  is  to  dissolve  the  alum  in 
kifiaf  water,  and  stir  the  solution  briskly  with  rods  as  it  cools^  The  salt  is  thus 
ndscel  to  a  fine  granular  powder,  which,  when  washed  two  or  three  timea  with  cold ' 
eiCflr,  yields  alum  containing  only  a  trace  of  iron.  [On  the  manufacture  of  alum,  see 
hrtkr  6V«  Dictionary  of  Arts,  &c  i.  101—118.] 
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Alum  sometimes  ooccm  in  nature  ready-fonned.  This  is  tlie  case  at  Poonoli  om 
Naples,  where  it  effloresces  on  the  snifiice  of  the  smL  It  is  dissolTed  oat  hy  water,  aad 
crystallised  by  eyaporation. 

Alum  generaUy  orystaUises  in  reg^ar  octahedrons  and  in  cubes.  Its  specific  gnrity 
is  1*7.  The  octiJiedral  crystals  are  the  most  common,  and  are  always  deposited  from 
boiling  concentrated  solutions.  The  cubic  crystals  have  an  especial  tendency  to  &na 
in  solutions  containing  an  excess  of  alumina,  and  at  a  temperature  not  exceeding  60^  m 
in  the  preparation  of  Roman  alum.  If  cax^nate  of  potassium  be  added  to  a  solution 
of  octahedral  alum  in  water  at  40^  or  45°,  till  the  precipitate  ceases  to  redissolye  com- 
pletely,  and  the  filtered  liquor  be  then  left  to  itself  at  a  gentle  heat,  cubic  alum  will  b« 
obtained  quite  free  from  iron.  On  the  other  hand,  when  a  solution  of  cubic  alum  in  oold 
water  is  abandoned  to  spontaneous  evaporation,  the  alum  is  deposited  in  octiibedroDi. 
The  two  forms  are  identical  in  composition  (Low el,  Compt.  rend,  xxxri.  695).  Some- 
tunes  intermediate  forms  occur,  Uke  fyg.  194,  195,  196  (Crtstaixoobafht,  ii.  129), 
or  combinations  of  the  cube  and  octahedron  with  other  forms  of  the  monometne 
system.  like>^.  199,  202,  204,  206,  208,  209,  812,  278  (ii.  130-132);  abo  aggre- 
gates  and  distorted  forms,  like  j^«.  316,  317,  847, 848,  &c.  (ii.  169,  164). 

According  to  Poggiale,  100  pts.  of  water  dissolve  8*29  pts.  of  crystallised  alum  at 
0<>;  9-62  pts.  at  10^ ;  22  pts.  at  30^;  31  pts.  at  60^ ;  90  pts.  at  70^,  and367pts.it 
100°  (Orikam'9  EXemenUf  2nd  edition,  i.  607).  The  solution  has  a  sweet  and  stioBgly 
astringent  taste,  an  acid  reaction,  and  dissolves  ainc  and  iron,  with  evolution  of  hvdio- 
gen. — When  2  pts.  of  alum  are  dissolved  in  1  pt  of  boiling  water,  and  th« 
solution  is  left  to  cool  in  a  dosed  vessel,  no  crystallisation  takes  place ;  but  as  soon  u 
the  vessel  is  opened,  small  octahedral  crystals  begin  to  form  on  the  surfsioe,  and  in  § 
short  time  the  crystallisation  extends  through  the  whole  mass.  This  is  sn  instance  ol 
Bupersaturation  similar  to  that  exhibited  by  sulphate  of  sodium.  (Low el,  Ann.  Cfa. 
Phys.  [3],  xiii.  406.) 

Crystallised  alum  effloresces  slightly  on  exposure  to  the  air.  Aceordingto  Hertwig 
(Poffg.  Ann.  Iv.  99),  it  gives  off  6  at.  water  at  100^,  and  4^  at.  more  at  120^  leavisff  a 
residue  containing  2Am(SO«)*.6fiK).  This  residue  evolved  4at.  water  at  186^,lettTiog 
2A1E(S0*)*.H*0 ;  and  at  200^,  half  of  this  remaining  quantity  is  given  oSt,  leaving 
4A1«K(S0<)"  •!•  H*0.  According  to  Gerhardt  (J.  Fharm.  [2],  xii.  67)  oystalliBed 
alum  gives  off  10  at.  water  at  120^,  leaving  a  residue  easily  soluble  in  water ;  and 
at  200°,  the  whole  is  expelled,  and  the  remaining  anhydrous  alum,  sometimes  e&Qed 
burnt  alum,  is  insoluble.  Alum  heated  to  redness  with  charcoal  in  a  dose  vessel 
yields  a  mixture  called  Homberg^s  pffroohonu,  whidi  becomes  red-hot  on  exposuxt  to 
the  air.  It  consists  of  very  finely-divided  charcoal  and  sulphide  of  potassium,  intts^ 
.  mixed  with  sulphate  of  aluminium. 

Alum  is  used  in  laige  quantities  in  many  manufactures,  especially  in  dyem^  as  a 
mordant  When  added  to  tallow,  it  renders  waX  substance  harder.  Firinters'  cu^uons 
and  the  blocks  used  in  the  calico-manufactory  are  rubbed  with  burnt  alum,  to  remove  any 
greasiness  that  might  prevent  the  ink  or  colour  from  sticking.  Wood  sufilcieutly 
soaked  in  a  solution  of  alum  does  not  easily  take  fire,  and  the  same  is  true  of  P^per 
impregnated  with  it,  which  is  moreover  fitter  for  keeping  gunpowder,  as  it  exdodt^ 
moisture.  Paper  impregnated  with  alum  is  also  useful  in  whitening  silver  and  silterinf; 
brass  without  heat  Alum  mixed  with  milk  fiicilitates  the  sepanUion  of  the  batt«r. 
Alum  is  also  used  in  tanning.  In  medicine  it  is  employed  as  an  astringent — On  this 
addition  of  alum  to  bread,  see  i.  668. 

Baste  Mum,   ^^QtU^O*     «    A1K(S0*)«.  Al«0".~This  compound  occurs  naliTe 

irith  different  proportions  of  water,  as  Munite  and  Lovoigite. 

Munite  or  Mum-gtone,  AlK{SOyAlHy».  8HK)  -  A1K(S0«)*.2A1HK)«,»  is  foofld 
chiefly  in  volcanic  districts,  as  at  Tolfa  near  Civita  Yecchia,  at  the  Solfatara  near  Naples, 
and  at  Puy  de  Garcy  in  Auvemie.  It  occurs  in  rhombohedral  crystab,  having  the 
angle  B  :  R  -  89<^  lO' ;  oK  :  B  »  124''  40',  and  lengtli  of  prindpal  axis  » 
1-2623.  Observed  planes  B,  oR,  f  B^  ^  B,  -  fB,  and  -  2B  (Breithaupt). 
Cleavage  nearly  perfect  parallel  to  the  base,  indistinct  parallel  to  B.  It  also 
occurs  massive,  with  a  granular  or  impalpable  texture.  Hardness  »  8*6  to  4. 
Spedflc  gravity  n  2*68  to  2*762.  It  has  a  vitreous  lustre,  white  colour  (sometiiiK^ii 
greyish  or  reddish),  and  white  streak.  Transparent  to  subtranslucent  Fracturo  flat, 
conchoidal,  or  uneven ;  of  massive  varieties  splintery,  sometimes  earthy.  Brittle.  Th« 
crystals  of  this  mineral  are  nearly  pure;  the  massive  varieties  contain  silica  Mmetim^ 
to  the  amount  of  60  per  cent    It  is  used  for  the  preparation  of  Boman  alum  (p  681). 

A  salt  identical  in  composition  with  alunite  is  precipitated  as  a  crystalline  powder 
when  a  0olntion  of  alum  is  boiled  with  gelatinous  alumina. 

*  The  formuU  given  for  this  minerml  at  p.  161,  vol.  i,  U  incorrsct. 
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LSwiffite,  ^j^^,  4QO*.9nH>  -  2[A1K(S0*)».2A1H«0«].31P0.  occura  at  Tolfiineap 

Rome  andat  Taberze  id  Uppf»r  Silesia^  in  amorphoua  Dodulcs  having  a  perfectly  ciTstaUine 
finustura ;  hardness  between  3  and  4 ;  specific  gravity  »  2*68.  At  the  temperature  of 
Iwiling  sulphur,  it  gives  off  218  per  cent.  (<»  1  at.)  water,  and  at  a  slightly  higher 


[iii.  474.) 

A  salt  having  the  same  composition  is  produced,  with  evolution  of  hydrocen,  by  the 
anion  of  sine  on  a  solution  of  common  alum.  The  action  is  slow,  even  in  a  warm 
•olotion,  unless  assisted  by  placing  the  sine  in  contact  with  load  or  platinum  By 
operating  in  a  platinum  capsule  at  100°,  the  salt  is  readily  obtained  as  a  crystalline 
precipitate.  lake  alunite  and  lowigite,  it  is  nearly  insoluble  in  nitric  and  in  hydro- 
ehlorie  acids,  and  can  only  be  attacked  by  sulphurie  acid  diluted  with  an  equal  bulk  of 
vater.    (Debray,  Bull  Soc.  Chim.  [2],  vii.  9.) 

liubidio-aluminic  sulphate,  or  Hubidium-alum,  AlRb(S0*)'.12HH),  forms 

Isurge.  transparent,  non-efflorescent,  octahedral  crystals,  modified  with  faces  of  the 

cube  and  dodecahedron  (Kirchhoff  and  Bunscn).  100  pts.  of  water  at  17°  dissolye 

2*27  pta.  of  it;  in  hot  water  it  dissulves  as  easily  as  potash-alum.    (J.  Red  ten - 

bacber,  Jahresb.  1866,  p.  704.) 

SodiO'aluminic  sulphate,  or  Soda-alum,  AlNa(S0*)M2ll'0,  is  found  native, 
in  fibrous  crusts  or  massen,  on  the  iHlaud  of  Milo  in  the  Grcciiin  Archipelago,  at  the 
tSol&tara  near  Naples,  and  near  Moudoza  on  the  ea«t  of  the  Andes.  It  may  be 
prapared  artificially  in  the  same  manner  as  conunon  potash-alum,  and  obtainini  in  largo 
aplendid  octahedrons,  by  leaving  a  solution  of  the  component  salts  to  evaporate  spon* 
lancuuflly  in  a  rather  deep  glass  vessel,  and  covered  with  a  layer  of  alcohol.  It  is 
much  more  soluble  than  potash-alum,  10  pts.  of  water  at  ordinary  temperatures  dis- 
aulTing  II  pta.  of  it 

Tkallio-aluminic  sulphate,  or  Thallium-alum,  A1T1(S0*)M2H'0,  crystal- 
lises in  regular  octahedrons.    (La my.) 

Paeudo-alums  containing  Diatomic  Metals. — Ferroso-aluminie  sulphate, 

^^{4SO».24H«0  «  AlTe''(807.24H«0, is  produced  (according  to  Klauer)  when 

m  aulution  of  the  component  salts,  mixed  with  excetts  of  sulphuric  acid,  is  left  to  stand  in 
»  warm  place,  and  crystalliM'S  after  a  few  days  in  tufts  of  nilky  fibres. 

The  same  salt  occurs  native,  as  halotrUhitc  or  fcather-alMm  (in  part),  at  Bodenmais 
and  Morsfeld  in  Rhenish  Bavaria,  at  Oroomiah  in  Persia  (where  it  is  used  for  making 
ink),  and  probably  at  Kose>-ille,  Richmond  County,  New  York.  It  forms  fibroTis,  silky, 
vellowish-white  ciyhtaln,  which  become  dull  and  pulverulent  on  exposure,  and  taste 
like  common  alum,  but  somewhat  inky  (Berthier,  Rammclsberg,  B.  Silliman^ 
Jan..  Dana's  JUinerolopy,  ii.  383). — The  hvcrsaH  of  Forchhammer,  from  Iceland,  is 
an  allied  alum  having  Uie  alumina  partly  replaced  by  ferric  oxide,  and  the  ferrous  oxide 
by  magneina. — The  haiotriehine  of  Scacchi  is  a  silky  mineral  from  the  Solfatara,  coo- 

Uining  ^^^!2'[^S^-^*^*^- 

AW) 

FerrosO'potassio-alumnie  sulphate,  12Fe''OM7SO*.24H«0,   remains  in  the   earthy 

2KH)) 
iMndne  left  on  distilling  the  sulphurous  soil  of  the  cmter  of  the  Sulfatara  near  Naples. 
It   cn'stallises   in   buttle-green  octahedrons,   which  are   permanent  in  the  air,  and 
diMolre  sparingly  in  water.     (D  n  f  r  e  n  a  v-) 

Mngnesio-aluminic  sulphate,  or  Magnesia-alum,  Al«Mp(SO*)*.24H«0,  cn-stalliscs  from 
a  eolation  of  the  constituent  salts  containing  a  considerable  excess  of  acid,  in  long 
needle-shaped  crystals.  It  occurs  native  in  similsr  crystals,  &Ffiather-alum  or  picker- 
imgit€.  A  specimen  from  Iquique  in  Peru  was  fuund  by  Hayes  (Sill.  Am.  J.  xlvi. 
S68)  to  contain  12180  per  o-nt.  alumina,  4-68'2  mairnesia,  36-322  sulphuric  anhvdride, 
and  46-450  water,  besides  0-4  :J0  ferrouH  and  mangnnous  oxides,  01 26  lime,  and  0-604 
silica  (—  99744),  agreeing  nearly  with  the  proceiling  formulae.  The  magnesium  is 
often  replaced  to  a  considerable  extent  by  manganese,  forming  roangano-magncsian 
nlnm. 

According  to  Klauer,  a  mixture  of  magnesic  and  aluminic  sulphates  containing  free 
acid  sometimes  yields,  bv  slow  evaporation,  warty  groups  of  small  prismatic  crystals, 
containing  Al*Mg»(SO«)«'36}l»0. 

Manganoso-aluminie  sulphatt,  or  Mnnganese-alum,  Al-Mn(SO')*.24H*0,  occurs,  with 
the  manganese  more  or  Ich-n  replaced  by  magnesium,  in  snow-white  silky  fibres,  at 
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Lagoa  Bay  in  South  Africa  (Apjohn,  Phil.  Mag.  [3],  xii.  103),  near  the  Bo^4 
river  in  South  Africa  (Strom eyer,  Pogg.  Ann.  zxzi.  137)*  and  near  Lake  Utah  in 
North  America  (Smith,  Sill.  Am.  J.  [2],  zviiL  372) : 

so*.  AI<OS.  MnO.  MffO.  K'O.  H«0.  KCI. 

Lagoa  Bay        83-61  10*66  6*60  0*36  .     .  4816  .     .  »  99*27 

Boajeman  riTer  36*77  11*61  1-96  3-69  .     .  46*74  0*20  -  99*86 

Lake  Utah         88*86  10*40  2*12  8*94  0*20  46*00  .     .  -  100-61 

The  deposit  at  Lagoa  Bay  ia  twenty  feet  thick,  and  is  made  up  of  fibrous  crystals  ns 
inches  long. 

SvlpbatM  of  AmmoBliun.— ^ck2,  (}m*)ESO*,^Nm(ral,  (NH«)*80*.— Alnady 
described  under  Ammoniacax  Salts  (i.  193). 

Ammonio-sodic  sulphtUe^  (NH^)NaS0\2HK),  cnrstallises  from  a  mixture  of  sodis 
sulphate  and  ammonic  chloride,  or  of  ammonic  sulphate  and  sodic  diloride,  either  by 
slow  eraporation,  or  from  a  solution  concentrated  by  heat  till  a  crystalline  film  fbrms 
on  the  sur&ce.  It  is  permanent  in  the  air,  gives  off  its  crystallisation-water  over  oil 
of  Titriol,  and  slowly  recovers  it  on  exposure  to  the  air  at  16^  or  16^.  Specific  grari^ 
of  the  crystallised  salt  ^  1*63  at  16^ ;  thatof  a  solution  of  various  strei^itbs  is  as  £qI- 
lows: 

Percentage  of  crystallised  salt  81*8        26*44  16*9        12*72  6*8 

Specific  gravity  1*1749      1*1380      10849      10679       10837 

At  a  stronger  heat,  the  dehydrated  salt  pives  off  ammonia,  and  leaTes  acid  sulfate  of 
sodium.    (Schiff,  Ann.  Ch.  Pharm.  cxiy.  68.) 

Sulphates  of  JLntbaonyk—NnUral  antmoniout  nUpkate^  8b*(S0^)',  formed  by 
boiling  antimony  with  strong  sulphuric  acid,  is  a  white  saline  mass,  whidi  is  resolved 
by  water  into  an  insoluble  basic  and  a  soluble  add  salt  According  toBrandeB,the 
salt  crystallises,  from  solution  in  excess  of  sulphuric  add,  in  smalF  needles. 

Several  basic  sulphates  of  antimony  are  known. — ^A  seaquibiuic  salt,  SbK)'.2S0'  » 
Sb*0*.2Sb*(S0^)',  IS  produced,  according  to  P^ligot,  in  small  shining  crystals,  by 
tzeating  oxychloride  of  antimony  (algaroth-powder)  with  ftmiing  sulphuric  acid. — ^The 
tribaaic  salt,  SbK)*JSO«  »  2SbK)*.Sb'(S0*)*  is  obtained  by  d^estfng  the  preceding 
salt  in  the  pulverised  state  with  alcohol,  and  remains  as  a  white  powder  on  flkration 
(Brandes).— The  hMbasie  salt,  2SbK)*.S0*  -  6Sb<0*J3b>(SO«)',  is  formed  from  the 
sesquibasio  salt  by  boiling  with  water. 

An  aoid  antmanious  mlphaie,  SbK)'.4S0*  -  Sb*(SO«y.SO*,  is  formed,  with  evolu- 
tion of  hydrochloric  add,  hj  treating  powder  of  algarotn  with  strong  sulphuric  add. 
It  cr^tallises  in  needles,  which,  however,  cannot  be  obtained  in  the  dry  state,  except  by 
keeping  them  fbr  a  long  time  in  a  vacuum  on  a  plate  of  baked  pipe-day.    (P^ligot) 

Svlpbatee  of  BariiiBU — The  neutral  sulphate,  Ba''SO\  occurs  very  abundantly  in 
nature  as  Heavy  spar  or  Barytes,  sometimes  in  crystals  belonging  to  Uie  trimetrie 
system,  sometimes  massive  (see  Hbavt  Spab,  iii.  137).  It  may  be  obtained  as  a 
aystalline  powder  by  fdsing  12  grms.  of  potasdc  sulphate  with  62  grms.  anhydrous 
chloride  of  barium  in  a  weU-doMd  crudble,  and  dissolving  out  the  soluble  salts  with 
water.  The  crystals  thus  obtained  agree  in  form  and  specific  gravity  with  native 
heavy  spar.    (Manross,  Ann.  Ch.  Pharm.  Ixxxii.  848 ;  Jahresb.  1862,  p.  9.) 

By  precipitating  the  solution  of  a  barium-salt  with  sulphuric  add  or  a  soluble 
sulpkate,  sulphate  of  barium  is  obtained,  as  a  heavy,  white,  amorphous  powder,  of 
spedfic  gravity  4*02 — 4*61  (Schroder,  Jahresb.  1869,  pu  12),  insoluble  in  water, 
verv  slightlv  soluble  in  dilute  adds,  somewhat  more  soluble  in  strong  sulphuric,  nitric, 
and  hyuochloric  adds  (ii.  603).  It  dissolves  also  to  a  perceptible  extent  in  aqueous 
nitrate  of  ammonium,  espedallv  when  the  boiling  solutions  of  a  sulphate  and  a 
barium-salt,  previously  mixed  with  a  little  nitrate  of  ammonium,  are  poured  alternately 
into  a  boiling  solution  of  the  same  salt  (Mitten awe i,  J.  pr.  Chem.  Ixxv.  214). 
According  toScheerer  {ibid.  p.  1 1 3 ),  the  precipitation  of  sulphuric  add  bv  barium-ealts 
is  retarded  by  the  presence  of  metaphoepboric  add,  but  not  ii  pyrophosphoric  or  ortho- 
phosphoric  acid. 

Sulphate  of  barium  boiled  with  a  concentrated  solution  of  a  fixed  alkaline  carbonate 
is  decomposed,  but  never  completely,  into  alkaline  sulphate  and  barium-carbonate ;  a 
somewhat  more  complete  decomposition  is  obtained  by  fudon  with  alkaline  carbonates. 
Sulphate  of  barium  is  reduced  to  sulphide  by  ignition  with  charcoal  or  organic  matter; 
also,  according  to  Wurts^  by  ignition  in  a  stream  of  coal-gas ;  or,  according  to  Beville, 
in  a  stream  of  hydrogen  mixed  with  vapour  of  carbonic  disulphide. 

Native  sulphate  of  barium,  in  the  state  of  powder  and  mixed  with  white  lead,  is  used 
as  a  pigment;  alone  it  has  not  sufficient  body ;  the  amorphous  sulphate  is  prepared 
on  the  large  scale  by  predpitation,  and  forms  the  pigment  <vuled  permanent 
white. 
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TW  arW  jW^  Bft'H^SO*)",  is  produced  racc(»diiig  to Berieliu8)b7 pooling  st^ 
■ipboie  add  ou  the  ignited  nentnl  solphiite,  and  learinff  it  to  stand  in  a  closed 
9tmti  ia  a  mrm  place.  Aooording  to  Liis-Bodart  and  Jacquemin  (J.  pr.  Chem. 
lixT.  914 J^  stvoog  salphanc  add  dissolTee  oxide,  chloride,  sulphide,  chlorate,  phos- 
fbm»,  4e.  of  bariom,  forming  acid  sulphate  of  barium,  which  crystallises  in  micro- 
Mupcfuiats;  and  if  the  mother-liquor  be  left  in  an  open  Tessel,  so  that  it  may  slowlj 
•JbMct  aoutnre.  it  depoaits  silkj  needles  containing  Sa'^'(80«V.2fiK).  Both  the 
takv^tms  aad  the  hjrorated  aystals  are  immediately  decomposed  by  water. 

imkmdkndpkmU,  Ba'7(a'(S0M*,  is  produced  (according  to  Berthier)  by  fusing  its 
oBSUiavflt  aslta  together  in  equivalent  quantities,  and  forms  on  cooling  an  opaque  very 
ksrd  mtm^  haviag  a  pearly  luittre. 


af  Bteanitta. — ^When  bismuth  is  heated  with  strong  sulphuric  add, 
•■Ifteoat  oxide  is  sTolred,  and  the  metal  is  oonyerted  into  a  white  insoluble  powder, 

■■skrtrg  of  the  normal  sulphate,  ftK)*.8S0<  or  lS*(QO%  which  is  decomposed  by 
valir.  y^idxng  a  Tery  add  salt,  which  dissolves ;  and  a  tribatie  aulphate,  BiH)*.SO'. 
H^,  or  2BiH>".Bi*(80^)*.3HH),  which  zemains.— There  is  also  a  semibasio  sutphaU, 
ft47'J80*.SHK>,  or  BiH)*.2Bi*.(SO«)'.9H*0,  which  is  obtained  in  smaU  delicate 
infflw>  when  an  add  solution  of  nitrate  of  bismuth  is  mixed  with  sulphuric  add* 
^Brtatx) 

Bimmtm  potastie  sulpkaU,  Bi'^*(SC)^)',  is  predpitated  on  dropping  an  add  solu- 
tu  ef  bwBUth-nitrate  into  a  concentrated  solution  of  potassic  sulphate,  the  latter  not 
Uof  ia  fxceaa.  The  white  pulreruleBt  predpitate  must  be  dried  on  a  porous  tile  in 
tb«  aaccator.     It  is  decomposed  by  water,    if  a  dilute  solution  of  potasuc  sulphate 

W  «m1,  the  predpitate  has  the  composition  fii*E\80«)*.    (Heints.) 

■>l»fcit—  •f  0«4intaiB«— The  neutral  salt,  Cd''SO\  fbrms  (according  to  Stro- 
mfjtTieOiortmcent  crystals  containing  4  at.  water.  According  to  KuhnandV.  Hauer 
ii.  pr.  Oum.  Ixiv.  477 ;  Chem.  8oc  Qn.  J.  viiL  250),  an  add  solution  of  the  salt,  ooncen- 
aMat  the  boiling  heat,  depoaiu  nodular  crystals,  which  contain  Cd^SO^.HK),  and  give 
^etborwater  at  100^ ;thdr  specific gravi^  is  2*939  (Bui gnet,  Jahresb.  1861,  p.  16). 
1W  oyatals  formed  at  ordinary  temperatures  contain  8(M''S0^.8HH),  give  off  nearly 
ItL  vater  at  100^  and  the  reet  at  a  low  red  heat  (v.  Hauer) ;  their  spedfic  gravity  is 
}ti6(0ieaeke,  Jahresb.  1860,  p.  17).  According  to  Rammelsber^  (P<^*  Ann. 
at.  679),  they  are  isomorphous  with  the  sulphates  of  didymium  and  yttnum  containing 
(HcrMpooding  quantities  of  water.  W.  I)  el  if  s  (Pharm.  Centr.  1 864,  p.  380^  recommends 
idphate  of  fadminm  as  a  distinguishing  test  between  several  organic  acids,  inasmuch 
m  tt  forms  pcedpitates  with  oxidates,  mellitates,  dtrates,  cuminates,  and  dnnamates 
ti  Mdiaory  temperatures, — ^with  tartrates,  racemates,  fumarates,  and  suberates  only 
vka  heated, — and  does  not  predpitate  the  aconitates,  malates,  succinates,  bensoates, 
«  Mh^laiea  under  any  circumstances. 

Jmmtmimii  cadmk  sulpkaU,  Cd''S0^6NH*,  or  SuMuUe  of  tetrammcmuhoadmio* 
rtMiirwiMw,  N*[^H*(NH«)KM'180^,  is  fonned,  as  a  white  powder,  when  anhydrous 
cdBie  sulphate  is  allowed  to  aosorb  ammonia-gas  till  it  is  saturated.    (H.  Boss.) 

i—swir-CTKfawe  M^fpAo^  Gd''(NH«)<(S0«)'.6HH),  separates  in  monodinic  crystals, 
btm  a  wlution  containing  equivalent  quantities  of  tne  component  salts. — The  cor- 
Mpoodinff  potasmum-^alt,  which  is  isomorphous  with  it,  is  not  so  easily  formed,  inas- 
mmh  as  the  solution  is  apt  to  depodt  sulphate  of  potasdum;  it  is  efflorescent. — ^The 
m^momm^oaU,  Cd'lCg^'(80«)*.6HH),  crystallises  from  dilute  sulphuric  add,  half 
■laiated  with  cadmic,  and  half  with  maffpesic  carbonate,  in  easily  soluble  four-mded 
pnBaa~Th#  ootUmm^^alt,  Cd"NaXS0')*.6HH),  separates  £rom  concentrated  solution  in 
■aaO  Dpduiea.     (r.  Haner.) 

iTOflMliiiii.    See  Cjbsivx(L  1116). 

•r  CAletum. — The  neutral  eulphate,  Ca''SO^  occurs  native,  both  in 
tM  tahydtovs  stAte  as  anhydrite  (i.  296),  and  as  a  hydrate,  Ca"S0^2HH),  forming 
xyptaa  and  its  several  varieties  (ii.  962).  The  anhydrous  sidphate  may  be  obtained 
in  crystals  baring  the  form  and  spedfic  gravity  (2*9)  of  anhydrite,  by  fusing  potassic 
Hlpfatte  with  excess  of  caldc  chloride  (Manross,  Jahresb.  1862,  p.  9;  see  also 
8iBmUr,  ibid.  1869,  p.  132).  The  hydrated  salt  is  fonned  by  predpitating  a 
•Jitioii  of  caldc  chloride  with  a  soluble  sulphate  or  dilute  sulphuric  acid.  It  is  very 
■Ugbtiy  sohible  in  water,  the  anhydrous  salt  nearly  insoluble.  According  to  Lassaigne, 
1  pt  cf  the  hydrate  dissolves  in  332  pts.  of  water  at  any  temperature ;  but  according 
^  Poggiftl  e,  the  solubility  is  ^peatest  at  36*^,  1  pt.  of  the  salt  dissolving  at  that  tem- 
pnatare  in  393  pts.  water,  at  0^  m  488  pts.,  and  at  100°  in  460  pts.  Water  containing 
^jdiochloric  or  nitric  add  dissolves  it  in  laiger  quantity,  in  consequence  of  partial 
kiiion ;  the  solubility  is  likewise  increased  by  the  presence  of  common  salt ; 
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hence  the  oocunence  of  gypeum  in  Balt-surings.  Calcic  sulphate  disMlTes  also  in  eioett 
of  a  saturated  Bolutjon  of  eodic  hyposalphite^  with  moderate  facility  at  oxdinary  tea- 
peratores,  more  qnickljr  on  warming,  being  at  th^  same  time  conv^ted  into  caldo 
nypoBnlphite,  which  unites  with  the  excess  of  sodic  h^rpoeulphite,  forming  a  solabU 
double  salt ;  and  on  adding  alcohol  to  the  solution,  this  double  salt  is  precipitated 
as  a  heavy  oily  liquid,  which  solidifies  in  needle-shaped  ciystals.  The  solubility  of 
calcic  sulphate  in  sodic  hyposulphite  affords  a  means  of  separating  it  from  bario 
sulphate.    (Diehl,  J.  pr.  Chem.  bodx.  430.) 

Qjoefam  heated  to  100^  or  120^  gives  off  three*fourths  of  its  water  somevbat 
quickly,  but  the  last  fourth  is  not  expelled  below  200^—260^.  The  hydrated  calcie 
sulphate  deposited  in  steam-boilers  has  the  same  composition  aa  gypsum  dried  at  100*^, 
viz.  2CaS0\H'0,  and  a  ^lecific  gravity  of  2*7.  Dehydrated  gypsum  melts  at  a  red 
heat  without  decomposition,  and  on  cooling  assumes  the  civstalline  structure  of 
anhydrite.     When  gvi>sum  dehydrated    at   a   moderately  high  temperature,  and 

Cerised,  is  agitata  with  water,  it  takes  up  2  at.  water,  and  solidifies  to  a  veiy 
mass,  the  solidification  being  quicker  in  proportion  as  the  gypsum  has  been 
dehydrated  at  a  lower  temperature ;  if  this  temperature  exceeds  a  certain  limit,  the 
gypsum  bakes  together,  and  is  then  incapable  of  taking  water.  The  hydnted 
gypsum  expands  in  solidifying,  so  that  it  easily  fills  the  cavities  of  any  mould  io 
wmch  it  is  cast :  hence  the  use  of  gypsum  or  plaster  of  Paris  in  taking  casts  (iL  962). 
Calcic  sulphate  ignited  with  charcoal  or  organic  matter  is  reduced  to  sulphide. 

Acid  stUphaU  of  calcium,  or  Caldo-hydric  $uLphate,  Ca"H'(SO*)*,  is  produced, 
(according  toBerEeliu8)by  digesting  the  anhydrous  neutral  salt  with  sulphuric  acid 
at  80^ — 100°.  It  forms  a  granular  mass,  the  particles  of  which  appear  under  the 
microscope  as  short,  colourless,  transparent  prisms.  It  absorbs  moisture  from  tbe 
air,  and  is  then  quickly  decomposed  into  sulphuric  add  and  the  neutral  sulphate. 

Caleiihsodiesyiphaie,  Ca'Na'^SO)',  occurs  native  as  glauberite  or  brongniartin 
(ii.  846),  in  transparent  rhombic  prisms.  According  to  Berthiw,  it  may  be  obtained 
in  the  same  form  by  fusing  a  mixture  of  calcic  and  sodic  sulphates.  Wtttn  50  pta.  of 
sodic  sulphate  are  heated  with  26  pts.  water  in  which  1  pt.  of  gypsum  has  been  stirred 
up,  the  Hquid  deposita  at  80°  a  pulp  of  crystalline  needles,  consistiog  of  the  atXi 
Ca"NaXS0*)'.2H'0.  At  a  higher  temperature,  these  needles  are  converted  into 
microscopic,  rhombohedral,  anhydrous  crystals  of  glauberite,  Ca'17a*(80*)*.  The 
latter  is  also  formed  immediately,  if  twice  the  above  (quantity  of  water  is  used  at  the 
beginning  of  the  process,  and  tiie  liquid  heated  to  boiling.  These  artificial  crystals 
of  glauberite  are  transparent,  like  the  native  crystals  Som  ViUarubia,  but  became 
opaque  and  much  more  uiable  by  ignition. 

Sulphate  of  calcium  likewise  unites  by  fusion  with  the  fluorides  of  barium,  strontiam, 
and  calcium,  forming  clear  fluid  masses,  which  become  milk-white  on  solidifyiug. 

^■■Ipliates  of  CierliUB.— a.  Ceric  Salts,  Neutral  or  normal  Cme  tuMtaU^ 
Ce'(80^)'  -i  CeH)*.3S0',  obtained  by  dissolving  eerie  oxide  in  sulphuric  acid  and 
evaporating,  forms  efflorescent  crystals  belonging  to  the  hexagonal  system,  which  dis- 
solve in  a  small  quantity  of  water,  but  are  decomposed  by  a  larger  quantity,  with 
precipitation  of  a  basic  salt  requiring  2,600  pta.  of  water  to  dissolve  it  (Mosande r). 
On  dissolving  this  basic  salt  in  sulphuric  acid,  the  neutral  salt  crystallises  out  again 
with  9  at.  water  (Hermann,  J. pr.  Chem.  xxx.  184). — ^The  Aostosoi^  contains,  according 
to  Hermann,  3Ce»0".4SO«.9H«0,  or  4Ce»(80*)».6Ce»0«.27H»0.  Marignac  regards  it  as 
a  ceroso-ceric  salt.  A  basic  ceric  aulphate,  the  composition  of  which  is  not  given,  is 
prepared,  according  to  Holzmann  (J.  pr.  Chem.  Ixxv.  321;  Jahresb.  1868,  p.  132), 
by  dissolving  the  brown  powder  obtained  by  roasting  a  mixture  of  cerous  oxalate  and 
magntiiaalba  (i.  832)  in  bdling  nitric  acid,  heating  uie  solution  till  nearly  all  the  free 
nitric  acid  is  expelled,  triturating  100  grms.  of  the  aystalline  mass  which  forme  oa 
cooling  with  100  cub.  cent,  of  water,  and  adding  the  quickly  filtered  solution  to  2  Utm 
of  boiHng  water  previously  mixed  with  12  cub.  cent  of  sulphuric  acid.  The  bauc 
ceric  Bulmiate  whidi  then  separates  is  to  be  wa^ied  by  decantation  with  water  con- 
taining  tne  same  quantity  of  sulphuric  add. 

Fbtageio-oerie  mdphaie,    C!e*EXSO')»  -  ^^|^0«,  is  obtained,  by  immeiring 

crystallised  potassic  sulphate  in  a  solution  of  ceric  sulphate,  as  a  lemon-vellow  powder, 
which  dissolves  in  water  and  crystallises  therefrom,  but  is  insoluble  m  a  satomted 
solution  of  potassic  sulphate.  When  ignited  it  turns  white,  gives  off  sulphuric  oxide 
and  oxygen,  and  leaves  ceroso-potassic  sulphate  (Hermann). — AmmonifHCtrouB  tul- 
phate  forms  monoclinic  crystals. 

/3.  Cerous  Salts,— Neutral  cerous  sulphate,  Ce''S0^.3H^,  is  obtuned  by  dissolvisg 
cerous  carbonate  in  sulphuric  acid,  or  (according  to  Marignac)  by  diasolviag  eeroeo- 
ceric  sulphate  in  water  acidulated  with  sul|^uric  or  nitric  add,  dilating  the  yellowish* 
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ved  sdluticm  with  water,  and  boiling  the  inaduble  aalt,  which  separates  after  washing, 
vtih  sulphuric  or  hydrochloric  acid,  till  it  dissolves,  and  forms  a  perfectly  colour! t-sM 
•olution.  This  solution,  when  evaporated,  yields  cerous  sulphate  m  colourless  rhom- 
bic uctahedroDS  (sometimes  reddish  frt)m  the  presence  of  didymium).  Accordiig  to 
Otto,  they  contain  3  at.  water,  which  is  expelled  by  heat  They  dissolve  with  moieraie 
facility  iu  cold  watrr,  and  the  solution,  when  heated,  deposits  reddish  prisms  of  a  much 
less  siduble  salt,  cunUiining  2CeSO*.3H-0 ;  they  must  be  taken  out  of  the  hot  liquid  and 


C^SO«.;jU-0,  separate  from  moderately  warm  solutions  of  cerous  sulphate,  umler 
appnrL'urly  similar  circumstances,  and  cannot  be  obtained  at  pleasure,  lliey  all  cry»- 
uillisc  in  rhombic  forms,  an  i  appear  to  be  homoeomorphous.  The  {-hydrate  is  the 
most  frequent,  separating  buth  on  wanning  and  by  slow  evaporation,  in  short  prisma 
vliich  retain  their  lustre  on  exposure  to  the  air. 

AthmuHio-c»r*ms  auiphate  seimrates,  on  boiling  a  solution  of  its  component  salts,  as  a 
crystalline  powder,  which,  by  solution  and  zecrystallisation, may  be  obtained  in  obtuse 
ZBorabohedrons. 

Pktiiuskhferous  sulphate,  Ce'7^'(S0')*,  separates  as  a  white  powder,  on  immersing 
•olid  potassic  sulphate  in  a  solution  of  cerous  sulphate  which  may  contain  free  acid.  It 
is  insoluble  iu  a  saturated  solution  of  potassic  sulphate,  but  dissolves  slightly  in  pure 
vater,  and  crystallises  on  cooling  from  solution  in  boiling  water.  The  formation  of 
this  salt  affords  a  means  of  separating  cerium  from  most  other  metab  (i.  833).  It 
BiisltJi  without  dfcomposition  when  heated  (Berzelius). — ^Another  poiassio'certms 

MHipkntf,  6e*K*(S0*)"»  separates  (according  to  Hermann^  as  a  white  powder,  on 
mixing  the  concentrated  solutions  of  equal  weights  of  potassio  and  cerous  sulphates. 

SodUhcemuM  atdpkate^  C)e^a*(SO^)*,  analogous  to  the  potassium-salt  last-mentioned, 
■eparutM  as  a  white  granular  precipitate,  on  heating  a  mixed  solution  of  the  component 
laite  to  the  boiling-point    (Beringer.) 

y.  Cero90'cerie  Salts.— The  salt  3Ce0.2CeK)*.4SO*.HK)  is  formed,  according  to 
Marignac,  as  a  yellow  mass,  by  treating  ignited  eerie  oxide  with  sulphuric  acid.  It 
dissolves  easily  in  water  strongly  acidulated  with  sulphuric  or  nitnc  acid,  and  is 
reduced  to  cerous  sulphate  by  boiling  with  nitric  or  hydrochloric  acid.  According  to 
RammelBberg(Pogg.  Ann.  cviii.  40;  Jahresb.  1859.  p.  136),  the  yellowish-red  solu- 
tion of  ceroso-cerie  oxide  in  sulphuric  acid  yields,  by  slow  evaporation,  first  brown-red 

liexagonal  crystals  of  a  salt  A,  containing  &'Ce\S0«)M8H'0  -  3Ce''SO«.(3e*(SO<)*. 
18H'0,  which  aiu  decomposed  by  water,  with  separation  of  a  sulphur-yellow  basic  salt ; 

mfterwards  a  yellow  indistinctly  crj'stalline  salt  B,  conteining  Ce'Ce'(S0*)*.8HK),  or 

Ce''.<3I:\SO*)*.8H'0,  which  is  decomposed  by  wat4»r  in  the  same  manner  as  the 
furmer.  The  light-yellow  precipitate,  separated  from  either  of  these  salts  by  water, 
contains  2Ce*0*.3SO'.6U'0,  and,  as  well  as  the  salte  A  and  B  themselves,  leaves,  when 
■trungly  ignited,  a  residue  of  pure  ceroso-ceric  oxide  (Kammelsbe  rg).  According  to 
Hermann    (Jahresb.   1864,  p.   194),  Bammelsberg's  yellow-rod  salt  A   contains 

2Ce''.30vtje=cSO«)«.27H«0,  and  his  yellow  salt  B  consiste  of  Ce''S0«.Ce»(S0*)".8H«0. 
Hermann  supposes  also  that  there  are  several  other  yellow  ceroso-ceric  sulphates.  The 
composition  of  basic  ctrosthcerie  sulphate  likewise  varies,  according  to  Hermann,  with 
its  mode  of  preparation. 

A  solution  of  the  salt  A  yields,  on  addition  of  potassic  sulphate,  a  yellow  crj'stalliue 
precipitate,  vaning  in  composition  according  to  the  proportions  in  which  the  two  salts 
axe  mixed,  and'the  temperature  and  concentration  of  the  solutions,  but  generally  con- 

■i!»ting  of  a  mixture  of  at  least  two  compounds— viz.,  3K»SO«.3CJe"SO*.(;e^S0*)«.6n«O 

and  6K*SO*.3Ce"SO*.Ce*(SO*)'.6H»0.  Rammelsberg  is,  however,  of  opinion  that  tho 
eom[KMition  of  these  salts  may  be  more  correctly  expressed  by  rogaiding  the  cerous  oxido 
and  potanh  as  bases  which  replace  one  another  isomorphously.  Marignac  (Ann.  Mi n. 
[6]  XV.  27o)  obtained,  by  spontaneous  evaporation  of  a  solution  containing  p)t^NHic 
and  ceroso-ceric  sulphates,  small  yellow  crystals  having  the  composition  Cc'0\4S()*  + 

4(K*0.S0»)  +  4H«0  or  4K«SO'.Co"SO«.Ce-(SO«)*.4HK),  and  consisting  of  monoclinic 
combinations  +  P.   —  P  .  oP  .  oePoo    .  [otPoo]  .  [^Poo]   .   +iPoo,&c.;   sometimes 
pyramidal,  from  predominance  of  t-  P  and  —  P  ;  sometimes  tabular,  by  predominance  of 
oP.     Angle  +P  :  +P  (clinod.)  =  83°  7';  -P  :  -P  (dinod.)  -  92©  23';  oP  :  ooP* 
w  100®  40';  oP:  +P  =  104^20';    oP:  -P    =  116°  20' ;  oP  :[iP«]-  134^  10, 
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^'Ammamo'eero9<hceHe  nUpkatei  axe  obtained  in  the  same  manner  as  the  potasaie  stlti 

Besidesa  ciyBtallo-grannlar  pncipitate  containing  4(NH«)n30«.2G6''80^C&(80*)'.4HH), 
large,  orange*red,   monoclinic  crystals  are  formed,  containing   9{V3.*yBO*XW80*, 

2Ge*(S0^.12HH),  easily  soluble  in  water,  and  leaving  pure  ceroso-^wric  oxide  irheB 
ignited  (Kammelsberg).  Mariyiac  obtained  an  ammonio-oeroso-ceric  salt,  analo* 
goos  in  form  and  composition  to  his  potassioK^roBo-ceric  salt 

•nlpbfttaa  ofCliromiiiiii*  (8 ch rotter,  Pogsr.  Ann.  liii.  613. — ^Tranbe,  Ann. 
Cb.  Pharm.  IxTi.  87,  168.— Moberg,  ibid.  Ixri.  92.— Leykanf,  J.pr.  Chem.  ziz. 22^. 
->Ldwel,  Ann.  Ch.  Phys.  [8]  zL  42;  zliy.  313;  Jahmb.  1865,  p.  876.)— «.  Ckro- 

mie  i9a/U.— The  norvud  or  neutral  salt,  6i^80*y  or  C!rK)*.8S0*,  exhibits  a  violet 
and  a  green  modification.  The  violet  sulphate  is  obtained  by  leaving  8  pts.  of  chromie 
hydrate  dried  at  100^,  and  8  or  10  pts.  of  strong  sulphuric  add,  in  a  loosely-stoppored 
bottle  for  several  weeks.  The  solution,  which  is  green  at  first,  gradually  beoomes 
blue,  and  deposits  a  greenish-blue  crystalline  mass.  On  dissolving  this  substance  in 
water,  and  adding  alcohol,  a  violet-blue  crystalline  precipitate  is  formed ;  and  by  dis- 
solving this  precipitate  in  very  weak  alcohol,  and  leaving  the  solution  to  itauf  for 
some  time,  small  regular  octahedrons  are  deposited,  containing  Cr'(SO^)'.16HK). 
Another  mode  of  preparing  it  is  to  dissolve  6  pts.  of  chromic  hydrate  in  12^  pts.  strone 
nitric  add ;  dilute  the  solution  with  1 2^  pts.  of  water;  and  after  boiling  for  a  quarter  <» 
an  hour,  and  leaving  the  liquid  to  cool  (whereupon  it  turns  red),  add  7|  pts.  strong 
sulphuric  add  previously  diluted  with  16  pts.  of  water,  and  cooled.  On  ahsking  up 
this  solution  with  120  pts.  of  alcohol,  the  salt  separates  in  small  crystals,  which  must 
be  washed  with  alcohol  and  dried  between  filter-paper.  (Low el,  Ann.  Ch.  Phys.  [3] 
xl.42.) 

The^fMH  sulphate,  C&(S0^)*.6H'0,  is  prepared  by  dissolving  chromie  oxide  in  strong 
sulphurie  add  at  a  temperature  between  60^  and  60® ;  also  by  boiling  a  solution  of  the 
violet  sulphate;  or  by  heating  the  crystals  of  the  violet  salt  to  10(^,  wherenpoft  th^ 
give  up  10  at  water,  and  melt  to  a  green  liquid  iHiich  solidifies  to  a  grj^n  amorphous 
mass.  The  liquid,  when  quickly  evaporated,  yields  a  green  non-oyst^line  salt  having 
the  same  composition  as  me  violet  sulphate.  The  green  sulphate  dissolves  readily  in 
alcohol,  forming  a  blue  solution ;  but  the  violet  salt  is  insoluble  in  alcohoL  The  solu- 
tion of  the  green  sulphate  is  not  completely  decomposed  by  soluble  barium-salts  at 
ordinary  temperatures,  a  boiling  heat  being  required  to  complete  it ;  the  vicdet  sulfate, 
on  the  contrary,  is  deprived  of  all  its  suljmuricadd  by  barium-salts  at  ordinary  tempe- 
ratures. When  either  the  ffreen  or  the  violet  stdphate  is  heated  to  190®,  with  excess  of 
sulphuric  acid,  a  light-yeUow  mass  is  obtained,  which,  when  forther  heated,  leaves  a 
residue  of  anhydrous  chromic  sulphate,  having  a  red  colour.  This  anhydroiis  salt  is 
completely  insoluble  in  water,  and  dissolves  with  difficulty  even  in  acid  liquids. 

Basic  Salts.— The  sesqtdbasie  sulphate,  Cr«0*.2S0»,  or  Cr«0*.2Cr«(S0«^,  is  formed 
(according  to  Sc  hro  tter)  when  recently  predpitated  and  still  moist  chroouc^rdrate  is 
dissolved  to  complete  saturation  in  moderately  dilute  sulphuric  add.  The  green 
solution  thus  formed  leaves,  on  evaporation,  a  oreen  residue,  which  appears  dark  mb^* 
red  by  transmitted  light,  is  perfectly  amorfmous,  and  when  heated  to  redness  is 
converted,  without  cha^;e  of  colour,  into  chromic  oxide.  It  dissolves  readily  in  a  small 
quantity  of  water;  the  solution  exhibits  a  dark  ruby  colour  by  transmitted  li^t, 
and  on  dilution  with  water,  especially  if  heated,  deposits  a  light-green  powder. — The 
l-basie  salt,  ZCj*G*.2S(yA2BK>  -  7Cr«0».2Cr*(S0V.36H«0,  is  the  light-green  powder 
which  separates  on  heating  the  dilute  solution  of  the  preceding  salt  (Sc  hro  tter). — The 
dibasic  salt,  2Cr*0».3S0»  -  Cr«0«.Cr«(80*)»,  is  produced  (according  to  Kruger)when 
a  solution  of  chromic  sulphate  is  heated  till  the  original  green  colour  changes  to  rose-red. 
It  is  insoluble  in  water. — The  predpitates  formed  by  alkalis  in  solutions  of  chromic 
sulphate  are  likewise  basic  salts,  which  however  vary  greatly  in  composition,  aoooiding 
to  the  concentration  of  the  liquid  and  the  quantity  of  alkali  added. 

Double  Salts  of  Chromic  Sulphate.  Chrome-alums. — Ammoma^hrwHe' 
ahtm,  Cr"'(NH^)(S0^)*.12H'0,  is  prepared,  like  the  corresponding  potassium-salt,  with 
sulphate  of  ammonium  and  chromic  sulphate  (Schrdtter),  or  add  chromate  of 
ammonium  (Traute).  It  is  less  soluble  than  the  potassium-salt,  and  crystallises 
more  readily  in  splendid  ruby-coloured  octahedrons,  which  yield  a  lavender-Uue 
powder.  Spedfic  gravity  ■»  1*738.  From  a  concentrated  solution  of  violet  chrDmie 
sulphate,  it  is  precipitated,  on  addition  of  ammonium-sulphate,  as  a  violet-blue 
crystalline  powder.  It  is  not  predpitated  ^m  its  aqueous  solution  by  alcohoL  The 
crystals  effiorefte  slowly  in  contact  with  the  air,  and  melt  at  100°,  with  loss  of  9  at 
water,  the  residue  slowly  solidifying  to  a  ereen  gummy  mass  containing  8  at  water, 
which  is  the  double  salt  corresponding  to  toe  green  modification  of  chromic  sulphate. 
At  200^,  the  other  3  at.  water  are  given  oS,  the  green  anhydrous  salt  then  remaining. 


Irarie  acid  nenl  bi 

K'CiO'.CiO'  +  H=30'  ♦  330"  -  aCr-KCSO')"  +  E'O. 
B-alnm  cijatalliMB,  b;  alow  STupontioD,  in  spUndid  octahedraoa,  nirmntiiiw 
t  wd  of  &  dark  purjile  almoet  black  colaur :  the  smaller  ajstuls  eidubit,  b; 
ed  ligblf  a  veij  £ne  ruby-red  colour.  The  Bait  dieaolTei}  al  ordiaary  tompt*- 
7pM.  of  mtcr.  The  BolutLonhaa  a  diogj-blQe  colour,  with  a  tinge  of  »d,  and 
tad  wilh  alcohol  depoaiTB  the  chromii-alnm  unultoivd.  When  hrated  to  70" 
becoBirg  greoa.  perhaps  from  formation  of  grten  rbramic  Hulphate  or  the  oor- 
ikmodiHcHtioa  of  cbrome-alum,  Bhii'h,  like  green  chromic  sulphate  it«elf|  iinu- 
Mt.  The  green  solution,  if  left  at  rest  for  Bomc  weeke,  gradually  reoovera  JM 
yaz,  and  then  ugain  jields  cryBtiiU.  The  change  of  thf  purple  into  the  greeu 
ometimeB  been  supposed  to  be  atlfsdrd  vith  separatiun  of  tbs  potaaaie  and 
mlpbnli'H ;  but,  acconJing  to  Schratter  andLowel,  it  ariaeB  merel;  from 

Etallieation-Tatrr.  A  solution  of  chrome-alum  which  baa  become  greeD  and 
labli)  by  heating,  does  not  deposit  any  sulphate  of  potassium,  eren  when 
led ;  aeilher  does  that  salt  eepaiste  Then  the  cryMala  are  melted  id  a  sealed 
•,  the  green  liquid  obFaiaed  bj  pithor  of  these  proceaees  yields,  when  heat4Kl  in 
Mwphere,  a  dark-green  mass  contuining  CrE(SO'}'.  wiUi  scarcely  3  at.  Tatar. 
t  crjHtalB  containing  12H*0,  vhen  left  for  several  days  Id  dry  air,  at  a  tam- 
between  26°  and  30°,  giTe  otT  6  at.  water,  and  nssamn  a  lilac  colour.  At 
ithrr  quantity  of  water  goes  off  and  the  eryntala  beoome  green ;  and,  by 
raising  the  trmperatnretoabout  361)°,  the  whole  of  the  water  may  be  eipellsd 
snaing  the  salt  to  melt.  The  unLydnus  crystala  are  green,  and  dissolve 
vndne  in  boiling  water,  bat  at  a  lemperatore  somewhat  aboTS  SfiO",  they  sud- 
euish-ypllow,  without  perceptible  loss  of  weight,  acd  are  afterrardj 
le  ia  water.  (Lowel;  sea  aUo  Siewert,  Ann.  Ch.  Pharm.  ezzri. 
sab.  1683,  p.  223.) 

r,  by  precipitating  a  concetitratfd  green  solution  of  chrome-alnm  ^rpusd  at 
mpnahire,  obtained  a  green  viscid  uiftiiB  containing  CrW.aSO*  +  K»O.SO'  or 
ff. Ci^.  According  toOtto,tbe  aqaeous  solution  of  this  salt,  when  lea  at  rert 
'  long  time,  is  completely  converted  into  Tiolet  crystals.  Leykauf  bus  proposed 
fthagrveo  mass  for  colonriogoil-vamishea,  caoutchouc,  &c.,  and  its  solulioQ 


IB  greoui; 


:in»>iie  Svlphalr.  or  Sodir  Ckronu-alam,  Cr"Na(S0')«12H»0.— Prepared  by 
(  adding  alcohol  lo  a  miilure  of  1  at.  scid  chromAt«  of  sodiam  and  4  at.  bqi- 
ai  It  is  much  more  soluble  than  the  corresponding  auimoni am-  and  potaaiiun- 
1  eannot  therefore  be  obtained  in  well-developed  crystals.  Under  the  euic- 
aa  a  violet  warty  man.  At  100°  it  gives  off  8  st^  water,  leaving  a 
fiflcation  with  *  at,  water.    (Schrotter.) 


spai 
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Tess<>1,  potAssio-cbromous  sulphate  crystallises  from  it  in  fine  blue  xliamlie  priiei, 
vhich  turn  green  on  exposure  to  the  air.     (P61igot.) 

Sulpbates  or  Cobalt. — ^The  neutral  cobaUotu  aalt,  Co''S0'.7H'0,  ooenn  u&Tt 
as  cobult-vitriol  or  bieberite,  sometimes  in  monodinic  or^stals,  bat  nmailjiB 
stalactites  and  crusts,  in  the  rubbish  of  old  mines  at  Biebor,  near  danao,  and  at  I>*Qfftt^ 
in  Salzbui^.  It  is  prepared  artificisUy  by  heating  metallic  cobalt  with  strong  sulpimr^ 
acid,  or  by  treating  cobaltous  oxide  or  carbonate  with  the  dilute  acid.  The  rra  mIq- 
tiou,  left  to  evaporate  at  ordinary  temperatures,  yields  red  ctystaLi  haTing  the  funa  of 
ff>rrous  sulphate,  and,  like  the  latter,  containing  7  at  water.  At  20^ — 30^,  on  the  otb^ 
h:u;d,  it  soparates  in  crystals  with  6  at.  water,  isomorphous  with  hezhydrated  snlpliatt 
of  magnesium  (p.  601)  (Mitscherlich).  It  dissolves  in  24  pts.  of  cold  water,  and 
is  insoluble  in  alcohol.  It  effloresces  in  the  air,  gives  off  its  water  of  erTStallicacka 
when  heated,  and  is  thereby  converted  into  the  rose-red  anhydrous  salt,  wnieh  bean  a 
moiicrately  strong  red  heat  without  decomposition,  but  is  decomposed  by  eontioBai 
strong  ignition. — A  flesh-coloured  basic  sulphate^  insoluble  in  water,  is  formed  bj 
treating  the  solution  of  the  neutral  salt  with  a  quantity  of  alkali  not  floffid^ot  for  eon- 
plote  precipitation. 

Ammoniacal  cohaUons  suJphat^  Co^SO^.eNH',  or  Sulphate  of  tetrammtrnw-roialitt^ 
d'minmonltnuj  N"^[Co"(NH*)*H']SO*,  is  a  white  powder,  produced  (according  to  H.  Boie) 
by  the  action  of  dry  ammonia-gas  on  anhydrous  cobaltous  sulphate ;  also  (aooocdiog  to 
Fr^my)  by  the  action  of  aqueous  ammonia  on  cobaltous  sulphate. 

Respecting  the  ammoniated  cobalt-salts  obtained  by  the  action  of  •mmmtU  ^ 
cobaltous  salt  in  contact  with  the  air,  see  Cobalt-basbs,  Ammoviacai.  (i.  1051).  Oi 
the  pentammoniated  cobaltic  salts,  see  also  C.  D.  Braun  (Ann.  Ch.  Fharm.  czzzriiL 
109  ;  Bull.  Soc.  Chim.  1866,  ii.  816). 

Double  Salts  of  Cobaltous  B}x\'^h^XB.—AmmonHh€obalt<m»  talpUu, 
Co"(NH*)-(S0*)-.6H'^0,  and  Potassio-cobaltoue  sulphate,  Co"K«(80«)«.6H«0,  are  nd 
doable  salts,  isomorphous  with  the  corresponding  salta  of  iron,  Tnagnewinin,  and  maa- 
ganciie. 

Poiassio-ferroso-cohaltous  sulphate,  CoTe'TC«(SO<)M2EPO,  and  the  eorrespooaiif 
ammonium-salt  are  produced  by  spontaneous  e\'aporation  of  a  mixed  aolntion  of  tbs 
component  salts.  They  both  crystldlise  in  reddish,  oblique,  rhombic  prinuB,  wfaieb  on- 
dise  and  crumble  to  a  yellowish-brown  powder  on  exposure  to  the  air.  On  diasoIriDi 
this  powder  in  water,  the  original  double  salt  is  reproduced.  (Vohl,  Ann.  Ch.  Fhan. 
xciv.  57  ;  Jahresb.  1856,  p.  312.) 

Maqnesio-cohaltrms  sulphate,  Co'Mg''(S0*)*.2SHK),  is  found  natire  (according  to 
Winkelblech)at  Bieber  in  Hesse,  as  a  red  stalactitic  mass,  also  called  cvbalt-rihiti 

Potassio-^nagnesto-cobaltoits  sulphate,  Co''Mg"K\S0*)^.12H*0,  and  the  coirevpoadiiig 
ammouivm-sait  are  formed  on  mixing  the  solutions  of  the  component  salts,  and  op* 
talliHe  very  easily  in  larjre  rose-coloured,  oblique,  rhombic  prisms,  which  give  off  ill 
their  water  between  160°  and  180°,  assuming  a  fine  lipht-blue  colour.     (VohL) 

Potassio-manganoso-cobaltous  sulphate,  CoTtfn'TL*(SO*)*.12HH),  and  the  corrMpoad- 
iiip  amm/mium-aalt,  prepared  like  the  preceding,  crystallise  in  fine  red  prisms  tad 
tables,  the  ammonium-salt  being,  however,  more  inclined  to  the  tabnlar,  the  pntawiim- 
salt  to  the  prismatic  form.     (Vohl.) 

Potassto-nfcco/^-cofmltous  sulphate,  Co"Ni"KVSO*)M2HK),  and  the  coirapoDdii| 
ammonium-salt,  prepared  in  like  manner,  crystallise  in  large  tables  and  prisms  hsri^ 
a  dingy  greenish-grey  colour.     (Vohl.) 

Potassio-sinco-cohahous  sulphate,  Co''Zn"K\SO*)M2IPO,  and  the  eoirespoodiif 
aMnwnium-sait  crystaUise  in  rose-red  prisms  kdA  tables.  When  heated  to  \9tfi,  thuj 
give  off  all  their  water,  assuming  a  blue  colour,  which  partially  disappears  od  ooolii^ 
The  ammonium-salt  loaves,  after  prolonged  ignition,  a  fine  green-coloured  mass,  horn 
which  water  extracts  only  a  portion  of  th^  cubaltous  sulphate.     (VohL) 

Snlpliatea  of  Copper. — a.  CupricSalts.  yormal  (or  neutral)  eyprie  nlphaif, 
Cu"S0^5H'0,  also  called  Blue  vitritl  and  Copper  vitHol.. — This  salt  occurs  verr  f^r 
quontly  as  a  secondary  product,  in  mines  where  sulphuretted  oopper-anes  und^rzo 
disintegration,  and  is  found  either  crystallised  in  clefts  and  cavities,  or  disiolwd  in  rb« 
watoi*s  of  the  mine,  or  in  the  water  used  for  washing  the  ore. — It  is  prodnced  sitificit!!? 
by  boiling  cupric  oxide  (srale-oxide  of  copper)  with  dilute  sulphuric  acid,  andcmtil- 
lisos  out  on  coolinp ;  or  by  heating  metallic  copper  with  strong  sulphuric  acid,  w^i^- 
upon  sul)«hurouH  oxido  is  evolved,  and  anhydrous  cupric  sulphate  is  precipitated  u  t 
^^ito  powder,  mixed  with  a  brown  mass  of  cuprous  and  cupric  sulphides  (p  340).  <»ii 
digesting  this  mass  with  hot  water,  the  cupric  sulphate  dissolves  oat»  and  may  becnv- 
ta]li8f<l  from  tho  solution. 

Cupric  sulphate  is  exton««ive]y  used  in  the  arts,  and  is  prepared  on  the  laTjr»  «p»k 
either  from  artificially  prepared  sulphide  of  copper,  or  by  roasting  and  lixiviaiioc  of 
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fldplrerftttd  ««(pp«rorM,  or  from  the  coarse  copper  (Kupferstem^  ii.  27i  84)  produced 
» the  nultnig  of  copper,  and  connsting  mainlT  of  the  enlphides  of  copper  and  iron. 
TV  Boat  oaniu  mode  of  preparation  is  from  artificial  Bolphide  of  copper.  For  this  pnr- 
pM#,  pUte*  taf  copper  U^,,  old  sheathings  of  ships'  bottoms)  are  heated  to  strong 
^risttm  oB  the  hearth  of  a  reTerberatoiT  frimace ;  a  certain  qnantity  of  snlpbnr  is  then 
thnvn  la.  and  all  the  doors  dosed,  llie  copper  is  thereby  converted  into  sulphide, 
•]»i  AS  aacm  as  the  combination  is  complete,  the  draogfat  of  air  is  re-established,  and 
th«  aiM»  is  heated  to  redness,  whereby  the  sulphide  of  copper  is  oxidised  to  cnprin 
rxJphatv  azid  euprie  oxide : 

Cu«S  +  ()•  -  CuTBO*  +  CuO. 

Th»  raacted  shm  is  thrown,  while  still  hot,  into  water  containing  sulphuric  acid,  and  the 
rrtohxQ^  floUtion  is  rrapOTated  to  the  eiystallising-point.  The  crystals  of  capric  sul- 
pui«  thas  oUained  are  nearly  pure. 

Tb»  pf«parataon  of  capric  sulphate  by  roasting  copper-glance,  purple  copper,  &c.,  or 
mam  oufper,  Is  precisely  similar,  and  the  solution  obtained  by  hxiviating  the  roairt^ 
wvdaoU  also  yiaJUs  neany  pure  cupric  sulphate  in  the  first  and  second  crystallisations; 
nt  tke  aodMT^liq^is  contain  a  li^ge  proportion  of  ferrous  sulphate,  and  frequently 
ik»  saha  of  manganese,  cobalt,  &c.,  so  that  when  evaporated  to  di^ess  they  yield  a 
Tcry  Oipvn  copric  sulphate :  on  this  account  it  is  better  to  precipitate  the  copper 
from  these  liquorv  by  metallic  iron,  and  then  treat  it  with  sulphuric  acid. 

Tsry  pore  eoprie  sulphate  is  obtained  as  a  secondaiy  product  in  the  treatment  of 
Miifceoua  silrer  with  sulphuric  acid.  From  the  solution  of  argentic  sulphate  thus 
BTodaesd,  the  silrer  is  precipitated  by  metallic  copper,  and  a  solution  of  cupric  sulphate 
u  frnsMl  (iL  925). 

TV  bhie  Titriol  of  commerce  is  generally  pure,  with  the  exception  of  a  small  quan- 
tity of  fenous  sulphate.  From  this  it  cannot  be  fr««d  by  mere  recrystallisation,  as 
xV  tvo  salU  are  very  apt  to  crystallise  together  isomorphously  (p.  592) ;  but  if  the 
•iilotioo  be  first  heated  with  a  little  nitric  acid,  to  conyert  the  ferrous  into  ferric  sul* 
ptcif^,  it  will  then  yield  pure  crystals  of  the  cupric  salt  The  solution,  after  treatment 
wtth  nitric  add,  may  also  be  digested  with  cupric  oxide,  which  will  precipitate  the  iron 
«  fpiric  oxide.  Another  mode  of  removing  the  iron  is  to  boil  the  solution  with  per- 
0X1^  of  lead,  and  precipitate  the  ferric  oxide  thereby  produced  with  a  small  quantity 
fif euboaateof  banum.    fWurtz.) 

Copric  sulphate  crystaUises  with  5  at.  water  in  large,  acure-blue,  triclinic  prisms, 
baring  the  fonn  and  modifications  shown  mfigi.  313, 314,  and  315  (Cbtstaixoosapht, 
iL  16SV  Angle  »Poo  :  oo  T  -  1540  3';  odPoo  :  odF,  -  U9«  7^;  oDfoo  :  ooF 
-  UiP  10';  oof  00  :  ooT  (behind)  -  126O40';  odPoo  :  odFoo  «  79*»  19'; 
•F,  :  •;?  =  123'*  10';  F  :  oDj>ao  «  103*^  27';  F:  ooF,  -  127®  40';  F: 
«eP«  »  120®  50'.  The  face  oof  oo  is  striated  parallel  to  the  prindp^  axis. 
The  aslt  baa  a  nauseous  metallic  taste  and  acid  reaction.  Spedfic  gravity  » 
S174  (Kopp);  2*302  (Buignet,  Jahresb.  1861,  p.  15).  The  crystals  effloresce 
nperficially  on  exposure  to  the  air,  give  off  4  at.  wat«r  at  100®,  and  the  remaining 
1  iS.  it  200^,  leaving  the  anhydrous  salt  as  a  white  saline  mass,  which  is  decomposed 
at  a  Wight  red  heat,  giving  off  sulphurous  oxide  and  oxygen,  and  leaving  cupric  oxide. 
The  anhydrous  salt  has  a  very  powerful  attraction  for  water,  which  it  absorbs  rapidly 
fim  the  air,  becoming  hot  and  assuming  a  blue  colour :  on  this  account  it  is  used  for 
46^rdrating  alcohol. 

Bjdiatad  euprie  sulphate  dissolves  in  8}  pts.  of  oold  and  in  a  much  smaller  quantity 
of  boiling  water.    According  to  Ppggiale,  100  pta.  of  water  dissolve  the  following 

qmotities  at  various  temperatures : — 

OnantitiM  of  mU  diMolTed. 

TempOTvtnre.                                                             /^ *  ^ 

CryttalifMd.  Anhfdrout. 

10*» 36-9  20-9 

20* 42-3  28-6 

40<* 56-9  80*8 

80® 1180  531 

100« 203-3  75-8 

Coprie  sulphate  is  insoluble  in  absolute  alcohol,  and  less  soluble  in  hydrated  alcohol  as 
the  pfoportion  of  alcohol  is  greater.  According  to  Scbiff  (Ann.  Ch.  Pbarm.  cxviii. 
SC2;  Jahrasb.  1861,  p.  87),  100  pts.  of  spirit  of  various  strengths,  saturated  with 
nprie  sulphate  (CuS0^5HK))  at  15®,  contain  the  following  quantities  of  the  pentahy- 
dratedialt: 

FtoMBtage  of  alcohol  by  wei^t      ...        0  10  20  40 

OsaotityofsaltinlOOpts.     ....    27'2»       13'3  31         0*25 

*  Tkli  nuRiber,  which  flvM  the  ousntlty  of  the  hydrated  mU  diuolved  in  pore  water  at  t8°,  does 
»lth  Pofi|iai«*a  oetennlnanoo*. 
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Hydrochloric  acid  difsoWes  cupric  sulphate,  with  considerable  redndioii  of  tempftt- 
tare,  formiDg  a  green  liquid,  which,  when  evaporated,  yields  drstals  of  cnpric  chloride. 
According  to  Kuie,  both  the  anhydions  salt  and  the  pulyerised  hydrate  rapidly  absorb 
2  at.  hydjPDchloric  acid  fas. 

When  a  strong  solution  of  sugar  is  added  to  a  strong  solution  of  enpric  sulphate,  t 
white  easily  soluble  precipitate  is  gradually  formed,  consisting  of  a  compound  of  1  al 
cupric  sulfate  with  1  at.  sugar  (C*'H'H)")  and  4  at.  water.  (Barreswil,  J.  pr. 
Chem.  nxv.  263.) 

When  a  solution  of  cupric  sulphate  is  mixed  with  ferrous  sulphate,  or  with  sulphate 
of  zinc,  mngnesium,  or  nickel  in  excess,  the  cupric  sulphate  crystallises  isomorphoDtly 
with  these  baits  in  the  most  Tarying  prcnxyrtions,  the  crystals  having  tJie  form  of  ferrous 
sulphate  and  containing  7  at  water.  If,  on  the  other  hand,  the  cupric  sulphate  is  in 
excess,  the  crystals  have  the  form  of  blue  vitriol,  and  contain  6  at  water  (Mitscher* 
lich).  According  to  Ranunelsberg,  a  solution  containing  1  at  fbrroos  to  4  at  cupric 
sulphate  yields  crystals  having  the  form  of  the  latter. 

Cupric  sulphate  is  used  for  the  preparation  of  many  blue  and  green  pigments  (sodi 
as  Bremer  blue,  Schweinfurt  green,  &c.),  and  very  largely  in  the  electrotype  process. 
It  is  also  used  in  medicine.  Its  purity  may  ^nerally  be  recognised  Ir^  the  form  and 
colour  of  the  crystals.  A  tinge  of  green  indicates  the  presence  of  a  ferrous  salt ;  blue 
vitriol  thus  contaminated  does  not  dissolve  completely  in  ammonia.  The  presence  of 
zinc  is  easily  recognised  in  the  liquid  which  r^nains  after  predpitating  the  cofppa  hj 
■ulphydric  acid. 

Basic  Salts. — ^There  are  several  basic  cupric  sulphates,  forming  ereeoish  powderi, 
and  obtained  for  the  most  part  by  digesting  a  solution  of  the  normal  salt  witn  caprie 
hydrate  or  carbonate,  or  by  impcorfect  precipitation  with  potash.  Some  of  them  also 
occur  native. 

A  dicupHe  salt,  2Cu''0.80«.H«0  or  Cu'T30«.Cu*'H*0«,  is  produced,  aoeordii^  to 
Thompson,  by  digesting  the  normal  salt  with  cupric  oxide  in  equivalent  quantitiei; 
and  the  anhydrous  salt,  2CuOJ30*  or  CuSO*.CuO,  according  to  Boucher  (J.  Fharm. 
[3]  xxxvii.  249;  Jahresb.  1861,  p.  193),  as  an  orange-yellow  pnlvemlent  mass,  hj 
the  normal  salt  to  dullredness  for  several  hours. 

The  trieupric  salt,  SCuO.SO'  -  Cu80^2CuO,  is  produced  by  the  action  of  watmr  os 
the  anhydrous  dicupric  salt,  which,  when  exposed  to  moist  air,  is  converted  into  a  gr^o 
mixture  of  the  normal  salt  and  the  salt  3CuO.SO'.2^HH) ;  and  when  immersed  in  hot 
water,  yields  a  solution  of  the  normal  salt,  and  a  residue  consisting  of  3CuO.SO'.9H^. 

The  tetracuprie  salt,  4CuO.SO*.3H*0  «  GuS0^3CuH*0*,  occurs  native  as  hrochtm- 
tUe  (i.  664),  in  emerald-green  rhombic  prisms,  at  Ekaterinenberg  in  Siberia,  at  Bets- 
hanya  in  Hungary,  and  at  Krisuvig  in  Iceland  (krisuvi^ite).  It  is  produced  artificially :~ 
1.  By  precipitating  a  solution  of  blue  vitriol  with  a  quantity  of  potash  just  enffiamt 
to  reni^r  the  liquid  alkaline ;  it  then  &lls  as  a  light-blue  precipitate  containing  8  at 
water  if  separated  from  concentrated,  and  6  at  water  if  from  dilute  solutions 
(J.  DenhamSmith),  Euhn  found  this  precipitate  to  contain  4  at  water,  and  observes 
that  the  complete  precipitation  of  the  copper  from  1  at  normal  cupric  sulphate  (CuSO) 
requires  exactly  i  at  potash  (KHO).  According  to  Field  (PhiL  Mag.  [4]  xxiv.  12S), 
the  tetiahydrated  salt,  4CuO.SO«.4H*0  or  CuS0*.8CuH«0«.HK),  is  precipitated  as  a 
shining  green  powder,  when  a  small  quantity  of  potash  is  added  to  a  lax^  excess  of 
blue  vitnol,  the  liquid  boiled,  and  the  precipitate  thoroughly  washed.  The  same  com- 
position is  exhibited  by  brochantite  from  Acandallo  in  Uhile :  spedfie  gravity  ■■  3*81. 
— 2.  The  same  hydrate  is  obtained,  according  to  Vogel  and  Beischauer  (Jahresb. 
1869,  p.  216),  bv  precipitating  blue  vitriol  with  an  insufficient  quantitv  of  ammonia. 
If  the  ammonia  is  addea  in  excess,  the  tetrabasic  salt  is  likewise  formed,  but  mixed  with 
cupric  hydrate,  from  which  however  it  quickly  separates  in  microscopic  crystals,  while 
the  cupric  hydrate  is  converted  into  oxide. — 3.  The  tetrabasic  salt  is  also  formed, 
mixed  however  with  cupric  hydrate,  when  metallic  copper  is  left  in  a  solution  of 
ammonium-sulphate  exposed  to  the  air.  (Vogel  and  Beischauer.)— 4^  The  tetra- 
cuprie salt  with  8}  at  water  =  2(CuSO«.3CuO).7H^O  -  2^(3uSO«.8CuH»0«).HH). 
is  formed  on  mixing  a  dilute  solution  of  blue  ritriol  with  the  acetate  of  an  alkali-meCal, 
magnesium,  manganese,  cobalt,  nickel,  sine,  cadmium,  or  copper ;  thus  with  sodio 
acetate  1 

4CuS0«  +  6C«H*NaO«  •¥  3HK)     -     CuSO*.8CuO  +  8Na«80«  -t-  6(?H*0». 

The  precipitate,  which  forms  slowly  in  the  cold  (or  with  the  acetates  of  sine,  nickel, 
and  cobalt  not  at  all),  but  immediately  on  boiling,  is  flooculent  at  first*  but  soon  becomes 
granular ;  it  has  a  fine  green  colour,  neariy  equal  to  that  of  Schweinfurt  green,  and  is 
so  nearly  insoluble  in  boiling  water  that  it  is  perceptibly  formed  in  liquids  cootaimng 

only  sf^f^  pt  of  sodic  acetate ;  in  dilute  acids,  on  the  oontrmry  (even  in  acetic  aeid),  it 
is  easily  soluble,  and  somewhat  soluble  in  cupric  sulphate.      By  repeated  evaporation 
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vitk  n£e  aotate  it  U  gniduAllj  decompofled,  with  deposition  of  black  enprie  oxide, 
lAd  ftmutlDci  of  a  blue  sodio-cuprie  acetate.  Tetmcupric  sulphate  is  alao  formed  on 
Bisiaf  boUlng  solntioiia  of  normal  cnpric  sulphate  and  formate,  propionate,  or  Talerate 
si  KMima,  bot  not  with  ffljrooUate  or  lactate  of  sodium,  or  with  lactate  of  sine ;  ftirther 
H  mixing  a  aolutioo  of  cuprie  acetate  (or  formate,  propionate,  ralerate,  or  lactate) 
bntcd  to  95*,  with  a  boiling>hot  solution  of  a  sulphate,  or  by  boiling  it  with  dilute 
aolpbarw  aieid.     With  sodic  sulphate  the  reaction  is : 

S.'SO*  ♦   4C*H«Cu'-0*  +  8H«0     -     CuSO«.8CuO  -t  2C«H«NaO»  -t-  6C»H*0«; 

vtfk  CBprie  snIphatA  it  is  represented  bj  the  equation : 

CqSO«  ♦  3C*H«CuO«  +  8H«0     -     Cu80«.8CuO  +  6C«H«0« 


In  cttlier  ease  the  mixture  must  be  repeatedly  evaporated  to  dryness  to  expel  the 

vtie  acid.    (Casselmann,  Zeitschr.  Anal.  Chcnn.  iv.  24  ;  Jahresb.  1866,  p.  272.) 

A  pmiwn^rie  mU,  6CnOJ30*.HK)  -  CuSO«.4CuO.H*0  [?1,  is  obtained,  according 
w  C^ham  Smith,  as  a  Ugfat-blue  precipitate,  by  treating  blue  ritriol  with  a  slight 
cx<a^»s  of  potaah,  and  washmg,  pressing,  aind  drying  it  as  quickly  as  possible. 

Aa  *etocwrie  mU,  8CuO.SOM2H*0,  is  obtained,  according  to  Kane,  by  adding 
eutcic  poiaali  to  a  solution  of  blue  ritriol  till  the  copper  is  completely  precipitated. 
U  «  dreenbed  as  a  oass-green  powder,  which  gives  off  6  at.  water  at  150^,  and  the 
f  ■■iTifler  at  260^.  Neither  Smitn  nor  Kiihn  was  able  to  prepare  the  octobasie  salt  by 
this  prooMB :  tlie  latter  always  obtained  the  tetracupric  salt. 

A  sciD  mart'  highly  basic  sulphate  (containing  only  6  to  7  per  cent  SO')  is  produced, 
aeearfiag  to  Vugel  and  Reischauer,  by  diluting  a  solution  of  ammoniacal  cuprie  mil- 
alkat*  wih  a  la^  quantity  of  water ;  but  it  is  perhaps  only  a  mixture.  Indeed,  it  is 
oftghAI  whether  any  cuprie  sulphate  more  basic  than  the  tetmcupric  salt  has  been 
ottetaed  aa  a  definite  compound. 

AmBoaiacal  Cuprie  Sulphates. — A  solution  of  cuprie  sulphate  mixed  with 
•EflSB*  of  amraoaia,  forms  a  deep  blue  liquid,  which,  on  addition  of  alcohol,  yields 
nitfals  of  the  oampound  (^i''S0*.4NH«.HK) ;  and  this,  when  heated  to  149^,  yields  the 
sJt  CuSCH.iNH*,  or  N*H*Cu''SO^  as  an  apple-green  powder.  Anhydrous  cuprie 
snMjate  rmdly  absorbs  dry  ammonia-gas,  and  forms  a  blue  powder  consisting  of 
CdSO.lONH*.    (See  Cofpbb-basis,  Axmoniacai^  ii.  80.) 

Dovb  le  %%\t%,—-Anum>nuHiuprie  ndpkaU,  Cu''(NH0*(SO*)'.6HK),  crystallises  by 
napaiatiou  of  the  mixed  solutions  of  its  component  salts,  in  blue  easily  soluble  crys- 
tah  (Xitscherlich).— The  corresponding  poiasshm-^aU,  Cu"K'(S0<)".6H«0;  crystal- 
Shs  by  spontaneous  e?aporation,  in  large,  regular,  light-blue,  monoclinic  ciystals 
I  Jtitseh  erl  ie  h).  By  heating  the  ciystak,  the  anhydrous  salt  is  obtained  as  a  green 
friaUe  masa,  whidi  melts  at  a  red  heat,  giving  off  part  of  its  acid  (V  ogel).  When 
ewled  nfter  fbaion,  it  solidifies  in  a  blue  crystaUine  mass,  which  soon  decrepitates 
•ad  lUb  to  powder  (Or  ah  am,  Phil.  Mug.  [3]  iv.  418).  It  dissolves  easily  in 
~  the  solution,  when  heated  to  60^,  deposits  a  light-green  crystalline  powder, 


of  a  basie  double  salt,  Cu*K'(80«)«.0u"0.4HK)  (Brunner,  Pogg.  Ann. 
L  48),  from  whidi  water  extracts  sulphate  of  potassium,  leaving  tetracupric  sulphate. 
B|f  mixing  the  solutions  of  the  ammonio-  and  potassio-cupric  salts  just  described 
with  the  eomsponding  double  sulphates  of  cobalt,  iron,  magnesium,  m&nganese,  nickel, 
and  siae,  eomplex  salts  are  obtained,  having  a  compoeition  which  may  be  iUuvtrated 
hj  thai  of  the  magneaium-salts,  vis. : 

Cu1ig*'(NH«)*(SOOM2H«0  and  CuT4g'^«(80*)M2H«0. 

AA  theae  salts  crystallise  in  monoclinic  prisms  and  tables,  isomorphous  with  the 
■Mgiii  siiim  double  salts  ^p.  602).  Further,  by  mixing  the  solutions  of  three  or  four 
of  th«ae  double  salts,  oliier  salts  of  still  more  oomploK  oonstitution  may  be  formed, 
b«t  aim  immorphoQs  with  the  preceding:  «^.,  0u'Dfn*Mg''K'(SO«)M8H*O, 
Gb'Zn*)Cg"(NH«)^S0«)^18H*0,  and  the  corresponding  potassium-salt;  also 
CuTb'Zn"Mg'^«(SO*)r.24H«0.    (Vohl,  Ann.  Oh.  Pharm.  xciv.  67  ;  Jahn«b.  1866, 

CohdUmhcuprie  iuipkaU,  OarCoy30*y.ZeWO,  obUined  by  evaporating  a  mixed 
aalat&on  of  the  component  salts,  crvstallisee  like  sulphate  of  cobalt.  (Li  eb  i  g.) 

nmto^cmprie  SmpAaUt  also  called  SdUbwrg  Vitriol^  AdUrfntrvol^  Cuprum  sulphur* 
ifiat  wtsdmm, — It  has  already  beoi  mentioned  that  ferrous  and  cuprie  sulphates, 
thoi^^  thsy  crystallise  separately  in  different  forms,  and  wi&  different  quantities  of 
gyWinisaHop-water,  are  nevertheless  capable  of  ervstalliaing  together  in  the  form  of 
fcnous  sniphate — the  cuprie,  like  the  ferrous  salt,  then  taking  up  7  &t.  water.  Sudi 
eoai^Qaita  salts  (not  true  double  salts)  are  obtained  in  bluish-green  crystals  in  the 
fRpsratioB  of  cuprie  sulphate  from  ferruginous  materials.  The  proportion  between 
the  eopp«r  and  iron  is  Very  variable.  A  common  proportion  is  tliat  repreMuted  by 
the  fomola  CuFeXS0«)'.2lH'0.    The  so-eallrd  Salzburg  vitriol,  prepared  at  BuzweUer 

Tot.  V.  Q  Q 
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in  Alsace,  is  (according  to  Lefort)  CuFe*(SO«)«.28H»0.  In  Admoot  Titziol  IIm 
quantity  of  iron  is  to  that  of  copper  as  5  :  1 ;  in  double  Admont  Yitriol,  aa  4  : 1 .  ia 
Bavreuth  vitriol,  as  7  :  1. 

Sfaffne»w-ciiprir  sulphate,  CuMg(SO*)*.  UH'O^cryBtallisea  by  Bpontaneous  eraponiina, 
in  beautiful  sky-blut*  tables  and  prisms.     (Vohl.) 

Sodio-cttpric  sulphate,  Cvi'''SvL'{S0*)*.2B'0{?)— A  solution  of  blue  ritriol  ui 
Glauber  s  salt  deposits  each  of  the  salts  Feparately  ;  a  solution  of  blue  Titriol  and  acl 
Bodic  sulphate  also  yields  blue  vitriol  and  Glauber's  salt  separately  at  flnl  \vr, 
afterwards  small  crystals  of  the  double  salt,  united  into  a  crust,  and  apparcmlr 
containing  2  at.  water.  The  double  salt  is  easily  dehydrated,  melta  at  a  oomBMneJBji 
red  heat  without  losing  acid,  and  on  cooling  solidifies  to  a  blue  masa,  which  do«t  dcc 
decrepitate  like  the  potassic  double  salt.  The  sodio-cupric  salt  deliqueaces  6k»¥iT 
ill  the  air,  and  is  resolved  by  water  into  the  two  simple  salts.  (Q-raham,  FbiiXag. 
[3],  li.  352.) 

Zinco-atpric  sitJphaU,  Cu"Zn'^(SO<)*.28H«0,  improperly  called  Cypriam  vitriol,  ii 
prepared  at  Chessy  near  Lyons,  from  zinciferous  copper-ores,  and  crjatalliaes  in  h'iu 
rhombic  prisms.     (Lefort,  Compt.  rend.  xxvi.  185.) 

$.  Cuprous  sulphate^  Cu'SO*  =  CuK) .SO*,  is  (according  to  Berzelia«''6i 
black  powder  which  remains  un  iissolved  when  copper  is  heated  with  strong  sulphorx 
scid  ;  it  dissolves  in  nitric  stid,  with  evolution  of  nitric  oxide.  Acoozding  to  M^b% 
on  the  other  hand,  this  int^oluble  residue  is  a  mixture  of  cuprous  and  capric  sulphide 
with  cupric  oxide. 

Sulphate  of  Didymlnnit  Di"SO*,  is  obtained  by  dissolring  the  oxide  or  at- 

l)ouate  in  dilute  sulphuric  acid  (For  the  methods  of  separating  it  fitMn  anli^utf  d 
lanthanum,  see  Lanthanum,  iit.  468.)  The  solution  is  rose-coloured*  and  yields  bv 
s(H)ntaneous  evaporation,  dark  rose-coloured  shining  crystals  having  the  font  4 
oblique  rhomboidal  prisms  (Mosander),  and  cleaving  readily  and  distinctly  n  i 
direction  parallel  to  the  base.  They  contain  3l)iS0^8HK>  (Marignac),  and  n 
isomorp>hous  with  the  similarly  constituted  hydrated  sulphates  of  cadmium  nd 
yttrium  (Rammclsberg,  Pogg.  Ann.  cxv.  579).  At  200"^,  they  give  off  the  violi 
of  their  water,  leaving  an  anhydrous  powder,  which  may  be  heated  to  redness  vitbinl 
further  alteration.  Sulphate  ot  didymium  is  more  soluble  in  cold  than  in  hot  wtin. 
Its  solution  when  heated,  especially  to  the  boiling-point,  deposits  a  crystalline  prerip- 
tate,  containing  DiS0*.2H-0.  The  anhydrous  sulphate  dissolves  in  water  mure  ns^ir 
than  either  of  the  hydrates.  The  following  table  exhibits  the  quantities  of  auhydrooi 
sulphate  in  100  pts.  of  water,  in  solutions  formed  by  dissolving  the  anhydrous  taiptta:! 
and  the  two  hydrates  in  water  at  different  temperatures  (M  arignac): 

Qunntity  of  anhjdroui  mU  to  100  pes.  water 
in  ftolution  of 
Trmprratiirc  anhrdrout  talt.  DiSO^SH«0.         3DiSO«.SinO. 

12°  C.  431 

14  39-3 

18  26-8  16-4 

19 117 

25  20-6 

38  130 

40 8-8 

60  110 6-5 

100  1-7 

The  anhydrous  sulphate  exposed  to  the  heat  of  an  intense  ch  arcoal -fire,  gives  off  t«o> 
thirds  of  its  acid,  and  leaves  a  trit^isu-  sulphate,  3DiO.SO",  or  DiSC)*.2I>iO.  (M arifTBarl 
The  same  salt  is  obtained  as  a  light-bluish  rose-coloured  hydrate,  3DiOJ9O".8H'0,  H 
precipitating  a  solution  of  the  neutral  sulphate  with  excess  of  ammonia.  (Herman. 
Jahresb.  1861,  p.  197.) 

Sulphate  of  did  ymium  forms  double  salts  with  the  sulphates  of  the  alkali-metals.— 1^ 

fl;//?/ia«iMw-.srt//,lJ>iXNH*)''^S0')V8H^0.  dissolves  iu  18  times  its  weight  of  water.— Tbf 

pofasdnm-salt,  i»i"K\S0^/.2IP0,  dissolves  iu  63  pts.  of  cold  water. — The  toiiKm  mi:, 

I>i'''Na^(SO*y,  is  aiihydrous,  n-quires  200  pts.  of  water  to  dissolve  it,  and  is  itifllM 
soluble  in  solution  ot  sodic  sulphate.     (Marignac.) 

Sulphate  or  Srbium  has,  sccording  to  Marignac  (Jahresb.  1864,  p.l98]itb« 

composition  3Eb"S(>*.8H*0,  and  is  inomorphous  with  sulphate  of  didymium. 

Salpbates  of  Oloclnum.— The  m-utraf  salt,  Q"90*ABH),  or  &«(SO«)F.liffO 

(ii.   849),   is  obtainwl  by  dissolving  glucina  or  its  carbonate  in  a  sligbt  ««»  •' 
oold  sulphuric  acid,  and  crystallise.^,  by  spontaneous  evaporation,  in  large  qsi^ut 
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Alcohol  pfredpiUt«f  it  from  soIuUod  as  a  ciystallioe  powder.  It  is  rerj 
wMbk  \m  pan  water,  tomewhat  leas  aoloble  in  acidulated  water,  insoluble  in  absolute 
■leoboL  Areording  to  Debnj,  water  at  16°  takes  up  nearly  its  own  weight  of  the 
ffjittK  The  ery^als  efflomce  in  wmrm  air,  melt  with  strong  intumfscence  when 
hMifd.  sad  k«Te  a  rasidaa  of  pure  glucina.  At  36°  they  give  off  4  at  water  and 
nmUeto  powdar;  between  100^  and  110°,  they  retain  only  1  at.  water,  which  is 
ngifded  by  Weeren  at  constitntaonal  water.  The  solubility  of  the  salt  is  not  mach 
dtaoisfaed  fay  dehydration ;  it  does  not  give  off  any  acid  at  160*^ — 2<iO°  (Weeren). — 
A  *rf«w  jJjpAote.  aa'C-SO*  -  QraO*,2Q"0,  or  Be>0*.SO',  is  obtained,  as  a  gummy 
«p^at  BSM.  by  boiling  the  solution  of  the  neutral  salt  with  glucinic  carbonate,  as 
loai  as  earbottie  diozioa  is  given  ofl^  and  leaving  the  solution  to  evaporate  without 
■miOMdilatioB.  If,  on  the  other  hand,  the  solution  be  diluted  before  evaporation,. it 
hft^tLkmAnk  aoft,  6GO.80'.8H*0,  or  2Be*0'.SCH.3HK),  in  the  form  of  a  whiU 


Mdir;  and  dia  liqaid  filtered  therefrom  yields  on  evaporation  a  gummy  mass, 
'     of  the  4f«6ajNT  jo^  aO'D-SCP,  or  2^^.380*. 


nUffkate,  Ii'^O'.SO*  -  Ir''(80*)Mr»'0«,  is  obtained 
bj  disKitviiv  sulphide  of  iridium  in  nitnc  acid,  and  driving  off  the  excess  of  acid  by  heat, 
m  sthidcyefiow  tymp,  exhibiting  no  signs  of  cxystallisation.  It  dissolves  easily  in  water 
•ai  ia  aloml,  fbrming  orange- vellow  solutions,  which  are  not  precipitated  by  alkalis. 
Oi  diyiog  the  salt,  h^f  the  aad  is  expelled,  and  a  more  highly  basic  salt,  2irO'.SO', 
^tuaM§>^Indmui  tulphaie,  Ir'SO^,  is  produced  by  dissolving  iridious  hydrate  in  sul- 
iftarietdd,  and  separates,  on  evaporation  at  a  gentle  heat,  as  a  brownish-green, 
tmarpluras  mass,  which  dissolves  in  water  with  dark  yellow-green  colour. 

FtVidO",  oeons  aa  a  hydrate  containing  9  at.  water,  at  Coquimbo  in  Chile,  in  six-sided 
yjmudB,  aad  as  a  flne-graaned  mass,  fominff  a  layer  several  feet  thick  (see  Coqvim- 
mn,  u»  !)).  It  is  pn^noed  artificially  by  neating  brown  hematite  for  some  time 
jgith  Uroog  salpbiiric  add,  and  then  expelling  the  excess  of  acid  by  a  gentle  heat  ;^- 
«^  aon  menlly,  hj  adding  1  at  sulphuric  acid  to  a  solution  of  2  at  ferrous  lul- 
fbls^  an  tiira  adding  nitric  add  by  small  portions  as  long  as  nitroua  vapours  are 
Sf^fsd: 

2Fe"80*  -i-  ffSO*  ^.   0     =     F?(SO*)»  +   HK). 

iecDrfiaff  to  Lsfvol,  this  salt  (and  not  ferrous  sulphate)  is  formed  when  metallic  iron  is 
ktfed  with  strong  sulphuric  add. — According  to  Bussy  and  Lecanu,  the  white  deposit, 
hmtd  doriqg  the  concentration  of  the  acid  in  sulphuric  add  works,  consists  almost 
vboOy  of  fmc  solphttte,  fbrmed  most  probably  by  the  acddental  dropping  of  ferrugi- 


into  the  add. — The  anJ^rous  Bail,  F^^SO^)*,  is  formed,  according  to 
P.  Bait,  oa  introducing  ferrous  sulphate  into  boiling  concentrated  sulphuric  acid,  and 
OB  cooling  in  very  small  crystalline  scales.  The  same  salt  is  described  by 
Ulrieh  (Jahresb.  1869,  pi  211)  as  occurring  in  the  platinum-vessel  used  for  ooncen- 
tntisf  fwphuric  add,  at  the  vitriol- works  of  Oker  in  the  Han,  in  small^  shining, 
wachMossom-ciJomred  spangles,  appearing  under  the  microscope  as  rhombic  octah»- 
ortni  with  truncated  summits. 

Thi  rrd  solution  of  ferric  sulphate,  obtained  as  above,  leaves  on  evaporation  a  light- 
jcUov  deliquescent  mass,  consisting  of  the  hydrated  salt,  still  retaining  a  slight  excess 
of  acid.  In  this  state  it  rediitsolves  easily  in  water,  but  if  it  be  gently  heated  till  the 
"wnjBi  and  excess  of  add  are  expelled,  the  remaining  anhydrous  salt  dissolves  but  very 
ikvly  in  water,  forming  a  reddish-yellow  solution.  The  anhydrous  salt  is  also 
B«rty  insoluble  in  hydroonloric  acid,  and  quite  insoluble  in  strong  sulphuric  add, 
wbicb  mdeed  prsdpitates  it  from  its  solution. — The  anhydrous  salt  is  decomposed  at 
1  ltd  beat,  and  is  recommended  by  Berzelius  for  the  preparation  of  sulphuric  anhydride 
It  diy  dist  illation. 

'Bs»icFerric  Sulphates.— The  «e«9«/^/c«a//,  FeK)».2S0"  -  2Fe»(S0*)".Fe«0», 
iioUai&ed(accoxtling  toMHUs)by  digesting  a  c>onc-«;ntrated  solution  of  the  normnl  salt 
vith  fame  hydrate,  as  a  dark-red  solution,  which  on  boiling,  or  on  dilution  with  water, 
ii  iiMlved  into  the  soluble  normal  oalt  and  au  insoluble  basic  salt  The  same  salt  is 
fcmtd(aeoordiugto  Wittstein,  Rep.  Pharro.  [3],  i.  185),  by  the  action  of  the  airon 
imuai  sulphate,  and  constitutes  the  yellow  crust,  Fe^O'..SO'.H'0,  with  which  the 
ajflrils  of  this  salt  b««ome  covered  after  a  while.  It  is  resolved  bywater  into  the 
•«itialandthe<«6asic*o/*,  2FeK)».3SO».8H«0  -  Fe«(S0«)«.FeW8H«0.  According 
to  H.  Eose,  this  dibasic  salt  occurs,  together  with  coquimbit-e,  in  yellowish-green, 
Bikj.  fibrous  missrs  ftnnthiT  btuic  sait,  containing  2FeK>*.6SO*.18HK),  likewise 
mm*  encrtisting  coquimbite.    (H.  Rose.) 

Tb»  irihatu!  mU,  FeH)«.SO<  -  Fe«(S0«)".2Fe'0",  is  produced,  as  a  reddish-yellow 
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powder,  contaixung  about  3  at.  water,  by  diBSolyiiig  the  basic  double^  nit  of  poturf 
Bulphate  and  sesquibasic  ferric  sulphate  (p.  697)  io  water,  and  heating  the  Kdnbci. 
(Soubeirau.) 

The  hexbasic  salt,  2Fe«0*.S0»  •«  Fe«(S0<)«.6Fe»0«.  la,  f according  to  Beri^1i«i^t)» 
yellow  precipitate  which  gradually  forma  in  a  solution  ox  fierroiis  snlphate  exposed  b 
the  air,  according  to  the  equation : 

10(FeO.SO*)  ^   0*     -     2Fe»0".S0»  +   S{reK)».8SO«) ; 

but  the  composition  of  the  precipitate  most  probably  Tariei  with  the  ooncentiatioa  d 
the  solution. 

The  nonohasio  salt,  2(3Fe«0».SO").9HK)  -  2[Fe\80*)«.8Fe«0«1.27H«0,  seputtn 
(according  toScheerer)asa brownish-yellow  deposit^ on  eraporating  an  oxidised i«Ib> 
tion  of  ferrous  sulphate,  or  when  a  neutral  solution  of  ferric  sulphate  ia  dilated  with  • 
large  quantity  of  water  and  boUed ;  also  (according  to  Be  rs  e  li  u a,)  when  a  solotMB  of 
ferrous  sulphate  is  mixed  with  chlorate  of  potassium. 

A  dixlecabasio  salt,  4Fe*0*.S0«  «  Fe«(SO*)».llFoK)«,  is  formed  (according  tt 
An th on)  in  preparing  ferric  acetate  by  decomposing  acetate  of  barinm  with  tolnik 
baHic  ferric  sulphate,  being  precipitated  as  a  bulky  brown  powder,  together  with  the  \ui 
portions  of  baric  sulphate,  from  which  it  may  be  s<fparated  by  lerigation. — AwAha 
basic  salt,  containing  2(7Fe^O*.SO').2lH'0,i8found  (according  to  Scheerer)  as  adarfc- 
brown  amorphous  mass,  in  the  alum-slate  of  Modum  in  Norwaj. 

Double  Salts. — Mununio-ferrie  sulphate  occurs  natire  in  the  qnieksilTer  mines cf 
Idria,  in  yellowish-white  crystalline  masses,  containing  87*0  per  cent.  80',  8*4  FeV, 
11*5  Al'O',  43'0  water,  and  1*0  insoluble  residue;  whiui,  if  the  two  bases  are  reguM 
as  isomorphous,  may  be  represented  by  the  formula  (Al*O';Fe'O*).8S0'.UH^ 
(Fehling.) 

Ammonio-ferric   sulphate,     or    Ammonia-irim^um,    Fe'*(NH*X80*)'.12H^,  cr 

f  NH*^^0  SO'  [  •'^^^'^1  ^  produced  by  mixing  the  solutions  of  ammonie  and  fttrie  ■!- 

phates,  adding  a  little  free  sulphuric  acid,  and  leaving  the  solntioD  to  en^ionte.  It 
IB  more  stable  than  the  corresponding  potassium-salt,  and  ctystallises  mae  nsflf 
than  the  latter,  in  large,  colourless,  regular  octahedrons.  It  is  prepared  oo  the  In 
scale,  for  use  in  dyeing,  being  always  employed  when  a  perfectly  nentral  fcnie  ak  a 
required. 

A  basie  ammonw-ferrie  sulphate,  2r(NHM*0  S0»1  \  •^^^*^»  "  iw«p««d  (aeeordiif  to 

Maus)  in  the  same  manner  as  the  corresponding  potassium-salt,  which  it  rMcntki 
very  closely  in  form  and  other  properties.  Marignac,  however,  found  fur  the  ssh  ikm 
prepared  the  composition  3FeH)'.5(NH*)*0.12SO'.18IIK).  Berzelins  mentions  aocd^ 
basic  ammonio-ferric  sulphate  (composition  not  specified),  which  he  obtained  si  n 
ochry  precipitate  on  dissolving  iron  in  dilute  sulphuric  add  mixed  with  a  little  aitne 
arid,  the  ammonia  being  produced  by  the  mutual  action  of  the  nitric  add  and  ik» 
water. 


Cuprico-ferric  sulphate,  Fe'Cu''(SO^)'.24H*0,  separates  from,  a  mixtuv  of  the  sob* 
ponent  salts  in  equivalent  proportions,  containing  a  slight  excess  of  snlphnric  arid,  m 
evaporating  till  a  crystalline  film  begins  to  form,  in  bluish-green,  microscopic;  eaitf 
crystallisations  (Basti  ck). — The  corresponding  niagnraium'aaJU  forms  a  warty  wm\ 
t|^e  corresponding  zinc-salt  crystallises  in  colourless  prisms.     (Bastick.) 

Potassio-ftrric  sulphate,  or  Potash-inm-alum,  Fe"'K(80*)M2H«O,  or  ''^*SJeSS{. 

24H'0,  separates  from  a  slightly  acid  mixture  of  the  component  aalts,  by  spootaneosi 
evaporation,  in  octahedral  cr^-Ktals,  which  in  form  and  taste  are  nndistingnisnable  froa 
common  alum.  They  are  sometimes  colourless,  but  often  hare  an  amethyst  tntt, 
arisinpr  (according  to  Heintz)  from  a  trace  of  ferric  acid  The  salt  does  not, however, 
ci^'stallise  so  readily  as  ammonia-iron-alum.  To  obtain  lai^  cryRtals,  Heintifim 
Ch.  Pharm.  xliv.  271)  trituratos  10  pts.  of  crystallised  fermns  sulphate  with  4  pis  c^ 
saltpetre,  then  gradually  adds  4  pts.  of  strong  sulphuric  add,  and  neats  gnitly  si  loy 
an  nitrous  vapours  continue  to  escape.  The  residue  is  thus  dissolred  in  8  or  4  pfitf 
water  at  80°,  and  the  filtered  sulution  is  left  to  crystallise  at  a  temperataie  lAoA  m 
very  slowlv  lowered  to  0°. 

Potash-iron-alum  is  not  xery  stable,  soon  becoming  covered  with  a  yeUow  posdff 
when  exposed  to  the  air  at  tempf'ratures  above  0°.  Between  80^  and  100  it  is  moM 
Snto  a  basic  potasHio-ferric  sulphate,  neutral  ferric  sulphate,  and  free  snlphuriesad: 

2[(Fe«0».3SO»V(K-O.SO').24lI»q]     -     [(FeK)».2SO»).2(K«0.80T 

+   (Fe»0*.3S0=')    t   11«O.SO«   +    47H«0. 
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Th?  aqoftms  lolntion  likewise  deeomposeii  in  the  same  manDer  when  heated  to  8C® ; 
but  aftBr  keeping  for  som^  timp,  especiall?  on  addition  of  free  sulphuric  acid,  it  again 
fields,  by  spontaneuus  «^aporation,  ciystals  of  the  normal  double  salt.  A  solution  of 
iron-ulum,  mix<>d  with  a  large  quantity  of  froe  sulphuric  acid,  does  not  decompose 
when  erapomted  over  the  water-bath,  but  deposits  crystalline  crusts  containing 
2Fe'"K(S0*)'.3U'0,  and,  on  further  concentration,  a  white  powder,  composed  of 
2Fe-KiS0«)«.H-0.    (Heints.) 

If  potash  be  added  to  a  concentrated  solution  of  ferric  sulphate  or  iron-alum  till  the 
precipitate  no  longer  redissoWes,  the  filtered  solution  yieldi*,  by  spontaneous  evapo- 
nUioD,  oU re-green  or  yellow  six-sided  tables  of  the  l)asic  salt  (Fe'0'.2S0*). 
2(K*O.SO"16H«OcMau8).~Another6a,s/c:rfowW«Jw/^,3CFe*0*.280*).2(K»O.SO»).22H«0, 
is  produced  (according  to  Soubeiran)  on  dropping  carbonate  of  potassium  intoa  solu- 
tion of  ferric  oxide  tillthe  precipitate  begins  to  become  permanent,  and  mixing  the  clear 
■olation  with  alcohol.-A  third  baste  double  salt,  4(Fe«0«.SO*).(KH).SO").9HH), 
cwcors  (according  to  Rammelsberg)  as  an  ochre-yellow  insoluble  mass,  in  the  lignite 
of  Kaloforuk  in  Bohemia.    (Handw.  d.  Chem.  vii.  528.) 

A  basic  sodio-ferrie  sulpkaU,  4(Fe'0*.SO*).(Na*O.SO').9H*0,  analogous  to  the  last- 
nentioned  potassium-salt,  occurs,  as  a  light-yellow  stalactitic  mass,  in  the  alum-slato 
of  Modnm  m  Norwsy. 

fi.F$rrous  Sulphate,  Fe^SCM.yH'O.  Green  Vitriol,  Copperas.  Chuperoee, 
tUstit vitriol, — This  salt  occurs  native,  sometimes  in  crystals,  but  more  frequently 
maasiTe  and  pulrcrulent,  at  Gnslar  in  the  Han,  at  Hurlet  near  Paisley,  in  sereral  of 
the  Saxon  and  Hungarian  mines,  and  at  various  localities  in  the  United  States,  being 
Ibrmed  by  the  oxidation  of  iron-pyrites.  It  may  be  obtained  pure  by  dissolving  1  pt. 
iron  or  1|  pt  ferrous  sulphide  in  Ij  pt  sulphuric  acid  diluted  with  4  pts.  water. 
The  aolntion,  if  quickly  filtered,  deposits  the  salt  in  beautiful,  transparent,  bluish- 
green,  crystals,  containing  7  at  water.  The  large  quantities  of  ferrous  sulphate 
eonramea  in  the  arts  are  however  prepared,  simultaneously  with  alum,  by  the  decompo- 
sition of  aluminous  schists  containing  iron-pyrites  (p.  680\ 

F^nvus  sulphate  forms  well-defined  monoclinic  crystals,  of  prismatic  or  tabular 
ttmneter(Jig8,  285,  287,  289,  294,  298,  299,  308,  309,  and  810:  Crtstaixographt,  ii. 
162—156).  Axes,  a  :  6 :c  =  0*8476 : 1 :  1267. Angle b:c^7b<^ 40' ;  ooP :  ooP(orthod.) 
«97*»89';[Poo]:[Poo](clinod.)  =  690  16';  -»-Poo  :o=-43032';  -Poo  :c-82036'; 
^|Pao  :  c  -  55®  20*;  oP  :  ooP  =  80°  37'.  Cleavsge  perfect  parallel  to  oP ;  less 
distinct  parallel  to  ocp.  It  is  isomorphous  with  the  heptahydrated  sulphates  of 
nmgiieaium,  zinc,  cobalt,  nickel,  copper,  &c.  (p.  578). 

The  crystals  of  ferrous  sulphate  efflore8<*e  slightly  in  dry  air,  and  if  at  all  moist. 
Absorb  oxygen,  and  become  covered  with  a  reddish-yellow  cru!<t  of  basic  ferric  sulphate 
{pi  696);  but  if  crushed,  and  deprived  of  hygrometric  moisture  by  strong  pressurs 
Mtween  folds  of  cotton-cloth  or  filter-paper,  they  may  be  preserved  in  a  botUe  withoui 
change  from  oxidation  (Graham).  Ferrous  sulphate,  precipitated  from  its  aqueous 
•olution  hj  alcohol,  forms  a  bluish-white  powder,  which  does  not  absorb  oxygen  unless 
exposed  to  very  moist  air.  Another  method  of  preserving  it  is  to  mix  the  pulverised 
erystals  with  an  equal  weight  of  gum-arabic,  dissolve  the  whole  in  distilled  water, 
•Faporate  over  the  water-bath  to  the  consistence  of  an  extract,  pour  the  still  hot  mass 
apon  porcelain  plates,  complete  the  desiccation  in  an  oven  at  30°,  and  preserve  the 
dried  salt  in  closely-stoppered  bottles.    (Parvesi,  J.  Pharm.  [4]  iii.  40.) 

CrystallisfHl  ferrous  sulphate  gives  off  6  at.  water  at  114°,  but  retains  the  last  atom 
•ven  at  280° ;  by  very  careful  beating,  however,  it  may  be  rendered  perfectly  anhy- 
drous without  appreciable  loss  of  acid.  The  anhydrous  salt  is  also  obtained,  in  very 
■mall  crystalline  scales,  by  immersing  the  hydrated  crystals  in  strong  boiling  sulphuric 
acid,  and  leaving  the  liquid  to  cool.  At  a  red  heat  it  decomposes,  giving  off  sulphu- 
xous  oxide,  and  learing  a  basic  ferric  sulphate,  which,  when  more  strongly  heated, 
iltimatelv  leaves  pure  ferric  oxide,  known  as  Coleofhar  vitrioli  or  Caput  mortuum. 

The  salt  was  observed  by  Mitscherlich  to  crystallise  at  80°  from  a  solution  satunited 
at  the  boiling  heat,  with  4  at.  water,  in  monoclinic  prisms,  isomorphous  with  the 
eorresponding  sulphate  of  manganese.  When  its  solution,  containing!:  an  excess  of  acid, 
is  eraporatea  by  heat,  a  saline  crust  is  deposited,  which  (according  to  Kiihn)  contains 
SHK).  Lastly,  a  dihydrate,  Fe''S0*.2H*0,  having  the  crystalline  form  and  sparing 
solubility  of  gyp»um,  is  obtained  (according  to  Mitscherlich),  by  dissolving  the 
ordinary  crystals  in  ntrong  sulphuric  acid.  A  solution  of  the  »i1t  mixed  with  excess 
of  sulphuric  acid,  and  left  to  evaporate  in  a  vacuum,  first  depoj«its  the  ordinanr  hopta- 
hydrated  cnrstals,  then  greenish-blue  cr^'stals  of  a  pentahydrate,  Fe'*S0*.6H''0,  be- 
longing te  the  tridinic  system,  and  lastly  crystals  of  tno  tetrahydrated  salt.  (Mari- 
gnac) 

Ferrous  sulphate  dissolves  easily  in  water,  but  is  insoluble  in  alcohol.   According  to 
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Bnmdaf  and  Urnluiber,  1  pt  of  the  heptahydrated  salt  diseolyes  in  the  followfaig 
qoantitiM  of  water  at  the  particular  temperatures  indicated  abore  each  qnaatity : — 

10®  14®  26^        82-60  46^  60®  84<>  9Ql^       100®  a 

1-64  1-48         0*87  0-66         0*44  0'38  0*37         0*27        O'SO 

The  solution  has  a  slight  bluish-green  tint^  or  is  colourless  if  Teiy  dilute.  When 
exposed  for  some  time  to  the  air,  it  deposits  a  yellowish  sediment  of  basic  f&nic  sul- 
phate, which  is  used  in  poreelain-painting.  As  soon,  howerer,  as  a  certain  qusntitT 
of  this  salt  is  deposited,  the  oxidation  eeases,  and  the  solution  rnDunns  almost  unalt^ned. 
The  partially  oxidised  solution  may  be  reoonrerted  into  pure  ferrous  sulphate  by  boiiu^g 
with  metallic  iron. 

The  solution  of  ferrous  sulphate  absorbs  nitric  oxide  gas,  assuming  a  dails-brown 
colour,  which  affords  a  very  characteristic  test  for  nitric  add  (iT.  83 ).  The  brown 
solution  ha»  a  powerful  attraction  for  oxygen :  if  heated  in  dose  Tesseb,  it  gi^ee  off 
the  gas  for  the  most  port  unchanged ;  but  when  it  is  heated  in  contact  with  air,  nitzio 
acid  is  formed  in  the  liquid,  and  converts  the  ferrous  into  a  ferric  salt. 

Ferrous  sulphate  is  laigely  used  in  dyeing  and  in  tanning,  and  for  the  mnnufiKtnrs 
of  ink  and  Prussian-blue.  It  is  also  very  useful  as  a  reducing  agent  in  chlotimetiy 
and  other  operations  of  analytical  cbemistiy. 

Ferrous  sulphate  forms,  with  the  sulphates  of  potassium  and  ammonium,  double  salts 
containing  6  at  water  isomorphous  with  the  corresponding  salts  formed  by  the  sul- 
phates of  zinc,  copper,  manganese,  &e.  The  formula  of  the  potassium -enlt  is 
Fe1£XS0*)<.6U*0.  The  solution  of  this  salt  eymrated  at  60®,  yields  a  cgTStaHine 
crust  containing  FelCXSO^Z-^H^O.    (Marignac.) 

Ferrioo-ferroua  (or  Ferroso-ferrie)  sulphate.ft^fe^SO*)*,  or  (Fe''0.S0»).(FeW».8S0*\ 
18  produced  when  a  solution  of  ferrous  sulphate  is  exposed  to  the  air,  till  no  more  basie 
ferric  sulphate  is  deposited.  The  solution,  which  is  yellowiah-red,  does  not  czystallise, 
but  yidds  black  oxide  of  iron  when  predpitated  by  an  alkali  (Be  rsel  i us).  A  bi  ch 
obtained  a  crystalline  ferroso-ferrie sidphate,  containing  (3FeO.SO').2(Fe^*.3SO')4HK), 

or  Fe^e*(8O)*.4H*0,  by  heatinff  a  moderately  str<mg  solution  of  16  pts.  pure  crystal- 
lised ferrous  sidphate  to  the  bouing-pdnt  with  an  equal  weight  of  strong;  sulphuric 
acid,  then  adding  1  pt.  of  strong  nitnc  acid,  and  a  concentrated  solution  of  5  or  6  pts. 
alum.  This  solution,  evaporated  at  a  temperature  below  70®,  depodts  a  dark-brown 
crystalline  powder,  the  solution  of  which,  in  water  addulated  with  sulphuric  add, 
yields  the  siut  on  evaporation,  in  nearly  black  shinine  crystals,  which  are  combinations 
of  the  cube  and  regular  octahedron.  According  to  Sarreswil,  a  salt  having  the  same 
compodtion  as  Abich's,  but  of  a  dark-blue  colour,  is  formed  by  mixing  the  solutions  of 
3  at.  ferrous  and  2  at.  ferric  sulphate,  and  dowW  dropping  sulphuric  add  into  the 
liquid  as  long  as  any  blue  predpitate  is  produced  (Handw.  d.  Chem.  vii.  582). — A  basie 
ferrosth/erric  sulphate,  containing  (3Fe0.2SO«).8(Fe«0«,2SO«].36HH>,  is  found  in  the 
copper-mines  of  Fahlun,  in  large  i«d  stalactites  composed  of  small  transparent  crys- 
tals.    (Berselius.) 

MagnuiO'fsrrous  aviphatef  Fe1fg'(S0^)*14H'0,  ciystallises  bom  a  solution  cf 
the  component  salts,  by  spontaneous  evaporation,  in  lam  sea-green  crystals.     (V  ohl.) 

Sodio-fnroHB  sulphate,  Fe'Tfa*(S0*)«.4HK),  obtained  hj  evaporation  at  6SP,  is  per- 
manent in  the  air,  and  does  not  decompose  at  100®;  hut  on  redissolving  H,  and 
leaving  the  solution  to  evaporate,  the  sodic  and  ferrous  salts  erfStallise  out  sepanitely. 

ThaUvh/errous  sulphate,  Fe''Tl*(S0<)>.6HH>,  has  a  pale-green  colour,  and  is  isomor- 
phous with  the  corresponding  potasdum-«aIt.    (Wert  her.) 

Zinco-ammonuhferraus  sulphate,  Fe''Zn''(NH*)<(S0«)M2H'0,  and  the  corteenonding 
potassium-salt,  crystallise  readily  in  large,  greenish,  oblique  rhombic  prisms  ana  tables, 
which  turn  yellow  in  the  air,  fivm  absorption  of  oxygen. 

Snlpbate  of  Sbantbaauiiiv  La"SO^,  is  prepared  as  described  under  ItLtmunm 
(iii.  468),  and  separates  by  spontaneous  evaporation  in  small  prismatic  ciystals  con- 
taining La"SO*.3H*0.  It  gives  off  its  water  at  a  low  red  heat,  and  half  its  add  at  a 
full  r^  heat.    It  is  much  less  soluble  in  hot  than  in  cold  water.  —Ammonio4amthanie 

sulphate,  1jh*(NH^)^S0*)\SHK),  is  obtained,  bv  spontaneous  evaporation  of  a  dilute 
solution  of  lanthanum-sulphate  mix^  with  a  slignt  excess  of  ammonium-sulphate,  in 
colouriess,  sparingly  soluble,  monodinic  crystals.    (Marignac) 

Potassuhlanthanie  sulphate,  La1C*(80*)*,  is  formed  as  a  white  predpitate  on  mixing 
the  solution  of  a  lanthanum-salt  with  sulphate  of  potasdum.  (Hermann,  Jahresh 
1861,  pi  104.) 

Snlpliate  of  Xead,  Pb"SO<  -  Pb^O-SO*.— This  compound  ooeuis  native  as 
AngUsite,  in  large  and  beautiful  crystals,  at  Pary's^  mine  in  Anglesea,  Leadhills  in 
Scotland,  Wanlockhead  in  Derbyshire,  and  at  Clausthal,  Zellerfield,  and  Giepenbacb  ia 
the  Harz;  also  in  Prussia,  in  the  Black  Forest,  at  Baden weilerjn  the  Brdegao,  in  the 
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himd  of  Batdhiia,  mad  in  the  United  Sutet ;  also  maissiye  in  Siberia,  in  Andalusia, 
•id  m  Aktoa  Moor  in  Cmnberlaod.  In  Algeria  it  oocnm  (according  to  Marcel  de 
f«rr^t,  Compt.  read.  lir.  743),  in  kidney-shaped  lumps  enclosing  a  nucleus  of  galena, 
l^  tac  oxidation  of  which  it  hats  been  farmed. 

Tb*  ci7*tals  of  angleeite  are  trimetric  and  isomorphous  with  those  of  heayj 
fjitriiii.  197  X  exhibiting  generally  the  same  faces,  but  withoD  p2  mostly  predomi- 
mnu  Axes^  a:b:c:  -  0 6089  :  1  :  07756.  Angle odP  : odP  (macr.)  -  62^  40^  ; 
«h:«f^(niacr.)  -  lOl^  13';  t^oo  :Fa>  (basal)  -  76"^  35';  P od  :  j^ oo  (basal)  - 
lu^  43".  Qearage  imperfect  parallel  to  cot  oo  and  I^  oo.  Hardness  »  2'76  to  3.  Speci- 
fic jpanty  *  6*295  to  6  298.  Lustre  highly  adamantine  in  some  specimens,  in  others 
iiH*""^  to  Titxvous  and  resinous.  Colour  white,  tinged  with  yellow,  grey,  green,  and 
•totfiimee  blna.  Streak  unooloured.  Transparent  to  opaque,  fracture  conchoidaL 
Tcrf  bhtlla. 

Mfhate  of  lead  also  occurs,  combined  with  carbonate  of  lead,  as  Lanarkiie  (iii.  467)» 
od  M  LtadMliU  (iii.  560) ;  also,  with  carbonate  of  lead  and  carbonate  of  eopper,  as 
UMJ4miU  (i.  372). 

fclphate  of  lead  may  be  artifidally  crystallised  by  fusing  chloride  of  lead  with 
•ilpkiu  of  potassium,  and  boiling  out  the  soluble  salts  with  water ;  it  then  remains 
M  «  hcary  white  crystalline  powder,  which,  eren  under  a  low  msgnifying power,  is  seen 
to  eoosist  of  tabnlar  crystals  haring  the  form  of  the  native  sulphate  (Manross). 
1i '»  woally  obtained,  as  a  heavy  white  crystalline  powder,  by  precipitating  a  soluble 
leadistt  with  aolphnric  acid  or  a  soluble  sulphate ;  and  on  the  large  scale,  as  a 
•rtijoduy  product,  in  the  preparation  of  alumimc  acetate  by  precipitating  alum  with 
acvtatr  ri  Iftid.     It  is  also  proouced  by  oxidising  sulphide  of  lead  wit  h  strong  nitric  acid. 

£^lpbite  of  lead  is  nearly  insoluble  in  pure  water;  according  toBodwell  (Chem. 
5f«i,  li-  50),  1  pc  of  it  dissolves  in  31,062  pts.  water  at  15° ;  also  in  dilute  swpkurio 
§eU,  Bomewhat  more  easily  in  strong  sulphuric  acid ;  also  in  nitric  and  kydrochlorie 
mit.  According  to  Rodwell  (Chem. Soc  Qu.  J.  xv.  59),  1  pt.  of  Iswl-sulphate dissolves 
a  the  following  quantities  of  hydrochloric  and  nitric  acids  of  various  strengths : — 


drorklorlc 
681-89 

Speclfle 

fr«»iiy. 

10619 

HCl 
p«r  c«qC. 

10-602 

281-78 

10800 

16-810 

105-66 

1-1070 

22010 

47-30 

1-1369 

27-626 

36  03 

1-1670 

31-602 

Nitric 

8f»rclflc 

N«0» 

acid. 

gravity. 

p«r  rmit. 

30310 

1-079 

11-55 

173-76 

1128 

17-60 

127*48 

1-260 

84-00 

10282-78 

1*420 

60*00 

Oa  dilution,  all  the  hydrochloric  add  solutions,  except  the  first,  deposit  needles  of 
f^mbie  chloride.  The  nitric  acid  solutions  yield  by  evaporation  octahedrons  of 
phnbic  mtrata.  The  sulphate,  digested  for  three  or  four  days  with  nitric  acid  con- 
nisuif  60  per  emit  NH>*,  is  almost  wholly  converted  into  oclaihedrons  of  the  nitrate. 

U  i*  diasolTed  in  larger  quantity  by  some  ammoniaeal  salis — ^^^m  by  the  sulphate, 
Btrtse,  sffMate,  and  tartrate,  and  easily  by  caustic  potash  or  soda.  When  boiled  with 
a  itrong  solution  of  potassic  or  iodic  carbonate  (best  with  the  acid  carbonates),  it  is 
dwQBpoeed  tike  snlphste  of  barium,  yielding  a  solution  of  alkaline  sulphate  and  a  deposit 
if  (arhonate  of  leaa.  According  to  L5we  (Jahresb.  1859,  p.  685),  sulphate  of  lead 
dJMolTea  in  aqueous  hypo9ulphiis  of  sodium,  in  consequence  of  the  formation  of  sodio- 
fltmbic  hvpoeulphite.  This  reaction  may  be  rendered  available  for  separating  sulphate 
of  lead  from  sulphate  of  barium.  According  to  Field  (Chem.  Soc.  Qn.  J.  xvi.  28),  nitrate 
«f  \fd  produces  no  precipitate  in  a  mixture  of  sodic  sulphate  and  hyposulphite. 
AnordJng  to  St  a  del  (Jahresb.  1863,  p.  245),  1  pt  lead-sulphate  dissolves  m  12-2  pts. 
^MteicacetaU  (in  very 'dilute  solution).  It  is  slightly  soluble  also  in  tripltmbic 
mttAU,  insoluble  in  diplumbic  acetate, 

8dpbaLe  of  lead  melts  at  a  red  beat,  without  decomposition,  unless  m  contact  with 
nliea  or  day.  On  charcoal  before  the  blowpipe,  it  is  reduced  to  metallic  lead,  with 
tvotndoQ  of  sulphurous  oxide.  The  products  obtained  by  heating  it  with  charcoal 
my,  however,  according  to  the  proportions  used :  thus — 

2PbS0*  ♦  C  -  2PbO  +  C0«  +  2S0« 
PbSO*  +  C  -  Pb   +  C0«  ♦  S0« 
PbSO«  +  C*  -  PbS  +  4C0. 

WhfQ  heated  with  eufphide  of  lead,  ss  in  the  process  of  lead-smeltinff  (IH^  482),  it 
yi'Us  metallic  lead,  or  a  mixture  of  the  metal  and  the  protoxide,  witA  evolution  of 
stdphnous  oxide: 

PbSO«  +  PbS  -  2S0*  +  Pb« 
2PbS0«  +  PbS  -  3S0«  +  2PbO  +  Pb. 

Hasted  to  redness  in  a  strsHm  of  hydrogen,  it  is  redneed  to  iMtallic  lead,  aceording  to 
th<  sQuatioii, 

2PbS0*  +  -H«  -   Pb«  +   S0«  +   H»S  +   6H»0. 
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The  reduction  of  the  sulphate  by  carbonic  oxide  is  mach  moTO  difficult,  imd  wqiiw  i 
much  higher  temperature ;  in  consequence  of  which  a  poortioii  of  tha  ndphida  ol  W 
formed  at  first,  aa  represented  by  the  equation 

2PbS0*  ^.   6C0  -  Pb  +  PbS  ^.  80«  +   6Ca«, 

acts  upon  the  undecomposed  sulphate  as  abore,  and  thus  eomplicBUi  thf  nsdiBi, 
(Bodwell,  Chem.  Soc.  Qu.  J.  zn.  42.) 

Iron  and  rinc,  in  contact  vith  water,  reduce  sulphate  of  lead  to  a  >poiigj  mm 
of  metallic  lead.  Whni  triturated  with  a  solution  of  potasne  ekromate,  it  j«Ui 
chrome-yellow.    Like  all  other  lead-salts,  it  is  blackened  dt  Mulphydric  diid. 

Sulphate  of  lead,  as  commonly  prepared,  is  not  adapted  for  nUDting,  on  aecooBt  of 
its  crystalline  chanicter  and  transparency ;  but  by  mixing  litimrge  to  a  paste,  vith 
water  containing  a  small  quantity  of  acetate  of  lead,  and  gmdoalfy  adding  solpfaine 
acid,  the  sulphate  may  be  obtained  in  the  amorphous  state,  and  mixed  with  a  Iiigi 
excess  of  oxide  of  lead.  In  this  state  it  has  considerable  body,  and  may  be  mh 
instead  of  ordinary  white  lead.    (Richardson.) 

A  hasic  sulphate  of  lead,  2PbO.SO'  -  PbSO«.PbO,  is  obtained  (according  to  El  hi) 
by  digesting  the  recently  precipitated  normal  sulphate  with  aqueous  ammonia 

Ammonio-pfvmbic  sulphate,  rb"(S'R*)\SO*)\  is  produoed  by  preeipttating  a  Bod*- 
rately  concentrated  solution  of  plumbic  acetate  with  excess  of  sulphuric  a«rid,nratnSh 
iiig  the  liquid  with  ammonia,  and  heating  it  to  the  boiling-point.  If  a  nftrMt 
quantity  of  ammoniacal  salt  is  present,  the  precipitate  dissolves  completely,  aad  tb 
solution  on  cooling  deposits  the  double  salt,  in  slender,  shining,  transpaznit  ujHik 
If  no  crystals  separate,  the  liquid  must  be  again  heated  till  a  precipitale  htpm  to 
form ;  the  liquid  will  then  deposit  crystals  on  cooling.  Watpr  deoompoees  the  doobii 
salts,  extracting  89'4  per  cent,  ammonium-sulphate,  and  leaving  60*6  per  cent.  phoiltK 
sulphate.  The  crystals  when  heated  yield  a  sublimate  of  ammoninm-snlptot 
(Wohler.) 

A  compound  of  sulphate  and  chloride  of  lead  was  obtained  hr  Beequerel(ABL 
Ch.  Phann.  Ixxxiv.  199),  in  needle-shaped  crystals,  together  witn  other  prodnrti,  ty 
the  action  of  galena  on  a  solution  of  cupric  sulphate  and  sodic  chloride,  continasd  i 
seven  years. 


Solpliate  of  Idttaium,  Li^OMTO.— This  salt  may  be  prepared  bj 

the  carbonate  or  chloride  with  sulphuric  acid,— or,  better  (according  to  Fuehs),  fr^ 
triphyllin.  8  pts.  of  this  mineral,  finely  pounded,  are  stirred  np  with  6  pU.  of  vats; 
3^  pts.  of  nitric  acid  (of  specific  gravity  1*20)  and  \\  pts.  of  strong  sulphuric  arid  a.t 
then  atlded ;  the  whole  is  evaporated  to  dryness ;  the  diy  mass  exhaa8t<*d  with  vitcr, 
the  solution  precipitated  with  ammonia  and  sulphide  of  ammonium,  and  then  vith 
oxalate  of  ammonium ;  the  filtrate  evaporated  to  dryness ;  and  the  residue  i^itui 
The  aqueous  solution  of  the  residue  yields  the  salt  in  crystals.  Sulphate  of  UthisB 
crystallises  in  flat  prisms  or  tables  containing  1  at.  water.  It  melts  easfly,  and  dv- 
Bolves  in  water  and  in  alcohol.  Bespocting  Qit  expansion  of  the  aqueous  soittioB  bj 
heat,  seeEremers  (Jahresb.  xiv.  61). 

PutassiO'lithic  sulphate,  Li'K^(SO*)',  forms  orstals  belonicing  to  the  hdafrtsl 
system  (Schabus). — Soduhlithic  sulphate  ciystallises,  (according  to  MitscherlieM 
in  acute  rhombohedrons. 

Solpliate  of  Magnealaim  Mg'SO^TH'O.    Bitter  Salt,   Eptom,  Smdlite,  or  &^ 

schutz  Salt,  Epsomite,  Sal  amarum,  s.  anglicum,  s.  eatharticum, — ^This  salt  is  veir  videlj 
diffused  in  nature,  occurring  sometimes  in  the  solid  state,  but  much  more  aboDdsatlj 
in  solution  in  sea-water  and  saline  springs.  It  occurs  as  Epsomite,  or  Hmr^ndU  ii 
silky  fibres  and  fibrous  crusts,  at  Idria  in  Camiola,  at  the  gypsum  quarries  of  Xosff- 
martre  near  Paris,  in  Fitou,  Dept.  of  the  Aude  (Fmnce),  in  Airagon  and  Oitalonia.  a 
the  Cordillera  of  St.  Juan  in  Chile,  and  in  a  grotto  in  South  Africa,  where  it  fans  i 
layer  1^  inch  thick.  The  floors  of  the  limestone  caves  in  Kentucky,  Trniifssif.  ■■(! 
Indiana  are  in  many  instances  covered  with  minute  crystals  of  epsomite  mii^sd  virk 
the  earth.  In  the  Mammuth  Cave,  Kentucky,  it  adheres  to  the  roof  in  loose  nuwt. 
like  snowballs.  It  is  said  to  occur  also  in  California  and  at  Marmora  in  Canada  W«iL 
(Dana.) 

A  monuhydrat(^  sulphate  of  magnesium,  called  Kieserite,  occurs,  mixed  witk  tht 
anhydrous  sulphite,  in  the  salt-beds  of  StaHsfurth,  forming  ffranular  lumps. 

Sulpliatc  of  magneHium  constitutes  the  purgative  principle  of  bitter-walen,  ii  thoa 
of  Epsom  in  Surrey,  and  of  Seidlitz,  Sai^hiitz,  and  Pullna  in  Bohemia  It  isaftrs 
produced  by  the  mutual  action  of  magnesic  carbonate  and  gypsum,  as  when  a  sohtidi 
of  gypsum  remains  for  a  long  time  in  contact  with  a  magnesian  iimestooe.  At  Siii* 
schiitz,  Seidlitz,  and  Piillna  it  is  obtained  by  digging  pits  in  the  marl ;  in  tliMt  tin 
bitter-water  grudually  collects,  in  consequence  of  the  reaction  just  monriuoed,  sad  «o 
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nWnqwaflT  It-aTing  the  wat«r  to  ersponte  in  shallow  pans,  the  eolpliAte  of  magne- 
liuB  cf7«tailiM«  out. 

!^pfatf«  of  magnetiiuii  is  prepared  in  considerable  quantitiee  from  sea-water  and 
mHd*  sprin^ra,  either  by  preeipitatinff  the  magnesia  with  lime,  and  then  dissolving  it 
in  fatphoiie  aind ;  or  by  first  cijstaUising  oat  the  |pfeater  p«it  of  the  common  salt, 
aod  (MO  trvating  the  mother-Uqaor,  wUch  contains  chloride  of  magnesium,  either 
wd)  salpboric  add  or  with  lerroas  sulphate,  whereby  sulphate  of  magnesium  and 
fRTvoi  chloride  are  obtained^  the  latter  remaining  in  solution  when  Uie  liquor  is 
faftfcpT  etaporatM,  while  the  sulphate  of  magnesium  crystallises  out.  Respecting 
^aM^B  inprored  process  for  obtaining  sulphate  of  magnesium  and  chloride  of  potas- 
fi«a  frum  the  mother-liauors  of  sea-water,  see  Poraasrux-SALTS  (iv.  717);  also 
Bk^anfaoo  and  Watts's  Ciemwal  Technology  (toL  i.  pt  iii.  pp.  167,  538). 

Salpbafe  of  magnesium  is  also  produced  in  considerable  quantities  by  treating 
BaiTf  carbooafe  of  magnesium  or  dolomite  with  sulphuric  add;  the  grpsum 
(t«i»^  in  the  latter  case,  bdng  much  less  soluble  than  the  magnesian  sulphate, 
)f  iwily  separat<ed  from  it  Sometimes  the  dolomite  is  burnt,  the  lime  dissolfed 
nt  bj  pyioligneous  acid,  and  the  residual  magnesia  treated  with  sulphuric  add 
(Hftory).  Herpeotine,  which  is  composed  of  hydnite  and  silicate  of  magnesium,  may 
fttc  be  oaed  as  a  source  of  magnedc  sulphate.  In  the  neighbourhood  <^  Genoa,  the 
«r(«itiBeof  the  locality,  which  is  intersected  with  Tdns  of  iron  and  copper  pyrites,  is 
natfri.  then  exposed  to  the  air  for  a  long  time,  and  lixiriated.  From  the  liquor  thus 
otaBBKi,  the  copper  ia  predpitated  by  iron;  the  ferrous  oxide  is  peroxidised  by 
(kbviae ;  the  resulting  feme  oxide  is  prbdpitated  by  burnt  lime  or  dolomite ;  and  the 
t*vAtA  solution,  iHiidi  contains  sulpbiate  of  magneaium,  ia  evaporated  to  the  erys- 
nQiiiiMouit. 

9a)paaie  of  magnesium  oystallisee  on  cooling,  from  a  hot  moderately  concentrated 
•)lative,  in  large,  four-sided,  right  rhombic  prisma,  eont^tining  7  at.  water,  and  iaomor- 
|iboai  vith  the  heptahydruted  sulphates  of  sine  and  nickd,  alao  with  chromate  of 

■H^iMsisHi     The  most  common  form  is  the  con^bination   o»P  .  \ — that  is  to  say,  a 

vwtieil  prism  terminated  by  dome-shaped  summita  placed  in  opposite  directions  above 
Md  betow  (iC^.  281,  ii.  160).  Axes  a :  6  :  0  -  0*989  :  1  :  0*6708.  Angle  ooP  :  ooP 
»  W*  27.  Cleavable  parallel  to  odPoo.  The  commercial  aalt  is  usually 
atftallisad  in  email  needles,  obtained  bv  rapid  ciystallisation  from  a  very  strong 
pjiitiaa.  The  crystals  are  not  effloreacent,  but  the  commercial  salt  sometimes  becomes 
■OBt  in  eootact  with  the  air,  from  adhering  chloride  of  magnesium. 

A  boihng  ooooentrated  solution,  if  transferred  while  still  hot  to  a  well-closed  vessel, 
iittm  rHuaina  liquid  and  in  a  state  of  supersaturation,  for  a  long  time  after  oooUng ; 
bit  if  exposed  to  a  low  temperature,  it  solidifies  entirely  to  a  a^vtalline  mass.  Some- 
tian,  bowcrer,  auch  a  solution,  after  keeping  for  wedcs  or  months,  deposits  milk- 
ebiir  uiama  containing  6  at  water,  and  sometimes  cirstals  containing  7  at  water, 
batdiftring  in  form  from  the  ordinarr  crystala  (Lowel,  Ann.  Gh.  Phys.  [8],  xliii 
40A;  Jafarssb.  1866,  p.  846).  These  heptahvdrated  crystals  were  formerly  supposed, 
aeeofding  to  Ha rignac's  determinations  (/ahresb.  1867»  p.  160),  to  be  rhombohe- 
4ml  (oR  .  -4-  R  .  •»•  R  .  »  2fR) ;  but  Kopp  has  shown  (Ann.  Gh.  Pharm.  cxxv.  869 ; 
iftbre^.  1863,  p.  192)  that  they  are  monoclinic  prisms  odP  .  oP.  -i-Pao,  rendered 
tabular  by  prodominance  of  •»•  Poo .  The  heptahydruted  salt  appears,  therefore,  to  be 
^Borplioaa,  a  properly  which  is  fhrtber  illustrated  by  the  existence  of  the  monoclinic 
doaUs  salt.  Fe74''(»0*)*.14HH),  or  Fe"80«.7HH)  i>  Mg''80«.7HH),  and  others  of 
■irilir  compoaition  (pp.  694,  698). 

A  eolation  of  maffnesic  sulphate,  concentrated  till  a  crystalline  film  begins  to  form 
ira  it,  and  then  left  to  crystallise  at  30^,  deposits  the  hexhydrated  salt, 
Mg'SO'.SHK),  in  aoiall  monoclinic  crystala,  isomorphous  with  the  corresponding 
bfiiatsd  sulpbataa  of  zinc  and  nickel  Axes,  a  :  6  :  e  »  0*7128  :  1  :  1*1841.  Angle 
*:<■  -  81*  26';  ooP  :  ooP  (orthod.)  -  108®  28*;  oP  :  ooP  -  86®  0'.  Ordinaiy  00m- 
biMtion,  oP  .  ooP,  with  —  P,  •*-  ^P  and  -i-  2P,  &c  subordinate. — A  solution,  crystal^' 
fisid  It  a  temperature  several  degrees  below  0^,  deposits  (according  to  Fritssche) 
ktft  oystaia  containing  12  at  water,  of  which,  however,  6  at  are  given  off  as  soon 
m  the  tcaiperatnre  rises  to  0^. 

The  ordinaiy  heptahydrated  crystals  melt  in  thdr  water  of  crystaUisation  when 
hsttvd.  and  give  off  6  at  water  at  160^,  but  retain  the  seventh  atom  even  at  200°.  This 
hit  atom  of  water,  designated  by  Graham  as  "  constitutional  water,"  may  be  replaced 
bj  nnona  salts,  giving  rise  to  double  salts.  The  anhydrous  salt  is  a  iHiite  mass,  which 
wAiB  si  a  T«d  heat,  but  is  only  partially  decomposed  at  very  hiffh  temperatures. 

C8aloluta  of  magneaium  is  veiy  soluble  in  water.  100  pta.  of  water  dissolve  26*76 
L  Of  the  anbydroua  salt  at  0°,  and  0*47816  pta.  for  every  degree  beyond  (Oay- 
iiaac).    One  pt  of  the  heptahydrated  salt  dissdves  in  0*790  pts.  water  at  18*76. 


602 


SULPHUR :  OXYGEN-ACIDS  AND  SALTS. 


forming  a  liquid  of  specific  gimvity  1*2982  (Anthon).  Tbd  following  table  exhibit* 
the  quantidee  of  magneeic  sulphate  contained  in  solutions  of  different  specific  giuTities, 
as  determined  by  Schiff  (Ann.  Ch.  Pharm.  eriii.  836) : 


8pedfl«  frattty 

Per  rent,  of 

P«»r  cent,  of 

^***5ff!*' 

Per  cent.  xA 

Perc«at  of 

MfSCH.raq. 

Mg804. 

llff80«Jaq. 

MtS04. 

10048 

1 

0*488 

1*1426 

28 

18660 

10096 

2 

0-976 

1*1481 

29 

14-148 

10144 

3 

1*468 

11686 

80 

14*634 

10193 

4 

1-961 

11692 

81 

16122 

10242 

6 

2-439 

11648 

82 

16*610 

10290 

6 

2*928 

11704 

88 

16*098 

1*0339 

7 

8*416 

11760 

84 

18686 

1-0887 

8 

8*904 

1*1817 

86 

17-074 

1*0487 

9 

4-392 

11876 

86 

17-662 

1*0487 

10 

4*878 

1*1938 

87 

18-060 

1*0637 

11 

6*366 

1*1991 

88 

18-688 

1*0687 

12 

6*864 

1*2049 

89 

lf-026 

1*0687 

13 

6*342 

1*2108 

40 

19*613 

10688 

14 

6*830 

1-2168 

41 

20000 

10739 

16 

7*818 

1*2228 

42 

20-488 

1*0790 

16 

7*806 

1-2288 

43 

20*976 

1*0842 

17 

8-294 

1-2849 

44 

21*464 

10894 

18 

8-782 

1*2410 

46 

21*962 

1*0946 

19 

9*270 

1*2472 

46 

22*440 

10997 

20 

9*766 

1*2684 

47 

22*928 

1*1060 

21 

10-244 

1*2696 

48 

28*416 

1*1103 

22 

10-732 

1-2669 

49 

.      28*904 

11166 

23 

11-220 

1-2722 

60 

24-890 

11209 

24 

11-708 

1*2786 

61 

24-878 

11262 

26 

12196 

1*2860 

62 

25-866 

11316 

26 

12-684 

1-2916 

68 

26-864 

11371 

27 

13172 

1-2980 

64 

26-341 

Sulphate  of  magnesium  is  insoluble  in  absolute  alcohol,  moderately  s^ble  m 
lijdrated  alcohoL    According  to  Schif f  (Ann.  Ch.  Phann.  czriii.  366) : 


A  Mlutton  (Mtaratod  at  \fP) 
Id  alcohol  of : 
Specific  GruTltj                          Per  eent.  bj  weight. 

1*000         ....           0         .         , 

1        . 

Cootahiaperc 
ll|SO«aq 

60-8 

0*986 

10 

1         • 

39-3 

0-972 

20 

1         . 

21*3 

0-939 

40 

►        t 

1-62 

of 


(See,  further,  Storer^s  Dictionary  of  aolubOiiies,  toL  iiL  ^  609—612.) 

Suljphate  of  magnesium  may  be  used,  in  localities  where  it  ooenrs  natire,  as  a  mbeti- 
tnte  for  sulphuric  add  in  the  decomposition  of  common  salt.  When  2  pta.  of  tlM 
ordinary  ciystallised  sulphate  are  heated  with  1  pt.  of  common  salt^  hydrocnlorie  add 
is  evolved,  and  a  residue  is  obtained,  consisting  (miefly  of  sulphate  of  magnesium  and 
sulphate  of  sodium  (Ramon  de  Luna).  Respecting  Clemm*s  process  &r  preparing; 
sulphuric  acid  from  kieserite,  (MgSO^^'O),  or  from  common  sulphate  of  magnesiam, 
and  for  decomposing  common  mlt  and  chloride  of  potassium  with  kieserite,  see  Richard- 
son and  Watte's  Chemicul  Technology ^  toL  i  pt  t.  p.  266.  A  mixture  of  common  sab; 
peroxide  of  magnesia,  and  sulphate  of  magnesium  may  be  used  for  the  preparation  c»f 
chlorine.    (De  JLuna.) 

An  acid  sulphate  of  fnagneaium,  MgnB['(80^)',  is  produced  by  dissolving  the  anhy- 
drous neutral  sulphate  in  hot  ooncentrated  sidphuno  acid.  The  perfectly  saturated 
syrupy  solution  deposits  the  acid  salt  on  standing,  in  shining  six-sided  taUea,  which, 
however,  rapidly  absorb  water  and  aie  thereby  decomposed.  (Schi f  f^  Ann.  Ch.  Pharm. 
cvi.  1)6.) 

Double  Salts.—  Sulphate  of  magnesium  unites  with  the  sulphates  of  ammonrum, 
potaseium,  and  thallium,  forming  double  salts,  which  contain  6  at.  water,  and,  wm 
already  observed,  may  be  regarded  as  formed  from  the  heptahydrated  sulphate  b^  tfas 
substitution  of  1  at.  K'SO\  &c.  for  1  at  HH).  They  crystallise  in  monodinie  pnsm«» 
isomorphous  with  the  corresponding  ferrous  salts,  &c.  (pp.  693,  698).  The  sevenl  salts 
of  this  isomorphous  group  do  not  exhibit  exactly  the  same  angles,  but  the  difflareac^a 
are  but  small.    As  an  average,  the  ratio  of  the  axes,  a  :  6  :  c  »  1*4  :  1  :  0*67.    Aagl« 
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'  -  •  -  74*  %(f.  The  ajBtalt  gf iianilly  exhibit  the  fiices  odP  .  oP  .  +  P  .  4-  2Poo  . 
P«o :  often  also  J  apP2]  and  ooPoo ,  but  montlj^  subordinate ;  also  —  P,  A«.  They  are 
vsaalljT  prismatic  in  the  direction  of  the  principal  axis,  or  tabular  from  predominance 
ot  oP  ;  rarely  pymmidal  or  rhombohednil. 

F^tassio-magnedc  sulphate  Mg'K«<SO*)*.«HK),  is  obtained,  as  a  secondary  piodact, 
in  the  preparation  of  common  salt  from  sea-water  and  brine-eprings  (ir.  717), 
•epnrating  from  the  mother-liunors  when  ooncentmted  to  34^  Aimn^  m  large  haid 
c^stals.  which  may  be  purified  by  recrystallisation.  It  also  sepamtos  from  a  solution 
of  its  component  aalta,  by  cooling  or  evaporation.  It  is  nearly  as  soluble  as  sulphate 
of  magnesium. 

^  Sulphate  of  magne^iom  also  unites  directly  with  other  heptahydrated  sulphates  of 
diatomic  mctalit,  forming  salts  containing  UH^O,  which,  as  tney  are  formed  without 
z^plaremcnt  of  any  portion  of  the  water  by  another  salt,  may  for  distinction  be  called 
coupleit  or  composite  baHb  (gtvaarte  Sahc:  Vohl) — e.ff.,  Magne^-ferrouM  mti- 
phatr,  Mp'Fc-''(S0*)M4H*0.  (p.  698) ;  and  these  composite  snlts  are  further  capable  of 
Uniting  «-ith  alkaline  sulphates,  forming  double  salts  in  which  2  at  water  out  of  the 
14  are  replacetl  by  2  at.  of  an  alkaline  sulphate— <.^.,  ]M^i''Cu''K\S0*)M2HK). 

PotoMio-ferraao-fnagneMe  snfphatr,  Mg''Fe''K*(.S0*)M2H'0,  and  the  correspondmg 
mmnumium-^alt  crystallise  in  large,  grnenish,  oblique,  rhombic  prisms  and  tables,  which 
tarn  yellow  on  exposure  to  the  air.    (Vohl.) 

PbUutkhcahHo'fiMgnene  guiphaU,  Mg''Ca*K«(S0«)*.2H»0,  occurs  in  the  salt-bede  of 
Stiuafurth,  and  other  localities,  forming  the  mineral  called  poly  halite  (iv.  §87. 
718).  t     J  \  f 

S^iO'WagwsU:  $ulphat^.,  Mj5"Na*(S()*)».6H*0,  separates  in  rhombohedral  crystab^ 
frnm  the  liquors  obtaiaiKl  in  the  preparation  of  Epsom-salt.  It  dissolfes  in  3  pte.  of 
•old  water,  is  permanent  in  the  air,  decrepitates  when  heated,  and  gives  off  ite  water 
without  melting.  A  sodio-magneRic  sulphate  with  8  at  water,  is  found  (according  19 
Mu  noK  y  Luna)  in  the  form  of  efflorescences,  on  the  bottoms  of  numerous  lakes  which 
tlry  np  in  summer,  in  the  proT<nce  of  Toledo,  between  Madrid  and  the  Mediterranean. 
It  finrna  large,  transparent,  regular,  prismatic  crystals. 

•vlpliates  ot  tSMMk^mMkmn^^ — a.  Manganic  Sulphate,  Mn^SO^)*  »  finK)*. 
ISO*. — This  salt  does  not  crystallise,  and  was  formerly  known  only  in  solution ;  but, 
a'.'CoTtlint;  to  Carius,  it  may  be  obtained  in  the  solid  state  by  triturating  Teiy  finely* 
difided  manganic  peroxide  (prepared  by  passing  chlorine  into  a  solution  of  sodic  car* 
bonate  in  which  manganous  carbonate  is  suspended)  to  a  thin  paste  with  strong  sul- 
phuric acid,  heating  the  mass  very  gradually  to  about  138^  (at  which  temperature  it 
exhibits  a  deep  green  colour),  then  placing  it  on  a  warm  plate  of  pumice  to  absorb  the 
exr«*8S  of  sulpnuric  acid,  triturating  it  in  a  warm  porcelain  mortar  with  strong  nitrie 
■cid,  afterwards  al>sorbing  this  acid  by  pumice,  and  repeating  this  treatment  six  or  eisht 
times — finally  heating  the  mass  in  a  porcelain  dish  to  ISC',  till  all  the  nitric  add  is 
driren  off,  and  quickly  transfiTring  the  product  to  dry  glass  vessels. 

Manganic  sulphate  thus  prepared  is  a  deep  green  perfectly  amorphous  powder.  It 
nay  be  heated  with  sulphuric  acid  to  the  boiling-point  of  the  latter  without  decompo- 
sition ;  but  on  continued  boiling,  it  gives  off  oxygen,  and  gradually  dissolves  ns  man- 
gvuioufs  sulphate.  It  is  insoluble  in  nitric  acid ;  but  strong  hydrochloric  acid  dissolves 
It,  forming  a  brown  solution,  which  gives  off  chlorine  when  heated.  It  absorbs  moisture 
rapidly  from  the  air,  and  small  quantities  of  it  delic^uesce  instantly  to  a  clear  violet 
▼iacid  solution,  which,  however,  soon  becomes  turbid  from  separation  of  manganic 
hydrate.  It  is  quickly  decomposed  by  water,  and  \iy  dilute  acids.  With  organic 
tMidies  it  reacts  like  a  mixture  of  mangsinic  peroxide  and  sulphuric  acid,  bnt  much 
more  quickly.  When  heated  with  a  large  ouantity  of  sulphuric  acicl,  and  a  small 
ytRtitity  ot  water,  it  is  i*on verted  into  a  red-brown  basic  manganic  sulphate. 
(Carius.  Ann.  Ch.  Pharm.  xcviii.  54.) 

Manganic  sulphat**  unites  directly  with  the  sulphates  of  pofafHuM  and  ammonlutn, 
forming  alums. — The  potaMium-ta/t,  Mn"'K(S0*)*'.r2H^0,  ol>tained  by  mixing  the 
&>D«'entrHred  red  holution  of  mangauic  sulphate  with  a  saturated  solution  of  potassic 
«tilph»ie.  and  evapo  ating  to  a  nyrup  at  a  gentle  heat  crystallises  on  cooling  in  dark- 
Tiolet  octHhe<lrons.  It  is  resolved  by  water  into  its  component  salts. — The  ammonium- 
jo7  re«emble«  it  exactly  in  external  appearance. 

fi.  Mmnqanoua  sulphate^  Mn"80',  is  occasionally  found  native  together  with 


tile  muse  has  become  dry.  This  rusidne,  after  being  then  strongly  ignited  to  decompose 
the  iiOD-ealt  present^  yields,  by  Hxiviation  with  water,  a  solution  of  manganous  sul- 
phate free  from  iron.    A  process,  much  used  on  the  large  scale,  conbists  in  igniting 
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manganic  |)eroxide  in  a  gas  retort  with  aboat  one*teDth  of  its  weigbt  of  moM.  a«l 
and  dissolTing  the  manganous  oxide  IhuB  obtained  in  tulphoric  madt  ■dding  a  Yek 
hydrochloric  acid  at  the  last,  to  redace  any  remaining  portion  of  the  lumber  taadi%  df 
manganese. 

Manganous  sulphate  crystallises,  though  with  some  difBcoltya  frtmt  a  toliHai 
evaporated  and  leh  to  itself,  the  proportion  of  water  contained  in  the  eiTBlals  nrviv 
with  the  temperature  at  which  they  are  deposited.  Below  -r  6°«  ciystiua  ait  krai, 
containing  7  at.  water,  and  isomorphous  with  ordinary  fenona  sulphate ;  but  than 
deposited  between  7°  and  20^  contain  5  at.  water,  and  are  isomoiTMioiis  with  ea|Bi 
sulphate.  The  heptahydrated  salt  melts  at  18^,  and  the  liqnid,  if  nirthcr  crmponted, 
deposits  a  salt  containing  2H'0,  The  heptahydrate  effloresces  in  dxy  air  at  10-'  to  U", 
and  is  converted  it  to  the  hexhydrate  MnS0^6H-0,  which  at  18^  g;i^es  off  2  at.  boi 
of  water,  leaving  the  tetrahydrate.  The  heptah}*drated  salt  oovered  with  ataoln 
alcohol,  and  exposed  for  some  days  to  a  temperature  of  10^,  is  eonvezted  into  a  pofvcv 
containing  6  at.  water,  but  at  20^  into  a  powder  containing  only  4  at.  viic 
(Brandes).  Between  20°  and  80-*  a  solution  of  manganous  sulphate  yields  the  Ul» 
hydrate  MnS0*.4H'0,  in  monodinic  prisms,  isomorphous  with  t«trnh3rdimtcd  Unm 
sulphate,  and  exhibiting  the  combination,  ooP  .  ooP2  .  [  gdPoo  ],  with  oP  and  [P«]ii 
the  ends.  Axes,  a:  b:  c:  «  1*157:  1  :  06783.  Angled:  e  -^  89^7';  »F:  aP 
(orthod.)  -  81°  40';  odP2  :  odP2  (orthod.)  -  46®  44';  [Poo]  :  [Paoi(bsttl)  - 
110^  10';  oP  :  ooP  »  80<>  20'.— These  crystals  give  off  8  at  water  at  11 6^  butMn 
the  last  at  200°.  According  to  Kiihn,  a  strongty  add  and  concmtrmted  solstaos  ti 
manganous  sulphate  yields,  b^  eraporation,  a  gniaular  salt  containing  1  at.  water.  0! 
all  these  hydrates,  that  contaming  4  at.  water  is  of  most  fivqnent  occorrcnce.  IW 
crystals  of  manganous  sulphate  are  colourless,  or  have  a  faint  amethyst-red  tilt,  da 
probably  to  a  trace  of  manganic  salt  The  anhydrous  salt  dissolTas,  aee(vdiD|  u 
Brandes,  in  2  pts.  water  at  15^,  and  in  1  pt.  at  60° ;  at  higher  temperatures  it  isnan 
soluble. 

It  is  insoluble  in  absolute  alcohol,  moderately  soluble  in  weak  spirit. 

AmmonuhmanganouB  tulphate^  Mn'(NH*)^S0*)'.6HK),  prepared  hj  mixing  lb 
solutions  of  the  component  salts,  ana  evaporating,  forms   deuqueacent 


crystals,  isomorphous  with  the  corresponding  magnesium-salt.     (M itscherlichi 

Potassio-manganous  ndphaU,  Mn^K^S0^)*.61I*0,  is  obtained  (aooording  to  Xii- 
sch  erlich,)  in  like  manner,  and  crystallises  in  simiUr  form.  Mangnac,  oothetfkr 
hand  (Ann.  Min.  [5]  ix.  1 ;  Jahresb.  1856,  p.  381),  by  mining  eqaivalent  quBtiba 
of  manganous  sulphate  and  potassic  sulphate,  and  evaporating  the  solutwo  io  i 
vacuum  at  10°  to  12°,  or  by  cooling  a  solution  saturated  at  ordinair  tempentizn  ti 
0^,  never  obtained  the  hexhydrated  salt,  but  always  the  tetrahydrate,  Mn1C\S0*]^.lH^, 
in  monodinic  crystals, — a  result  confirmed  by  v.  Hauer  (J.  pr  Chcm.  Ixxif.  Ml; 
Jahresb.  1858,  p.  170).  The  tetrahydrated  salt  was  also  previously  obtaiaed  Iv 
Pierre  (Ann.  Oh.  Phys.  [3],  xvi.  239).  The  same  solution,  left  for  some  tisf « 
40°  to  50°,  yields  pale-rod  tridinic  crystals  of  the  dihydxate  Mn  K\9(yfJlWQ. 
(Marignac.) 

Soduh-manganous  sulphate,  Mn"Na*SO\  crystallises  by  spontaneons  rfspontim  n 
monodinic  crystals,  containing  4H'0 ;  and  at  40°  to  60^,  in  tridinic  orrtals  vitk 
2  at.  water.  (Marignac,  /oc.  eit.)  The  dihydrated  salt  was  prerionslT  obtaiaed  is • 
similar  manner  by  Arrott  (Ann.  Gh.  Pharm.  lii.  243).  It  u  not  efflorasoen^  isi 
bears  a  temperature  of  100°  without  decomposition. 

Amnumio-ferraso-manganaus  ntlphate,  Mn"Fe\NH*)X80*)M2HK^,  and  the  eon^ 
sponding  pot^usium'ttdt,  also  the  corresponding  tincthnum^famauM  saHs,  cfystsUiie  ii 
monodinic  prisms  and  tables ;  the  zinc-salts  are  colourless  ;  tho  fenoos  salts  hsic  i 
tinge  of  green,  and  oxidise  on  exposure  to  the  air.    (VohL) 

Sulpliates  of  Mercnrj. — a.  Mercuric  8alt$. — ^The  nshtrai  toU,  HglBO** 
Hg"O.SO',  is  prepared  bv  boiling  4  pts.  of  mercuxy  with  6  pis.  of  strong  snlBhn 
acid,  till  sulphurous  oxide  is  no  longer  evolved,  and  the  whole  is  oonvatsd  im  i 
drv  saline  mass;  or  by  dissolving  2  pts.  of  finelv  pulverised  meicnric  omde  is  1  ft 
Hulphuric  acid  diluted  with  4  to  6  pts.  water,  and  evaporating  with  iMmst*nt  siinn^ 
Kissfeldt  obtained  it,  in  crystals  containing  1  at.  water,  by  heating  meicniy  win 
HiJphuric  arid,  as  above,  till  the  mass  no  longer  became  moist  on  ezposurs  to  the  sir; 
then  spre«ding  it  out  in  a  tMin  layer,  and  just  ooverinff  it  with  water;  thehyihafa4 
salt  then  separated,  in  the  course  of  an  hour,  in  colourless  quadratic  prisma  ieiml 
lines  long.     The  1  at.  water  is  given  off  at  100°. 

Mcrouric  sulphate  has  a  sharp,  saline,  disgrusting  metallic  taste.  It  bsm  u 
incipient  red  heat  without  alteratioa,  but  melts  at  a  higher  tempentors  to  s  bnvi 
liquid,  and  volatilises  completely  to  a  white  dvstalline  sublimata— a  ssull pomos. 
however,  suffiring  decompobition.    When  heated  in  hydrochloric  acid  gsi^  it  is  taa- 
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hito  Micnnirie  diloride,  and  is  diwomposed  in  1ik«  mnnner  bj  dry  hrdriodie 

imI  fcydrtffjmic  Mcids.  In  the  wet  wa?  it  is  aecompoead  by  all  hydradds.  By  water 
it  m  I— olred  into  a  solnble  acid  aalt,  and  an  insolnble  basic  salt — ^The  acid  Bolt, 
|If».S90*  *  Hgf80*.2dO*,  is  obtained,  by  eraporatinff  the  filtered  solution,  in  white 
M«dk-«faaped  ayvtals  which  absorb  moisture  from  toe  air. — ^The  bogie  Malt,  Sflg'O. 
80^  •  Hf*lK>*.2HgfO,  fonnerly  called  mineral  tmr/)etkum,  or  turbitk  minertU,  is 
fnptni  hf  boiling  the  nentral  salt  with  water,  or  by  precipitating  a  hot  dilute 
ftiauoB  of  SMtroric  nitrate  with  snlphate  of  sodium.  It  forms  a  lemon-yellow  powder, 
vltteh  tons  grey  on  exposure  to  the  air,  is  Teiy  slightly  soluble  in  cold,  somewhat 
wu»  in  hot  watfer.    When  hcftted,  it  is  resoWed  into  mercuric  oxide  and  the  neutral  salt. 

BaU  the  nratnil  and  the  basic  sulphate  are  converted  by  aqueous  ammonia  into 
filebale  of  tetramercurammonium,  or  ammoniacal  turpethum, 
(U'Hg')  80«.2HH)  (uL  92»). 

Ammmi9  mcrtmne  wipMate,  8Hg^(NH«)*(80«)'.2H«0  [?],  obtained  by  mixing  the 
fthDOB  of  the  component  salts,  is  slightly  soluble  in  water,  more  soluble  in  excess  of 
fMJs  ind  rrjBtiilisniiin  lii{fn  oblique,  rhombic  prisms,  which  blacken  on  exposure 
t»  bfiit  It  appears  to  be  analogous  in  composition  to  the  potassium-salt,  but  its 
ailiws  eould  not  be  made  with  accuracy,  as  the  crystals  were  covered  with  a  fine 
wwia  of  anunoniacal  turpethum.  (Hirsel,  Zeitsdir.  f.  Pharm.  I860,  p.  17; 
hkmb.  1850.  p.  332.) 

jNiswii  mercuric  sulphate,  8Hg'^SO<)*.2H*0,  is  produced  by  dissolring  1  pt  of 
in  am  uric  sulphate  in  warm  sulphuric  acid,  adding  a  solution  of  1  pt.  potassic 
nifkiiiit  digestiiig  till  the  whole  is  dissolved,  and  gradually  adding  boiling  water  till 
s  psBBsnt  cloud  just  begins  to  ibrm.  By  slow  cooling,  it  crystallises  in  bJge,  colour- 
lwa>  ■oooclinic  priams.     (HirseL) 

JCvrsric  mUjUaUhiodids,  Hg''S0^Hg1*,  is  produced  by  dissolving  mercuric  iodide, 
wA  aid  of  heat,  in  concentrated  sulphuric  acid,  and  separates  ^m  the  solution 
is  vfaite  eonlnsed  crystals,  which  may  be  washed  with  alcohol,  but  are  decomposed  by 
vftv.    (Sonville,  J.  Pharm.  xxvi.  174.) 

Mtrrnne  eulpkakhpkoepkide,  2(3Hg*0.80').HpfP,  is  obtained,  by  passing  phos- 
{4anctsd  l^jdfogen-gas  into  a  solution  of  mercuric  sulfdiate  containing  free  sulphuric 
•rid,  as  a  heavy  white  powder,  which,  after  drving  in  a  vacuum,  contains  4  at.  water, 
ki  bseones  amiydrous  and  yellow  when  gently  heated.  It  dissolves  easily  in  nitro- 
■snstieacid.    (H. Rose,  Fogg.  Ann.  xl.  75.) 

Jfercvric  eml^Jkato-^ulpJkide,  2Hg'^0\Hg"Sk  discovered  by  Rose,  is  {produced,  by 
iapufeet  pcedpitation  of  mercuric  sulphate  with  sulphydric  acid,  as  a  white  fiocculent 
Mcipitate,  acquiring  a  yellowish  tinge  when  dried  at  100°.  ( J aco b  s e n,  Pogg.  Ann. 
bm  ill.) 

H  Mercmrcme  Sulphate,  Hg^SO*  -  HgH).SO*,  is  obtained  by  heating  I  pt  of 
mmmj  with  1^  pt  strong  sulphuric  acid,  tul  the  whole  is  converted  into  a  white 
pvedcr,  hot  no  longer ;  care  mnstalso  be  taken  that  the  heat  does  not  rise  to  the  boiling- 
poiat  of  the  acid,  aa  in  that  case  mercuric  sulphate  will  also  be  formed.  The  mass  is 
tsW  washed  with  cold  water,  as  long  as  tbo  water  acquirss  a  sour  taste.  According 
to  Xolir,  it  may  be  obtained  as  a  sublimate,  by  heating  mercuric  sulphate  to  redness 
is  a  reloit  It  is  also  precipitated  as  a  white  crystalline  powder,  on  mixing  a  solution 
«f  Mrcarotts  nitrate  with  sulphuric  add  or  sulphate  of  soaium. 

Xtfeuroua  sulphate  is  spanngly  soluble  in  water,  requiring  500  pts.  of  cold  and  300 
|la  of  warn  water  to  dissolve  it  It  separates  from  the  solution  m  rhombic  prisms, 
ilso  from  solution  in  boiling  dilate  sulphuric  acid.  Caustic  alkalis,  added  in  small 
^wstity  to  a  boiling  solution  of  this  salt  throw  down  a  basic  meicurous  sulphate ; 
^Aeo  added  in  exceas,  they  precipitate  pore  mercurous  oxide. 

A  ■wriTos^-msnwrtg  amlphate,  Hg%0*.2Hg''S0*,  is  produced,  according  to  Brooke, 
\j  b«st2og  merenroso-mercuric  nitrate  with  sulphate  of  sodium.  It  is  insoluble  in 
em 


of  Midjbdemiiii.— 3/o/v^<2oiM  eulphate,  UcTBO*  «  MoO.SO',  pre- 
far«4  W  dissolving  molybdous  hydrate  in  sulphuric  add,  forms  a  nearly  black  soln- 
twB.  Bj  tritumting  the  dry  hydrate  with  strong  sulphuric  acid,  a  pitch-black  visdd 
rontMnad  is  obtained,  which  is  neutral  if  a  sufficient  quantity  at  the  hydrate  has  been 
wti.  Water  decomposes  it  into  a  soluble  add  salt  and  an  insoluble  bade  salt 
^Brrtelina.) 

Moij/hdie  emlphate,  Mo^(SO«^«,  -  MoO'.2SO«  is  produced  by  dissolving  molybdio 
kyirize  in  sulphuric  add,  or  by  decomposinff  molybdic  chloride  with  that  acid.  It  is  red 
soUlks,  black  in  the  dry  stats,  or  blue  if  dried  ata  hifl^er  tempenture.  (B  e  r  s  e  1  i  u  s). 

Jkrmi^Mie  sulvhaie,  Uo^QO*y.2WO  =  Mo'K)».3SO«.2HK),  forms  (according  to 
B«7icliBs^  a  yellow  solution,  which  dries  up  to  a  lemon-yellow  maits.  Accord- 
■f  to  Andexvon,  it   may  be  obtained  in  crystals,  by  decomposing  molybdate  of 
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pves  off  6  at.  wuter  at  220^,  and  is  reduced  at  a  stronger  boat  to  Umllious  sulphate. 
(Strecker,  Ann.  Ch.  Phimn.  oxzxt.  207.) 

Acci«diug  to  Will m  (Ann.  (.Ii.  Phys.  [4]  ix.  5;  Jiihrt«b.  1R65,  p.  253),  a  solution  ot 
thalLic  oxide  in  modcnttcly  concentrated  sulphuric  acid,  prepared  with  aid  of  heiit,  first 
depfJsitH  slender  nee«Uo8  of  the  basic  suit,  Tl'0'.2S()'.5H-'0 ;  afterwards  a  thallow- 
iAa/iic  eulpkaU\  in  tnin.s^nirent  prismatic  cr}'stals,  together  with  an  amorphous  pulveru- 
lent siilt  ctmUining  Tl-0'.2S()'.3H'-'0.  A  solution  of  thallious  sulphate  heated  witii 
baric  or  plumbic  pt-roxidu  and  sulphuric  acid,  then  filtered  and  concentrated  by  evapo- 
ration, deprisita  ci^'stals  of  anhydnius  thallic  sulphate,  Tl^O'.SSO'.     ( W  i  1 1  m.) 

PofoMio-tha/Iic  sulphate,  f\*K*(^)*y  =  f l-(S0*)>.2K*S0«,  separates,  on  mixing  a 
solution  of  the  preceding  salt  with  a  strong  solution  of  p>ta8sic  sulphate,  as  a  hard, 
colourless,  crjstiiHine  crust,  which  is  coloured  brown  on  the  surface  by  water,  and  is 
but  slightly  s^iluble  in  dilute  sulphuric  acid. — Scdio-thaUio  sulphate,  TV 'lki\(SO*)'f  is 
formed  in  like  manner,  and  separates  in  cdIouHoss  needles.     (Strecker.) 

Snlyliato  of  Tliorlniiin«  Th"SO«  «  TbO.SO*.*- Obtained  as  a  white  powder 
by  dib8(»lving  thurina  in  stn>ng  sulphuric  acid  and  expelling  the  excess  of  acid  by 
ersporation  (Berzelius).  Dclafontaine  (N.  Arch.  Ph.  Nat.  xviii.  343;  Jahresb. 
1863.  p.  197)  pn'pares  it  by  mixing  finely  pulverised  thorite  or  orangite  with  strong 
snlphuric  acid  tu  a  semi-fluid  pastx)  (the  mass  l>ecoming  strongly  heated,  and  part 
of  the  excess  of  acid  volatilising),  and  heiiting  the  residue  to  400'' — 500°,  as  lung  as 
acid  fumes  are  evolvi'd  ;  then  gradually  introducing  the  dry  and  c(K>led  mass  into  cold 
water,  with  constant  stirring,  and  heating  the  filtered  solution  to  100*'.  The  sulphate 
of  thorinum  then  separates,  and  may  be  purified  by  repeated  solution  in  oold  water 
And  precipitation  by  heat. 

Snlphate  of  thorinum  thus  obtained  is  a  heavy  white  curdy  precipitate,  made  up  of 
interlaoeil  needles,  and  consisting,  according  to  belafontaine,  of  4Th"80*.9lI'0.  By 
■low  evaporation  of  an  aque<jus  solution  at  ordinary  temperatures  (10° — 15°).  a  salt 
■eparatee  containing  double  this  amount  of  water,  viz.  2Th''SO'.9H'0  (Delafon- 
taine,  Chydenius,  Pogg.  Ann.  cxix.  48;  Jahresb.  1863,  p.  106).  Berzelius,  by 
apontaneoQS  evaporation  of  a  solution  containing  a  little  free  sulphuric  acid,  obtained  a 
l^fdnte  containing  5  at.  water,  3  at.  of  which  were  given  off  at  a  somewhat  liigher  tem- 
perature, leaving  the  salt  Th''S0*.2HK),  which  also  separated  fn>m  the  solution  on 
araporation  at  higher  temperatures.  These  two  hydrates  were  probably  the  same  as 
tboM  above  mentis med,  containing  4^  and  2^  at,  water. 

The  hydrate,  2Th"S()*.9U*0,  crystallist's,  acc<mling  to  Chy«leniu8,  in  translucent, 
rfflorescent,  monr>clinic  prisms,  exhibiting  the  c<>mbination  QoP.[p3o].  ooPoo  .[ooPoc], 
qP.  Axes.  a:b:e  =^  1  :  0-5981  :  0  6584.  Angle  h:c  ^  8I<>  50' ;  ooP.  ooP  (clinod.) 
-  1 J8^  50'  ;  [Poc  ]  :  [P«  ]  (over  the  p»le)  «=  149°  25'.  DelafontJiine,  by  leaving  the 
aalt  precipititetl  frmi  i*  jot  H«>Iution,  in  contact  with  a  quantity  of  water  not  sulficiunt 
to  dissolve  it,  obtaine«l  six  or  eight-sided,  (M)inted.monoclinie  crystals,  the  Cfjmposition  of 
vbich  is  not  stated,  but  which,  liccording  to  l^Iarignac's  determinations,  exhibit  the 
•Aine  faces  as  those  just  described,  with  addition  of  [6Poo]  and  [8Pao]  and  nearly 
the  same  value  of  the  angle  oeP  :  ooP,  viz.  1 19''  0' ;  also  oP  ;  ooPoo  »  98°  20' ;  ocP  : 
«P  -  97°6':[P«]:oP-  124°28';  l6Poc]  :  oP  -  96^27';  [ooP«]:oP  -  94°  51*. 
Hence  they  were  pr^.hibly  also  2Th"Si)*.9ir-0. 

A  slightly  acidulated  aqueous  solution  of  sulphate  of  thorinum  }'ields,  when  boi!e<l, 
a  ilocculent  precipitate  which  rcdistdtlves  on  cooling,  and  contains  2Th' S0V3H-0.  or 
fmra  somewhat  dilute  solutions.  2Th*80^.H'0.  The  solution, evaporateil  at  25°,yieMs, 
without  formation  of  cr^'stals,  a  white  saline  mtvss  consisting  of  Th''SOMl-0.  Tlio 
4(-hy(initt^l  salt  gives  up  half  its  water  at  100°.  and  the  rest  at  a  stronger  beat  (at  4(K)° 
to  450^.  ucconling  to  I>i'lafontaine).  The  anhydn>us  salt  hisses  when  dissolved  in 
water  (Chyde  n  ius).  The  salt  is  insoluble  in  alcuhul.  an<l  gives  off  lUi  its  acid  at  a 
red  heat  (Berzelius). — A  basic  salt  is  obtained  on  adding  ammonia  to  the  solution  of 
tbft  neutral  salt  as  long  as  any  precipitate  is  formed. 

J^^usAio-iharinic  suJpha/e,  Th'"K»lSO«)^U-0  -  Th'SO^K'SOMI^O.  separates, 
aoronling  to  Berzelius,  as  a  cr}'stalline  powder,  when  a  crust  of  p)tassic  sulpluito  is 
^Kpended  in  a  solution  of  thorinic  sulpluite.  It  is  easily  soluble  in  water,  insoluble  in 
mlfiohol  and  in  sulphate  of  potawtium.  From  a  boiling  aqueous  solution,  it  crj'stallises 
on  cooling  in  rectangular  prisms,  which  give  off  their  water  at  a  gentle  heat,  but  with- 
out disintegrating  (Be rzc  1  i  u s).  According  to  Chydenius,  the  salt^  Th''K*(80*)".H'0, 
•pparates  in  slender  crystals  when  solid  sulphate  of  potjissium  is  immersed  in  a  solu- 
tion of  thorinic  sulphate  at  C0°— 70°. 

•nlptaatM  of  Tin.— Stannic  sulphate,  Sn*\SO*y  «  Sn^^O'  2S0\  is  formed  by 
dissolving  stannic  hydrate  in  sulphuric  acid,  or  by  heating  tin  with  excess  of  the  acid. 
It  formg  an  acid  uncr}'8tallisable  symp. 

•  Th  a  iiw. 
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Stannous  sulphate,  Sn'SO*  »  Sn^O-SO",  is  obUined,  by  beating  an  ezcers  of  ta 
with  concentrated  or  slightly  dilated  sulphuric  add,  as  a  tfaline  mass,  which  diMoh^f 
with  brown  colour  in  boiling  water,  and  separates  in  needle-shapAd  ctjtUla  oo  eni- 
ing  ;  also  in  nacreous  laminar  crystals,  by  dissolTing  stannous  hydrate  in  warm  dilu« 
sulphuric  acid  ;  and  as  a  crystalline  predpitate,  by  aidding  sulphoric  acid  to  a  cuatrt- 
trated  solution  of  stannous  chloride.  The  anhydrous  salt  ia  obtained  by  difcilliig 
stannous  sulphide  with  mercunc  oxide.  It  bears  a  red  heat  without  deeompcntii.*. 
when>as  the  hydrated  salt  when  ignited  leaves  a  residve  of  stannic  oxide.  Staancv 
sulphate  dissolves  very  easily  in  water,  but  the  solution,  aftor  some  time,  deposit  i 
white  basic  salt. 

Poiasno-stannous  aulphaie  separates,  on  mixing  a  solution  of  stannous  sulphate  witi 

sulphate  of  potassium  in  fine  silky  needles,  containing  Sn*K'(80*)',  or  So'^\S'>:' 
(Marignac).  A  mixture  of  hot  concentrated  solutions  of  stannous  chIorid«  ud 
sulphate  of  potassium,  deposits  the  compound  4Sn'*K*(SO^)*J3n''CI',  in  nnali. 
shining,  hexagonal  crystals,  which  may  be  reciystallised  without  deeompontiix. 
(Marignac) 

Bulpbates  of  Tltaiilam.---7l^aiitr  suiphate,  Ti**(SO*)*  «   Ti*^O*.2S0>.  is  vn- 

pared  by  digesting  finely  pulverised  titanic  oxide  with  sulphuric  acid  diluted  with  W 
Its  weight  of  water  till  all  the  water  is  driven  off.  On  expellinff  the  eixcees  of  acid  ij 
a  stronger  heat,  titanic  sulphate  remains  as  a  saline  mass,  which  dibeolvee  eomplt^cjv 
in  lukewarm  water ;  the  diluted  solution,  however,  deposits  titanic  oxide  when  luitj 
(II.  Rose).  From  a  solution  of  add  potassic  titanate  in  hydrochloric  acid,  ndphux 
acid  throws  down  a  compound  consisting  of  9TiO*.SO'.9HK>  (H.  Rose). — Fotam^ 
atomic  8ulphaU,  T\^^K\SO*y,  \b  ohtsineS,  according  to  Warren  (Jahivsb.  I»7.| 
175),  in  small  sparingly  soluble  crystals,  by  fusing  titanic  oxide  with  acid  iid{^ 
of  potassium,  digesting  the  resulting  vitreous  mass  with  strong  sulphuric  acid,  exp«l!iaf 
the  greater  part  of  the  latter  by  a  gentle  heat,  and  dissolving  out  the  excess  of  lai 
potassic  sulphate  with  water. 

ruanous  sulphate,  Ti'O'.SSO",  aocordinff  to  Ebelmen,  is  formed  br  dissolviaf  tzi- 
chloride  of  titanium  in  sulphuric  add,  and  separates  on  evaporating  the  soloticB  is  i 
vacuum  over  lime,  in  violet,  deliquescent,  ci}'stalline  masses.  Its  solution,  when  huui 
deposits  titanic  oxide. 

BnlpliAte  of  Tunffsten  separates,  on  dropping  a  solution  of  alkaline  tniu>^*4 
into  dilute  sulphuric  add,  as  a  heavy  white  precipitate,  soluble  in  puxe  water. 

Bnlpliates  of  Utanium. — Uranie  sulphate,  UK)".SO',  or  Sulphate  of  TrciK 

(U*0'/'80*,  is  obtained  by  dissolving  uranoso-uranie  oxide  in  strong  sulpbnrir  toi 
diluting  the  solution  with  water,  and  oxidising  with  nitric  add  ;  also  by  dNoajpos^ 
a  solution  of  uranie  nitrate  with  sulphuric  add,  expelling  the  excess  of  acid  bj  l^ 
dissolving  the  residue  in  water,  evaporating  the  solution  to  a  sjrup,  and  Icarinc  it  » 
rr^'stallise.  It  forms  small  lemon-yellow  prisms  containing  3  at.  water  (B^rif  liif ; 
Peligot);  3^  at.  (Ebelmen).  According  to  Berselius,  the  salts  U*0*.2SO'  asi 
r-C^.SSO',  are  obtained  by  dissolving  the  monosnlphato  in  sulphuric  acid ;  bnt  ?A\£it 
denies  their  existence  (see  UuAifirM). — Uranie  sulphat«>s  of  various  eoopo^rini. 
called  uranium-ochre  and  uranium-vUriol,  are  found  in  small  flattened  moomiiw 
crvstals,  of  a  bright  emerald-green  colour,  near  Joaehimsthal  in  Bohcmii,  ibo  ti 
JohiinngeoigenstadL     (Rammelsberg's  Mineralchrmit,  p.  279.) 

PoUissuy-uranic  sulphate,  (UK)«)'K«(S0M«.2H»0,  forms  lemon-yellow  rmtsais- 
crusts,  very  soluble  in  water,  and  becoming  anhydrous  at  100^. — AmmomkHirwn 
sitfphate,  of  similar  composition,  forms  sparingly  soluble,  lemon-yellow  prms.  Tbm 
is  al!K> a  crystalline  «Kfio-«ramo  sulphate. — BagiccuprthuranicsulpAates^  calledsMsm* 
tfretn,  are  fjund  at  Joaehimsthal.    (Rammelsberg's  Minerathmrie,  n.  295.) 

rninouf  su'phate,  U^SO*  =  U"O.SO*,  may  be  prepared  by  dissofving  uasoi^ 
uranie  oxide  in  hut  oil  of  vitriol,  diluting  with  water,  and  evaporating  in  a  vicvoa:  y 
by  diiisul  villi;  hydrated  uranous  oxide  in  dilute  sulphuric  acid  ;  orby  deec 


cou(.vntr»ttTi5<.>lutionof  urauoiis  chloride  with  sulphuricacid.  It  crrstulisei  with  2ui 
with  4  at.  ^-Hter. — A  dihusic  uranous  sulphate,  U"'S0«.U'0.3H*O,  is  obtained  bvtranK 
thf  normal  salt  with  a  larure  quantity  of  water;  by  exposing  the  alcoholic  iolitn  '^ 
that  salt  to  the  sun's  rivii :  by  careful  addition  of  ammonia  to  its  aqueous  lohtiac: 
ar.d  bv  lx)ilii>g  that  solution  vrith  green  uranoso-uranie  oxide.  It  forms  a  Ikrhi-|»fB 
powder  having  a  silky  lustre. 

Amman io-uranvus  sulphntf.  U"'(NH*ASO*)*,  forms  eiMily  soluble,  darlE-gnea,«srT 
groups  of  cr^-stalb  :  it^  solution,  whtn  hoattni,  deposits  a  basic  sulphate. 

Potai^sio-vrautc   fulphaU,   U»K\SO«)'.H-0,   forms  gT«en,    sliffhtlv   solohle  Biiai 
cru&ts.  ' 
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VranoM-nrank  suIpJkate,  ir^U'0')^(SO*)',  obtained  by  diMioIying  nnnoso-uranic 
oxiile  in  warm  uil  of  yitriol,  finil  eTaporating  the  excesB  of  acid  by  heat,  forms  a  light- 
irrtH*!!,  soluble  mass,  which  at  a  red  heat  gives  off  sulphurous  anhydride,  and  is  con- 
Tcrt«d  into  uranic  sulphite  (Ebelmen,  Ann.  Ch.  Phys.  ▼.  189).  On  the  sulphates  uf 
uranium,  see  further  Gmelin*8  Handbook,  iv.  174.) 

SvlpbmtM  of  ▼aamdiom.  Vanadic  sulphate,  V«(SO*)>  «  V>0*.3S0*,  is  pm- 
daeed  by  dissolving  vanadic  oxide  in  hot  sulphuric  acid  diluted  with  half  its  weight  of 
water,  and  evaporating  the  excess  of  acid  at  as  low  a  temperature  as  possible.  It 
forms  small  red-brown  cr}-Htallino  sctiles,  quickly  deliquescing  to  a  rusty-brown  syrup, 
which  is  not  rendf^rcd  turbid  cither  by  water  or  by  alcohol.  The  aqueous  solution 
bvciimftf  turbid  on  boiling,  and  the  liquid  separated  from  the  precipitate  contains  an 
otcid  94ilt,  which  dries  up  to  a  red  s^Tup.  A  bade  salt,  y'0'.2S0',  formed  by  dissolv- 
ing neutral  viinadious  sulphjite  in  nitric  acid,  forms  a  red,  deliquescent,  soluble,  saline 
mass  (Berzeli  us).  I'otassut- vanadic  sulphate,  V'"K(SO*)*,  separates  from  a  solution 
of  potassic  viinadiite  mixed  with  a  little  sulphuric  acid,  and  left  to  evaporate,  in  yelluw 
grains,  composed  of  microscopic  ci^-stals.  It  is  slightly  soluble  in  water,  insoluble  in 
mloobol.     (Berzclius.) 

Vanadiom  $ulphate,  V"SO*  »  VO.SO',  is  prepared  by  dissolving  the  di-  or  tri- 
oxide  of  vanadium,  obtained  by  igniting  vanadate  of  ammonium,  in  sulphuric  acid, 
and  passing  sulphun>us  acid  gas  through  the  solution,  or  heating  it  with  oxalic  acid,  to 
eomnlete  the  iWluction  of  the  vanadic  tri-oxide.  The  solution,  when  evaporated, 
yielas  sky-blue  cr^-stals,  probably  consisting  of  an  acid  vanadious  sulphate,  which, 
when  pnrifiiHl  by  washing  with  absolute  alcohol,  gradually  swells  up,  and  is  converted 
into  a  loose  sky-blue  powder,  consisting  of  the  neutral  salt  This  salt,  after  being 
WAihrd  with  alcohol,  and  dried  over  oil  of  vitriol,  may  be  obtained  in  the  crystalline 
form  by  allowing  it  to  deliquesce,  and  then  leading  it  for  some  time  in  a  dry  atmo- 
apher«9.  It  usually  crystallises  in  groups  of  prisms,  but  sometimes  in  separate,  short, 
rhombic  prisms,  having  a  fine  blue  colour,  and  consisting  of  V''S0*.2UK).  It  dis- 
polves  very  slowly  in  cr>ld  wat«r,  and  when  ignited,  leaves  vanadic  tri-oxide  (Berze- 
*  ius).  A  basic  salt  is  produced,  according  to  Borzelius,  by  digesting  a  strong  solution 
cf  the  neutral  sulphate  with  vanadious  hydrate.  It  dries  up  to  a  blue  transparent 
BMsa,  which  gives  off  water  and  turns  bruwn  at  10U°.  PutassiO'vanadious  sulphate, 
VK'(SO*)',  is  a  light  blue  gummy  muss.     (Hee  VAJfADiinc,  p.  984.) 

Svlpliates  of  Tttriniiu  The  neutral  sulphate,  VSO*,  crystallises  very  easily 
in  small  four-  or  six-sided,  colourless,  or  faintJy  rose-coloured  prisms,  which  do  not 
ffAoresce,  but  remain  transparent,  even  at  8U<^,  but  at  higher  temperatures  give  off 
water  and  become  milk-white;  they  dissolve  very  slowly  in  water  (Berzelius).  A 
Milution  of  yttria  in  sulphuric  acid  saturattni  in  tlie  cold,  becomes  turbid  at  30^ — 40®, 
from  separation  of  the  sulphate,  and  at  the  boiling  heat  the  whole  is  precipitated  as  a 
crystalline  powder,  contaming  2Y"SO*.6H'0 ;  it  has  a  faint  reddish-colour,  which  it 
loses  at  ISO'',  together  with  its  water  of  crystallisation.  The  anhydrous  salt  dissolves 
easily  in  cold  water  (Popp,  Ann.  Ch.  Pharm.  cxxxi.  179;  Jahn«b.  1864,  p.  203). 
By  evaporation  over  oil  of  vitriol  at  6® — 10°,  crystalline  crusts  are  obtained,  consisting 
uf  SYsO'.SHK),  isomorplious  with  the  corresponding  hydratod  sulphates  of  cadmium 
and  did^-mium  (Popp;  belafontaine,  Jahn'sb.  1864,  p.  198.)  The  anhydmus  salt 
Kives  on  I  of  its  sulphuric  anhydride  at  a  red  hcat^  leaving  the  tribaiiic  salt  sVo.SO'  =m 
Y"SO^.2y0  ;  and  by  very  strong  and  prolong|ed  ignition,  the  whole  of  the  sulphuric 
anhydride  may  be  expelled,  leaving  pure  yttria.  The  basic  salt  is  likewise  obtained 
by  precipitating  the  neutral  salt  with  ammonia.    (Berzelius.) 

Potassiwyttric  sulphate,  Y''K'(SO*)*,  is  obtained,  bv  evaporation  of  the  solution  of 
its  component  salts,  as  white  ci^'stallino  crust  (Berzelius) ;  or  bv  covering  the  solution 
with  a  layer  of  alcohol,  in  crystals,  which,  on  exposure  to  the  air,  give  off  alwut  6  per 
eent.  of  water  (Popp).  The  salt  dissolves  in  16  pts.  of  cold  water,  and  in  10  pt<i.  of  a 
solution  of  potassic  sulphate  ^Berzelius).  The  aquiK>us  solution  saturated  in  the 
cold,  deposits  sulphate  of  yttnnm  when  heated.     (Popp.) 

Sulphate  of  yttrium  may  be  combined  by  fusion  with  sulphate  of  sodium,  but  docs 
not  nnit4i  with  sulphate  of  magnesium.    (Popp.) 

•olpliates  of  Xino.  The  normal  or  neutral  stdphate,  Zn^SO*,  also  called  white 
vitriol  or  sinovitrid,  is  produced  by  dissolving  oxide  or  carbonate  of  zinc  in  dilute 
sulphuric  acid;  and  on  the  large  scale,  by  roasting  the  native  sulphide,  lixiviating  ^'vh 
water,  and  concentntlng  the  solution  b^  addition  of  fresh  roasted  ore.  It  scj^inris 
from  solution  at  ordinanr  temperatures,  m  right  rhombic  prisms,  containing  /n"S(  >*. 
7H'0,  isomorphous  with  sulphate  of  magnesium,  and  exhibiting  the  oombinatiniiH 
crcP  .  P.  (fig.  264,  ii.  147),  and  P  .  Poo  .  <xP  .  ocfoo  ;  also  the  htmihedrul  form 

P  P  X 

*"    o    •   ~  o   ■    *^-  «rQo .  ^fig.  282,  ii.  148).     The  crystals  have  a  rough  mttalho 
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ta«Ce,  and  eflSoreece  sligbUj  in  diy  air.  Like  the  other  heptahTdrated  macppMian  ral- 
phates,  they  give  off  6  at  water  at  about  100°,  but  the  serenth  only  at  a^gher  tea- 
peratnre  (about  260°);  indeed  it  is  difliciilt  to  obtain  the  salt  perfectly  anhYdiooa 
without  loss  of  acid.  At  a  bright  red  heat»  the  anhydrous  salt  is  completely  deocni- 
poeed,  leaving  pnre  oxide  of  zinc. 

The  heptahydrated  cnrstals  dissoWe  in  about  2}  pts.  of  cold,  and  in  somewhat  ksi 
than  their  own  weight  of  boiling  water ;  the  solution  has  an  add  reaction.  Aeeofding 
to  Pqggiale,  100  pts.  of  water  diMolTe  at  different  temperatures  the  following  quantati« 
of  sine-sulphate ; — 

Tcrapertturt.  Crrt^llMd  Anhjrdraat 

C.  Zo80<.7H*0.  ZoSO*. 

lOO  .  .  .  188-21  .  .  .  48*36 
20°  .  .  .  161-60  .  .  .  6310 
80O  .  .  .  19100  .  .  .  68-60 
60^  .  .  .  263-80  .  «  .  68*76 
KHP        .  .        663-60      .        •        .        96*60 

The  salt  is  insoluble  in  absolute  alcohoL  Aeoording  to  Schroder  (Ann.  Ch.  Phans. 
cix.  45),  a  supersaturated  solution  of  zinc-Titriol  contained  in  a  glass  tube,  closed  bj  a 
plug  of  cotton-wool,  deposits  a  modification  of  the  heptahydnSed  salt  more  sohibU 
than  the  ordinary  salt.  Ths  supernatant  liquid  still  remains  supersaturated,  aad,  in 
contact  with  the  air,  yields  a7^als  of  the  ordinary  salti  together  with  crystals  of  the 
more  soluble  modiflct^on. 

A  solution  of  zinc-sulphate  left  to  OTstallise  at  30^,  yields  monodinie  hezhydrsted 
crystals,  Zn''80*.6HK),  isomorphous  with  the  corresponding  magnesium-  aad  nickel- 
salts.  The  same  hydrate  is  obtained  by  heating  the  ordinary  crystals  to  62°.  A 
pentahudraUd  talt,  Zn'BO^U^HK),  is  obtained,  aceorain^  to  Kiihn,  by  boiling  the  pnl* 
▼erised  heptahydrated  salt  with  alcohol  of  spedfic  ffsaTity  0*866.  It  also  crystallises, 
according  to  Pierre  and  Schindler,  from  sciution  between  86°  and  60°.  A  granular 
diky&rate,  Zn'B0.2HK),  is  obtained  by  boiling  the  finely  pulverised  heptahydnte  with 
absolute  alcohol ;  it  also  separates  on  adding  strong  sulphuric  add  to  a  oonoentraUd 
solution  of  sinc-sulphato  (Eiihn).  The  mmok^d/rafi,  Zn''SO^H'0,  remains  wImd 
the  heptahydrated  salt  is  dried  in  the  air  at  100°,  or  in  a  vacuum  over  oil  of  vitrtol 
at  20°  (Scnindler,  Graham) ;  it  also  separates  m  crystalline  grains  during  the 
cooling  of  a  boiling  saturated  solution  of  zmc-sulphato  (Graham).  It  retains  its 
water  at  206°,  but  gives  it  up  at  238°.    (Graham.) 

Sulphate  of  zinc  is  chiefly  used  in  calico-printing.  It  also  serves  as  an  addition  to 
oils  in  the  manufiicture  of  varnishes ;  for  the  preparation  of  many  other  zinc-oompoundii, 
as  of  zine-whito ;  and  in  medicine  for  the  composition  of  eye-washes,  6cc. 

Basic  Zinc-sulphates.— The  <it5a8u;  mI^,  2ZuO.SO'  -  Zn''SO*.Zn''0,  is  pro- 
duced  by  digesting  a  strong  solution  of  zinc-vitriol  with  oxide  or  hydrate  of  zinc  as 
long  as  anything  is  dissoli^ :  it  does  not  a7stalliBe  (Schindler). — ^The  tttnbatk 
Malt,  4Zn''0.S0*  -  Zn''S0*.3Zn''0,  crystalliees  from  a  solution  of  the  preceding  \n 
spontaneous  evaporation  in  long  flexible  needles,  containing  10 at  water  (BchindTer). 
The  same  salt  is  predpitated  on  adding  a  small  quantity  of  potash  to  tiie  solution  of 
the  n<»utral  sulphate,  as  a  white  bulky  powder  insoluble  in  cold  water,  and  separates 
fiom  a  boiling  aqueous  solution  on  cooling,  in  small  unctuous  crystals,  which,  acoordiBg 
to  Kane,  contain  2  at.  water.  It  is  also  formed  by  heating  the  neutral  Aulphate  till  it 
is  partially  decomposed,  and  boiling  the  residue  with  water,  or  by  boiling  a  solution 
of  the  neutral  sulphate  with  zinc-oxide  or  metallic  zinc ;  in  that  case  also  the  sola* 
tion,  on  coding,  deposits  the  dihydrated  compound  Zn''8O.3Zn''0.2H*0.  (Kfihn, 
Schindler.) 

The  kexbasie  saU,  6Zn''O.SO'.10H*O  -  Zn1SO*.6Zn''0.10H*0,  is  obtained,  according 
to  Kane,  as  a  white  powder,  by  treating  sulphate  of  zinc-ammonium  with  waters — The 
octobatie  talt,  8Zn"O.SO>.2HH)  -  Zn"SO«.7Zn''0.2H*0,  is  predpitated  in  white  bulky 
flocks  on  diluting  a  solution  of  the  dibssie  salt  with  a  lai|^  quantity  of  water.  l%e 
precipitates  formed  by  caustic  potash  in  a  solution  of  zinc-vitriol,  are  basic  salts, 
varyiuff  in  composition  according  to  the  quantity  of  alkali  used. 

All  Uiese  basic  zinc-sulphates,  when  heated  nearly  to  redness,  give  off  their  chemi- 
cally combined  water,  without  change  of  appearance ;  but  at  a  bright  red  heat,  they  are 
decomposed  in  sudi  a  manner  that  water  afterwards  extracts  ttom  them  the  neutnl 
salt,  leaving  zinc-oxide. 

Ammoniacal  Sulphates  of  Zinc— There  are  several  of  these  compounds, 
varying  in  compodtion  according  to  the  quantity  of  ammonia  added  to  the  sul|wte  of 
zinc.  When  ammonia-gas  is  passed  into  a  hot  saturated  solution  of  neutral  zine-sulphato 
till  the  predpitate  at  flrst  formed  is  redissolved,  sulphaU  of  tme-ammtmiwHi, 
Zn"S0*.2NH«.HK>  -  (N«H«Zn)''80*.HH),  separates  on  cooling  m  flne  semi-crystalline 
starch-like  granules.    The  water  may  b*  expellsi^  by  prolonged  fiision.    If  the  amsMh 
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niaeal  lolatioii  jut  mentioned  be  left  to  evaporate  at  ordinary  temperatnrefi,  it  yields 
cryaialu  of  the  com^wnnd  Zn'^0*.4NH«.4H«0  or  [N«.H*(NH*)^"S0».4H''0,  whieli 
gtv6  off  2  at.  water  m  drying,  and  qnickly  offloreeoe.  AboTe  27-  they  giye  off  another 
atom  of  water,  U'aTing  the  compound  Zn"S0*.4NlIMIK)  ;  and  this  when  carefiilly  melted 
3rields  a  gammy  mass  of  dncammonium-sulphate,  21n''SO'.2NHMiK),  and  ultimately 
th«  aame oompouod  in  the  anhydrous  state  (Kane).  The  compound,  2^"SO*.6NH',  is 
produced  by  the  action  of  dry  ammonia-gas  on  sine  sulphate,  and  forms  a  white  pow- 
der which  is  dissolyed  by  water  with  partial  separation  of  zinc-oxide  ^H.  Rose). — 
When  cinc-enlphate  supenatnrated  while  hot  witn  ammonia,  is  boiled  till  the  odour 
of  free  ammonia  is  no  longer  perceptible^  a  precipit&te  is  formed,  consisting  of 
(4ZnO.SO»).4NH'.4H«0.    (Schindler.) 

Double  S%\tB.—AmmoniO'^mcie  «tf//>Aate,  Zd(NH«)'(S0«)^6H'0,  and  the  corre- 
sponding pctostium-Mltf  are  isomurphous  with  the  corresponding  magneeium-salte. 

Sodio-zincic  atUpkate,  Zn"NH*^S0*)*.4HH),  is  produced,  according  to  Graham,  by 
mixing  the  concentrated  solutions  of  zinc-sulphate  and  acid  sodic  sulphate,  and  CT^xna- 

nto  the  crystallisiqc  point.    It  is  vexy  deliquescent. 
agneato-tincie  stUpkaUt  Zn'Mg"(S0*)'.14HK),  crystaUises,  according  to  Pierre,  at 
ordinaiy  temperatures,  in  fine  rhombic  prisms ;  it  retains  2  at.  water  at  200^.    The 
•alt  erystaHised  above  36°  contains  only  10  at.  water. 

Zmetholuminic  auipkate  or  eiruHdum  is  analogous  in  composition  to  coflunon  alum. 
(Kftne.) 

Slyhat—  Of  Xirooaliiiii.~The  neutral  or  normal  ndpkate,  2^^(80*)*  » 
Zr'*0'.2S0*,  is  obtained  by  dissolving  oxide  or  hydrate  of  Bxeonium,  £ree  from  potash, 
in  ma  excess  of  sulphuric  acid  ;  evaporating  the  solution  to  dryness ;  and  hmiting  the 
xmdne  for  a  quarter  of  an  hour  to  a  temperature  just  below  redness.  The  salt  loses 
the  whole  of  its  acid  at  a  full  red  heat.  A  neotral  solution  of  the  salt  yields  on  evapo- 
ration, a  gummy  mass,  which,  when  fhrther  dried,  becomes  white  and  full  of  fissures. 
If,  however,  the  solution  oontains  free  acid,  hydrated  cirstals  are  obtained,  which  may 
he  freed  fhnn  adhering  acid  by  means  of  alcohoL  The  crystads  fuse  when  heated, 
gifing  off  their  water,  and  swelling  up  like  alum. 

The  anhydrous  salt  disMolves  veiy  slowly  but  completely  in  oold,  and  rapidly  in  hot 
wmteir.  Ammonia  added  in  excess  to  the  solution,  precipitates  pure  zirconia  finte  from 
ralpharic  acid.  Alcohol  throws  down  a  mixture  of  the  normal  and  tribasic  sulphates, 
which,  after  being  washed  for  a  considerable  time  with  alcohol,  ia  entirely  converted 
into  the  tribasic  sulphate.    (Berzel ins.) 

The  dibasic  iui^kate,  ZH^O^SO*  »  Zr>^rSO*)'.Zn*^0',  is  formed  by,  saturating  a 
concentrated  solution  of  the  normal  salt  with  hydrate  of  zirconium.  On  evaporating 
the  liquid,  a  mass  of  salt  is  obtained  which  is  gummy  and  fissured  at  first,  but  when 
further  dried  becomes  white  and  opaque.  The  salt,  when  heated,  swells  up  like  alum, 
and  parta  with  its  water,  but  a  white  heat  is  required  to  expel  the  acid.  It  die- 
•olTea  in  a  very  small  quantity  of  water.  By  a  larger  addition  of  water,  the  solution 
ia  resolved  into  the  tnbasic  salt,  which  is  precipitated,  and  the  normal  salt,  which 
remains  in  solution.    (Berzelius.) 

The  tribane  wlphate,  3ZrO'.2SO*  »  Zr(SO«)>.2ZrO',  is  obtained  by  precipitating 
the  normal  salt  with  alcohol,  and  washing  the  precipitate  first  with  alcohol  and  then 
with  water ;  or  by  diluting  a  solution  of  the  dibasic  salt  with  a  laige  quantity  of  water. 
It  forms  white  flakes,  insoluble  in  water,  but  soluble  in  hydrochloric  acid.  (Berze- 
lius.) 

A  ksxbane  salt,  SZrO'.SO'  -  Zn(SO*)*.5ZnO>,  is  produced  b^  saturating  a  solution 
of  a  ziroonium-salt  at  the  boiling  heat  with  sulphate  of  potassium,  or  by  mixing  the 
Eiroonium-solution  with  a  hot  saturated  solution  of  sulphate  of  potassium.  It  sepamtea 
as  a  white  precipitate,  and  by  saturating  the  supernatant  liquid  with  carbonate  of 
potassium,  the  whole  of  the  zirconium  may  be  brought  into  the  precipitate  (Berze- 
lius,  Hermann).  According  to  Berzelius,  the  precipitate  always  contains  small 
quantities  of  potash,  probably  chemically  combined,  inasmuch  as  it  is  produced  only  by 
sulphate  of  potassium,  and  not  by  sulphate  of  sodium.  It  is  insoluble  in  a  solution  of 
potaasic  sulphate,  but  dissolves  partially  in  pure  water,  and  the  water  with  which  it  is 
washed  becomes  turbid  (Berzelius).  Sulphate  of  ammonium  reacts  with  zirconium- 
salts  in  the  same  manner  as  sulphate  of  potassium.    (Berzelius.) 

Zirconia  fused  with  acid  sulphate  of  potassium  forms  a  double  salt-,  which,  in  the 
fused  state,  is  perfectly  transparent.  "Water  dissolves  only  the  potassium-salt,  leaving 
the  sparingly  soluble  ziroonium-salt  just  mentioned  (Berzelius).  Warren  (Po^. 
Ann.  cii.  449 ;  Jahresb.  1867(  p.  168),  by  precipitating  a  solution  of  neutral  zirconic 
sulphate  with  neutral  and  acid  sulphate  of  potassium,  has  obtained  some  double  salts 
of  coi-iplicatcd  and  very  doubtful  composition. 
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Alcoholic  Sulphates.    Svlphvric  Ethibb. 
AlooholB  treated  with  strong  sulphuric  acid,  yield  acid  solphoric  ethen  xvpnteotsd 
by  the  general  formula,  ^0* : 

h(^    +    h|so«    -   HK)    +  ^jso*. 

Alcohol.   Sulphuiicadd.  Addatber. 

There  are  also  a  few  neutral  su^hurie  ethen  represented  by  the  formula  ^[SO*; 

they  are  formed,  not  by  the  actidn  of  sulphuric  add  upon  alcohols,  but  of  sulphorie 
anhydride  upon  neutral  ethers  (alcoholic  oxides). 

AH jl-«vlpbiirto  iLold,  C^<SO«   -   ^^''|S0«  -  W«  [o»    (Cahours  and 

Hofmann,  Chem.  Soc  Qu.  J.  x.  316).^-When  allylic  aleohd  is  added  by  drops  to 
about  an  equal  volume  of  strong  sulphuric  acid,  the  mixture  becomes  h<«ted  without 
blackening :  and  in  addmg  seren  or  ei^ht  times  the  volume  of  water,  and  neutraliBiiig 
with  carbonate  of  barium,  the  liquid  yields,  by  evaporation,  white  shiniiig  crystals  of 
baric  allyl-sulphate  (C«H*)»Ba''(SO*)«. 

AmjlanlplMirto  aeid,  (C^H**)HSO«.  SulphamyUe  acid,  (Cahours,  Ann.  Ch. 
Phys.  [2],  Ixx.  86.>-KekuU,  Ann.  Ch.  Fharm.  Ixxv.  275.)-jA  mixture  of  equal paru 
of  amylic  alcohol  and  oil  of  vitriol,  after  standing  for  some  time,  till  water  no  longer 
separates  amylic  alcohol  from  it,  is  diluted  wiUi  water;  the  rwnltiog  crude  amjl- 
sulphuric  add  is  saturated  with  carbonate  of  barium ;  the  solution  filtered  from  the 
tmlphate  of  barium  is  evaporated ;  and  the  oystals  of  amylsulphate  of  barium  obtainMl 
after  cooling  are  freed  m>m  the  mother-liouor  upon  filter-paper;  and  purified  by 
shaJiing  up  their  aqueous  solution  with  animal  charcoal,  and  twice  crystallising  by  spon* 
taneous  evaporation.  The  solution  of  these  crystals,  predpitated  by  the  proper  quantity 
of  sulphuric  add,  then  filtered  and  evaporated,  yields  the  pure  acid.  (Cahours). 
Kekule  prefers  preparing  the  lead-salt  and  decomposing  it  with  sulphuretted  hydrugca, 
after  nhich  he  carefully  evaporates  the  colourless  filtrate  to  a  thin  syrup. 

Amyl-sulphuric  add  is  a  colourless,  thin  syrup  which  sometimes  deposits  slender 
needles  by  spontaneous  evaporation.  (Kekuli  did  not  obtain  any  aystiUB.)  It  tustet 
add  and  bitter  (sharply  add,  accordUng  to  Kekul^),  and  reddens  litmus  strongly. 
(Cahours.)    It  dissolves  readily  in  water  and  in  alcohoL 

The  concentrated  aqueous  acid  decomposes  spontaneously  into  amyl-alcohol  and  sul- 
phuric add,  slowly  in  the  cold  and  in  a  vacuum  or  when  exposed  to  the  air ;  ouickly  on 
boiling ;  the  more  quickly  as  it  is  more  concentrated.  It  is  decomposed  by  chlorine  in 
the  odd,  and  by  nitric  add  when  heated. 

Theamylsulphates  or  sulphamylates  (C*H»>)M80«,  and  (C»H")«M''(S07, 
are  generally  crystaUisable,  have  a  bitter  taste  and  are  soapy  to  the  touch.  The 
crystals  generally  contain  water,  and  in  that  case  are  often  efflorescent  When  thoir 
aqueous  solution  is  boiled,  they  are  resolved  into  sulphate,  free  sulphuric  acid  and 
amylic  alcohoL  This  decomposition  takes  place  slowly  at  ordinary  temperatures,  f^ren 
in  the  crystallised  salts ;  nevertheless,  tiiese  crystallised  salts  may  generally  be 
dehydrated  at  100^  before  decompodtion  bogins.  All  amylsulphatea  dissolve  in 
water  and  in  alcohol,  very  sparingly  in  ether.  Most  of  them  in  the  crvstalline  st«te 
or  in  aqueous  solution  are  decomposed  by  prolonged  contact  wit^  the  air,  giving 
off  amylic  alcohol  and  leaving  a  metallic  sulphate ;  the  decomposition  is  accelorated 
by  heat  By  dry  distillation  they  leave  metallic  sulphate  mijud  with  chaicoal,  and 
give  off  a  combustible  gas  together  with  carbonic  and  sulphurous  anhydrides,  and  an 
oil  containing  amylene,  other  hydrocarbons  polymeric  therewiUi,  amylic  ether 
(C*H")'0,  and  probably  also  amyhc  sulphate  (CfHii)'80^  at  all  events,  the  distilled 
product  contains  sulphur. 

Jmyltvlphate  of  AlumnmmfannB  a  gelatmous  mass,  soluble  in  water,  alcohoL  and 
ether,  very  deliquescent,  and  easily  decomposible. 

AsnyUulphate  of  Ammonium. — ^The  filtrate  obtained  by  predpitaUng  the  caldum- 
salt  with  carbonate  of  ammonia,  yields  by  spontaneous  evaporation,  cMourless,  bitter 
crystalline  scales,  and  by  evaporation  over  tne  water-bath  a  nodular  crystalline  mass. 
The  crystals  give  off  nothing  at  100°,  begin  to  decompose  at  140°,  and  bum  away, 
leaving  a  residue  of  charcoal  They  deliquesce  slightly  in  dunp  air,  and  dissolve  very 
readily  in  water,  on  which  they  move  briskly  about;  they  are  lees  scJubU  in 
alcohol,  and  insoluble  in  ether. 

The  bariwn-atUt  (C»H>')*Ba''(80*)*.2HK),  prepared  as  above,  crystallisefl  by  spon- 
taneous evaporation,  in  large  vcoy  fiexible  rhombic  tables.  The  crystals  efflorssee  ia 
dry  air  and  give  off  6*66  per  cent,  (1  at.)  water  in  vacuo.  They  beein  to  deoompoee 
at  95°  melting  at  the  same  time,  if  they  have  not  been  previously  dried.    They  give 
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off  an  oil  ■Ofnewhat  tboTO  200^,  and  loavo  sulphate  of  barium  mixed  with  charcoal. 
Their  aqueous  solution  is  resolved  bv  lon^r  boiling,  into  amylic  alcohol,  sulphuric 
ariii,  and  sulphate  of  barium.  Thev  ^isfK>l7e  yeiy  r^ftdily  in  water,  more  readily  in 
WHrm  than  in  cold  alcohol,  but  are  insoluble  in  ether. 

The  calcinm-Mlt,  (C*H")"Ca"(S0«)«.2H«0,  obtained  by  saturating  amyl-sulphurie 
acid  with  chalk,  forms  mammellated  cr^'stals,  soft  to  the  touch,  very  soluble  in  water, 
especially  in  hot  water,  soluble  in  alcohol,  insoluble  in  ether.  It  has  a  bitter  and 
pungent  taste.  An  aqueous  solution,  saturated  and  limpid  at  ordinary  temperatures, 
Decomes  turbid  at  the  boiling  heat.  The  crystals  effloresce  in  dry  air,  give  off  the 
whole  of  their  water  (8*55  per  cent.)  in  a  vacuum,  and  are  gradually  decomposed  by 
onntact  with  the  air.  The  salt,  heated  to  250°  in  a  sealed  tube  with  alcoholic 
ammonia,  yields  sulphate  of  calcium  and  sulphate  ofamylamine.  (Berthelot,  Compt. 
lend,  xxxvi.  1098.) 

The  eobalt-salt  is  obtained,  by  precipitating  the  barium-salt  with  sulphate  of  cobalt, 
and  evaporating  the  filtrate,  in  rose-coloured  laminee,  very  soluble  in  water. 

CupriD  salt,  (C*H»')«Cu''(S0«)«.2H«0.— The  blue  solution  of  carbonate  of  copper  in 
the  acid  yields,  when  left  over  oil  of  vitriol,  large  elongated  tables  which  are  permanent 
in  the  air,  dissolve  readily  in  water  and  weak  alcohol,  less  readily  in  absolute  alcohol, 
and  are  insoluble  in  ether. 

The  frrrie  salt,  obtained  by  dissolving  ferric  hydrate  in  the  aqueous  acid,  forms 
■mall,  yellow,  easily  decomposible,  deliquescent,  crystalline  granules. — The/frroiMso/^ 
is  prodiioed  by  di5<8<ilving  metallic  iron  in  the  aqueous  acid.  The  pale  green,  sweetish- 
bitter  solution  reddens  litmus,  and  when  evaporated,  deposits  brown  flakes  of  ferric 
ozidfl^  together  with  pale  green  crystalline  grains  of  the  ferrous  salt.  These  crystals 
quickly  turn  yellow  on  exposure  to  the  air,  dissolve  in  water  and  alcohol,  and  with 
green  colour  in  ether. 

The  Uad-aalt,  (C»ir')*Pb"(80*)«.H«0,  obtained  by  saturating  the  acid  with  carbonate 
of  lead,  forms  mammellated  groups  of  small  lamins,  very  soluble  in  water,  acid  to  test- 
pnper,  soluble  in  alcohol,  insoluble  in  ether,  and  having  a  bitter-sweet  taste.  The 
solution  decomposes  slowly  in  contact  with  the  air,  rapidly  at  the  boiling  heat 

TYa^magneMium-sdU,  (OH")'Mg"(S0*)'.4H'0,  is  obtained  by  spontaneous  evapora- 
tion  in  elongated  rhomboidal  laminae,  which,  have  a  fine  nacreous  lustre,  and  are 
with  difficulty  deprived  of  the  whole  of  their  water  of  crystallisation. 

The  moMganete-saltf  (C'H")'Mn"(S0*)*.4H'0,  forms  nearly  colourless  crystals,  per- 
manent in  the  air;  the  solution,  however,  gradually  decomposes. 

Mercuric  salt — The  yellow  solution  of  mercuric  oxide  in  amylsulphuric  acid  yields, 
by  evaporation  in  a  vacuum,  dark  yellow  crystalline  nodules,  soapy  and  glutinous  to 
Uie  touch,  having  an  extremely  sharp  and  bitter  taste ;  they  contain  2  at.  water, 
decompose  after  keeping  for  some  time,  and  deliquesce  in  damp  air. 

The  «tVJW-M//,  rC*H'»)«Ni*(S0<)«.2H«0,  crystallises  by  evaporation  in  a  vacuum,  in 
nodules  of  green,  elongated  lamins,  which  deliquesce  in  moist  air. 

The  potaftsium-salt,  (OH")KS0*,  separates  from  its  solution  by  spontaneous  evapo- 
ntion  in  colourless  tufts  of  needles,  having  a  very  bitter  taste,  or  in  nodules  composed 
of  needles  having  a  silky  lustre.  These  crystals  effloresce  on  exposure  to  the  air,  and 
tnm  slightly  brown,  giving  off  amylic  alcohol  and  sulphuric  acid.  In  a  V}«cuuni  or  at 
100®,  they  give  off  3'99  per  cent.  (1  at)  of  water,  without  further  decomposition,  swtrll 
up  stronffly  at  170^,  then  melt,  and  leave  a  black  scum.  The  salt  dissolves  readily  in 
water  and  m  weak  alcohol,  less  readily  in  strong  alcohol,  from  the  hot  solution  in 
which  it  cr^istallises  in  slender  needles,  and  is  insoluble  in  ether. 

Sifver-Bolly  (C*H")Ag.SO*.— The  solution  of  carbonate  of  silver  in  the  slightly  heated 
acid  yields,  by  evaporation,  colourless  laminse,  which  dissolve  very  easily  in  water, 
blacken  on  exposure  to  the  air,  and  dissolve  in  alcohol  but  not  in  ether. 

The  sodiiim-taft,  (C*n")NaSO*,  is  obtained  by  precipitating  the  calcium-salt  with 
carbonate  of  sodium,  and  spontaneous  evaporation  of  the  filtrate,  in  nodules  set  with 
umall  crystals.  Thc^  swell  up  at  35°  [135?]  softening,  and  giving  off  water,  and 
be^n  to  undergo  further  decomposition  at  145°.  They  dissolve  abundantly  in  cold 
water,  and  in  all  proportions  in  hot  water ;  from  hot  alcohol  they  crystallise  in  long 
radiated  lamine ;  they  do  not  dissolve  in  ether. 

The  8trontium-salt,  (C*H")«Sr"(S0*)«.2HO,  forms  white  crystallised  nodules,  which 
turn  brown  in  the  air,  leave  39*82  per  cent  sulphate  of  strontium  when  ignited, 
dissolve  readily  in  water  and  weak  alcohol,  with  difficulty  in  absolute  alcohol,  and  not 
at  all  in  ether. 

The  zmc'sa/t,  (C*H")»/n''(S0*)^2H*0,  forms  nacreous  scales  grouped  in  nodules, 
soluble  in  water  and  in  alcohol,  and  decomposing  at  110°. 

Batjl-anlplmrle  aoid.    See  TETBYL-srLrHrnic  actt). 

Capryl-anlpliniio  aelil.    See  OcrrL-sri.rHVRic  acid. 

Cetyl-fnUpHarlc  aoid.  (C^m")llSO\—Sulpfi<^i  tic  acid:  (Dumas  andPAligot, 
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Ann.  Ch.  Phys.  [2]  Ixii.  4.— Kohler,  Jahirab.  18M,  p.  679.— Heinti,  Fogg.  An 
cii.  267;  Jahivvb.  1867>  P.  446.) — The  potaMiom-salt  of  this  add  ia  prodiMwd  by 
mixiag  ethal  with  strong  sulphuric  acid,  at  the  temperatoie  of  the  water-bath ;  dissolving; 
the  mass  in  alcohol ;  saturating  with  alcoholic  potash ;  separatinff  the  liquid  trom  the 
depoeited  sulphate  of  potassium;  concentrating  it;  digesting  we  oetjl-sulphatc  of 
potassium,  wluch  separates  with  alcohol,  to  fiiee  it  from  excess  of  ethal;  and  purifying 
It  by  repeated  oystallisation  from  boiling  alcohoL 

O^tyfsulphate  of  potassium,  (C*'H'')£SC>*,  czystalliBes  in  soft  nacreous  lamina^ 
composed  oi  interlaced  needles ;  it  is  moderately  soluble  in  hot  alcohol,  less  soluble 
in  boiling  water,  insoluble  in  ether,  not  fbsible.  Heated  with  qranide  of  potassium, 
it  yields  cyanide  of  cetyl  (i.  840). 

Btbjl-milpliiirlo  aold.  (C*H>)HSO^  Sulphethflk  aeid.  StdphovMe  aetd, 
(Dabit,  Ann.  Chem.  zxxiy.  300;  idiiL  101. — Serturner,  Qilb.  Ann.  Iz.  6S;  Izir. 
6,7. — A.Vogel,  ibid,  briii.  81. — Gay-Lussac,  Ann.  Ch.  Phys.  [2],  xiiL  76. — 
Hennell,PbiL  Trans.  1826,  p.  240;  1828,  p.  865.— Dumas  and  Boullay.Ann. 
Ch.  Phys.  xzzvi.  300. — Serullas,  ibid,  zzziz.  163. — ^Liebig  and  Wohler,  Ann. 
Ch.  Phann.  i.  87. — Liebig,  ibid.  ziii.  27. — Magnus,  iftiei.  vi.  62. — ^Marchand, 
Pogg.  Ann.  xxviii.  464;  xxxii.  846;  zli.  695. — ^MuUer,  Ann.  Ch.  Phys.  [3],  xix. 
22.— Berthelot,  Compt  rend,  xxxvi.  1098.— Gm.  viii.  416;  x.  611). — ^This  add, 
produced  by  the  action  of  strong  sulphuric  acid  upon  alcohol,  ether,  or  ethylene,  wai 
first  notic(>d  by  Dabit  (in  1800),  in  the  residues  of  the  preparation  of  eUier  by  heating 
alcohol  with  sulphuric  add;  afterwards  (1819)  by  Serturner.  Hennel,  in  1826,  an- 
nounced that  he  nad  produced  it  by  the  direct  combination  of  ethylene  (oleflant  gas) 
with  sulphuric  add ;  but  this  result  was  for  a  long  time  doubted,  the  formation  of  the 
ethyl-sulphuric  add  bdng  attributed  to  the  presence  of  alcohol  or  ether  Tsponr  in  the 
oleftant  gas.  The  more  recent  experiments  of  Berthelot,  howeyer,  haye  confirmed 
Hrnnel's  statement,  and  shown  that  ethyl-sulphuric  add  may  be  formed  by  briskly 
agitating  strong  sulphuric  add  with  perfectly  pure  ethylene  gas,  obtained  either  from 
alcohol,  or  from  coal-gas  (by  absorbing  it  with  iodine,  and  decomposing  the  ethylenifl 
iodide  with  potash),  or  proauced  by  the  direct  combination  of  hydrogen  with  acetylene, 
(i.  112),  or  in  yarious  other  ways  from  inoiganic  materials  (IL  666.) — On  the  formatioa 
of  ethyl-sulphuric  acid  from  alcohol,  see  Axcohol  (i.  76). 

Preparation. — ^A  mixture  of  equal  parts  of  strong  sulphuric  add  and  strong  alcohol 
is  heated  to  about  100^,  and  after  standing  in  a  warm  place  for  24  hours,  diluted  with 
water,  and  saturated  with  carbonate  of  barium  or  carbonate  of  lead ;  the  solution  is 
then  filtered  from  the  predpitated  sulphate  of  barium  or  lead ;  and  the  filtzate  care- 
fully eyaporated  to  the  ciystallising  point  The  crystals  of  baric  or  plumbic  ethylsul* 
phate  are  then  redissolved  in  water;  the  solution  is  decomposed  with  an  exacUy 
equiyalent  quantity  of  sulphuric  add— or  better,  in  the  case  of  the  lead-salt,  with 
sulphydric  acid ; — and  the  filtrate  is  concentrated  in  a  yacuum  oyer  oil  of  yitriol  or 
chloride  of  caldum. 

Properties. — ^Ethyl-sulphuric  add,  concentrated  to  the  highest  decree  that  it  will 
bear  without  decompodtion,  is  a  limpid,  oily,  yery  sour  liquid,  of  specific  grayity  1*315 
to  1*317  at  16°.  It  dissolyes  in  all  proportions  in  water  and  in  alcohol,  but  is 
insoluble  in  ether. 

The  dilute  add  decomposes  gradually  at  ordinary  temperatures,  quickly  on  botliufr, 
into  alcohol  and  sulphuric  acid.  The  concentrated  add  is  resolyed  at  a  moderate  degree 
of  heat  into  ether  and  sulphuric  add,  but  at  a  higher  temperature  it  suflera  more 
complete  decomposition,  giying  off  ethylene  gas  and  sulphurous  oxide,  and  leaying  a 
carbonaceous  residue.  Heated  with  alcohol  to  130° — 140°,  it  yields  ether  and  sul- 
phuric add,  (i.  76) : 

(C:«H*)HSO«  +  (C«H»)HO     =     (C»H»)H)  -¥  H^SO*. 

Heated  with  manganic  peroxide  or  potassic  chromate,  it  yields  aldehyde.  ( J  acq  u  e  m  i  a 
andLiis-Bodard,  Jahresb.  1867,  p.  346.) 

Ethyl-sulphates  or  sulphoyinates,  (C^»)MSO*  and  (C«H»)^'^SO«)«. 
£thy)sul|^urio  acid  is  a  strong  acid,  which  decomposes  carbonates  and  sulphites,  and 
neutralises  bases  completely.  Some  of  the  ethyl-sulphates  are  anhydrous;  othen 
contain  water  of  cryRtallisation,  which  for  the  most  part  they  giye  off  in  a  yamura 
oyer  oil  of  yitriol.  They  are  likewise  dehydrated  by  heating  to  100°,  or  in  some 
cases  to  higher  temperatures,  with  partial  decomposition.  They  all  dissolre  easily  in 
water,  some  also  in  alcohol,  and  a  few,  the  ammonium* salt,  for  example,  in  ether. 
Most  ethylsulphates  are  permanent  in  the  air,  but  the  ammonium-,  lithium-,  sodium-, 
and  zinc-salts  are  yery  deliquescent  When  dissolyed  in  a  small  quantity  of  water, 
they  produce  a  perceptible  degree  of  cold. 

The  ethyl-sulphates  may  be  prepared  by  saturating  the  acid  with  oxides  or  carbo- 
nates, or  by  decomposing  the  barium-  or  lead-salt  with  the  corresponding  sulphaUs; 
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3ie  ethjl-tnlphiites  of  tbe  alkali-metals,  flso  by  decomposing  the  barimn-  or  lead-salt 
rith  an  alkalme  carbonate. 

The  ethyl-sulphates  in  aqneons  solution  are  decomposed  by  ebullition,  bnt  the 
lecomposition  is  completely  prevented  by  adding  a  few  drops  of  caustic  potash.  Some 
nf  th^m,  especially  tne  strontic,  baric,  plumbic,  ferric,  mancanous,  argentic,  aluminic, 
ind  oranic  salts,  undergo  apontaneous  decomposition,  while  others  may  be  kept  for 
rwrs  without  alteration.  They  are  decomposed  by  dry  distillation,  first  gifins  off 
ithar  and  alcohol,  together  with  tbeir  water  of  crystallisation,  afterwards  heary  oil  of 
rine  (probably  a  mixture  of  neutral  etbvlicsulphate  and  oily  hydrocarbons),  together 
rith  carbonic  and  sulphurous  anhydrides,  and  olefiant  gas,  and  leaving  metallic 
mlphate  mixed  with  chareoaL  Heated  in  contact  with  the  air,  they  bum  with  a  faint 
iloiah  flame.  Heated  with  strong  sulphmic  acidf  they  give  off  ether,  and,  with  the 
Iflnte  acid,  alcohol.    Heated  with  hydrate  of  jmiassium,  they  yield  alcohol,  and  with 

K*  UiHu  they  give  o%  first  alcohol,  afterwards  heavy  oil  of  wine  and  oleflant  gas. — 
tod  with  manfforie  peroxide  or  potassie  chromate,  they  jrield  aldehvde,  together 
irith  wintMnl  and  other  products  of  decomposition.  (Jacquemin  and  Lies-Bodard.) 
Ihe  ethyl-sulphates  oistilled  with  other  salts  yield  compound  ethers ;  for  example : 

(?H«KO«  +  C«H»KSO«     -    K*SO«  +  C»H»(C«H»)0«. 

Pocuaic  PotMtic  Bthylie 

acctite.         BthyUaulpbate.  acetate. 

Dbmpoond  etfasfs  are  often  prepared  by  this  method.  According  to  N  a  die  r  (Ann.  Ch. 
Plilinii.  cxfi.  173 ;  Jahresb.  1860,  p.  403)^  ethyl-sulphate  of  potassium  distilled  with 
mfrcte  tf  potastium,  yields,  not  ethylic  nitrate,  but  a  heavy  oily  liquid  consisting  of 
I ee to- ethyl-nitrate,  C^**N*0',  a  compound  of  2  at.  ethylic-nitrate  and  1  at. 
ildebyde  (2C*H^N0'  -i-  C*R*0),  the  latter  being  produced  from  ethylic  nitrate  by 
lUmiiMtMm  of  NO'H. 

When  a  cold  concentrated  aqueous  solution  of  an  ethyl-sulphate  is  electrolysed  with 
datiinim-plates  for  electrodes,  the  inorganic  base  is  separated  at  the  negative  jpole, 
vith  evolution  of  hydrogen,  whilst  free  sulphuric  acid  is  eliminated  at  the  positive 
(mW,  tmther  with  oxygen  and  carbonic  dioxide,  an  odour  of  aldehyde  being  also 
pneeptible.  If  the  positive  pole  is  formed  of  amalgamated  zinc,  it  becomes  coated 
■Hh  a  film  of  ethyl-sulphate  uf  zinc,  but  neither  aldehyde  nor  sulphuric  acid  makes  its 
Ifpearance.    (Guthrie,  Ann.  Ch.  Pharm.  xcix.  64.) 

Ethyl-sulphate  of  Aluminium  IB  gummy  and  deliquescent 

IKe  ammonium-sal tt  (C*H*X^H*)SO\  forms  anhydrous  cnrstals  which  melt  at 
12^,  are  very  deliquescent,  and  very  soluble  in  water,  alcohol,  and  ether. 

The  &artttm-«a/^(G'H*)*Ba''(S0*)'.2H'0,  crystallises  in  monodinic  prisms,  iso- 
■oiplions  with  the  methyl-sulphate,  and  exhibiting  the  combination  ooP  .  ooPoc  .  oP  . 
-Pep  .  t-  P.  Axes,  aib.c  »  08229  :  09790  :  1.  Angle  6  :  c  -  84<»  39';  aP  : 
•P(orthod.)  »  80°  20';  +P  :  -»■  P  -  96°  44' ;  oP  :  ooP  =  93°  26';  ooPoo  :  -Poo 
a  121^  18'.  Cleavage  perfect,  parallel  to  ooPao(Schabus,  Bestimmung  der  Krvstall- 
fmiaiten^  ^.).  The  c^stals  contain  8*48  per  cent,  water  of  crystallisation,  which  they 
pre  off  in  a  vacuum.  The  anhydrous  salt  aoes  not  alter  at  100^,  but  the  hydmted  salt 
iiid«i)goes  slight  decomposition  at  that  tempemture.  Thehydrated  salt  dissolves  in 
yn  pts.  water  at  17*^;  it  is  soluble  also  in  alcohol  of  ordinaiy  strength.  Its 
iqiiifofui  solution,  when  boiled,  becomes  turbid  and  acid,  and  deposits  sulphate  of  barium, 
lad  the  filtered  liquid,  saturated  with  carbonate  of  barium,  yields  parathionate  of 
barium,  isomeric  with  the  ethyl-sulphate  (iv.  354). 

The  eadmium-talt,  (C«H»)«Cd''(80*)«.2HK),;forms  long  limpid  prisms,  very  soluble 
OBI  water  and  in  alcohol,  insoluble  in  ether,  and  giving  off  their  water  of  crystallisation 
in  A  vacuum.  

The  calcium-salt  (CPH»)*Ca''(S0*)«.2H«0,  forms  monoclinic  crystals,  apMrently 
bomorphous  with  the  barium-salt.  Dominant  faces  ooP,  goPoo  .  An^le  ooP  :  goP 
(oithod.)  a  SO''  8'  (Schabus).  The  cr^stalR  are  permanent  in  the  air,  and  contain 
11*7  per  cent  water,  which  they  give  off  in  a  vacuum,  or  when  heated  to  80®.  One 
wit  of  the  *ilt  dissolves  in  1  pt.  water  at  8°,  in  08  pt  at  17®,  in  063  pt.  at  30^  and 
m  all  proportions  in  boiling  water.  The  salt  is  less  soluble  in  alcohol,  insoluble  in 
tther.     'Tne  anhydrous  salt  begins  to  decompose  at  about  120^. 

The  cobalt-salt,  (C-H*)»Co''(SO*)*.2H-0,  forms  dark -red  crystals,  permanent  in  the 
air,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  eupric  salt,  (C*H*)K)u''(80*)*.4H'0,  crystallises  in  right  rectangular  prisms, 
or  laminae  of  a  fine  blue  colour,  veiy  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  ferric  salt,  obtained  by  dissolving  ferric  hydrate  in  ethylsulphuric  acid,  cry- 
■taDieee  with  difficulty  in  yellow  deliquescent  tables,  soluble  in  water  and  in  alcohol, 
bwolnble  in  ether. 

The  ferrous  salt,  obtained  by  dissolving  metallic  iron  in  the  acid,  crystallises  in 
gieenjah  prisms,  which  alter  very  quickly. 
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Lead'salfs.-The^  normal  «i/<,  (C«H*)Pl/'(SO*)»  2HH),  nTsUlliMs  in  colffaV^ 
transparent  tables,  very  soluble  in  water  and  in  alcohol,  and  having  an  acid  r^^i.tnc 
They  contain  7*28  per  cent,  water  of  crystallisation,  which  they  gtreoffin  a  rs'.iiui&.r.r 
'when  heated.  They  undergo  gradual  decomDosition.  The  solution  of  this  salt,  ^^mi 
vith  recently  precipitated  oxide  of  lead,  yields  an  nncxystallisable  \mv\c  mIi, 
(C-lP)^Pb''S'0*.Pb"0,  soluble  in  water  and  in  alcohol.  By  sapersatiurating  th«  !».> 
tion  of  the  neutral  salt  with  ammonia,  evaporating,  redissoirinff  the  FMidue  in  wntr, 
anii  again  evaporating,  scales  are  obtained  containing  lead  and  ammom^ 

The  lithium-salt,  C^H^LiSOMIK),  forms  deliquescent  crystala. 

The  magnesium-saH, (C«H*)«M^(S0*)«.4H«0, forms ciystals  reiyaolnble in  wiw, 
insoluble  in  alcohol  and  in  ether,  and  containing  20*8  per  cent,  water  of  cxysuUiuiMc, 
half  of  which  goes  off  at  80°,  the  rest  at  90®. 

The  manganese-salt,  (C*H*)^n*(S0*)'.4HK),  forms  roeeate  tables,  pennaikem  is 
th(*  air,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  mercuric  salt  \9  very  unstable  and  deliquescent. 

The  nickcl'salt,  (Cr'H^)>Ni''(S0*)*.2HH),  forms  green,  very  aolable,  gianulsrenv 
tals. 

"Yh^  potassium-salt,  CH'ESO\  crystallises  easily  in  large,  CQlonriessi.  anhydrna 
tables  or  laminae  belonging  to  the  monoclinic  system,  and  exhibiting  the  oombtiatkt 
ocP  .  oP  .  [Poo  ].  Axes  a  :  6  :  c  =  0*6730  :  0*6149  :  1.  Angle  h.e  -  80^27. 
ooP :  ooP  (othod.)  =  86''  63' ;  [Poo  ]  :  [Poo  ]  «  60°  30* ;  oP  :  a>P  -  96®  33*.  ClcsT«t 
perfect  parallel  to  oP  (Schabus).  It  has  a  sweetish  saline  taate,  dissolves  in  0*8  pit. 
water  at  17°.  deliquesces  in  moist  air,  is  insoluble  in  absolute  alcohol  and  in  ether. 

The  silver-salt,  CH^AgSOMI'O,  forms  shining  scales,  which  dissolve  in  vitir 
and  in  alcohol,  and  do  not  give  off  their  water  of  crystallisation  till  raised  to  a  ten^ 
rature  at  which  they  decompose. 

The  sodium-salt,  C*H^NaSO^HK),  crystallises  in  hexagonal  platea,  which  eosta 
10*78  per  cent  water  of  crystallisation,  effloresce  in  warm  air,  and  melt  to  a  folosrlsi 
liquid  at  86°.  The  anhydrous  salt  does  not  melt  or  decompose  till  heated  above  !<#. 
It  dissolves  in  0*61  pts.  water  at  17°,  and  is  even  more  deiiqneseent  than  cha  pot»> 
sium-salt. 

The  «^roa^tttm-«a/^,  (CH^)'8r"(S0^)*,  forms  anhydrous  oystals  veiysQlnbltii 
water. 

lihf'  uranic  salt\f^  yellow,  and  decomposes  between  60^  and  7(^. — TbesrsafsiMl 
crystallJRes  with  difficulty  and  is  deliquescent. 

The  sine-salt,  (C'H»)'Zu"(S0^)<.2H'0,  forms  large  eoloorleas  tables,  voy  lohL^ 
in  water  and  in  alcohol,  insoluble  in  ether. 

DiKTHTLic  or  Nkutbal  Ethtlic  Sulphate,  or  Ethtlic  ErBTLsrt* 
PHATK,  (C^H»)«80*  =  (C«H*)H).SO».  Sulphuric  ether,  (Wetherill,  Abb.  Ci 
Pliarm.  Ixvi.  117.) — This  compound  is  produced  by  direct  combination  of  eCfertir 
oxide  with  sulphuric  anhydride ;  also  by  the  action  of  sulphnric  anhydride  os  aW 
lute  alcohol,  the  alcohol  being  first  dehydrated,  and  the  ether  thus  produced  miiHiif  v.'l 
another  portion  of  sulphuric  anhydride. 

IWparation. — Vapour  of  sulphuric  anhydride  is  passed  into  a  flask  coatainmgirW 
and  surrounded  by  a  freezing  mixture.  The  vapour,  by  its  great  density,  sinli  totir 
Ix^ttom  of  the  flank  and  comes  in  contact  with  the  ether,  and  the  lianid  aft«r  avikSr 
acquires  a  synipy  consistency,  so  that  it  requires  to  be  shaken  np  with  an  equal  bsi 
of  ether  and  four  times  its  bulk  of  water.  It  then  separates  into  two  laynn  t&r 
upper  of  which,  containing;  the  ethylic  sulphate,  must  be  separated  frcna  tlw  low. 
which  is  strongly  acid,  and  contains  sulphuric,  sulphurous,  ethionie,  and ethyl-nlfinne 
acids  (p.  625),  mixed,  if  the  temperature  has  not  been  kept  low  enough,  with  Uvi 
f-.i'-l>onac('OUB  p»rticleH,  and  also  with  isethionic  and  methionic  acids,  renltiBgfrM 
tljc  dcoomi-ioflitiou  of  the  ethionic  acid.  The  ethereal  liquid  is  then  shakra  ^wok 
milk  of  Iim>>  to  remove  the  sulphurous  acid — whereby  part  of  the  coloani^  snitir b 
at.  (he  same  time  removed — then  wash«l  with  water,  filtered,  and  the  sthrr  diftilW 
olf.  In  the  retort  there  remains  an  oily  liquid,  containing  a  trace  of  ether,  and  birqr 
a  slightly  a(*id  react ir)ii,  arising  from  the  decomposition  of  part  of  the  ethylie  n';l«*'. 
Mhloh  takes  place,  M'hen  the  liquid  is  heated,  by  the  action  of  the  water  takes  q>  '.i 
tlie  other.  The  oil  is  then  transferred  from  the  retort  into  a  basin,  and  washed  v-.tbt 
sm.')]]  quantity  of  water,  the  last  portions  of  which  are  carefully  removid  h%  Ari^U 
bihuloiifl  [taper,  after  which  the  liquid  is  dried  in  a  vacuum  over  sulphuric*  acid. 

l*rnp*rti(8. — Ethylic  sulphate  is  an  oily  liquid,  colourless  when  pure,  botgmmllT 
exhibiting  a  yellow  tint.  It  has  a  sharp  taste,  and  smells  like  oil  of  peppcroitt 
S|)f4Mfio  irravity  1*120.  It  makes  greasy  spots  on  paper,  which  however  dmppv 
alt«-r  a  while. 

1.  DfC'injui^itiona. — This  compound  is  very  easily  dooomposfd  when  heatM!  ti 
coijtact  Mitii  the  air,  so  that  it  can  only  be  distilled  in  an  atmospheie  of  caitaY 
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anhjdride.  At  100^,  Tipoars  begin  to  lue,  which  oondeiue  in  imill  oilj  diopt ; 
between  110°  and  120^,  the  oil  passes  oyer  unchanged;  but  between  130°  and  140°, 
the  liquid  blackens,  gives  off  sulphorons  anhydride  and  alcohol,  and  at  a  higher 
tempeniture,  the  same  products  mixed  with  olefiant  gas. — 2.  Ethjiic  sulphate  heated 
with  water,  forms,  without  separation  of  wine-oil,  a  very  acid  liquid,  which  giyes  off 
alcohol  when  boiled ;  and  when  treated  with  carbonate  of  barium,  yields  three  soluble 
barium-salts — jiz,,  methionate,  ethylsulphate,  and  isethionate  of  barium.  The  first  of 
these  salts  is,  however,  so  small  in  quantity,  that  it  can  only  bo  regarded  as  a  secondary 
product.  The  formation  of  the  other  products  may  be  represcuted  by  the  following 
equation: 

3(C^H»)«S0*  -¥  8HK)     -     2(C«H»)HS0*  +  (C«H*)H«SO*  +   3(C^«.K0) 
Kthjrlic  Ethjrliulphuric  bechiunic  Alcuh-' 

■ulph«te.  acid.  acid. 

3.  Ethvlic  sulphate  is  decomposed  by  an  excess  of  gulphuric  anhydride^  yielding^ 
ethylsulphuric  acid,  etliionic  acid,  and  ethionic  anhydride ;  hence  the  formation  of 
these  products  in  the  preparation  of  the  compound  : 

2C*H'»S0*  ^  6S0»     -     C«H«SO*  +   C^«SK)'    +   2C«H«SK)«. 

Ethyllc  Bthylsul-  Bthloolc  Etbionic 

lulphate.  phurfc  acid.  ackd.  anhydride 

4.  Sulpkudric  aciddocB  not  act  on  ethylic  sulphate  at  ordinary  temperature^;,  butnt^ 
pkjfdrate  of  potassium  decomposes  it,  forming  mercaptan  and  sulphate  of  potassium : 

(CH*)^©*  +   2KHS     -     2(C»H»)nS  +   K'SO*. 

6.  Ckhrine  does  not  decompose  ethylic  sulphate  at  ordinary  temperatures,  but 
combines  with  it,  forming  a  green  liquid,  which,  on  addition  uf  water,  yields  tlie  com- 
pound  in  its  original  state. — 6.  Potassium  does  not  act  on  sulphuric  ether  at  ordinary 
temperatures,  but  on  the  application  of  heat,  decomposes  it,  with  evolution  of  light 
and  heat,  forming  mercaptan,  toffether  with  other  products. — 7.  Sulphuric  ether 
diMolres  in  fuming  nitric  acid,  and  is  precipitated  from  the  solution  by  water.  On 
adding  caustic  potash  till  the  liquid  is  nearly  neutral,  and  applying  heat,  nitrous  ether, 
C^*NO«,  is  evolved, 

'  at 


(SOT)n 


BuLFHETHAsiic  AciD,  C«H»NS«0«-  2C«H'«S0«.NH"  -  (C-H»)«)-nv  (Strecker, 

Ann.  Ch.  Fharm.  Ixxr.  46.) — Ethylic  sulphate  absorbs  ammonia-gas  with  rise  of 
temperature;  the  product  dissolves  easily  in  water  or  in  alcohol,  and  the  solution 
yields,  by  evaporation,  groups  of  crystalline  lamine,  consisting  of  sulphethamate 
ofammonium.  This  salt,  treated  with  oxide  of  lead,  yields  the  sulphethamate  of 
that  base,  which,  when  decomposed  by  sulphuretted  hydrogen,  yields  the  finee  acid. 
The  solution  of  sulphethamic  acid  may  be  concentrated  by  evaporation ;  but  at  the 
boiling  heat  it  decomposes,  yielding  free  sulphuric  acid. 

fkUpkfthamate  of  Amtwmium,  C'*H**(NH*)NSH)*,  dcb'quesoes  in  moist  air,  melts 
below  100^  and  bums  at  a  stronger  heat,  with  a  faintly  luminous  flame,  emitting  an 
odour  like  that  of  ethylic  sulphide.  It  dissolves  easily  in  water  and  in  alcohol,  not  in 
ether.  The  solution  is  neutral,  and  does  not  precipitate  metallic  salts.  It  is  decom- 
posed by  alkalis  in  the  cold,  with  evolution  of  ammonia.  When  mixed  with  chloride 
of  barium  and  nitric  acid,  it  does  not  yield  an  immediate  precipitate  of  sulphate  of 
barium,  but  the  mixture  becomes  cloudy  after  long  boiling. 

When  moist  sulphethamate  of  ammonium  is  heated  to  100°,  or  a  little  above,  it 
quickly  becomes  acid,  and  its  solution  is  then  precipitated  by  barium-salts.  If  the  am- 
monia be  precipitated  from  a  solution  of  the  salt  by  platinic  chloride  and  hydrochloric 
acid,  and  the  liquid  containing  the  excess  of  platinic  cnloride  evaporated  over  the  water- 
bath,  crystals  of  chloroplatinate  of  ethylamine  are  obtAined.  It  appears  then  that 
■nlphethamic  acid  is  decomposed  by  heat,  under  the  infiucnce  of  acids,  into  ethylamine 
ana  sulphuric  acid,  other  products  not  yet  examined  being  likewise  produced.  Pos- 
•ibly  alcohol  and  isethionic  acid  aro  formed  at  the  same  time,  according  to  the  equation : 
C»H^'S'0*  t  2H'0     =     CTI'N   +   C»H«SO«  +   2C«H«0   +   H'SO*. 

A  solution  of  the  ammonium-salt  evaporated  over  the  water-bath  with  liaryta,  leaves 
nothing  but  sulphate  of  barium.  On  boiling  it  with  carbonate  of  barium  or  oxide 
of  lea^  till  all  the  ammonia  is  expelled,  and  then  distilling  with  potash,  ethylamine 
is  obtained. 

Sulphethamate  of  Barium  is  obtained  by  boiling  the  aqueous  ammonium-salt  for  a 
•hort  time  with  carbonate  of  barium,  and  remains  on  evaporation  as  a  very  solulile 
miUM.  crystallising  with  difficulty. — The  lead-salt,  prepared  in  like  manner  with  oxide 
of  lead,  the  excess  of  lead  being  removed  by  carbonic  acid,  crystallises  in  needles,  verjr 
aoluble  in  water  and  alcohol  of  ordinary  strength,  slightly  soluble  in  absolute  al(X)hoL 
(Strecker.) 

Vol.  V.  S  S 
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Mettiylsulpliiurlo  iLold,  (CH>)H80\  aiUplwmethyUe  AM,  (Damas  and 
P^ligot,  Ann.  Ch.  Phjs.  lyiii.  64;  Ixi.  199.— Kane,  PhiL  Mag.  vii. 897. V~Prodaced 
in  large  quantity  by  mixing  1  pt.  of  wood-spirit  with  2  pta.  of*  Btrong  lulphoric  acid, 
the  mass  becoming  hot,  and  sometimes  crystalliHing  by  spontaneous  evaporation.  Itii 
obtained  pure  by  completely  decomposing  a  solution  of  its  barium-salt  with  sulphuric 
add ;  also  (according  to  Liebig)  by  dissolving  neutral  methylie  sulphate  io  boiling 
water,  and  leaving  uie  solution  to  evaporate.  It  forms  colourless  needles,  soluble  in 
water  and  in  alcohol,  and  very  unstable. 

The  methylsulphates,  CH*MSO*,  are  all  very  soluble  in  water.  Those  of  the 
alkali-metals  vield,  by  distillation,  a  large  quantity  of  methylie  sulphate,  with  a  residue 
of  alkaline  sulphate : 

2CH»KS0*     t.     (CH«)«SO^  +  K*SO*. 
When  distilled  with  other  salts,  they  yield  methylie  ethers  by  double  decomposition, 
just  like  the  ethylsulphates. 

The  harium-iali,  (CH")«Ba''(S0*)«.2H«0,  obtained  by  saturatinga  mirture  of  sul- 
phuric acid  and  wood-spirit  with  carbonate  of  barium,  is  deposited,  by  evaporation  in 
a  vacuum,  in  beautiful  nacreous  tables  or  laminas,  very  soluble  in  water,  llie  crystals 
are  monoclinic,  exhibiting  the  combination  ooP  .  ooPoo  . [ooPoo ]  •  oP  .  [Poo ].  Axes, 
a  :  6  :  c  -r  0*824  :  1907  :  1.  Angle  6  :  c  =  SS©  30' ;  ooP  :  ooP  (clinoi)  -  47®  0*  ; 
[Poo]  :  [Pqo]=»  79°  20';  oP  :  ooP  -  92®  86'.  Cleavage  perfect  parallel  to  ooPoo. 
(Schabus).  Bydiy  distillation,  the  salt  yields  sulphurous  oxide,  inflammable  gas. 
water,  and  neutral  methylie  sulphate,  leaving  sulphate  of  barium  slightly  coloured 
with  charcoal. — An  isomer  of  this  salt  is  obtained  in  very  thin  prisms,  when  wood- 
spirit  which  has  absorbed  the  vapour  of  sulphuric  anhydride  is  diluted  with  water 
and  saturated  with  baryta-water. 

The  calcium-aalt,  (CH*)*Ca''(SO*)*,  forms  anhydrous,  very  deliquescent  octahe- 
drons. 

The  lead'Sait,  (CH*)*Pb''(SO*)*,  crystallises  in  long  prisms  containing  1  at.  water, 
or  sometimes  in  tables  containing  2  at.  water.  The  crystals  are  very  soluble  and 
deliquescent.  ^ 

The  potas8ium-$altt  CH'KSOVH'O,  forms  rhombic,  very  deliquescent,  monoclinic 
tables,  exhibiting  the  faces  oP  .  — P  .  ooP  .  [Poo  ].  Axes,  a  :  ft  :  <? «  0742  :  0779  : 1. 
Angle  6  :  c  =.  86°  61';  ooP  :  ocP  (cUnoi)  -  87°  16';  -P  :  -P  =  99°  16'; 
[Poo]  :  [Poo]  »  40°  60*.    (Schabus.) 

The  uranie  salt,  (CH»)XU«0«)''(SO*)«.H«0,  obtained  by  precipitating  the  barium- 
salt  with  uranie  sulphate,  and  evaporating  the  filtrate  in  a  vacuum,  is  deposited  after 
some  time  in  very  deliquescent  crystsls. 

BiMBTHTLio  or  Nbutsal  Mbthtlio  Sulphatb,  ^CH*)'S0*.  MeihyUul' 
jjhuric  Ether.  (Dumas  and  P  ^  I i  g o  t,  Ann.  Ch.  Phys.  [2J  Iviii.  32. ) — Produosd  by  the 
direct  combination  of  sulphuric  anhydride  and  methylie  oxide :  (CH')K)  -»-  SO*  = 
(CH')^SO*:  also  in  the  dry  distillation  of  methylsulphates. 

It  is  most  readily  prepared  by  distilling  1  pt.  of  wood-spirit  with  8  or  10  pts.  of 
strong  sulphuric  acid,  the  mixture  being  kept  in  a  state  of  gentle  ebullition;  washing 
the  oily  liquid  which  condenses  in  the  receiver,  with  water ;  agitating  it  with  chloride 
of  calcium ;  and  rectif^ng  it  several  times  over  finely-pounded  caustic  baryta. 

Methylie  sulphate  is  a  colourless  oil,  having  an  amaceous  odour  and  a  density  of 
1-824  at  22°  (Dumas  and  P^ligot);  1*386  at  ordinary  temperatures  (Bode ker, 
Jahresb.  1860,  p.  17).    It  boils  at  ISS'',  under  a  pressure  of  761  millimetres. 

It  is  slowly  decomposed  by  cold,  rapidly  by  boiling  tcatert  into  methylie  alcohol  and 
methylsulphuric  acid. — When  boiled  with  alkalis^  it  yields  methylie  alcohol  and  an 
alkaline  sulphate. — By  distillation  with  fused  chloride  of  sodium,  it  yields  methylie 
chloride  and  sulphate  of  sodium ;  with  benzoate  of  potassium,  methylie  benzoate  and 
sulphate  of  potassium ;  with  formate  of  sodium,  in  like  mannner,  it  yields  methylie 
formate;  and  in  contact  with  sulphides  of  alkali-metal,\t  is  converted  into  methylie  sul- 
phide, (CH«)«S. 

Ammonia  converts  it  into  methylie  sulphamate  (sulphamethylane)  and  methylie 
alcohol : 

(CH«)«SO«  +  NH»     =    CH»NSO»  +  (CH»)HO. 

This  reaction  is  totally  different  from  that  of  ethylic  sulphate  with  ammonia  (p.  626). 

Oetylsulpliiuio  Aeld,  (C«H*')HSO^.  Caprylsulphuric  or  Sulphooaprylic  Add, 
(Boui  s,  Compt.  rend.xxxiii.  144;  xxxviii.  986.)-— Produced  by  gradually  mixing  2  pts. 
of  octylic  alcohol  with  1  pt.  of  strong  sulphuric  acid,  keeping  the  mixture  cool  at  first* 
but  afterwards  assisting  the  action  by  a  gentle  heat.  It  then  separates  into  two  layers, 
the  upper  of  which,  consisting  chiefly  of  octylsulphuric  acid,  may  be  diluted  with  water, 
and  neutralised  with  carbonate  of  barium,  calcium,  or  lead. 

The  pure  acid,  obtained  by  decomposing  the  lead-salt  with  sulphydric  add,  or  the 
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jKUam-mSi  with  ralplinric  add,  and  eraporating  in  a  yacnum  over  oil  of  yitriol,  is  a 
linpui,  oobutkn*  tyrayj,  staxuigly  acid  liquid,  which  dissolves  yery  readily  in  water 
and  aleobol.  and  diasolYes  sine  and  iron  with  erolution  of  hydrogen.  It  blnckens  when 
hMted,  and  its  aqueous  solution,  when  boiled,  is  resolved  into  octylic  alcohol  and  sul- 
Bkaneacid. 

(kt^pJ^U  of  Barium,  (C"Hi')'Ba''(SO«)*,  is  obtained  in  fine,  flexible,  nacreous 
trjmi  containing  2  at.  water,  by  cooling  its  solution,  or  leaving  it  over  oil  of  vitriol ; 
the  cTfifalM,  merely  freed  from  mother-liquor  by  pressure  between  filter-paper,  contain 
3  «t  v»ter.  it  is  very  soluble  in  water,  has  an  extremely  bitter  taste,  and  leaves  a 
itroogly  saccharine  aftertaste.  The  solution  is  decomposed  by  boiling,  and  the  dry 
lilt  bj  beating  to  100°,  or  by  prolonged  keeping  in  a  vacuum. 

Tb<  eoicmm^mU  eiystallises  in  colourless  tables,  bitter  and  soapy  to  the  touch. 

The  tmtral  lead-^aU  crystallises  readily :  its  solution  is  acid  to  test-paper.  By 
diMUoD  with  mattrioot,  it  yields  a  colourless  alkaline  solution,  containing  a  basie  lead" 
j3f,  which,  on  exposure  to  the  air,  becomes  covered  with  pellicles  of  lead-carbonate,  and 
n  neoovcrted  into  the  neutral  salt. 

Tbe  pctggfimm  salt,  (yW^KSO^JSH),  is  white,  nacreous,  permanent  in  the  air,  very 
Mlokl*  in  water  aad  in  alcohoL  When  heated,  it  begins  to  fuse,  and  bums  with  a 
ta%fal  tUms  without  carbonisation.    It  decomposes  at  temperatures  above  100^. 

fhaaylmUpliiuio  Add,  C^'SO*  -*  (C«H*)HSO*.  Sulphovhenic  or  Sulph(h 
plrv/ir  Acid.  (Laurent,  Ann.  Ch.  Phvs.  [3],  iii.  203. — ^Freund,  Ann.  Ch.  Pharm. 
en.  76 ;  Jahrrsb.  1861,  p.  617-)— Prepared  by  treating  phenol  with  excess  of  strong  sul- 
p^vie  add ;  diluting  with  water  after  about  twenty-four  hours ;  saturatinff  the  solution 
wiik  cutonate  of  bimum ;  filtering,  evaporating,  and  purifying  the  crystallised  barium- 
«Ji  tfcos  obtained  by  recrystallisation  from  alcohol ;  and  aecomposing  it  wiUi  an  equi- 
Tiknt  quantity  of  sulphuric  acid  (Laurent^. — Or  the  barium-salt  may  be  converted 
tuto  a  eopric  «dt  by  aouble  decomposition  with  cupric  sulphate,  and  the  cupric  salt 
dccoopoeed  by  sulphydric  acid.    (Freund.^ 

Fbenvlsulphuric  acid  maybe  obtained,  oy  evaporation  in  a  vacuum  over  oH  of 
vitriol,  m  slender  needle-shaped  crystals  (Laurent  obtained  it  only  as  a  syrup).  The 
rscently  preparod  solution  yields,  by  distillation,  first  water  containing  phenol,  then 
fan  phenol,  to(;«ther  with  sulphurous  anhydride ;  and  leaves  a  carbonaceous  residue,  the 
tad  bnng  first  zeeolved  into  phenol  and  sulphuric  acid,  (C«H'SO*  -f  H*0  »  C*H*0 
•f  H'SO*),  which  is  subsequently  reduced  to  sulphurous  acid  by  the  organic  matter 
BLisenL    (Fround.) 

Phenylsulphates,  C^»MSO  and  (C«H»)«ir(SO*)«.-«-The  ammonium'Salt, 
JOH^NH•)SO^H«0,  crystallises  in  scales.-'The  barivm-aalt,  (C^»)«Ba''(S0*)«.8H«0, 
OTVtallisea  in  spherical  groups  of  microscopic  needles,  which  give  off  their  water  of 
QTTtaHisation  at  100^,  and  yield  phenol  by  dry  distillation.    (Laurent.) 

Thi  Mpftc  9aU,  C'*B'K)u  S^O",  separatee  from  a  concentrated  aqueous  solution  on 
eoolisg,  or  by  spontaneous  evaporation,  in  greenish-blue  pennanent  crystals  containiug 
6  tt  wttter ;  and  the  dark-green  mother-liquor  yields,  by  fiirther  concentration,  crystals 
eoatming  4  at.  water.  Tiie  mother-liquor  remaining  after  the  hexhydrated  crystals 
kid  separated  by  spontaneous  evaporation,  once  yiel<&d,  after  some  time,  probably  in 
eoDseaoence  of  depression  of  temperature,  well-defined  efflorescent  crystals  having 
tlie  colour  of  blue  vitriol,  and  containing  10  at.  water.    (F round.) 

The  cohalt-talt,  C>*H'*Co''S'0*.8HK),  forms  beautiful  (Tvstals,  having  the  colour  of 
ifQtial  eobalt-sulphate,  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol* 
and  giving  up  part  of  their  water  (19  per  cent.)  at  180^. — ^The  nickel-salt, 
CyH'*Ni"SH>*.8HH>,  forms  emerald-green  cxystals,  which  are  permanent  in  the  air, 
£M>Ive  in  water  and  in  alcohol,  and  acquire  a  canary-yellow  colour  when  dehydrated. 
(Freuad.) 

The  imagrunttm-^aU  forms  white  needle-shaped  aystals,  soluble  in  water  and  in 
aJcohoL 

ThitpotoMmum  Bait,  C*H*KSO*.H'0,  forms  small  silky  crystals,  soluble  in  water  and 
aaleohoL 

The  tUvtr-^alt,  dried  over  oil  of  vitriol,  is  anhydrous,  very  soluble  in  water  and  in 
afeohol,  and  eryi^allises  indistinctly.    (Freund.) 

Parapkanyltulphurie  Acid,  C*H*80\  called  Oxyphenylsulpkurie  Acid  by  R. 
Sehmiti  (Ann.  Ch.  Pharm.  cxx.  129 ;  Jahresb.  1861,  p.  628.>--This  acid  is  produced : 
t  By  passing  a  rapid  stream  of  nitrous  acid  vapour  into  a  hot  saturated  solution  of 
fksoylsiilpbamie  (sulphanilic)  add  (p.  477) : 

C^'NSO*  4.  HNO«     -    C»H«SO«  +  H»0  +  N«. 

1  lij  hitatisg  diaaophenylsulphurous  acid  to  80^ : 

0^*N«SO»  +  HK)     -     C«H«SO*  +  H». 

ss  2 
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If  this  deoompocition  be  allowed  to  take  place  in  a  Teuel  from  iHiich  air  ii  exdnded, 
and  the  resulting  liquid  be  concentrated  oTer  the  water-bath,  in  a  flaak  into  which  a 
stream  of  carbomc  acid  gas  is  continnaUy  passed,  the  add  is  obtained  as  a  li^t^brown 
nnciystallisable  syrup.    (S  c  h  m  i  1 1. ) 

ParapheDjlsulphuric  acid  decomposes  carbonates,  and  forms  salts  which  are  rery 
soluble  in  water,  and  can  be  obtained  in  the  crystalline  state  only  by  evaporating 
their  solutions  to  dryness. — The  barium-salt,  G"H**Ba'^0*.xH'0,  requires  a  strong 
heat  to  decompose  it.  When  heated  with  solid  potash,  it  forms  sulphate  of  potassium, 
and  gives  off  phenoL — The  silver-salt,  OH'AgoO*,  besrs  in  the  dry  state  a  tolerably 
high  temperature  without  decomposition.  Both  these  salts  have  a  yellowish  or  brownish 
oolour.     (Schmitt.^ 

Dibromophenylsulphurio  Acid,  CH^r'SO*,  is  prodneed  by  boiling  diasodibro* 
mophenylsulphurous  add  iynfra)  with  water.  B^  saturating  its  aaueous  solution  with 
caroonate  of  ammonium,  adding  chloride  of  banum,  and  reciystallising  the  resulting 
predpitate,  the  barium-salt  is  obtained  in  needle-shaped  crystals.    (Schmitt.) 

Jppendi»  to  Phen^lsuXphurio  Aeid. 

PHBHTLSiTLPHUBOirB  AoiD,  (C*H*)H80'. — To  the  description  of  this  sdd 
already  given  (p.  664),  we  have  to  add  the  following  results  obtained  bj  Freund 
(Ann.  Ch.  Plumn.  cxx.  76): — ^Pure  benzene  (prepared  by  distillinff  caldcbensoate),  left 
In  contact  with  frequently-renewed  quantities  of  pure  strong  sulphuric  add  at  ordinary 
temperatures,  and  repeatedly  shaken,  dissolves  completely,  without  evolution  of  sul- 
phurous oxide ;  and  the  product  diluted  with  water  also  dissolves  perfectly,  forming  a 
dear  liquid ;  and  by  neutralising  this  liquid  with  carbonate  of  banum,  filtering,  evapo- 
rating to  dryness,  redissolving  in  water,  and  again  concentrating,  pure  pken^stilpiUs 
of  £irium  is  obtained,  in  transparent  nacreous  lamine  or  tables,  containing 
G*'H**Ba'^K)*.2H*0.  This  salt  is  slightly  soluble  in  alcohol,  and  efflorMces  over  ^ 
of  Titriol,  but  not  on  mere  exposure  to  the  air.—Cupricpkenylsul^kUe,  C'*H»*Ca*SH)*, 
6HK),  prepared  by  decomposing  the  barium-salt  with  cupric  sulphate,  evaporating  the 
filtrate  to  dryness,  and  reaissolying  in  alcohol,  crystallises  from  a  hot  concentrated 
alcoholic  or  aqueous  solution,  on  cooling,  in  large,  thin,  tabular,  light-blue  crystals, 
permanent  in  the  air ;  by  spontaneous  evaporation  of  the  aqueous  solution,  also  in 
well-defined  crystals.— The  sUvsr-salt,  O>H^AgS0*.8H*0,  produced  by]predpitatingthe 
barium-salt  with  sidphate  of  silver,  forms  tabular  crystals,  soluble  in  water  and  in 
aloohoL  , 

Phtnylsulphurtms  acid,  obtained  by  decomposing  the  cupric  salt  with  sulphuretted 
hydrogen,  crystallises  by  evaporation,  in  slender  very  aeliquesoent  needles.  Hie 
aqueous  solution,  when  distilled,  begins  to  decompose  as  soon  as  it  attains  a  sjnrpv 
consistence,  giving  off  sulphurous  oxide,  benzene,  and  sulphobenzide  (p.  4B6),  which 
condenses  in  the  ciystalline  form ;  the  distillate  also  contains  sulphuric  and  undeoom- 
posed  phenylsulphurous  acids,  while  a  black  liquid,  or  a  light,  shining,  carbonaceous 
mass,  IS  left  behind,  accordinff  to  the  strength  and  duration  of  the  heating.  Phenyl* 
sulphurous  acid  is  therefore  decomposed  by  distillation,  partly  by  assumption  of  1  at 
water,  into  benzene  and  sulphuric  add : 

C^«SO«  +  H«0     -     C^«  -h   H»SO«; 

partly  into  sulphobenzide  and  sulphuric  add : 

2C^«S0«     =     C"H«»SO»  +  H«SO*. 

At  the  same  time,  a  secondly  decomposition  takes  place,  attended  with  elimination  of 
sulphurous  acid  and  separation  of  carbon.    (Freund.) 

Paraphcnylsulpiurous  Acid. — This  name  may  be  applied  to  an  unaystalli- 
sable  modification  of  phenylsulphurous  add,  obtained — according  to  R.  Schm  i  1 1  (Ann. 
Ch.  Pharm.  cxx.  129),  by  whom  it  is  inappropriately  termed  " phenylsulj^uric  add* 
{Phenylsckwefsdurey— by  heating  diazophenyJsulphurous  add  (i^fra)  with  absolute 
alcohol  under  pressure. — Its  barium^t,  C*'H"ba'^'0*.xH'0,  is  soluble  in  water, 
slightly  soluble  in  alcohol,  gives  off  its  water  of  crystallisation  at  110^,  and  decom- 
poses at  a  higher  temperature.— The  lead-salt,  G'*H**Pb''SH)*.4rH*0,  is  a  coUyoiiesB 
crystalline  mass,  easily  soluble  in  water,  veiTdi|^tly  soluble  in  alcc^oL 

Dibromophenylsulphurous  Acid,  C^^r'SO'  (Schmitt's  DibromopkmyU 
sehfwrfsdure),  is  produced  by  boiling  diazcdibromophenylsulphuroue  add  with  absolute 
alcohol  under  pressure.  By  evaporation  it  is  obtained  as  a  brown  li(^d,  which  soU 
difies  after  some  time  to  a  crystalline  mass ;  and  by  predpitating  its  solution  with 
acetate  of  lead,  decomposing  the  lead-salt  with  sulphnrptted  hydrogen,  and  evaporating; 
it  may  be  obtained  in  needle-shaped  crystals  containing  1  at.  water;  these  aystals 
melt  at  84^ — 86^,  without  loss  of  water,  and  decompose  at  a  higher  temperators. 
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The  latti  of  thii  icid  raemble  the  dibromosulphanilateB  (p.  478)  in  solubility.— The 
•ariumsaU,  C>»H«Ba'Br«S*0«jrH«0,  obtained  by  precipitation,  cry8talliB««  from  hot 
water  in  long  needles,  aparinffly  eolnble  in  cold  water  and  in  alcohol ;  it  giyes  off  its 
water  at  100^,  but  does  not  diecompofle  eren  at  200<^.  By  dry  distillation,  it  gives  off 
water,  snlphuroos  oxide,  and  an  oil  having  the  odour  of  broroobenzene. — The  ieatl' 
and  wU^eAmUa  crystallise  in  needles  slightly  soluble  in  water. — The  potassium'salt 
ftwms  easily  soluble  needles.    {Q chmitt,  loc.  cit.) 

JDiagopktnyUulphurous  Acid,  OH'N-SO'  (Schmitt,  loc.  cit.),  Diasophenyl- 
mkmrfth&uTt, — This  add  is  produced  by  the  action  of  nitrous  acid  on  sulphanilic  acid 
(p.  478).  2C"H^S0«  +  NW  -  2C«H*N'S0«  +  8HK).  It  is  insoluble  in  cold 
water,  but  dissolves  easily  in  water  at  60'' — 70^,  and  separates,  by  rapid  cooling,  in 
•mall  oolonrless  needles.  It  is  insoluble  in  cold  alcohol,  and  is  dscomposed  by  boiling 
aleohcd,  with  STolution  of  nitrogen.  Its  aqueous  solution  is  very  unstable,  and  gives 
cff  nitrogen  continuously.  When  heat4*d  to  100^,  it  decomposes  with  explosive  violence, 
leairinff  a  brown  woolly  substance.  Ghiseous  ammonia  decomposes  it  with  explosion. 
It  is  decomposed  by  hydriodic  and  kydrobrcmic  acida,  with  evolution  of  nitrogen ; 
mnd  hj  guipkffdfie  aeid,  with  evolution  of  nitrogen,  separation  of  sulphur,  and  formation 
cf  solphamlie  acid : 

2C^«N»S0«  +  3H«S     -     2C*H'NS0«  +  S"   +   N». 

When  boiled  with  alcohol  of  90  per  cent.,  it  yields  aldehyde,  paraphenylsulpburous 
' ""  and  paraphenylsulphuric  acid ;  but  when  it  is  heated  with  absolute  alcohol,  under 
only  the  first  two  products  are  obtained,  thus : 

C*H*N«80«  +  CmK>     -     C*H«SO*  -*-   CH'O  +  N«. 

JPimModibromophen$fl»ulphurou8  acid,  C*H*Br'N'SO',  is  produced  by  the 
'*  of  nitrous  acid  on  bromosulphanilic  acid  (p.  479).  It  ibrms  yellowish-white 
which  are  permanent  at  100<^,  but  decompose  with  detonation  at  a  higher  tem- 
It  dissolves  in  alcohol,  but  not  without  detonation  ;  is  nearly  insoluble  in 
aold  water,  easily  soluble  in  hot  water ;  but  decomposes  in  ac^ueous  solution  at  the 
boiling  heat,  with  evolution  of  nitrogen.  Its  reactions  are  similar  to  those  of  diaso- 
phfoyuulphuTous  add. 

TMrjlavlptoiirto  Addf  (C^H')HSO^  Butyhulphuric  Acid.  Sulphobutylic  Acid. 
fWnrti,  Compt  rend.  xxxv.  310.)— -Produced  by  mixing  tetrylic  alcohol  with  an  eoual 
Yolnme  of  strong  sulphuric  acid,  taking  care  that  the  mixture  does  not  become  hot. 
After  about  twen^-four  hours  the  action  is  complete,  and  a  product  is  obtained  perfectly 
•oinble  in  water.  The  solution,  saturated  with  carbonate  of  potassium,  and  evapo- 
ntad  to  dryness  over  the  water-bath,  yields  a  mixture  of  sulphate  and  tetrj'lsulphate 
of  potassiuuL 

The  tetrylsulphate,  C*H*KSO*,  extracted  from  the  mixture  by  boiling  abeolute 
aleohol,  crystaUises  on  cooling,  in  shining  anhydrous  laminse,  which  when  dry  have  a 
lustre,  and  are  unctuous  to  the  touch.  The  salt  distilled  with  cyanate  of 
ium  yields  a  mixture  of  tetrylic  cyanate  and  cyanurato. 

TrttjlSQlpliiirle  Aeld,  ((?H*)HSO*.  Propylml^huric  or  Sulphopropylic  Acid. 
(Chancel,  Compt  rend,  xxxvii^  410.) — The  potassium-salt  of  this  acid,  C'H'KSO^ 
picpared  from  tritylic  alcohol  in  the  same  manner  as  the  preceding,  crystallises  on 
cooling  from  alcoholic  solution,  in  anhydrous  very  slender  needles,  extremely  soluble  in 
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Htfosttlphuboits  or  Thiosulphttbic  Acid,  H'S'O*;  called  also  2>t- 
ikkmous  Arid,  and  SulphurgtUd  Sulphurous  Acid.  (Gay-Lussac,  Ann.  Chim. 
bzzT.  199.— Herschel,  Ed.  Phil.  J.  i.  8,  296;  ii.  164.— Kessler,  Pogg.  Ann. 
IzzziT.  274.— Vohl,    Ann.   Ch.   Pharm.    xciv.    237.— Slater,    Chem.   Qnz.   1866, 

LZ69.) — ^This  add  is  scarcely  known  in  the  free  state,  since,  when  liberate 
tt  any  of  its  salts  by  the  action  of  a  stronger  acid,  it  is  almost  immediately 
TCSolTed  into  sulphurous  acid  and  sulphur:  H*S*0»  «»  H'SO*  +  S.  According 
to  H.  Boss,  however  (Tftti^^  de  Chimie  anaJyfique,  i.  476),  the  decomposition  is 
Mv«r  eomplete  unless  the  quantity  of  hyposulphite  operated  upon  is  very  small ;  and 
rhe  liquid,  if  filtered  from  the  deposited  sulphur,  even  after  several  weeks,  still  exhibits 
the  reactions  of  hypoeulphurous  add.  According?  to  Fliickinppr  (J.  Pharm.  [3], 
xIti.  468;  Jahresb.  1863,  p.  149),  small  quantities  of  this  acid  are  often  found  in 
Aowers  of  sulphur,  in  predpitated  sulphur,  in  sulphur  which  has  been  crystaUisod 
^Oin  carbonic  disolphiae,  and  even  in  roll-sulphur.    Fliickinger  finds  also  that  it  i» 
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produced  by  the  action  of  ac^ueous  8tilphtirou8  add  on  pnre  sulphur,  eren  at  ordinaij 
temperatures,  but  more  readily  at  80^  or  90°  in  a  sealed  tube.  When  a  mixture  of 
fine^-divided  cadmium,  sulphide  of  cadmium,  and  sulphur,  moistened  with  absoluts 
alcohol,  was  treated  with  smphurous  acid,  sulphuretted  hydrogen  then  passed  into  the 
filtrate  after  the  sulphurous  acid  had  eraporated.  and  the  excess  of  sulphuretted 
hydrogen  removed,  the  liquid  after  fire  montns  still  exhibited  the  reactions  of  hypomil- 
phurous  acid, — a  fact  which  confirms  H.  Bose's  statement  as  to  the  stability  of  thAt 
acid  in  dilute  solutions. 

Hyposulphites. — These  salts  may  for  the  most  part  be  regarded  dther  as  analogous 
to  the  formates  (MHCO'),  and  represented  by  the  formuhe  MHSO'  and  WB*S*0\  or 

as  hydratedthioenlphates,^^^!  I  SO'JPO,daiTed  from  sulphates,  ^^JSOS  I7  the 

substitution  of  S  for  0 : 

WSH)*JBK>     -     2MHS0* 
M"SH)«.H«0     -     M^*S*0«. 

The  former  yiew  is  in  accordance  with  the  fact  established  by  H.  Rose,  that  nearly 
all  hyposulphites  contain  at  least  one  atom  of  h;^drogen ;  also  with  the  formation 
of  hypMulpnites  by  the  action  of  sodium,  zinc,  or  iron  on  aqueous  sulphvioos  aeid, 
just  as  sodic  formate  is  produced  by  the  action  of  sodium  on  carbonic  acid  (ii.  683) : 

2H«S0«  +    Na«     -    NaHSO«  +   NaHSO"  +  HH). 
SalphuroM  Sodic  hrpo>       Add  sodic 

acid.  sulphite.  tulphlte. 

2H«C0«  +  Na«    -     NiHCO«  +  NaHCO*  +  HK). 

Carbonic  Sodic  Acid  iodic 

add.  formata.  cartxmata. 

But,  on  the  other  hand,  hyposulphite  of  lead  contains  no  water  of  OTstallisation, 
and  may  be  rendered  completely  anhydrous  by  heating  to  100°  (Pftpe,  Jahreab.  1864, 
p.  57) :  it  cannot,  therefore,  be  regtirded  as  analogous  to  a  formate,  but  must  be 
represented  by  the  formula  Pb"S'0'.  The  potassium-salt  appears  also  to  be  capablt 
of  crystallising  with  less  than  1  at  water.  The  dibasic  formula  M*SO'  is  also  more 
in  accordance  with  the  tendency  of  hyposulphurous  acid  to  form  double  salts. 

Hyposulphites  are  produced : — a.  By  passing  sulphurous  oxide  through  a  solution  of 
an  alkaline  sulphide,  the  reaction  being  accompanied  by  deposition  of  sulphur ;  e.g, : 

2Na«S    +  8S0«     -     2Na*S«0«  4-  S 
2Na«S»  4.   3S0«     =     2Na«S«0«  +  9; 

or,  better,  by  digesting  or  boiling  sulphur  with  a  solution  of  an  alkaline  sulphite ; 
thus: 

Na«SO»  +  8     -     Na«S«0«. 

/3.  By  boiling  sulphur  with  a  solution  of  alkaline  hydrate,  an  alkaline  pentasulphide 
being  formed  at  the  same  time ;  thus  with  calcic  hydnte : 

SCaHW  +   8"     -     CaSW   +  2CaS*  +   3HK). 

By  exposing  the  resulting  solution  to  the  air  tiU  it  becomes  ccdourless,  the  pentasul- 
phide IS  further  resolved  into  sulphur  and  hyposulphite : 

Ca8»  +   ()•    -     CaSH)»  +  S«, 

In  this  manner  hyposulohites  are  obtained  from  gas-lime  refuse  and  ball-soda 
reftise,  which  contain  sulphide  of  calcium. 

y.  By  the  action  of  certain  metals  on  aqueous  sulphurous  add  {ttq)ra). 

6.  According  to  Bathke  and  Zschiesche  (J.  pr.  Chem.  xdi.  141^  hypoeulphites 
are  produced,  together  with  hvposulphates  (dithionates),  when  selenium  is  dLHSQlyed  in  an 
alkaline  sulphite.  By  quickly  evaporating  such  a  solution,  recently  prepared  and  satu- 
rated, a  crystalline  mass  is  obtained,  coloured  red  by  separated  selenium,  and  consistiDg 
mainly  of  alkaline  sulphite  mixed  with  hyposulphate ;  sjid  the  solution  of  these 
crystals,  freed  from  selenium  by  filtration,  and  evaporated  (even  in  an  atmospbezv  of 
hydrogen),  again  deposits  selenium,  and  afterwards  a  mixture  of  sulphite  and  hypo- 
sulphite.  The  mother-liquor  of  the  first  crystals  also  leaves,  when  evaporated,  a 
certain  quantity  of  selenium,  and  a  crystalline  mass  consisting  of  a  small  quantity  of 
sulphite,  and  a  1^^  quantity  of  hyposulphite  together  with  separated  sulphur. 

The  hyposulphites  of  the  alkali-metals,  alkaline  earth-metals,  and  magoeaium  are 
soluble  in  water.  That  of  barium,  however,  is  only  slightly  soluble,  and  may  be 
obtained,  as  a  crystalline  precipitate,  by  mixing  the  solutions  of  baric  chlonde  and 
sodic  hyposulphite. 

Solutions  of  hjrposulphites  dissolve  chloride,  iodide  and  bromide  of  silver,  raetcuous 
chloride,  iodide  of  lead,  sulphate  of  caldum,  and  sulphate  of  lead.  Mercuric  iodide 
disaolves  in  cold  aqueous  hyposulphite  of  sodium,  and  the  solutioo  when  heated 
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depositfl  red  milphide  of  mercni^  tree  from  iodide. — Caprons  axi<l  cnpric  hvdratet 
dimolre  in  the  name  salt  at  ordinary  temppriitureff,  and  are  preoipitatM  on  heating 
(Field,  Chem. Soc.  Qo.  J. xvi.  28 ;  Jahrosb.  1 863,  p.  179).— Acr»onli ng to  Di e  h U JahroHh. 
1 S60,  p.  78),  the  ferrocyanidee  of  zinc,  manganese,  cobalt,  nickel,  cadmium,  and  tin  are 
inaolulile  in  a<]ueouii  hyposulphite  of  sodiuiu ,  whereas  those  of  ix)t<iSHium,  coppor, 
l*'u\  and  fcilver.  and  the  ferricyanides  of  silrrr  and  nnrcury,  are  dis»iilv»nl  by  it.  The 
mrhiu;  precipitate  formed  by  forrocyanide  of  potassium  in  forrous  saltn  is  not  distiolvtHl 
by  it;  tho  Prussian-blues  aro  converteii  into  a  white  compound. — The  alkalino 
cyanides  and  ferrocyanides  are  conyertetl,  by  fu.sion  with  the  hyposulphites  uf  potiiMsium 
and  stidiam.  into  sulphocyanates.    (Frohdo,  p.  f)]4.) 

Sulntions  of  hyposulphites  f^ive,  with  mcrcurU',  plumhic  and  anjentic  sttfts,  white 
pn-oipitates  of  metallic  hyposulphites,  which  Kooedily  be<»ome  yellow,  brown,  ami  bl.u'k, 
eicp«'ciallT  if  heated,  owing  to  the  resolution  of  the  hyposulphite  into  metallic  sulphide 
mnd  Bolpharic  acid  : 

Ag»SO«.HH)     -     Ag'S  +   n=SO*. 

With  if annous  chloride  they  give  off  a  brown,  and  with  mercurovs  nUratr,  np'Ar/sa/tJt^ 
and  cobalt-tattit  &  black  precipitate  of  metallic  itulpliide.  —With  ferrous  salts  they 
give  no  precipitate,  even  at  the  boiling  hciit.  under  tho  onlinary  atmos])heric  pre.*isiin« ; 
but  b?  prolonged  heating  to  130° — 140°  in  staled  tuben,  the  iron  i.t  completttly 
im-cipitated  as  sulphide. — Zinc  is  but  partially  ^>reeipibited  even  at  120',  and 
nuingajuM  not  at  all,  unless  iron  is  also  present,  in  which  ea^o  a  raanganiferous 
■ulpnide  of  iron  is  thrown  down  under  inore]i><(Kl  prestturo  (AVulcott  Gibbs,  SilL 
Am.  J.  zxxvii.  346  ;  Jahresb.  1864,  p.  183).' — When  a  soluble  hy{>osulphite  is  boiled 
with  ^nafuminium-salt^  alumina  and  sulphur  aro  precipitated,  sulphurous  oxide  is 
evolred,  and  tho  acid  of  the  aluminium -salt  remains  in  solution  combined  with  the 
Imse  of  the  hyposulphite  (Chancel,  I  185);  e.g. : 

3Xa»S»0«   +   AP(SO0"     =«     Al-0*   +   S«   +    3S0«   +   3Na«S0«. 

Art*urding  to  Oibbs,  tho  precipitation  is  acct>lerat4'd  by  heating  under  increased 
pni«flure,  and  the  precipitatod  alumina  is  then  insoluble  in  dilute  sulphuric  acid,  and 
nearly  insoluble  in  cold  concentrated  hydrochloric  acid. 

Hyposulphites  heated  with  hydrochloric  acid,  give  off  sulphurous  oxide  and  deposit 
■ulpiiur,  which  in  this  case  is  yellow,  not  white,  as  it  usually  is  when  precipitated 
fnjiu  i<olution.  When  treated  with  iodine^  they  form  a  metalUc  iodide  and  a  tetra- 
thiunatOi  thus : 

2Ba'*S»0«   +   P     =     Ba'P  +  Ba"S*OV 

These  two  reactions  distinguish  hyposulphurous  from  sulphurous  acid.     The  reaction 
with    iodine  is  sometimes  used  for   the   VDlumetric  estimation   of  that   substance 
(Brown.   Chem.  Soc.  Qu.  J.  x.  71). — Ilyposulphites  treated   with   hypochioritf  of 
Mitdium,  ur  with  chlorine  in  presence  of  water,  are  completely  converted  into  sulphates 
even  at  ordinary  temperatures ;  e,g.: 

Na«S^O«   +   CI"   +   61I«0     =     8IIC1    +   2NanS0«. 

Hyposulphites  are  oxidised  by  permanganate  of  pofasHuM,  an«l  convertt^l  into 
iBulphates  and  hyposulphates :  in  an  alkaline  solution,  1  at.  hy|K)Hulphite  of  nodium 
takes  up  exactly  4  at.  oxvgen,  and  is  converted  into  Nulphatc:  Na-S-0*.H*0  +  ()'  = 
2NaUS0*   ^P6an-de-St-Gilles,  Ann.   Ch.  Pliys.    [3],  Iv.  374;   Jahn^b.   18.')8, 

Ld83).  Neutral  ehromates  are  not  decomposed  by  sodic  hyposulphite  even  at  the 
iling  heat;  but  acid  ehromates  are  reduced  to  neutral  ehromates,  especially  on 
besting,  with  separation  of  CrO^     (£.  Kopp,  Jalin^b.  1864.  p.  233.) 

Hyposulphites  treated  with  zinc  and  hydrochloric  at'id^  yirld  free  sulphur  and  a 
large  quantity  of  sulphydric  acid.  This  reaction  is  extremely  delicate.  ser\'ing, 
according  to  L.  J.  Reynolds  (Chem.  News,  viii.  283)  fur  the  detection  of  sr^iiiiiroth  part 
of  sodic  hyposulphite  in  a  solution,  if  a  piece  of  pipor  moistened  with  acetate  of  lead 
be  exposed  to  the  evolved  sulphydiic  acid. 

All  hyposulphites  are  decomposed  by  heat,  those  of  the  alkali-mct&ls  into  a  poly- 
■nlphidc  and  a  sulphate ;  e.g. : 

4Na«S«0«     =     3Na«S0«   +   Na^S* 

Those  which  contain  water  of  crystallisation  {e.g.,  the  potassium-,  sodium-,  <tnd  jarium- 
■alts)  do  not  give  it  up  till  they  are  heated  nearly  to  the  point  (about  220^)  at  which 
decomposition  b^ns.     (Fape,  Jahresb.  1864,  p.  57.) 

To  detect  hyposulphurous  acid  in  pwsence  of  nulphydric  acid  or  a  soluble  sulphide, 
the  solution  is  made  neutral  and  procipitntr^l  by  a  r.inc-salt,  the  nulphide  of  zinc 
filtered  off,  and  the  filtrate  testi^d  for  hyposulphurous  lurid. 

Soluble  hyposulphites,  especially  the  sodium-salt,  are  much  \\wh\  for  fixing  photo- 
graphic pictures,  which  they  effect  by  dit>solving  out  the  chloride  of  silver  which  has 
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not  been  acted  npon  by  light  The  sodium-salt  is  also  largelT  employed  as  an 
antichlore,  for  remoTing  the  last  traces  of  chlorine  from  bleadied  &bncs.  On  the 
use  of  soluble  hyposulphites  as  mordants  in  calico-printing,  see  E.  Kopp  (Ding^  poL 
J.  a  888). 

Bjposnlplilta  of  Ammonliim,  8(KH*)'SK)'.H'0  (Bammelsberg),  is  obtained 
by  decomposing  the  calcium-salt  with  carbonate  of  ammonium,  and  sepazates,  by 
evaporation,  in  veiy  deliquescent  needles  or  rhombic  plates. 

B  jpoBulpHita  of  Bariuni,  Ba'S'O^.H'O  or  Ba'H-SH)\  is  obtained,  by  mixing 
the  solution  of  the  sodium-salt  with  acetate  of  barium,  as  a  white  precipitate,  the 
separation  of  which  may  be  completed  by  addition  of  alcohoL  It  retains  its  water  of 
crystallisation  with  great  tenacity  (H.  Kose,  Pogg.  Ann.  xzi.  487);  gives  it  off  at 
215^  and  decomposes  at  220^~226<'  (Pape).  The  anhydrous  salt,  when  heated  to 
redness,  siyee  on  sulphur,  and  leaves  a  residue  of  sulphide,  sulphite,  and  sulphate  of 
barium  (Kammelsberg,  Pogg.  Ann.  Ivi.  300): 

eBa^S^O*     -     Ba"S   ♦  2Ba'^0«  +   SBa'SO*  +   B*. 

Byposnlplilte  of  Cadmiiun,  obtained  by  mixing  the  solutions  of  cadmic  sol* 
phate  and  baric  hyposulphite,  is  extremely  soluble  in  water  and  in  alcohol,  and  when 
concentrated  by  evaporation  decomposes  before  solidifying. 

Bjposnlpliite  of  C«leliiiiB,  Ca"8K)*.6H*0,  or  Ca'H'S*0^6HH).— This  salt  is 
usually  prepared  by  boiling  sulphur  with  milk  of  lime,  and  passing  sulphurous  acid 
gas  into  the  solution  of  calcic  sulphide  thereby  produced,  till  it  becomes  colourless  and 
neutral : 

2Ca''S  +  3S0«     -     S  +   2Ca''SW. 

On  evaporating  the  solution,  at  a  temperature  below  60^,  the  hyposulphite  of  caldum 
crystallises  out  (He rschel).    This  process  is  used  on  the  large  scale. 

The  sulphide  of  calcium  contained  in  soda- waste  or  gas-lime  mav  be  converted  into 
hyposulphite  and  sulphite  by  atmospheric  oxidation.  Messrs.  Townshend  and  Walker 
employ  for  this  purpose  the  soda- waste  obtained  in  the  lixiviation  of  crude  soda  (i.  798 ; 
V.  325),  which  contains  a  considerable  quantity  of  insoluble  calcic  sulphide.  The  oxida- 
tion is  effected  by  exposing  the  waste,  in  a  state  of  dampness,  to  the  air  for  some  days,  oe- 
casionally  turning  it  over  and  sprinkling  it  with  water,  or  with  solution  of  calcic  sulphide. 
When  fuUy  oxidised  and  lixiviated  with  water,  it  yields  a  solution  of  calcic  hypoeuJphite 
and  sulphite,  the  former  salt  predominaUng.  If  the  product  is  lixiviated  before  the  oxi- 
dation IS  complete,  a  yellow  solution  is  formed,  containing  sulphide  of  calcium  as  well 
as  sulphite  and  hyposulphite.  The  complete  oxidation  may  then  be  effected  by  causing 
the  y^ow  solution  to  percolate  slowly  tiirongh  a  tower  filled  with  lumps  of  coke,  ana 
having  openings  at  the  lower  part  to  admit  the  air.  The  sulphite  and  hypoeulf^te 
of  calcium  thus  produced  may  he  obtained  in  the  solid  form  by  evaporation,  or  merelj 
brought  down  to  the  state  of  concentrated  solution,  and  in  either  case  used  as  an  anti* 
chlore.  Or  the  solution  may  be  mixed  with  sulphate  of  sodium,  whereby  a  solution  of 
Bodic  sulphite  and  hyposulphite  is  obtained,  together  with  a  precipitate  of  calcic  sul- 
phate containing  small  quantities  of  sulphite  and  hyposulphite.  This  precipitatei,  dried 
at  a  temperature  not  exceeding  100^  C,  constitutes  the  prodnct  called  **  precipitated  an- 
tichlore.**  It  has  been  found  very  valuable  in  the  manufacture  of  paper,  as  the  hydrated 
calcic  sulphate  gives  weight  and  body,  while  the  sulphite  and  hyposulphite  destroy 
any  chlorine  present  in  the  paper-pulp  ^see  Richardson  ana  Watts's  Chemical 
Technology t  vol.  i.  pt.  iii.  p.  39). — A  somewhat  similar  process  has  been  patented  by 
Jul  lion  {ibid.  p.  42),  who  however  subiects  the  calcic  sulphide  contained  in  soda- waste 
or  gas-lime  only  to  partial  oxidation,  whereby  he  obtains  a  yellow  solution  called  "  sul- 

§huretted  hyposulphite  of  lime,"  consisting  chiefly  of  calcic  sulphide  and  hyposulphite, 
'his  solution  may  be  decomposed  by  a  strong  acid,  whereby  sulphur  is  precipitated, 
and  a  mixture  of  sulphurous  and  sulphydric  acid  gases  is  ^ven  off,  which  may  be 
utilised  in  various  ways ;  or  the  solution  may  be  treated  with  sulphurous  add  gas, 
whereby  sulphur  is  precipitated,  and  the  whole  of  the  calcic  sulphiae  converted  into 
hyposulphite. 

Hyposulphite  of  calcium  ma^  also  be  prepared  by  decomposing  chloride  of  calcium 
with  hyposulphite  of  sodium,  m  hot  concentrated  solution.  The  liquid,  as  it  cools, 
deposits  a  large  quantity  of  eodic  chloride ;  and  if  it  be  then  concentrated  at  a  tempe- 
rature below  50°,  and  aUowed  to  cool  to  80^,  after  all  the  sodic  chloride  has  separated 
out,  it  yields  ciystals  of  pure  calcic  hyposulphite.  (K  e  s  s  1  e  r.) 
Hyposulphite  of  calcium  crystallises  in  large,  eight-sided,  tridinie  prisms,  exhibiting 

the  combination  ooP^  .  odJP  .  oo^ao  .  ooPeo  .  oP  (Kopp*s  KrytiaUoffraphie,  Sta 
Auflage,  p.  239).  It  is  easily  soluble  in  water,  and  is  deoomposed,  on  beating  the 
solution  to  60°,  into  sulphate  of  calcium  and  finee  sulphur* 
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ttf  Cobalt,  Go''8*0'.6H*0  or  Co1P8H)*,6IPO.—Oht»uMd,  as  a 
^i-n^  oyitalluM  mast,  by  miziog  the  solotioiiB  of  eobalt-tulphate  uid  strontiiim- 
IjpagdpluUi  aDd  eraporating.    (Bammelsberg.) 

gjfUWlffcHiia  of  Ooi^por. — ^Neither  cnpric  dot  caprons  byposnlphite  U  known 
m  ib»  •fMte  ataU ;  bnt  some  double  salts  of  cnprons  liTpoeuiphite  with  alkaline 
ti^pMolpbitM  baTe  been  obtained  by  mixing  the  solutions  of  the  latter  with  cnpric 
nltt.  Thedr  eolations  are  colourless,  hare  a  sweet  taste,  yield  with  alkalis  a  preapi- 
tMU  of  copious  oxide,  and  are  decomposed  by  heating  with  acids. — ^A  jpotataium-^aU, 
C}^K^St*0*.2HK>,  separates  on  mixing  the  solutions  of  potassic  hyposulphite  and  cnpric 
fnirfaat»  or  acetate,  as  a  yellow  precipitate,  which  soon  turns  black,  from  formation  of 
fttlfihjda  of  copper,  and  is  completely  decomposed  by  water  into  sulphide  of  copper, 
Klphorooj  add,  and  sulphuric  acid.  The  solution  of  this  double  salt  in  hyposulphite 
cf  Mtasuum  deposits,  on  addition  of  alcohol,  an  oily  liquid,  which  solidifies  to  a  white 
Mk  lAiiag  the  composition  Cu'K*S"0".3HH)  (Kammelsberg).— A  sodium-uUt, 
f*t«rali>g  Ca*Na^S'*0'*.6HK)(Lens),  is  obtained,  like  the  first-mentioned  potassinm- 
■h,  »•  a  Tellow  crystalline  precipitate,  which  it  is  best  to  wash  with  water  containing 
Milk  sou.  Ttom  its  solution  in  nyposulphito  of  sodium,  alcohol  throws  down  a  white 
uta,  Ca<5a^9^^'.2HK).— According  to  Schiitte  (Compt  rend.  xlii.  1257),  a  salt 
kw  tfa^  composition  (Cu* ;  Cu")Na'S*0*.NH',  is  obtained,  in  small  violet  needles, 
by  aniBff  a  concentrated  solution  of  sodic  hyposulphite  to  an  ammoniacal  solution  of  a 
cqtm  tuL  The  cxystals  are  permanent  in  uie  air,  give  off  ammonia  at  100^,  and  are 
ditioBfi^'^  at  a  stronger  heat,  also  by  cold  water. — H.  Peltzer  (Ann.  Ch.  Fharm. 
cnn.  U\ ;  cxzriiL  187 ;  Jahresb.  1863,  p.  277)  describes  a  salt  haying  the  composition 
Cx'CtTa*SK)".2NH*,  as  separating  in  dark-blue  needles  or  prisms,  from  a  solution  of 
rapde  fdphate  and  sodic  hjrposulphite  in  ammonia,  or  as  a  violet  powder  on  mixins 
Mosl  totofflss  of  the  solutions  of  cnpric  sulphate  and  sodic  hyposulphite  both  saturated 
vTth  Mnmenia.  It  is  decomposed  but  not  mssolved  by  hot  water,  (ussolves  in  ammonia 
tsd  IB  lodie  hyposulphite,  and,  when  heated  with  potash-ley,  yields  a  precipitate  of 
r^ffie  ud  cuproos  oxides.  Acetic  acid  dissolves  the  salt  with  yellowish-green  colour, 
ni  aieobol  throws  down  from  the  solution,  first  a  white,  then  a  canaiy-yellow,  tolerably 
jteWBoit  salt,  not  containing  ammonia.  Hyposulphite  of  sodium  produces  in  the 
aortie  tolution*  after  a  while,  a  heavy  white  precipitate  of  a  cuprous  salt  containing 
Iroithionic  add.  A  strong  solution  of  silver-nitrate  forms,  in  the  same  liquid,  first  a 
f9f  predpitata,  which  soon  redissolves ;  then  a  predpitate  which  dissolves  with  blue 
ciiMT  in  ammonia^  quickly  decomposes  with  formation  of  silver-sulphide,  and  gives  the 
metiQas  of  coprie  oxide,  nlver,  and  hyposulphurous  add. 

■jpa— IplilUja  of  Q^AAm—Sodw-amroui  kypo9ulphiU,  AuNa'S«0«.2H*0,  is  pio- 
kaeti  by  mixing  the  solutions  of  auric  chloride  and  sodic  hyposulphite^  and  adding 
iMoL  Its  aqneoQB  eolation  yields,  with  chloride  of  barium,  a  gelatinous  predpitate  of 


wroM  kjnomUphUf  Au'Ba'S'O'* ;  and  this  salt,  decomposed  by  sulphuric  add, 
mlds  oaerysUJlisable  hydrated  awroui  hyposulphite,  A  sodio-aurie  hji/patulphite 
tiffmn  also  to  be  framed  by  dropping  a  neutral  solution  of  auric  chloride  into  a  solution 
<f  lodifl  hyposoli^te  (Pordos  and  Gilis).    See  Goij>  (ii.  931). 

yifusulpteHtia  of  Xroa. — The  ferric  salt  is  not  known. — Ferrous  hyponUphite, 
SFt'f^.6H*0,  is  produced,  together  with  the  sulphite,  by  dissolving  iron  m  aqueous 
ffolpbiroos  acid.  On  evaporating  the  solution,  or  mixing  it  with  alcohol,  the  sulphite 
H|isnt«  ovt ;  and  the  mother-liquor,  when  further  evaporated,  yields  crystals  of  ferrous 
k^posalphits^  whidi  are  more  stable  than  those  of  the  sulphite,  and  may  be  kept 
Tiiiliirsrt.  if  cxdinded  from  the  air.  Bammelsberg  obtained  the  salt  in  small  green 
OTitilf,  mixed  with  a  basic  ferric  salt»  by  mixing  the  solution  of  ferrous  solphate  with 
li]pQsalphite  of  barium  or  strontium.  On  attempting  to  concentrate  the  salt  ftirthar 
a  eootMt  with  the  air,  a  small  quantity  of  ferric  salt  is  first  formed,  which  then  sets 
tfim  the  hypomilphite,  converting  it  into  ferrous  tetrathionate,  and  the  latter  is  resolved 
uj  tuiha  ev^Kxration  into  fenous  sulphate,  sulphurous  add,  and  sulphur.  (Pordoi 
ttdOllia.) 

WjpsiiilpltlHj  of  XeAdf  Pb'SK)*,  is  a  white  predpitate,  veiy  sparingly  soluble 
io  vat«r.  but  dissolving  in  aULaline  hyposulphites,  with  formation  of  double  salts.  It 
Bty  b*  dried  at  100^  without  decomposition ;  but  at  a  stronger  heat,  it  blackens  and 
p«  oiTsalplniroias  oxide,  and  leaves  a  residue  of  sulphide  and  sulphate  of  Isad.  When 
Wrtei  in  the  air,  it  g^owa  like  tinder. 

Ammemo  piumbie  hwoeulphite,  Fb''(NH*^«S*0*.5HK),  separates  by  spontaneous 
imntion  f^ron  its  solution,  obtained  as  above,  in  rhombic  prisms  shortened  into 
tiMS.  It  diaaolrss  in  water  without  immediate  decomposition,  but  the  solution 
itemm  eloodr  after  a  while,  from  separation  of  plumbic  hyposulphite ;  when  heated, 
it  jiiUs  wilphida  of  U^d.^Bario-pUmbic  hjfpoiU^^kiU  is  a  sparingly  soluble  salt, 
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obtained  by  precipitating  the  solution  of  one  of  tbe  alkaline  double  salti  with  aeetite 

of  barium. — Cakio^umbic  hypomlpkUe^  Pb*(5a'S*0'.4H*0,  is  obtained  in  like  maoDer 
as  a  crystallo-granular  precipitate. — Potauio^umbio  hjfpomlfhiU,  Pb'*K*8H)*.2HK), 
is  prepared  by  agitating  the  recently  precipitated  lead-salt  with  a  dilate  and  warm  (bot 
not  boiling)  solution  of  potassic  hyposulphite.  On  cooling,  the  entire  liquid  solidifiet 
to  a  thick  magma  of  small  crystius,  which  must  be  purified  by  expressing  the  mother- 
liquor,  as  they  are  decomposed  by  solution  in  water,  the  simple  lead-s^  then  sepa- 
rating  in  crystalline  spangles.  The  double  salt  dissolTee  easily  in  hyposulphite  of 
potassium,  and  the  lead  is  but  slowly  precipitated  from  the  solution  by  sulphuric  add, 
sulphur  being  precipitated  at  the  same  time ;  the  solution  is  not  precipitated  by 
soluble  sulphates. — Sodio-plumbic  hypoMtlpkite  is  prepared  in  a  similar  manner.  Tlie 
strontio-plombic  salt  is  not  ciystalline,  but  separates  from  solution  as  a  syrupy  mast. 

Bjporalpmte  of  Mavnesliun,  M^'SH)".6H<0  or  Mg'H*SK)«.5HK),  is  prepsKd 
by  boiling  a  solution  of  magnesic  sulphite  with  sulphur,  and  eraporating  oxer  oil  of 
vitriol.  It  forms  small  triclinic  crystals,  permanent  in  the  air,  and  easily  soluble. 
When  heated,  it  melts,  gives  off  water,  sulphur,  and  sulphurous  acid,  and  leaves  when 
ignited  a  mixture  of  magnesic  sulphate  and  sulphite  with  pure  magnesia.  Jullion 
prepares  it  by  boiling  pulverised  soda- waste  or  gas-lime  with  carbonate  of  magneeiun, 
whereby  carbonate  of  calcium  and  insoluble  sulphide  of  magnesium  are  produced, 
rendering  the  latter  soluble  by  boiling  it  with  sulphur  or  an  alkaline  polysulpfaide, 
and  converting  the  soluble  sulphide  of  magnesium  into  hyposulphite  hj  treating  the 
solution  with  sulphurous  acid. — AmnumiiMnagnesic  hypomdpinte^  Jll(g''(NH*)%*0*. 
6H'0,  is  obtained  by  decomposing  ammonio-magnesic  sulphite  with  h3rposulphite  of 
strontium.  The  concentrated  solution  becomes  turbid  when  heated,  and  when  co(^fd 
below  the  freezing-point  of  water,  deposits  ve it  deliquescent  crystals  (Kes si er^— 
Potastw-magnmc  hyposulphite^  Mg'^^S*0'.6H*0,  is  deposited  firom  a  hot  solution  of 
equivalent  quantities  of  potassic  and  magnesic  hyposulphites,  in  very  soluble  deliques- 
cent crystals,  which  may  be  obtained  of  considerable  size  by  immersing  previously- 
formed  crystals  in  the  concentrated  solution. 

Bjposnlpliita  of  MaairaiMS*  is  known  only  in  solution,  and  is  produced  by 
decomposing  the  barium-  or  strontium-salt  with  manganous  sulphate ;  also  (according 
to  Bamm els  berg)  by  dissolving  recentlv  precipitated  sulphide  of  manganese  in 
aqueous  sulphurous  acid.  It  is  decomposea  by  evaporation  into  sulphur  and  man- 
ganous sulphur. 

R  jposnlpliites  of  Moronir* — PotoMsio-mercuric  hyposulphite^  ^g*K**S**0**,  is 

C^ucfd  by  dissolving  mercuric  oxide  in  hyposulphite  of  potassium.  The  liquid 
mes  warm,  and  on  cooling  deposits  the  double  salt  in  colourless,  sparingly  solubb 
prisms.  Acids  decompose  it,  separating  sulphur  and  sulphide  of  mereniy.  Iodide  of 
potassium  does  not  precipitate  mercuric  iodide  from  the  solution. — Ammonio'mercurie 
nypostdphite,  which  is  very  easily  decoraposible,  is  separated  from  its  solution  by 
alcohol  m  colourless  prisms. — The  sodio-mercuric  salt  is  not  crystallisable. 

Byposnlpblte  of  Wlokol,  Ni"S  O'.GH'O  -  Ni'^'SK)*.5HK),  prepared  like  the 
cobalt-salt,  separates,  by  evaporation  over  oil  of  vitriol,  in  green  triclinic  crystals,  which 
when  heated  give  off  water,  sulphur,  and  sulphurous  acid,leaving  sulphide  of  nickel— 
Ammoniacal  Hypostdphiie  ofNickel^  Ni''S*0*.4NH*.6H*0,  is  obtained,  as  a  blue  crystal- 
line powder,  when  the  blue  ammoniacal  solution  of  the  preceding  salt  is  mixed  with 
alcohol.    It  decomposes  quickly  when  exposed  to  the  air. 

Sypoonlpl&ltos  of  Flattmun. — ^Neither  platinous  nor  platinio  sulphite  is  known 
in  the  separate  tAAtt^—Sodio-platinow  hyposulphite,  Pt'NamHMOHK),  ia  produced 
by  dissolving  ammonio-platinous  chloride  in  a  strong  solution  of  sodic  hyposulphite ; 
and  may  be  separated,  by  addition  of  absolute  alcohol,  as  a  dense,  yellow,  oily  uquid, 
which  gradually  solidifies  to  a  yellow  crystalline  mass.  When  purified  by  two  mom 
precipitations  with  alcohol,  it  forms  a  yelk>w  nonczystallinemass,  very  soluble  in  wiler. 
Its  solution  is  decomposed  by  hydrochloric  add,  slowly  in  the  cold,  quickly  whmi 
heated,  with  deposition  of  platinous  sulphide  and  evolution  of  sulphurous  oxide.  It 
is  not  decomposed  by  caustic  soda,  or  by  sulphuretted  hydrogen.  (Schottl&nder, 
Ann.  Ch.  Pharm.  cxl.  200 ;  Bull.  Soc  Chim.  1867,  I  403.) 

ByporalpHlta  ofFof  atwin,  E<8'0*.--This  salt,  which  crystdOiset  with  various 
proportions  of  water,  is  prepared  by  boiling  a  concentrated  solution  of  potassic 
sulphites  with  excess  of  sulphur,  or  by  adding  a  hot  solution  of  potassic  dtchromale  by 
small  portions  to  a  hot  solution  of  potassic  pentasnlphide,  waiting  after  each  addition 
till  the  separated  chromic  oxide  has  acquired  a  pure  green  colour  (D  op  ping;  Kes  si  er). 
If  tlie  Bohition  obtuned  by  either  of  these  methods  be  evaporated  to  30®,  the  salt 
oiTbtalliset  in  vefy  thin  four-sided  prisms,  containing  3K^H)'.HK).    Thess  OTStals 
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wtfwrj  nlnble  in  witar,  and  deUqnescent,  bnt  iniolnble  in  alcohoL  They  gire  off 
tWr  vaUr  at  200°,  and  the  anhydrouB  salt  decomposee,  at  a  higher  temperature,  into 
a  mixtore  of  1  at.  potaasic  pentaeolphide  and  3  at.  potaaeic  sulphate.    (Rammels- 

Tb«  mother-Uqnor  decanted  firom  these  prisms  yields,  if  briskly  stirred  or  shaken 
viv-o  cold,  a  quantity  of  small  grannlar  crystals ;  and  if  these  be  redissolved  in  the 
••Itiifvn  from  which  they  hare  separated,  with  addition  of  a  little  water,  the  liquid  on 
cwdmf  deposits  large  colourlAss  crystals,  haying  a  rhombic  octahedron  for  their  primary 
t»n».  They  eontain  13-62  per  cent,  water,  and,  according  to  Kessler,  consist  of 
SK'S*0».dHO,Qr  3KHS0W0;  according  toD6pping,of  2K«SK)».3H«Oor  4KHS0«. 
HO.  Tbiva  crystals  do  not  deliquesce  in  moderately  damp  air,  but  effloresce  imme- 
dutely  oTcr  oil  of  Titriol,  or  when  heated  above  40°.  This  salt  dissolves  very  easily  in 
wiiAT,  and  with  great  depression  of  temperature ;  the  solution  is  neutral,  and  remains 
msftltcfvd  even  in  contact  with  the  air.  Sometimes  these  octahedral  cirstals  separate 
dinertiv  from  aolution  either  before  or  after  the  prismatic  crystals,  and  tney  are  always 
^tfrncd  whan  an  octahedral  oystal  b  immersed  in  a  solution  of  the  salt  evaporated  at 
3)*^. 

I^ppioff  mentions  also  a  prismatic  salt  containing  8|  per  cent,  of  water,  and 
ksT^og  th«  eompoaition  K'SH)*.HK)  or  KHSO' ;  this,  however,  Kessler  was  not  able 
to  ebuio. 

in^wr's  salt,  K<SK)'.2H'0  -  2KHS0*.H>0,  is  regarded  by  Kessler  as  identical 
with  the  octahedral  salt. 

Tbt  eoopound  £*8^0'J?g^Cy  was  once  obtained  by  Messier,  on  mixing  the  solu- 
tioM  «f  eqalvalent  quantities  of  potassic  hyposnlphite  and  mercuric  cyanide,  adding 
aico&ol  after  a  crystalline  precipitate  (probably  consisting  of  potassio^mercuric  hypo- 
•clfLUta  and  potassio-mercuric  cyanide)  had  separated,  and  evaporating  the  moUier- 
riquor  in  a  Taennm.  It  crystallises  in  large  four-sided  prisms,  which  give  off  2  per 
orer  oil  of  vitriol. 


By^osalpbite  of  8tlv«r. — This  salt,  on  account  of  its  extreme  instability,  is 
searecly  known  in  the  separate  state ;  but  it  forms  two  series  of  double  salts,  K*Ag*S*0' 
ud  RAgSK)*  (R  denoting  an  alkali-metal),  prepared  by  dissolving  silver-oxide  in 
•a  alkahne  hyposulphite,  or  by  adding  chloride  or  nitrate  of  silver  to  the  solution  of 
thft  alkaline  hypoeulphita.  The  salts  of  the  first  series  dissolve  easily  in  water,  and  are 
pncipiutcd  therefrom  by  alcohol ;  but  those  of  the  second  series  are  insoluble  or 
*f€rvafdy  soluble  in  water,  and  separate,  in  crystalline  or  pulverulent  form,  when  the 
iahs  of  the  first  series  are  treated  with  an  additional  quantity  of  silver-salt. 

Tb««e  insoluble  double  salts  dissolve  easily  in  ammonia,  and  the  ammoniacal  solutions, 
ss  well  as  the  aqueous  solutions  of  the  double  salts  of  the  first  series,  have  an  intensely 
Kwr^  tasU.  The  solutions  may  be  used  for  silvering ;  the  silver  cannot  be  detected  in 
asy  of  them  by  hydrochloric  acid.  All  these  double  salts  decompose  easily  when  heated, 
jitlding  sulphide  and  sulphate  of  silver:  hence,  in  preparing  them,  the  temperature 
soit  be  kept  as  low  as  possible.  They  are  likewise  decomposed  by  alkalis,  and  by  an 
czcesB  of  the  alkaline  hyposulphite. 

Sodto-cfyentic  hypotulphiUt  Ag'Na^*0'.2H*0,  is  produced  by  dropping  a  solution 
«^fodic  hyposulphite,  with  constant  stirring,  into  a  solution  of  silver-nitrate,  till  a 
pennaaent  precipitate  is  formed,  and  separates  in  shining  lamine  on  adding  alcohol  to 
the  liquid.  If,  instead  of  adding  alcohol,  the  addition  of  the  silver-sslt  be  con- 
tra qed,  tike  salt,  AgNaS'O'.HH),  separates  in  flocks,  which  soon  become  crystalline. 
(Hfrschel;  Lenz.) 

The  anuDonio-,  potassio-,  caldo*,  strontio-,  and  plumbo-argentie  hyposulphites  may 
W  lOTparcd  by  similar  processes.    (Herschel.) 

Myporalplilte  of  Sodivin,  Na*SH)*.5HK),  or  NaHS0*.2H*0.— This  salt,  which 
IS  extensively  used  as  an  anticblore,  and  for  fixing  photographic  pictures,  is  pre- 
parvd: — UBj  boiling  sulphur  with  soda-ley,  and  passing  sulphurous  gas  into  the 
•olvtion  till  it  is  completely  decolorised  (p.  630). — 2.  By  igniting  sulphate  of  sodium 
with  cbareoal,  at  a  temperature  not  high  enough  to  fuse  the  mass,  moistening  the 
pnlr<9iilent  carbonaceous  mass  with  water,  and  subjecting  it  to  the  action  of  sulphu- 
rous acid  gas.    (Anthon,  Pbann.  Gentr.  1846,  p.  414.) 

3.  By  roasting  a  mixture  of  sulphur  and  sodic  carbonate  in  a  sulphur-furnace,  and 
^dlng'the  product  to  a  boiling  solution  of  sulphur  in  caustic  soda-ley,  till  the  liquid 
(t«roraj«  colourless.  The  clarified  solution  is  then  evaporated  in  iron  pans,  and  the 
folphate  of  sodium  which  separates  is  continually  taken  out.  The  concentrated  liquid 
lieposits  hyposulphite  of  sodium  in  lai^  pure  crystals,  and  the  mother-liquor,  mixed 
viih  caustic  soda,  is  used  for  dissolving  nesh  portions  of  sulphur.  (Jahresb.  1862, 
II.664.) 

4.  £iy  deoomposLDg  the  hyposnlphite  of   calcium  obtained  from  soda-waste  or 
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gas-lime  (p.  632)  with  carbonate  of  eodium,  and  er^jorating  the  filtered  loliitiOB  to 
tile  ciystamaing  point.  (Biehaidson  and  Watte's  Chemioal  Teekndogjf,  roL  L  pt  it. 
p.  185.) 

Hyposulphite  of  sodium  fonns  large,  well-defined,  monodinic  crjBtals,  nsnally  exhi- 
biting the  combination  ooP .  [ooP2]  .  [ooPoo]  .  oP  .  [P«>].  also  with  -t-  P  and 
other  faces  subordinate.  Axes  a:b:c  «  28607  :  1  :  0-7826.  Angle  b:e  -  76°  2' ; 
ooP  :  ooP(orthod.)  «  37°  36';  [ooP2]  :  [ooP2]  (orthod.)  -  68^  30';  [Poo]  : 
rPoo]  (clinod.)  -  160°  10'.  The  crystaU  have  a  specific  gravity  of  1*672  (Buignet). 
dissolve  easily  in  water,  but  are  insoluble  in  alcohol  R^pecting  the  specific  gravity 
of  its  solutions,  see  Schiff  (Jahresb.  1869,  p.  41).  The  aqueous  solution  cannot  be 
preserved  unaltered  even  in  closed  vessels,  but  deposits  sulphur,  and  is  partly  eon- 
yerted  into  sulphate  of  sodium ;  in  contact  with  the  air,  it  is  gradually  but  completely 
oxidised  to  sulphate.  The  dry  salt  when  heated  gives  off  sulphur,  and  leaves  a  mixture 
of  sulphide  and  sulphate  of  sodium.  The  crystals  melt  in  their  water  of  aystaUisatson 
at  66° ;  and  if  the  f\ision  be  performed  in  a  small  gUss  fiask,  the  temperature 
raised  to  the  boiling-point,  the  flask  then  immediately  closed,  and  left  to  cool  quickly 
on  a  surface  which  conducts  heat  slowly,  the  salt  will  remain  liquid  even  at  orainsiy 
temperatures ;  but  on  immersing  the  bulb  of  a  thermometer,  or  dropping  a  crystal  into 
it,  the  whole  will  instantly  solidify  to  a  crystalline  mass,  with  a  nse  of  tempezatort 
which  may  amount  to  26°.    (Bottger.) 

A  saturated  solution  of  sodic  hyposulphite  dissolves  gypsum  with  moderate  funlity 
at  ordinary  temperatures,  more  quickly  when  gently  heated,  forming  a  sodio-caleie 
hyposulphite,  which  is  precipitated  by  alcohol,  together  with  excess  of  flodic  hypo- 
sulphite, as  a  heavy  oily  liquid,  which  solidifies  in  needle-shaped  aystals.  This 
reaction  affords  the  means  of  separating  sulphate  of  calcium  from  sulphate  of  barium, 
which  is  not  dissolved  by  h3rpoeulpliite  of  sodium  (Die hi,  J.  pr.  Chem.  Ixxix.  430; 
Jahresb.  1860,  p.  78).    For  the  reactions  with  other  metallic  salts,  see  p.  631. 

Bjposnlplilte  of  8troiittiun«  Sr^SH}'.6H*0,  is  prepared  like  the  barium-aalt. 
Alcohol  precipitates  it  from  its  solution  in  needles  having  a  silky  lustre;  but  even 
without  the  aid  of  alcohol,  it  separates  in  very  large  crystals.  It  retains  1  at.  water 
at  180°,  and,  according  toKessler,  the  monohydrated  salt  is  likewise  obtained  in 
small  crystals,  by  evaporating  the  solution  at  or  above  60°. 

BTpoaulpUita  of  ThalUum  and  Sodivm,  Tl«Na«S>*O'M0H*O  or  2T1'SK)*. 
SNa^S'O'.lOH^O,  is  formed  by  dissolving  chloride  of  thallium  in  boiling  aqueous 
hyposulphite  of  sodium,  and  crystallises  in  long,  silky,  interlaced  needles,— or  from  a 
•mall  quantity  of  water  in  small  granules  (containing  an  unknown  amount  of  water). 
At  a  red  heat,  it  is  resolved  into  sulphide  of  sodium,  sulphate  of  sodium,  and  sulphide 
of  thallium.    (Q-.  Wert  her,  J.  pr.  Chem.  xci.  386.) 

B  jposulpliita  of  UnOf  2in"SK)',  is  produced  by  deoomposins  the  barium-salt  with 
sulphate  of  zinc ;  also,  though  with  difficulty,  by  passing  sulphurous  acid  g^is  into 
water  in  which  sulphide  of  zinc  is  suspended  (Rammelsberg);  also,  together  with 
sulphite  of  zinc,  by  dissolving  zinc  in  aqueous  sulphurous  add  (Mitscherlich). 
The  sulphite  crystallises  out^  and  may  be  completely  removed  by  alcohol ;  or  (according 
to  Berzelius),  it  may  be  wholly  converted  into  hyposulphite  by  digesting  the  solution 
with  sulphur. 

Hyposulphite  of  zinc  cannot  be  obtained  in  the  crystalline  form,  but  (according  to 
K  o  n  e)  it  is  precipitated  by  anhydrous  ether  from  its  aqueous  solution,  as  an  oily  liquid, 
which  dries  up  in  a  vacuum  to  a  gummy  deliquescent  mass.  The  concentrated  solutioB 
is  gradually  decomposed  by  exposure  to  the  air,  sulphide  of  zinc  being  separated,  while 
trithionate  of  zinc  remains  in  solution :  2Zn"S'0'  -  Zn^S  +  Zn'^S'O*  (Fordos  and 
G^lis,  Compt  rend,  xvi  1070V  The  solution  is  also  decomposed  by  heat  into  sol- 
phuric  add,  sulphurous  add,  sulphide  of  zinc,  and  sulphate  of  zinc 

Hyposulphite  of  Zinc-ammonium^  (N'H*Zn)'BH>',  is  produced  by  heatinff  hjpotol- 
phite  of  zinc  with  ammonia,  and  separates  ^m  the  solution  in  slender  cryitfljiB.  (Bam-^ 
melsberg.) 

DlthloBlo  CompovBds. 

PiTHioNic  or  Htposulphubio  Acid,  H'SH)*.  (Welter  and  OaT-Lussae, 
Ann.  Ch.  Phys.  [2],  x.  312. — ^Heeren,  Pogg.  Ann.  viL  66. — ^Rammelsberg,  ^bid. 
Iviii.  296.) — ^This  add,  discovered  by  Welter  in  1819,  is  produced  aa  a  manganons  salt 
by  the  action  of  aqueous  sulphurous  add  on  manganic  peroxide : 

MnO«  -»-  2H«80»     »     Mn'SK)*  +  2H»0. 

To  orepare  the  add,  sulphurous  oxide  gas  is  passed  through  water  in  which  ftnety- 
diyiaed  manganic  peroxide  is  suspended,  as  long  as  it  continuea  to  be  abnrbed. 
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Dithionata  and  solphiito  of  miiDgiui«M  arv  then  formed,  the  dithionate  being  the  priii« 

cipal  product,  provided  the  tempemture  be  k(>pt  ilown ;  at  hij^her  tempemtored,  on  the 

contrary,  scarcely  anything  but  sulphate  is  pri)duced.    On  adding  hydrate  of  barium 

to  rhe  impure  solution  of  manganouM  dithionate,  hydrate  of  munganesr  and  sulphate 

of  barium  are  prfcipitatcd,  while  dithionate  of  barium  rtrmains  in  solution ;  and  by 

carefully  precipitating  the  barium  with  an  exactly  sufficient  quantity  of  sulphuric  acid, 

a  solution  of  ditbionic  acid  is  obtained,  which  may  be  concent  rat  etl  in  a  vacuum  over 

oil  of  vitriol,  till  it  attains  a  spt^ciHc  gravity  of  1*347  (Gay-Lussac;  Heeren). 

G^lia  (Ann.  Ch.  Fhys.  [3],  Izv.  2'22)  p.is8es  sulphurous  oxide  through  water  in 

which  ferric  hydrate  is  suspended,  whereby  a  solution  of  ferric  nnlphite,  Fe'^.SO*)*,  ia 

produced  ;  and  this  solution,  when  kept  in  a  closed  vessel,  acquires  after  some  time  a 

light-green  colour,  and  then  contains  a  mixture  of  ferrous  sulphite  and  dithionate : 

F^(SO»)»     -     Fe"SO«  +   Fe"S»0». 

From  this  solution,  the  ditbionic  acid  may  be  separated,  by  means  of  hydrate  of 
banum,  &c.,  in  the  manner  above  described. 

Diihionic  acid,  when  concentrated  as  highly  as  possible,  is  an  inodorous,  strongly 
acid,  hydrated  liquid,  of  specific  gravity  1*347  ;  on  attempting  to  concentrate  it  further, 
it  ia  resolved  into  sulphuric  acid  and  sulphurous  oxide :  Il'SK)*  «■  H*SO*  +  SO*. 
The  dilute  add  decomposes  in  the  same  manner  at  higher  temperatures.  In  contact  with 
the  air,  ditbionic  acid  is  gradually  oxidised  to  sulphuric  acid ;  the  same  change  is  pro- 
duced by  heating  it  with  nitric  acid,  chlorine,  or  manganic  peroxide. 

Dithionatea  or  H^posulphates,  M*SK)*. — These  salts,  investigated  chiefiy  by 
Heeren,  are  all  soluble  in  wati*r,  and  are  easily  prepared  by  decomposing  the  barium- 
aalt  with  the  corresponding  sulphates.  The  dithionates  of  the  alkali-mutals  may  also 
be  obtained  by  dissolving  tlie  carbonates  in  sulphurous  acid,  boiling  the  neutral  solution 
with  finely  pulverised  manganic  peroxide,  and  leaving  the  filtrate  to  crystallise 
(C.  T.  Hauer,  J.  pr.  Chem.  Ixxx.  229).  They  are  likewise  produced,  together  with 
hyposulphites^  when  selenium  is  dissolved  in  an  alkaline  sulphite.  (Rathke  and 
Zachiesche,  p.  630.) 

The  dithionates  are  permanent  at  ordinary  temperatures,  both  in  the  solid  state  and 
io  eolation;  but  when  heated, in  some  cases  even  at  100°,  they  give  ofi^  sulphurous 
oxide^  and  leave  a  residue  of  neutral  sulphate.  The  solid  dithionates  are  decomposed 
by  strong  sulphuric  acid^  at  ordinary  temperatures,  with  brit<k  evolution  of  sulphunius 
oxide;  the  solutions,  mixid  with  sulphuric  or  hi/drochhric  acid,  are  decompoBe<l  at  the 
boiling  beat,  yielding  sulphurous  and  sulphuric  acids,  without  separation  of  sufphvr: 
this  reaction  is  characteristic  of  the  dithionates.  A  solution  of  potwrnc  matiaanate 
Diized  with  sulphuric  acid  is  decolorised  when  boiled  with  a  dithionate.  Solid  di- 
thionates are  decomposed  by  phosphoric  oxychloride  only  when  heated.  The  dry  sodium- 
salt,  distilled  with  phttsjihoric  jyentarh/nridr^  yields  a  distillate  consisting  of  phosphoric 
oxychloride  and  sulphurous  chloride,  SOCP.     (Kraut,  Ann.  Ch.  Pharm.  cxviii.  95.) 

Dithionate  of  Afu minium  separates  from  its  solution  by  slow  evaporation  in 
■mall  crystals,  mixed  however  with  a  considerable  quantity  of  sulphate.     (Heeren.) 

Dit  hionate  of  Ammonium,  (NH*)'S'-OMI'0,  forms  indistinct  capillary  cr}'Bial8, 
Tery  soluble  in  water,  insoluble  in  alcohol. 

Dithionate  of  Barium^  Ba^S'O*,  prepared  as  above  described,  cr^'stallises  from 

the  hot  saturated  solution  on  cooling,  in  cr}'8talB  containing  B;i"S"0'.2H"C),  which, 

acconiing  to  S^narmont  (Jahresb.  1867,  p.  142),  are  trimetric,  exhibiting  the  com- 

biaation :    ooPx  .  odPqo  .  P  .  oP  .  ^Poo  .  }roo ,  and  having  the  axes  a  :  b  :  c   » 

0-7199  :  1  :  06920  ;  angle  P  :  ool><»    -   128°  20' ;  P  :  oP  »  130°  10'.     Rammels- 

berg  also  found  them  to  be  trimetric  with  nearly  the  same  ratio  of  the  axes.     But, 

according  to  the  measurements  of  v.  Lang  (Wieu.  Akad.  Ber.  [2],  xlv.  27  ;  Jahresb. 

1862,  p.  126),  maile  upon  well -developed  specimens,  these  dilivdrattxl  crystals  are 

monoclinic,  exhibiting  the  combination  oP  .  [  ooPoo  ]  .  +  2Pao  .  [tx  ]  .   +  2P  .  [jr2] 

.  [<icP2]  .  +P  .    +(P?]  .   -[Fjf].     Axes  a  :  6  :  c  «=    1  :  09343  :  14030.     Angle 

*  :  c   =    lin^  37';  oP  :   +Poo    =   108'  22';  oP  :   +P  =  103°  4.V;  *  P  :  [P«  ]  - 

132°  12';  [JP2]    :    +  2Pao    -   1160  14'  ;  [Pf ]  :  [Poo  1   =    118°  41';  [T?]  :    +P  = 

143°  22'. — A  tetrahi/drate,  Ba''S*0*.4H  0,  is  obtained,  by  Hpontaneous  evaj)oration,  in 

distinct,  shiuing,  monoclinic  crystals,  which  effloresce  quickly  on  ex^tosure  to  the  air. 

(Uoeron;  Marignae).     Dithionate  of  barium  serves,  us  above  mentioned,  for  the 

preparation  of  the  other  dithionates. 

hithionate  of  Barium  and  Magnesium,  Ba"Mg"S*0'*.4H'0,  is  obtained  ^according 
to  Schiff,  Ann.  Ch.  Pharm.  cv.  239),  by  precipitating  half  the  barium  from  baric 
dithionate  wirh  sulphuric  acid,  saturatini;  the  filtrate  with  magnesin,  and  evaporating; 
the  double  salt  then  separates  on  cooling  in  crysbiUine  geoiles,  which  give  off  their 
Btt'r  completely  at  90^. 
IHthitmaU  of  Barium  and  Sodium,  Ba''Na'S'0".6U'0,  is  produced  (according  to 
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Be  hi  ff),  by  decomposing  the  bariam-salt  with  a  calculated  quantity  of  sodic  sulphate. 
Kraut  (Ann.  Ch.  Pharm.  cxviii.  95),  by  mixing  equivalent  quantities  of  banc  >%nd 
sodic  dithionates,  obtained  large  transparent  crystals,  with  curved  edges  and  courex 
faces,  containing  Ba"Na^S*0''.4H*0,  which  were  permanent  in  the  air,  and  notrcMolvrd 
into  the  component  salts  by  recrystallisation  ;  he  regards  the  salt  obtained  by  SchifT  a« 
merely  a  mixture. 

Dithionate  of  Cadmium  is  obtained,  as  a  crystalline  deliquescent  m&se,  by 
evaporating  a  solution  of  the  carbonate  in  dithionic  acid  (Heeren).  It  dissolves  in 
ammonia,  and  the  solution  on  cooling  yields  a  crystalline  powder,  consisting  of  the 
salt  Cd''S*0*.4NH"  mixed  with  hydrate  of  cadmium.    (Ram  m  els  berg.) 

Dithionate  of  Calcium^  Ca'*S*0*.4HH),  prepared  like  the  barium-salt,  crystal- 
lises by  spontaneous  evaporation  in  tabular  crystals,  belonging  to  the  hexagonal  system 
and  exhibiting  the  combination  oP  :  P  (fig.  239,  ii.  139).  Lengthof  principal  axis  »• 
1-486.  Angle  P  :  P  (terminal)  «  128°  49' ;  P  :  P  (lateral)  «  119°  SCK.  According 
to  Nor  re  n  b  erg,  they  are  optically  negative.  They  are  pennanent  in  the  air,  and  in- 
soluble in  alcohol    (Heeren.) 

The  Dithionates  of  Cerium,  Lanthanum,  and  Didymium,  obtained  by 
double  decomposition,  are  crystallisable. 

Dithionate  of  Chromium,  Cr'S*0'*,  is  obtained  by  dissolving  chromic  hydrate 
in  aqueous  dithionic  acid. 

Dithionate  of  Cobalt,  Co"S'0'.6H*0,  separatee  on  evaporation  in  rose-colonred 
crystals  (Heeren).  By  treating  the  solution  with  ammonia  and  evaporating,  Bam- 
melsberg  obtamed  the  salt  CoK)*.2S'0.10NH',  in  small  rectangular  prisms,  which  after 
a  while  turned  brown,  and  lost  their  lustre. 

Dithionates  of  Copper. — The  normal  cuprie  salt,  Cu''8*0*.4H*0,  forms  small, 
rhombic,  efSorescent  prisms. — A  basic  salt,  Cu''S^O*.3Cu"0.4H^O,  is  obtained,  as  a  blue- 
green  precipitate,  on  mixing  the  solution  of  the  normal  salt  with  a  small  quantity  of 
ammonia  (Heeren). — ^An  ammoniacal  cuprie  dithionate,  Ctt"S'0*.4NH*,  is  obtained  m 
thin,  tabular,  violet-blue  prisms  witb  oblique  end-faces,  by  supersaturating  the  solotioii 
of  the  normal  cuprie  salt  with  ammonia.    (Heeren.) 

Dithionatee  of  Iron. — A  basic  ferric  dithionate  is  produced  (aooordlne  to 
Heeren),  by  treating  recently  precipitated  ferric  hydrate  with  the  aqaeous  acid,  w%ich« 
however,  dissolves  but  little  of  it,  the  greater  part  being  converted  into  an  insoluble, 
brown,  basic  salt. — The  ferrous  salt,  Fe"S*0*.6H*0,  obtained  by  double  decompoeition, 
crystallises  on  evaporation  in  oblique  rhombic  prisms,  having  the  colour  of  ferroos 
sulphate. 

Dithionate  of  Lead,  Pb"S'0*.4H'0,  prepared  by  dissolving  carbonate  of  lead  in 
aqueous  dithionic  acid,  forms  large  crystals  belonging  to  the  hexagonal  system,  isomor- 

Ehous  with  the  calcium-  and  strontium-salts,  but  exhibiting  also  ue  fw6^  jP,  occurring 
emihedrally  with  P.  The  crystals  are  permanent  in  the  air,  optically  uniaxial  and 
positive  (Norrenberg).  The  solution  of  this  salt  mixed  with  a  quantity  of  am- 
monia, not  sufficient  for  its  complete  decomposition,  yields  slender  needles  of  a  di- 
plumbic  salt,  Pb"SK)*.Pb''0 ;  with  an  excess  of  ammonia,  a  still  more  basic  salt  is 
produced.     (Heeren.) 

Dithionate  of  Lithium,  Ii*SK)*.2H'0,  forms  indistinct  crystals,  easily  soluble 
in  water,  insoluble  in  alcohol.    (Rammelsberg.) 

Dithionate  of  Magnesium,  Mg''S'0*.6H'0,  forms  six-sided  tables,  pennanent 
in  the  air,  and  very  soluble  in  water. 

Dithionate  of  Manganese,  Mn'^O'.eHK),  prepared  as  already  described 
(p.  636),  crystallises,  by  spontaneous  evaporation,  in  rose-coloured,  mostly  indistinct, 
deliquescent  crystals  (Marignac).  According  to  Eraut  (Jahresb.  1861,  p.  118), 
it  forms  crystals  containing  3  at.  water.  According  to  Gut  he,  these  crystals  are  tri- 
metric,  exhibiting  the  combination  P  .  oof  oo  .  ooP2.  Angles  P  .  P  in  the  terminal 
edges  «  90°  32'  and  139°  36';  whence  ooP  :  ooP  (macr.)  -  81<>  6" ;  ooj^  :  odP2 
(macr.)  -  91°  13'. 

Dithionates  of  Mercury. — The  mercurous  salt,  Hg^'O^,  separates  in  colourless 
indistinct  ciystals,  on  evaporating  a  solution  of  recently  precipitated  mercurous  oxide 
in  the  aqueous  acid.  It  dissolves  with  difficulty  in  cold  water,  and  is  decomposed  by 
hot  water.  Wben  heated,  it  is  resolved  into  mercuiy,  sulphurous  oxide,  and  sufphate  of 
mercury  (Rammelsberg). — A.  basic  mercuric  dithionate  a^peikts  to  be  funned  by 
digesting  aqueous  dithionic  acid  with  excess  of  mercuric  oxide. 

Dithionate  of  Nickel,  Ni''S'0'.6HH),  sepiirates  by  spontaneous  evaporation  in 
large,  thin,  green  prisms.  Its  solution  mixed  with  ammonia  deposits  the  ammoniacaU 
salt,  Ni"S'0'.6NH',  as  a  blue  powder,  which  ciyntalliees  from  solution  in  warm  aqueous 
ammonia,  in  tabular  priams  of  a  fine  vioiet-biue  colour;  it  if  decomposed  by  mlat. 
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Dttii9mMit  of  PotatsiutHj  K^O*,  prepared  by  decomposing  the  baric  or  man- 
pSBoat  mit  witb  an  ezacUj  equiralent  quantity  of  potassic  carbonate  (or  the  baric  salt 
v\t£i  pouaoc  sulphate),  separates  on  evaporation,  in  crystals  which  are  permanent  in 
the  ur,  dccTPpttate  when  heated,  and  are  resolved  at  higher  temperatures  into  snl- 
pkorooi  ozid«  and  solphate  of  potassium.  It  dissolres  in  16  pts.  of  cold  and  1^  pta. 
IctlinjE:  vatcr,  but  is  insoluble  in  alcohol.    (H  eeren.) 

Ditkiomatt  of  Rubidium^  Rb*S'0*,  crystallises  isomorphously  with  the  potas- 
fBQB*«It,  in  hard  ^bissy  crystals,  belonging  to  the  hexagonal  system,  and  exhibiting 
*t»  ambination  ooP  .  ooFi .  oP .  P  .  21^.  Length  of  principal  axis  »  0*6307.  Angle 
I  •  Ptttrainal)  -  146'' 46';  P:P  (lateral)  -  72«»  8'.  (Piccard,  J.  pr.Chem. 
Ixxxrt.  H9.) 

Dithionatf  of  5t7v#r,Ag'SH)«.2H'0.— Prepared  by  dissolving  carbonate  of  silver 
n  tin  aqneons  acid,  and  crystallises  in  right  rhombic  prisms,  permanent  in  the  air 
iQftreD).  By  evaporating  a  solution  of  the  salt  mixed  with  sulphurous  acid,  at  a 
tfttptfature  nor  exceeding  5*^,  Kraut  obtained  it  in  large  crystals  containing  6  or  7 
iL  vatir.  Its  solution  in  warm  aqueous  ammonia  yields  smidl  shining  crystals  of  the 
nh  A«W)*.4NH».H«0.    (Rammelsberg.) 

DitlionaU  of  Sodium,  Na^K)*.2HH),  prepared  like  the  potassium-salt,  oys- 
taUiifs  by  spontaneous  evaporation,  in  large,  transparent,  right  riiombic  prisms,  per- 
lusfiit  b  the  air,  having  a  bitter  taste,  easily  soluble  in  water,  insoluble  in  alcohol 
iBter^D).  It  is  optically  biaxial  and  positive,  and  exhibits  considerable  dispersion. 
U»  aafieof  the  axes  being,  in  the  air,  for  red  light,  126^  26',  for  violet,  134^  40'. 

Pitkionatg  of  Sodium  and  Silver,  AgNaSK)«.2H*0,  is  obtained  by  spon- 
tio«Q«s  frapontioii  of  a  solution  containing  equivalent  proportions  of  sodic  and  argentic 
6thnuees,  and  recrystallisation,  in  large  cr3rstal8,  apparently  isomorphous  with  its 
cAOLpoiiCBt  salta,  and  exhibiting  very  distinct  cleavage.  Qliey  effloresce  over  oil  of 
ntnoL  but  not  in  the  open  air.    (K  raut.) 

Hitkionate  of  Strontium,  Sr'S^O'.HH),  prepared  like  the  barium-salt,  forms 
boagotial  eryttals,  isomorphous  with  the  calcium-  and  lead-salts,  and  indistinctly 
e]*«Titl>le  parallel  to  oP.  The  crystals  are  permanent  in  the  air,  easily  soluble  in  water, 
dhibit  negative  double  refraction,  and  strong  dispersion. 

Dithionatt  of  Thallium,  T1*S*0*,  is  very  soluble  in  water,  and  separates  invi- 
tmns  tabular  crystals,  apparently  isomorphous  with  the  potassium-salt.  (d.Werther, 
}  pr.  Chem.  zcs.  385.) 

IV  Ditkionatesof  Yttrium,  Erbium,  and  Terbium  are  crystallisable. 
Dithiouatt  of  Zine,  Zn'^0*,6B.K>.-'ThiB  salt  is  very  soluble  in  water,  and  its 
loltfiaQ  rarely  yields  distinct  crystals  (H eeren).    Its  solution  in  warm,  concentrated, 

SKOQs  ammonia    deposits,  on  cooling,  small  prisms   of   the  salt  2jn"S'0'.4NH'. 
anmelsbarg.) 

TMtliioiile  Compounds. 

TtiTHiOKio  Acid,  H'S'O'.  Sulphuretted  Hypoeulphurie  Acid.  (Langlois, 
Am.  Ch.  Fhyt.  [2],  Ixxix.  77. — ^Pelouze,  ibid.  bcdx.  86. — Eessler,  Pogg.  Ann. 
km.  360.)— This  acid,  discovered  by  Langlois  in  1842,  is  obtained  as  a  potassium- 
aH: — 1.  By  gently  heating  an  aqueous  solution  of  add  potassic  sulphite  with 
fUBoor  I 

6KHS0"  +  S«    =    2K«S»0«  +  K«S«0«  +   3H»0. 

Actd  sal-  Trithlonate.  Hfpo- 

pbite.  fulphite. 

▲  Mtmted  soliitioin  of  the  add  sulphite  is  digested  with  sulphur  for  some  days  at  a 
aod<tate  heat,  till  the  yellow  cplour  at  first  produced  has  disappeared.  Sulphurous 
9Bd$  if  then  evolved,  and  trithionate  of  potassium  is  left  in  solution,  mixed  with 
bTposalphite  and  sulphate  (the  latter  resultmg  from  the  decomposition  of  the  trithio- 
Bale  by  heat).  The  warm  filtered  solution  yields  crystals  of  the  trithionate,  mixed 
with  rolphur  and  a  small  quantity  of  sulphate :  they  may  be  purified  by  dissolving 
tbcQ  in  the  smallest  possible  quantity  of  lukewarm  water,  and  leaving  the  filtered 
MlQtion  to  crystallise  by  cooling.  (Lanelois.) 
3.  fij  the  action  of  sulphurous  add  on  hyposulphite  of  potassium : 

2K«S«0«  +   3S0«     -     2K«S"0«  +  a 

A  very  eoocentrated  solution  of  the  hyposulphite  is  prepared  by  adding  it  to  a  mixture 
of  8  pts.  water  and  1  pt.  alcohol,  tiU  the  alcohol  separates  out ;  and  through  this 
bturioo  warmed  to  26^--30^,  and  kept  in  a  state  of  concentration  by  frequent  addition 
of  the  tohd  salt,  sulphurous  add  gas  is  passed,  till  the  liquid  turns  yellow  and  smellH 
d  nlphuzoua  add.    The  liquid  then  deposits  a  considerable  quantity  of  crystals  of 
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potasaio  trithionate,  after  which  it  becomes  colourless,  do  longer  smells  of  snlphsraas 
add ;  and  if  again  saturated  with  hyposulphite,  and  treated  with  suljphurous  acid,  will 
yield  a  fresh  quantity  of  the  trithionate.  To  purify  this  salt»  it  is  ^ssolred  in  water 
of  60°  or  70° ;  and  the  solution,  freed  from  sulphur  by  filtration,  is  mixed  with  eig^ 
times  its  volume  of  alcohol  of  84  per  cent.,  then  gently  warmed,  and  left  to  ezystalliM 
by  cooling  (Plessy,  Ann.  Ch.  Phys.  [3],  xx.  162).— According  to  Rathke  (Jahiwh. 
1864,  p.  164),  a  mixed  solution  of  hyposulphate  and  acid  sulphite  of  potassium,  yields 
Tei^  pure  crystals  of  the  trithionate.  Bathke  has  also  observed  that  the  ulutiou 
which  yields  these  crystals  is  not  precipitated,  or  but  very  slightly,  by  mereorio 
cyanide  at  the  boiling  heat,  whereas  this  salt  forms  an  imme^ate  precipitate  in  a 
solution  of  the  crystals  themselves,  even  when  very  dilute  ,*  further,  that  Uie  origiiul 
solution,  if  not  too  concentrated,  does  not  deposit  sulphur  on  boiline,  wheroas  the 
solution  of  the  crystals  themselves  deposits  it  immediat^y.  Hence  Bawke  eondudts 
that  the  trithionate  is  not  contained  in  the  original  solution,  but  is  formed  only  at  ths 
moment  of  crystallisation :  this  appears  also  to  be  the  case  in  the  preparation  of  ths 
salt  byLanglois's  method. — According  to  Langlo  is,  a  solution  of  sulphide  of  potassium 
may  be  used  in  the  preceding  mode  of  preparation,  instead  of  the  hjrposulphite. 

3.  Chancel  and  Diacon  (Compt.  rend.  Ivi.  720)  prepare  trithionate  cf  potassium 
by  converting  2  pts.  of  potassic  nydrate  into  acid  sulphite,  and  1  pt.  into  mooo* 
sulphide ;  then  pouring  the  former  solution,  with  sgitation,  into  the  latter ;  saturating 
the  mixture  with  sulphurous  acid,  evaporating  quickly  in  thin  layers,  and  dissolTing 
the  separated  salt  in  water  of  60°  mixed  with  a  little  aloohoL  The  filtered  solution, 
on  cooling,  deposits  the  trithionate  in  prismatic  crystals.  Its  formation  is  zepreamUd 
by  the  equation : 

4KHS0*  +  K^  +  4S0«     -     8K«S«0«  +  2H«0. 

Trith ionic  acid  separated  from  the  concentrated  solution  of  its  potassium-salt 
by  precipitating  the  potassium  with  an  equivalent  quantity  of  tartaric,  perchloric,  or 
silicofinoric  acid,  is  a  limpid  inodorous  liquid,  having  a  sour  and  somewhat  hanh  and 
bitter  taste.  It  is  permanent  in  the  dilute  state;  but  on  attonpting  to  oonoentrate  it 
in  a  vacuum  over  oil  of  vitriol,  it  begins  to  deoomp<>8e,  even  at  0°,  sulphurous  oxide 
being  evolved,  sulphur  deposited,  and  sulphurous  acid  remaining  in  solution :  at  BO^ 
the  decomposition  takes  place  more  quickly.  By  nitric,  eklonCt  or  iodic  add,  it  is 
immediately  converted  into  sulphuric  acid,  with  separation  of  sulphur.  When  boilsd 
iriOipotashf  it  is  converted,  according  to  Eessler,  into  hyposulphite  and  sdipbate  of 
potassium,  as  shown  by  the  equation : 

H«S"0«  +  4KH0     «    K««0»  +  K«0«  +   3H«0. 

According  to  Fordo  s  and  G 61  is,  the  products  of  the  decomposition  are  hyposulphite 
and  sulphite. 

The  trithionates  M^'O*  andM^'O*,  are  but  little  known ;  they  appear,  however, 
to  be  all  soluble  in  water,  and  are  characterised  by  extreme  instability.  When  heated 
to  redness,  or  boiled  with  water,  either  alone  or  with  addition  of  the  add,  th^  are  con- 
verted into  sulphates,  with  evolution  of  sulphurous  oxide  and  deposition  of  sulphor. 
Nitric  acid  and  chlorine-water  also  quickly  convert  them  into  sulphates. 

A  solution  of  tilver-^trate  forms,  in  a  solution  of  potassic  trithionate,  a  white 
predpitate,  which  gradually  turns  black. — Mercurous  nitrate  immediately  forms  a 
black  predpitate,  wMch  after  a  while  becomes  perfectly  white,  and  does  not  aitenratds 
change  colour  on  boiline.  With  a  small  quantity  of  mercurous  nitrate,  however,  a 
permanently  blade  predptate  is  formed. — Mercuric  chloride  in  small  quantity  prodoees 
a  black  ;  in  excess,  a  white  predpitate. — Mercwric  cyanide  forms  no  predpitate  at 
first,  but  after  some  time  a  yellow  predpitate,  which  turns  black  graaually  in  the 
cold,  immediately  on  boiling. — Oufrie  aviphate  boiled  with  potassic  trithionate  pxo* 
duces  an  immediate  separation  of  sulphide  of  copper. 

Trithionate  of  Ammonium  is  produced,  together  with  sulphate,  by  satmatug 
dry  ammonia-gas  with  dry  sulphurous  oxide,  and  dissolving  the  product  in  water. 

Trithionate  of  Barium,  Ba''S»0».2H*0,  is  produced  (according  to Kes si er)  by 
saturating  the  add  with  carbonate  of  barium,  and  mixiziff  the  solution  with  a  lazge 
excess  of  absolute  sdcohoL  The  salt  then  separates  in  shining  laminie.  Its  solution 
decomposes  veiy  easily,  depositing  sulphate  of  barium. 

Trithionate  of  Potassium,  K*S*0*,  prepared  as  above  described,  crvstalBses  m 
four-sided  prisms  bevelled  with  two  &ces.  It  has  a  slightly  saline  and  bitter  taste, 
and  is  insomble  in  alcohol.  The  aqueous  solution  is  neutral,  and  is  decomposed  by 
heat  into  sulphur,  sulphurous  oxide,  and  sulphate.  The  dry  salt  decomposes  in  like 
manner  at  125^.  Acooraing  to  Chancel  and  I)  i  aeon,  it  is  converted  by  monosul^hide 
of  potassium  into  hyposulphite,  without  separation  of  sulphur: 

K«S»0«  +  K«8    -    2K«SW. 
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T^iiki^nmtt  ofZine  ia  produced,  with  sepantion  of  sulphide  of  one,  br  gradual 
itioii  of  a  oonoentnted  solution  of  the  hyposulphite.   (Fordos  amlG^lis.) 


VetratlilOBle  Componada. 

TiTEATHiOKic  AciD,  H'SK)'.  Add  hyposuffurique  biauffurS,  (Fordos  and 
OAlia  [18431,  Ann.  Ch.  Fharm.  xUt.  247.— Eessler,  Fogg.  Ann.  Izxit.  263.— 
Chancel  ana  Biacon,  Compt.  rend.  Ivi.  610 ;  Jahresb.  1863,  p.  160.)— The  salts  of 
this  acid  are  produced  by  the  action  of  iodine  on  hyposulphites,  thus : 

2Ba"S«0»  +  P     -    Ba'l«  +  Ba"S*0«. 

The  barimn-talt  is  prepared  by  adding  iodine,  in  small  successive  portions,  to  hyposul- 
phita  of  barium  suspended  in  a  Teiy  small  quantity  of  water ;  after  complete  satura- 
tioB,  the  errstalline  pul^  is  digested  with  strong  alcohol,  which  dissolves  the  iodide  of 
bwiiim  and  ckopss  of  iodine,  and  leaves  the  tetiathionate  in  the  form  of  a  white 
powder,  iriiich  may  be  purified  by  dissolving  it  in  the  smallest  possible  quantity  of 

star,  and  leaving  the  solution  to  evaporate.    (Fordos.) 

A  salt  of  tetrauiionie  acid  is  also  produced  bv  carefully  adding  sulphuric  acid  to  a 
of  hyposulphite  and  peroxide  of  lead  or  barium,  according  to  the  equa- 


2PbSK>*  +  PbO«  +   2H»80*     -     PbSK)«  +   2PbS0*  +   2H«0 ; 

tethtf,  by  the  action  of  peroxide  of  lead  on  pentathionic  acid  (Chancel  and  Dia* 
con): 

AlPQHy*  +  6PbO«     -     6FbS«0«  +  4H»0. 

Tetrathionicaeid  maybe  prepared  by  decomposing  the  barium-  or  lead-salt 
vith  the  exact  quantity  of  sulphuric  acid  required.  According  toEessler,  the  lead- 
■alt  is  better  adapted  for  the  purpose  than  the  barium-salt,  because  the  acid,  in 
pteaence  of  strong  bases,  is  apt  to  decompose,  especially  at  the  moment  of  libera- 
tion,  into  trithionic  acid  and  free  sulphur.  The  lead-salt  must  be  decomposed  by 
mlpliuric,  not  by  sulphydric  add,  as  in  the  latter  case  it  would  be  converted  partly, 
or  perhaps  entirely,  into  pentathionic  acid  by  the  action  of  the  sulphide  of  lead  pro- 
dnosd  in  the  reaction. 

Tetrathionic  acid  is  a  colourless,  inodorous,  very  acid  liquid,  of  about  the  same 
dsgree  of  stability  as  dithionic  acid.  In  dilute  solution  it  may  be  boihfd  without 
dseompoeition,  but  in  the  concentrHted  state  it  is  decomposed  by  heat  into  sulphuric 
acid,  sulphurous  acid,  and  sulphur.  It  is  not  decomposed  by  hydrochloric  or  dilute  sul- 
phuric add  in  the  cold,  but  a  moderatelv  dilute  solution,  heated  with  hydrochloric  aeid, 
g;ivas  off  sulphuretted  hydrogen.  When  heated  with  nitric  acidy  it  evolves  off  red  fumeii, 
and  deposits  sulphur. — Chlorine  converts  it  into  sulphuric  add. 

Hie  tetrathionates  IfSK)*  and  M'S^O*  are  all  easily  soluble  in  water,  but 
insoluble  in  alcohol,  and  are  predpitated  from  their  aqueous  solutions  by  alcohol.  They 
are  produced  either  by  saturating  the  add  with  bases,  or  by  double  decomposition 
ftoin  the  lead-salt.  The  solutions  cannot,  however,  for  the  most  part  be  evaporated 
without  decomposition,  the  tetrathionates  of  the  stronger  bases  being  thereoy  coii- 
werted  into  salts  of  adds  containing  a  smaller  proportion  of  sulphur,  and  those  contain- 
ing easily  redudble  bases  being  resolved  into  sulphide  and  sulphate. 

Tetrathionic  add  and  its  salts  form,  with  cupric  tntlphaU;  a  brown  predpitate  after 
long  boiling ;  with  mercurous  nitrate  a  yellow  precipitate,  which  slowly  blackens  on 
boiliiig ;  with  nureuric  chloride^  bv  degrees,  a  yellowish  precipitate,  consisting  of  a 
compound  of  chloride  and  sulphide  of  mercury  mixed  with  free  sulphur ;  with  mer- 
enrie  cwmidSt  by  degrees,  a  yellow  precipitate,  which  blackens  slowly  in  the  rold. 
Immediately  on  boiling ;  with  nitrate  qf  mver^  a  yellow  precipitate,  which  soon  turns 
black.  When  tetrathionic  acid  is  supersaturated  in  the  cold  with  ammonia,  no  alteration 
is  produced  in  it  by  the  addition  al  ammoniacal  soiution  of  ailver^itrate^  or  mercvrm 
^anide,  or  sulphydric  acid  (K easier).  This  last  reaction  distinguishes  tetrathionic 
from  pentathionic  add.  It  is  further  distinguished  from  pentathionic  acid  by  rot 
beins  decomposed  by  peroxide  of  lead ;  and  from  all  the  other  polythionic  acids  by  the 
reaction  of  its  potassium-salt  with  monosulphide  of  potassium,  whereby  it  in  conv<>rtod 
into  hyposulphite  of  potassium,  with  separation  of  sulphur:  K'S^O*  +  K«S  =- 
SK^O*  *  a    (Chancel  and  Diacon.) 

Tetrathionate  of  Barium,  Ba'^*0*.2HK),  may  be  prepared  as  above  described. 
Aecozding  to  K easier,  it  is  obtained  in  large  tabular  crystals,  by  mixing  the  aqueous 
add  with  an  equivalent  quantity  of  acotatt*  of  barium,  and  adding  absolute  alcohol. 

Tetrathionate  of  Cadmium,  obtained  by  double  decompopition,  separates,  on 
•vaporation  in  a  Taeaum,  as  a  veiy  deliquescent  mass.    (Kessler.) 

Vol.  V.  T  T 
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Tetrathionatei  of  Copper. — ^Tbe  euprie  iaU  htt  aot  beeo  obtained  in  the  Alid 
fatBL  Ita  solutioD,  when  ooncentiated  in  a  vacnom,  depoeita  a  laige  qnantitj  <Mf  biovii 
shining  scales,  whilst  snlphuric  add  and  cnpric  snlpnate  remain  in  solution.— Tht 
euproua  salt,  Ca*S*0*,  is  produced  by  the  acUon  of  hyposulphite  of  barium  on  sulphide 
of  copper.  It  decomposes  easily,  even  at  oidinaiy  temperatures,  and  still  more  when 
hM^ed,  into  cupric  sulphide  and  sulphuric  anhydride :  Cu'SK)'  ^  iCvTS  ^  280*. 
(Chancel  and  Diacon.) 

Tetrathionateof  Iron  (ferrous),  Fe'3*0*,  is  produced  by  the  aetion  of  afeirie 
salt  on  ferrous  hyposulphite :  it  is  resolred  on  eTaporation  into  ferrous  sulphate,  sul- 
phurous acid,  and  sulphur.    (Fordos  and  Q^lis.) 

Tetrathionateof  X« a cf,  Pb'B'0*.2H*0,  cannot  be  aystallised  by  etaporstion, 
but  separates  in  shininff  needles,  on  adding  alcohol  to  the  mixed  oonoentnted  sdhitaQM 
of  plumbic  acetate  and  tetrathionic  acid.    (K  e  s s  1  er.) 

Tetrathionate  of  Nickel  is  obtained,  aa  a  deliquescent  mass,  by  anq^orttang  iti 
solution  in  a  Tacuum. 

rg<ra<  A  tow  a<s<?/Po<g»sttnw,K?SK)*,  is  prepared  by  the  yiadualaddidoB  of  iodiae 
to  a  concentrated  solution  of  potassic  hyposul^te,  till  the  reddish-brown  ooloor  beeoBMi 
permanent.  The  tetrathionate  separates  oomjdetel^,  and  is  dissolTsd  in  hot  water ;  the 
solution  is  then  filtered  from  free  sulphur,  and  muted  with  alcohol  till  the  predpitile 
at  first  formed  slowly  redissolves  in  the  liqoid.  On  cooling,  the  salt  separates  ii 
large  crystals.  When  tetrathionic  acid  is  added  to  a  concentrated  solution  of  potssne 
acetate,  the  sidt  separates  in  a  pulverulent  form,  in  which  state  it  b  mora  stama  this 
iHien  in  large  crystals.    (Kessler.) 

T#^ra<Ato9ta<so/5o<2t«a»i8preparedlika  the  potassium-salt,  but  requires  large 
quantities  of  alcohol  to  precipitate  it  from  its  aqueous  solution.  It  melts  in  its  wster 
of  crystallisation,  when  ffently  heated,  with  separation  of  sulphur  and  evolution  of  sol- 
phurous  oxide.    (K  e  s  sTe  r.) 

Tetrathionate  of  Strontium,  QxT&Hy.tBH),  may  be  prepsred  lika  the  barhnn- 
■alt,  but  is  not  so  completely  precipitated  by  aloohoL  It  separates  br  spontaneous 
eraporation  in  thin  prisms,  but  is  at  the  same  time  decomposed,  for  the  most  pert, 
into  sulphate  of  strontium,  sulphurous  acid,  and  sulphur.    (Kessler.) 

VentatliioBle  Cmnpoiuida. 

PiNTATHiONic  Acid,  H'SK)'.  (Waekenroder  [1846],  Ann.  Ch.  Pharm.  Ix. 
189.~Lenoir,  ibid,  bdi.  868.— Fordos  and  G^lia,  Ann.  Oh.  Phys.  [d],  xxii.  66.— 
Kessler,  Pogg.  Ann.  IzxiT.  267. — ^Ludwig,  Arch.  Pbnrm.  [2],  buxT.9.^0haacel 
and  Di  aeon,  Oompt.  rend.  Ivi.  710.)~This  add  is  prodnoea  by  the  mutual  actaoa  U 
sulphurous  and  sulphydric  adds : 

6H*S0«  +  6H*S     -     H«SPO«  +  »H«0  +  8». 

To  prepare  it,  Waekenroder  passes  sulnhydric  acid  gas  in  excess  through  a  satu- 
rated aqueous  solution  of  sulphurous  add,  filters,  and  digests  Uie  milky  filtrate  with 
slips  of  dean  metallic  co^pn,  till  it  becomes  dear — ^filters  again — remores  the  d^ 
sohred  copper  by  sulphyoric  acid,  and  drives  off  the  excess  of  the  latter  by  a  geutle 
heat  The  solution  thus  obtained  is  colourless,  and  destitute  of  odour;  it  maybe 
concentrated,  without  decomposition,  till  it  attains  the  spedfic  gravity  of  1*87.— 
Kessler  passes  sulphurous  and  sulphydric  acid  gases  alternately  through  water,  tiU 
the  precipitated  sulphur  forms  a  thick  magma  at  the  bottom  d  the  vessel ;  digeits 
the  fllta«d  liquid  with  freshly  precipitated  carbonate  of  barium,  to  remove  sul- 

Shuric  acid ;  filters,  and  concentrates  the  filtrate  over  a  water-bath,  UH  it  attains  a 
ensity  of  1*26—1*3.    The  acid  liquid  thus  obtained  may  be  further  concentrated,  in  a 
vacuum,  to  the  densitv  of  1*6  at  22^. 

According  to  Risler-Bonnet  (Pogg.  Ann.  cxvi.  470;  Jahresb.  1861,  p.  60X 
pentathionic  add  is  also  produced  by  the  reaction  of  sine  on  sulphurous  sod ;  the 
zinc  first  dissolves  in  the  aeid,  with  evolution  of  hydrogen,  which  at  the  moment  of 
liberation  decomposes  part  of  the  sulphurous  add,  yiddiag  water  and  sulphvdrie  add; 
and  the  latter  reacts  on  the  sulphurous  add,  so  as  to  form  pentathionic  add : 

lOH^SO*  >  6H*S     -     SH^BK)*  ^-  12HH>. 

The  solution  exhibits  the  reactions  of  pentathionic  add  as  long  as  it  retains  free  sul- 
phurous add,  but  the  pentathionic  add  is  subsequenUy  resolved  into  sulphurie  add, 
hyposulphurous  add,  and  free  sulphur. 

Pentathionic  add  is  colourless  and  inodorous,  and  has  a  strongly  aeid  taste^ 
inclining  to  bitter.  It  may  be  preservcid  unchanged  at  the  tanpemture  of  the  air ; 
but  on  attempting  to  concentrate  it,  by  heating  beyond  the  dcmity  of  1*87,  it  is 
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^tampttd,  nlfhjdxw  acid  and  afterwards  salphttroua  a«ad  being  erolved,  wliile 
tti^tahc  aeid  aod  gulphur  remain  behind.  It  ia  not  deoompMed  bj  aulphj- 
irt  acti  or  by  dUnte  nydrochlorio  or  snlphurie  acid ;  the  Utter,  howerer,  when 
eoaecatfatid,  decompoeea  it.  Bj  nitric  ada,  hjpochloroua  add,  or  chlorine,  it  is 
iOiittL  aid  eonreited  inio  ralphnrie  add.  Metallic  copper  and  iron  decompoee  it  at 
Uw  tetfiag  !>••'«  ^  former  with  evotntion  of  eulphuroiu  add  and  formation  of 
filpUis  of  copper ;  the  latter  with  erolntion,  first  of  sulphjdric  add,  then  of  sol- 
fjiretm  sbd,  a  portion  of  the  latter  also  remaining  in  the  liquid  (Wackeuroder). 
1  Biifastrlj  cooeentnted  aolntion  of  pentathionic  add  ^ves  off  a  fiiint  sulphurous 
imU  wfasa  boiled,  but  does  not  ovoIto  sulphurous  add  gas  except  when  highly 
tusijnffifnil ;  on  boiling  it  with  hydrochloric  add,  the  odour  of  sulphydric  add  is 
pMMplibia.  On  boiling  the  add  with  solution  of  caustic  potash,  hyposulphite,  sul- 
|hil^  sad  soljlnde  of  potasdnm  are  formed.    (Kessler.) 

IW  rtactioni  of  pentadiionie  add  with  ouprie  ndphatet  fMreuroua  nitrate,  fnercttrio 
tUtriit^  mmmie  cfsmtfic,  and  nitrate  igniter,  are  the  same  as  those  of  tetiathionic 
gal   With  tmmoniacat  nitrate  (if  silver,  however,  it  reacts  diflbrently. 

Whtt  a  solution  of  pentathionic  add  is  rapidly  mixed  with  excess  of  ammonia, 
^  add^ioB  of  An  ammoniacal  solution  of  silver-nitrate  quickly  produces  a  brown 
(fhoz,  ^utk  gradnally  becomes  darker,  while  sulphide  of  silver  separates  from  the 
tifvd  (Kessler).  According  to  Bisler-Bonnet,  it  produces  an  immediate  black 
^itfipitiff  An  ammoniacal  solution  of  meretario  chloride  added  to  the  same  liquid 
ptdsiU^  produces  a  black  predpitate  of  sulphide  of  mercury ;  and  on  the  addition  of 
iBl]lijdne  add,  a  separation  of  sulphur  takes  place  (Kessler).  A  recently  prepared 
lobtMB  of  pentathionic  add  mixed  with  potash,  decolorises  a  solution  of  indigo. 
(Eiiler- Bonnet) 

IV  pentAthionntes  have  not  been  mndi  examined.  They  are  very  unstable,  so 
matt  io»  that  it  is  difBcwH  to  «^tatn  them  in  the  solid  state.  In  fact,  the  fifth  atom. 
«f nlphir  in  the  add  appears  to  be  retained  by  only  a  feeble  affinity;  and  in  pre- 
■sei  of  a  strong  base,  espedally  if  the  solution  be  concentrated,  this  last  atom  of 
iiipkv  m  separated,  and  the  pentathionic  add  is  reduced  to  tetrathionic  acid,  the 
sdM  of  vhidi  hare  greater  stability.  Sometimes  two  atoms  of  sulphur  are  given  up, 
ud  trithionie  add  ia  produced.  Kessler  found  that  on  mixing  a  solution  of  pentathionic 

'*  sf  spedfie  gravity  1*32,  with  alcohol  of  96  per  cent.,  washing  the  predpitate 
slooliol,  sad  dissolvine  it  in  warm  water,  a  considerable  quantitv  of  sulphur 
Bed  udisaolTed;  and  Uie  solution  mixed  with  alcohol  yielded  cry staL,  having  tho 
fem  mi  eorapotitton  of  potassic  tetratiiionate. 

IW  psBtathionales  of  barium  and  lead  are  soluble  in  water,  but  cannot  be  obtained 
h  ths  solid  stat«  by  evaporation,  even  in  a  vacuum,  decomposition  taking  place  as 
MM  ai  the  sohitions  attain  a  certain  degree  of  concentration.  Lenoir,  nowever, 
okned  the  bskritim-salt,  Ba'SH)*3*0,  in  definite  crystals,  by  mixinff  the  freshly 
Bfpsred  sqneons  solution  with  strong  alcohol.  The  Milt  then  separated  abundantly 
a  tsmpawBt  silky  prisms,  which  chsnged  within  the  liquid  to  larger  and  well-defined 
•ystsls. 

AattflsMMte  ^  PotoMtium,  K'SH)',  crystallises  (according  to  Kammelsberg, 
Jttbish.  1867.  p.  186)  in  monodiuic  prisms,  exhibiting  the  combination  ooF .  [  ooP3] . 
ap«  .  4>p  .  -.p  .  ^P8  .  — P8.  Axes  a  :  6  :  e  -^  1  :  0*9286  :  1*2639.  Angle  b  :  o 
-  7«»4r;»P  :  odP  (dinod.)  -  9(fi  24';  +P  :  +P  (dinod.)  -  101*>  38' ;  -P:  -P 
ifiatL)  -  n^  12'. 

JWUfiniwAOrPSf  or  smbFXAJratTBttZllBS.  Names  sometimes  applied 
to  lie  BsJplddiaB  of  the  more  dectronegative  metals  (arsenic,  antimony,  &c.),  whicb,  in 
OBihiaatioa  with  the  dectmpositive  sulphides,  form  sulphur-salts. 

•U&VBVS^>BASXS.  The  sulphides  of  the  more  electropodtive  metals,  potay- 
■iB,  barium,  copper,  lead,  &e. 

SVXnnisaT.    Syn.  with  Sulfeidb  (p.  482). 

IV&MVXXO  JkCZB  and  JLWHVIIBZDB.    See  Sxtlphub,  Oxidbs  and  Oxtokm- 
or  (p.  669). 

(p.  676). 
(p.  620). 

■V&nnimaVS  ACIIB  and  AVHTHmZBS.  See  SuLFHUB,  0xn>B8  iJlD 
Onoxv-AOKDa  of  (p.  640). 

I  (p.  642). 
(p.  661). 

Compounds  analogous  tooxygen-salts,  composed  of  sulphur- 

r4i  or  salpliaahjdrides  aod  siUphur-bases:  e.g,,  euipiutrsenatc  ofpoUtisium,  K'AsS% 

tt2 
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SO*,    The  ndide  of  nilplitiric  acid  and  iU  deriTithm. 
Sjn.  with  ftrontianite,  or  native  carbonate  of  sttontiiiBu     (Sm 


CiJlBONATIlS,  i.  797.) 

BUBKACB.  The  powder  of  the  dried  leaves  of  various  shrabs  and  trees  of  ths 
genus  Bhiu  (order  TtTclrinthaceai)t  especially  of  Bh,  eoriaria  and  Bk.  eoUmm.  It  coa- 
tains  colouring-matter  and  tannin,  and  is  used  in  dyeing  and  calico-printing,  as  a 
substitute  for  nut-galls,  in  the  production  of  grey  colours,  and  in  Turicey-red  dyaing; 
also  for  t^^wning  the  finer  kinds  of  leather.  According  to  Chevxeul,  it  contains  a 
yellow  colouring-matter,  which  separates  from  a  concentrated  decoction  on  cooling,  in 
small  crystalline  grains.  It  forms  a  yellow  precipitate  with  solntioii  of  alnm,  and 
may,  therefore,  be  used  for  communicating  a  yellow  d^e  to  stnfls  mordanted  with 
alum.  The  decoction  of  sumach  reacta  strongly  add  with  litmus,  gives  a  yellowiib* 
white  precipitate  with  stannous  chloride,  pale-yellow  with  acetate  <^  lead,  jallowish- 
brown  mih  cupric  acetate,  and  a  blue  flocculent  precipitate  with  feirie  chUmda. 

SVXav&Aino  AOXB.  a  peculiar  acid,  contained  (according  to  Beinsch) 
together  with  angelic  add,  in  sumbul-root. 

See  SUMBUIrROOT. 


lU&IO  AOXB.  The  name  given  by  Bdnsch  to  an  add  contained  is 
sumbul-root,  which  he  at  first  regarded  as  distinct  from  angelic  add,  becaose  ha 
alcoholic  solution  is  coloured  blue  by  sulphuric  add ;  but,  according  to  later  eiperi- 
ments  by  Rieckher  and  Beinsch  (Jahrb.  pr.  Pharm.  zvi.  12),  it  does  not  exhibit 
this  coloration  when  quite  pure  and  free  from  sumbulamic  add,  and  must  therofect 
be  rc^^a^ed  as  identical  with  angelic  add,  with  which  it  agrees  in  all  other  resp««ts. 


The  name  given  by  Murawieff  to  an  alkaloM  supposed  to  txiit 
in  sumbul-root 


lir&*OZ&.    A  mixture  of  volatile  oils  obtained  by  the  diatillatkMi  d 
Bumbul-balsam* 

8VMBU&0&X0  A<IXB«    Syn.  with  Sumbuuo  or  Axoeuo  Acw, 

SUMBVXh-SOOT.  Mtuk-root  The  root  of  an  umbelliferous  pUnt,  said  to  be 
indigenous  in  Persia.  It  usually  occurs  in  commerce,  in  rather  laige  oUMt  having  i 
strong  musk-like  odour,  and  a  faintly  sweetish  musklike  taste,  with  aromatic  bunuag 
aftertaste,  like  angelica  and  imperatoria  root.  Beinsch  found  in  100  pta.  of  snmbnl- 
root  13  pts.  water,  12*0  l>alsam,  28*4  starch  and  salts,  8  gum,  4  colouring-matter 
soluble  in  alcohol,  7  bitter  substance,  and  6  ash-constituents  (containing  a  luge 
quantity  of  potassic  carbonate),  bivides  mucilage,  woody  fibre,  resin,  wax,  ^d  tacts 
of  volatile  oil  not  smelling  of  musk. 

According  to  Beinsch,  the  balsam  extracted  firom  the  root  by  ether  haa  the  edov 
and  consistence  of  copaiba-balsam,  a  burning  taste,  and  only  a  faint  mask-like  odour 
in  the  dry  state,  but  gives  out  a  strong  odour  of  musk  when  in  contact  with  water. 
Strong  sulphuric  add  dissolves  it  with  fine  blue  colour.  By  diy  distillation,  tba 
balsam  gives  off— firsts  a  yeUowish  oil  tasting  like  peppermint ;  afterwards  a  grsss- 
green  oil  having  the  odour  of  cigeput,  while  the  residue  acquirea  an  indigo-blue  oqIoot. 
On  continuing  the  distillation,  a  blue  oil  passes  over,  which  dissolves  with  blue  colour 
in  alcohol ;  JP^P^  on  which  the  solution  is  dropt,  acquires  a  musklike  odour  after  a 
few  days.  The  oil  is  coloured  green  by  cold  potash-ley ;  hot  potash-ley  dissolves  it 
The  bidsam  dissolves  in  potash-ley,  and,  on  adding  water,  a  n^ainous  mass  separstai, 
containing  the  potassium-salt  of  sumbulamic  acid,  which  may  be  separated  from  it 
by  dilute  sulpnuric  acid.  This  add  is  resinous  at  first,  but  is  converted  into  a 
crystalline  mass  by  long  contact  with  water ;  it  is  said  to  form  an  ether.  Further 
investigation  is  required  to  determine  how  far  this  add  differs  fW>m  sumbulic  or  angelic 
add. 

Sommer  (Arch.  Pharm.  cxxxviii.  1)  has  also  investigated  sumbul-root,  but  with 
somewhat  different  results.  The  extract  obtained  from  the  root  by  treatment  with 
ether,  gave,  bv  distillation  with  water,  a  very  small  quantity  of  a  pale-yellow,  neutral, 
volatile  oil,  wnich  in  the  concentrated  state  smelt  more  like  angeUca-root,  but  in  the 
dilute  state  more  like  musk.  This  oil  is  mobile  and  lighter  than  water,  but  reainis«a 
quickly  in  contact  with  the  air,  becoming  visdd,  darker^coloured,  and  add.  It  dissolves 
in  nitric  add  with  violet  colour,  soon  changing  to  yellow ;  by  sulphuric  add  it  b  tvraed 
brown,  and  carbonised.  The  balsam  prepared  with  ether  or  alcohol  yialda  bydiy  distil- 
lar  ion  (according  to  S  o  m  m  e  r)  one-third  of  its  weight  of  a  greenish  mobile  oil,  Boxlhag 
like  creasote ;  afterwards  white  fumes  are  evolved,  which  thicken  to  a  blue  oil  (about 
one-third  of  the  resin) ;  finally,  tarry  products  pass  over,  and  a  carbonaceoos  residue 
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Si  left.  Hw  Une  oil  sometimet  contains  needle-shaped  crystals,  irhich  likewibP 
ewidense  ill  the  neck  of  the  retort 

The  bine  oil  is  a  mixture  of  sereml  bodies ;  it  begins  to  boil  at  150^,  a  pale- 
▼ellow  oil  then  passing  OT«>r;  at  200^— 280^  a  light-blue,  and  at  285^—326°  a  dark- 
blue  oil  passes  over,  at  which  latter  temperature  partial  decomposition  takni  place. 
The  blue  oil  has  a  peculiar,  not  very  agreeable  odour,  is  liehter  than  water,  slightly 
■oluble  therein,  easihr  soluble  in  alconol  and  ether.  Heated  with  nitric  acid,  it  yields 
oxalic  acid.  When  distilled  with  potash,  it  gives  off  a  neutral  pale-blue  oil,  smelling 
like  bergamot  pears ;  and  the  rendue,  treated  with  sulphuric  acid,  eives  off  the  odour 
of  valerianic  acid.  The  crystals  obtained,  together  witn  the  blue  oi^  consist  of  umbel- 
Uferone  (o.  v.).    (S  o  m  m  e  r.) 

Snmbul-root  is  said  to  cause  trembling  and  weakness  of  the  limbs,  confasion  of  the 
head,  acceleration  of  the  pulse,  increased  heat,  and  greater  activity  of  the  stomach. 
(Handw.  d.  Chem.  viii.  440.) 


A  mineral  from  Kimito  in  Finland,  allied  to,  and  perhaps 
identical  with,  anorthite.    {Bammeltberg's  Mineralckemie,  p.  693.) 


■IIJiS'rOM&    Oligodase  from  Tvedestrand  in  Norway  (iv.  198). 
A  prefix  synonymous  with  Per  (iv.  374). 


Acid  phosphate  of  calcium,  prepared  on  the  large  scale 
manure,  by  treating  bones,  ooprolites,  &c.  with  sulphuric  acid. 


An  alkaloid,  occurring,  according  toHuttenschmidt  (Mag. 
▼iL  287),  in  the  bark  of  Geoffroya  inermia. 

FBMBAWB*    Fibrous  lignite,  so  called  in  Iceland,  where  it  occurs  in  large 
qoantHiea. 

MUUAM  M  ITflp  or  SUZ AJi  M ITB.  A  sulphato-carbonate  of  lead  having  the 
nme  composition  as  leadhillite  (27*5  per  cent  FbSO*  and  72*5  PbCO*),  but  cirstal- 
liaing  in  rnombohedral  forms,  derived  from  a  primitive  rhombohedrun  in  which  the 
length  of  the  principal  axis  is  ]*1062  and  R  :  B  »  94° ;  it  exhibits  the  faces  -2R, 
odR,  oB,  and  cleaves  easily  parallel  to  oR.  Hardness  =  2'5.  Specific  gravity  >-  6*56. 
Lostve  resinous  to  adamantine.  Colour  white,  green,  yellow,  and  brownish-black. 
fitraak  unooloured.  It  occurs  in  attached  crystals  at  Leadhills  in  Scotland,  and  at 
Jfoldawa  in  the  Bannat    (Dana,  ii.  373.) 

WmtAMMMttOTTM*  A  mineral  discovered  by  Ijelstrom  (Jahresb.  1854,  p.  681), 
together  with  lazulite,  on  the  Horrsjoberg  in  Wermland,  Sweden,  in  cube-like  rhonibo- 
MOrons,  resembling  those  of  beudantite,  and  cleaving  parallel  to  the  terminal  face. 
Hardness  «  5*0.  Specific  gravity  =  3*30.  Colour  pale  red,  or  yellow.  Transparent 
to  tranilucent  Before  the  blowpipe  it  becomes  decolorised,  and  melts  only  in  thin 
■plintera.  The  pulverised  mineral  dissolves  partially  in  strong  acids,  and  the  residue 
becomes  incandescent  when  heated.  Contoins  17*32  per  cent  SO',  17*8  P0^  37 '84 
AlH)*,  1*40  FeO,  60  lime,  12*84  Na-O.  and  6*80  water,  with  a  trace  of  chlorine  ;  whence 
the  foimiUa  is,  perhaps,  2(2ArHO«.Na«SO^)  +  (2Al"iaO».Ca''P«0»),  or,  according  to 
Bammelsberg  (Mineralchemie,  p.  361),  (§NaH).JCaO)».P»0»  +  (3A1«0*.2S0«) -I-  3H»0. 

The  Thibetaan  name  for  borax. 

Bog  iron-ore. 

A  genus  of  trees  belonging  to  the  meliaceous  order.  The  bark  of 
tenegalensis^  or  CaU-cedrat  is  u8«Ki  in  Senegal  as  a  febrifuge.  The  bark  of 
Bw.  f^/ri/ifaaf  indigenous  in  India,  is  the  CorUx  Sinfamiday  which,  according  to 
Daneaa(Tromm8dorff*s  Journal,  iii.  257),  contains  a  bitter  principle,  tannin,  volatile 
eil,  and  resin.  According  to  Over  beck  (Arch.  Pharm.  [2]  Ixviii.  271),  the  bark  con- 
tains an  amorphous  bitter  principle,  but  no  base. 

kOXB.    See  the  next  article. 

tTXZOA&COBOl.  C>«H'oO»^      h1^'    (DelaRueandMiiller, 

Fhfl.  Trans.  1860,  p.  43;  Chem.  Soc.  Qu.  J.  v.  62.) — This  compound,  homologous  with 
benxylic  alcohol  (CH'O)  and  cymylic  alcohol  (C"H"0),  is  produced  by  treating  syco- 
ceirhe  acetate  (infra)  with  sodium-alcohol,  and  purified  by  precipitation  with  water 
ana  crystallisation  from  ordinary  alcohol.  It  forms  very  thin  crystals,  resembling 
caffeine,  usually  aggregated  in  masses  like  wavellite ;  melts  at  90^  to  a  liquid  heavier 
than  water,  and  soUdifies  in  the  cr^-stalline  state  on  cooling ;  after  being  strongly  heated, 
it  solidifies  to  a  transparent  glass,  which  becomes  crystalline  in  contact  with  alcohol; 
distils  partly  nndecomposed. — It  is  insoluble  in  watery  aqueous  ammonia,  and  alkalis 
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It  dissoIvM  readily  in  eth^iic  alcohol:  a  hot  laturated  aolution  fumu  a  vtaMi 
mass  of  dystals  on  cooling;  a  eolation  in  reiy  dilute  alcohol  depoaitt,  on  cooling, 
B  jelly,  which  afterwards  becomes  crystalline.  Dissolves  in  ether,  benstne,  chlunffom, 
and  iight  mineral  oil, 

Dtcompositiont. — 1.  Sycocerylic    alcohol  is  but  slowly  attadced  by  boQing  with 
dilute  nitric  acid :  the  dark-yellow  resin  formed  after  six  boon,  wmd  wariitd  awi 
dried,  and  afterwards  dissolved  in  warm  alcohol,  yields  white  aiid  Tdlow  oyitalt, 
easily  soluble  in  aqueous  ammonia  and  potash,  and  precipitable  Ij  aleoholic  aeatnl 
acetate  of  lead;  probably  a  mixture  of  sycocerylic  acid,  C'H'K)',  and  sit  rosjco- 
cerylicaci  d. — 2.  Moderately  dilute  aqueous  chromic  acid,  boiled  with  sjcocifjlic  alco- 
hol for  eight  hours,  produces  no  sycocerylic  acid :  on  one  occasion,  neutnl  thin  prinni, 
probably  of  sycocerylic  aldehyde,  C^*H'*0,  were  produced.— 3.  The  alcohol^ 
solves  easilv  in  oil  of  vitriol,  forming  a  brown  solution,  from  which  water  throws  dova 
a  viscid  resin ;  no  cui^ugated  compound  of  sulphuric  acid  remains  in  aolution. — 4.  ^t* 
cocer^'lic  alcohol  is  readily  attacked  by  chlorine  and  bromine,  and  forms  vellow  crys- 
tals with  iitdine. — 6.  A  solution  of  sycocerylic  alcohol  in  benzene  evolreB  hydrochloric 
acid  gas  when  treated  with  pentachl4»ride  of  phosphorus  at  60^.    If,  after  the  erolutioB 
of  gas  has  ceased,  the  remaming  chloride  of  phosphorus  be  removed,  and  the  benzene 
solution  washed  with  water  and  aqueous  aUuli  and  evaporated,  there  icmaiu  u 
amurphous,  greenish,  viscid  residne,  easily  soluble  in  ether  and  chlorofurm,  but  diffi* 
oultly  soluble  in  alcohol.    On  one  occasion  crystals  were  also  obtained. — 6.  A^towvirn 
evolves  hydrogen  from  melted  sycocerylic  alcohol,  and  becomes  covered  with  a  white 
crust,  which,  when  heated  till  it  melts,  blackens  and  takes  fire. — 7.  Syooceiylie  alcohol, 
treated  with  fused  caustic  potash,  evolves  hydrpgen  without  fbrmioff  syooceiTlic  add. 
— 8.  With  chloride  of  acetyl  it  forms  acetate  of  sycooeryl,  and  with  chloride  cf  &au«y< 
benzoate  of  sycoceryL 

8TCOCBST&ZO  AU>asna.    See  the  hist  article. 


(De  k  R  ue  and  Mikller,  loc,  eit,)  8$coc9rfUt 
Acetate,C^E*H)*  -  CH*(C">H»)0>.— This  ether  is  contained,  together  with i;pca«- 
tin,  in  the  resin  of  Ficut  rubiginosa  from  New  South  Wales  (iL  646^  To  obtain  it,  tb* 
nycoretin  is  dissolved  out  of  the  resin  by  cold  alcohol,  and  the  residue  is  boiled  with 
alcohol.  The  solution,  on  cooling,  deposits  crystals  of  i^oocerylie  acetate,  mixed, towanh 
the  end  of  the  crystallisation,  with  a  small  quantity  of  a  floocnlent  snbatanee ;  and  bj 
leaving  the  solution  to  cool  to  40^,  then  straining  off  the  liquid,  reerystallising  th« 
solid  residue  from  boiling  alcohol,  and  treating  the  product  at  30^  with  a  quantity  of  rthtr 
not  sufficient  to  dissolve  it,  the  sycocerylic  acetate  is  obtained  pure,  while  a  neeml 
crystalline  substance  remains  undissolved.  Sycooeiylic  acetate  ia  also  prodaesd  Iff 
treating  sycocerylic  alcohol  with  chloride  of  acetvl. 

Sycocerylic  acetate  crystallises  from  alcohol,  m  thin  lanmus  resomUii^  eholcstfiia, 
and  &om  ether  in  flat  six-sided  tables.  It  melts  at  118° — 120**,  and  solidifies  bdnv 
80^  to  a  mass  which  is  transparent  at  first,  but  afterwards  becomes  opaque  and  071* 
talline.  It  distils  unchanged;  but  when  it  is  too  strongly  heated,  the  distillate  sbsUi 
rancid,  and  like  acetic  acid.  It  is  brittle ;  strongly  electric  when  nibbed;  DeatoaL  It 
dissolves  very  easily  in  hot  alcohol,  and  in  acetic  acid,  acetone,  chloroform,  ether,  hnirv, 
and  oil  of  turpentine.  It  is  not  precipitated  by  alcoholic  neutral  meeiaU  of  lead,  or  fcy 
aloholic  acetate  of  copper. 

Hot  dilute  nitric  acid  converts  sycoceiylie  acetate  into  a  reain.  The  easily  pnfsifd 
solution  in  fuming  nitric  acid  is  precipitated  by  water  in  amozphona  yellow  flocka.  I: 
dissolves  easily  and  without  coloration  in  oil  of  vitriol;  the  solution  becomes  brova  oa 
standing,  and  gives  off  traces  of  sulphurous  and  acetic  acids ;  water  precipitates  fkesithf 
solution  a  hard  substance,  fusible  below  100^,  difficultly  soluble  in  alcohol,  aodcealj 
soluble  in  chloroform  and  benzene.  It  forms  resinous  compounds  withcJUortN^,Ar«iM*i^ 
and  iodine ;  the  last  two,  when  added  gradually  to  a  warm  aleohdie  solntioa  of  (hi 
acetate,  form  cr^'stals  of  a  colourless  bromine-  or  iodine-compound,  which  are  dffoadJ 
on  cooling.  It  is  not  affected  by  boiling  solution  of  caustic  poteuh,  bat  is  deccBpoad 
by  the  fiised  hydrate,  with  liberation  of  hydrogen. — Sodiumrilcohol  decomposes  it  em, 
at  90°,  forming  acetic  acid  and  sycocerj'lio  alcohol. 

Sycocerylic  Benzoate,  C~H"0«  =  C»H*(C»»H»)0».— Prepawd  by  diMhiif 
s>-cocer}'lic  alcohol  in  chloride  of  benzoyl  (no  gas  being  evolved  in  the  ooldXand  beaay 
the  solution  as  long  as  hydrochloric  acid  gas  is  given  off  The czystalline  ma«  tend 
on  cooling  in  thrown  into  a  warm  aqueous  solution  of  acid  potassie  carbonate,  withwhidi 
it  is  warm(<I  for  several  hours.  The  resin  thereby  separated,  after  washing  with  win 
water  and  boiling  alcohol,  is  dissolved  in  boiling  ether,  from  which  it  is  obtainad  a 
crystals.  Boiling  absolute  alcohol  dissolves  only  a  trace  of  the  crystalline  sabitt»e. 
and  deposits  it  again,  on  cooling,  in  small  crystals  recognisable  under  the  m\m 
scope.    It  dissolves  with  difficulty  in  cold  ethicr,  and  in  all  pzoportioas  is  «Uin^ 
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yors  sod  hmMmt^  crjatallitiiiff  in  prisms  on  ovapormtioii.    8odiwm-akohol  decomposes 
it  ^  OB  losig  boiliag,  with  rormstion  of  sycoeevylie  alcohol  mod  sodic  bensoste. 

SfCMLSmr.  The  resin  of  Fieua  rubiginosa  is  resolved,  by  treatment  with  alcohol, 
ilia  sbo«t7S  ptf  cent,  of  syooretin  soluble  in  cold  alcohol,  14  per  cent  of  sycocerylic 
aecCats  sobble  in  hot  alcohol,  and  18  per  cent,  of  residue,  consistbg  of  caoutchouc, 
tuA,  and  fragments  of  bark. 

On  nixing  the  neutral  pale-brown  solution  in  cold  alcohol  with  water,  the  sycoretin 
ii  pROpitated,  and  maj  be  rendered  colourless  by  repeated  solution  and  predpitotion. 
a  slanted  alcoholic  solution  deposits,  in  the  cold,  a  small  quantity  of  a  crystalline 
fsbaUaca,  syeoredn  in  a  purer  state  remaining  in  solution.  The  latter  may  be  separated, 
by  frsedoaal  pracipitation  with  water,  into  two  portions,  the  first  of  which  contaius 
74^  per  cent.  C  and  10*11  H ;  the  second,  77'89  per  cent.  C  and  0*94  H. 

Ojftmila  is  amurphoas,  white,  neutral,  very  brittle,  and  highly  electaic  It  melts 
is  ^oSiisg  ^r*'^  to  a  thick  liquid,  which  floats  on  the  surface.  Melts  below  100^. 
9jofMia  is  insoluUe  in  loolsr,  dilute  acidst  ammania,  and  aqueous  alJkalit.  It  is 
Ml  pisamtftted  fipom  its  alcoholic  solution  by  neutral  aoetaU  of  Uad,  or  aoetaU  of 
ny^.— tXssobes  9*n\y  m  alcokolf  ether,  ekhro/orm,  and  cU  of  turpentine,  (Be  la 
Bit  ssd  Muller,  loe,  eU,) 

O/SBiitin  undergoes  decomposition  at  a  fewdeerees  aboreits  melting-point,  frothing 
i(vnd«fiog  off  water  with  a  wax-like  odour.  When  farther  heated,  it  melts  quietly, 
ibI  TiiMS  a  distillate  containing  acetic  acid  and  tar,  charcoal  being  left  behind. — ^It  is 
titMKd  hj  nitric  acid,askd  dissolyed  on  boiling  therewith ;  water  precipitates  from  the 
jeikm  lolution  a  slightly  acid  nitro-compound,  which  dissolres  with  dark  colour  in 
■{MOBS  alkalis,  and  rorms  an  explosive  compound  with  potash.  In  this  reaction  a  little 
•nHc  and  is  fcomed,  but  no  picnc  acid. — Sycoretin  dissolves  in  oil  of  vitriol  with  fine 
giMB  eokwr,  without  forming  sugar :  water  throws  down  from  the  solution  a  brown 
pne^itatSi  less  soluble  than  syooretin. — Cauetie  potash  acts  on  sycoretin  in  the  same 
v^ssoSof  vitrioL 

•IJUITB.  A  rock  allied  to  granite,  and  consisting  essentially  of  a  ciystallo- 
gnsvlar  mixture  of  orthodase  and  hornblende,  the  former  beinff  often  more  or  less 
npkeeA  by  oligodsse.  Qusits  and  mica  also  occur  in  syenite^  giving  it  more  or  less  of 
sgisiitic  character,  while,  on  the  other  hand,  the  occurrence  of  hornblende  in  granite 
Nsdeit  it  BMfw  or  less  syenitic ;  in  fact,  the  two  rocks  pass  into  one  another  by  insen- 
f^  gradations.  In  b*ke  manner  the  occurrence  of  rather  large  cnrstals  or  masses  of 
flrtkoeUse  in  syenite  gives  rise  to  transitions  between  that  rock  and  porphyry ;  and  in 
otWr  eases,  the  alternation  of  layers  of  hornblende  with  felspar  produces  syenitic  slate, 
cr  (if  mica  is  also  present)  syenitic  gneiss.  Titanitie  syenite  and  sireon-syenite  are 
ifmjtes  in  which  titanite  and  sireon  occur  imbedded. 

SYSMMMUra.  Native  protosulphide  of  cobalt,  Co*^,  occurring  at  Syepoor,  in 
Verth-vestam  India*  in  steel-grey  crystalline  grains  or  masses,  of  specific  gravity  6*45 
(11060). 

lIlLUimZTB.  A  rilicate,  occurring  in  the  trap  of  Thore-gate,  in  the  Syhedree 
Xoontaitts,  Bombay,  in  irreffularly  laminated  masses,  having  a  fine-green  colour,  vitreous 
lastr^  hardneas  «  8*6,  and  specific  gravity  «  2*821.  It  gives  by  analysis  66*92  per 
oat  8iO*,  16*06  AlK)*,  2*71  FeO,  6*46  CaO,  2*4  MgO,  and  16*40  water,  and  therefore 
nproiehes  in  composition  to  stilbite  (p.  488) ;  but  it  differs  from  that  mineral  in 
oDioar,  and  in  being  less  easily  decomposed  by  adds.  (Shepard  and  Tyler,  Sill. 
ia.  J.  [2]  zL  110 ;  Jahresb.  1866,  p.  891.) 

Native  telluriunL 


On^^  TWurmm,  Gnmhio  Gold,  YeOow  TMurium,  mUerite. 
JbreiOmrite.  Sehrifters.  QchifUdlur,  TeUwrenat^auro-wrgeniif^,  Aurumgra- 
fh'fim.^A  tcUuride  of  gold  and  silver,  sometimes  also  contaimng  lead  and  antimony, 
•euujiag  in  uarrow  veins  in  the  porphyry  mountains  of  Offenbanya  and  Nagyag,  m 
TraBfyhraBia.  It  contains  a  large  nropoition  of  gold,  and  is  a  valuable  ore.  It  fonns 
tfrm^trtc  cijBtals,  mostly  smtdl  and  needle-shaped,  and  grouped  in  such  a  manner  that 
th*  eombinatioas  are  difficult  to  make  out.  The  crystals  n«quent]y  also'  cross  one 
isorW  at  angles  of  60^  and  120^,  probably  in  consequence  of  twin-formation  ;  and  by 
arvpKitiQD  of  this  grouping  on  the  snrfiices  of  rocks,  triangular  and  rhombic  figures 
if»  prodooed,  like  oriental  writing  characters :  hence  the  name,  graphic  telluriunL  The 
fnwuj  form  of  the  crystals  b  a  rhombic  prism  having  the  angle  ooF  :  ooP  «  110^ 
♦T;  oF:  Poo  -  119*^  26j';  and  therefore  a:b:o:  «  1  :  1*4496  :  1*7721.  The 
prism  o»P  is  combined  with  ao^2,  oof  oo ,  ooFod  ,  oF ,  fonning  elongated  prismatic 
tTTsUls,  the  ends  of  which  are  modified  by  several  pyramids  and  domes.  Oleavage  very 
ditfinri  parallel  to  oof^oo ,  less  distinct  parallel  to  ooj^oo .  The  mineral  occurs  also 
imbedded  in  lamina  and  masses. 
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Hardness  «  1*5  to  2.  Specific  gnyity  «  7*99  to  8*83.  Lostfe  netallie.  Rnii 
and  colour  pure  steel-grey  to  silver-white,  sometimes  nearly  hrass-yeUow.  Fmetot 
uneven.  Veiy  sectile.  Before  the  blowpipe,  it  melts  easily,  tinging  tM  flame  greeniih- 
"     lly 


blue,  ooverinff  the  charcoal  with  a  white  oxide,  and  finally  leaving  a  dnctiU 
globule.    It  dissolves  easily  in  nitric  add. 

The  following  analyses  are  by  P  e  t  z  (Pogg.  Ann.  1  vii,  472) : — a.    Thin 
crystals:  specific  gravity  »  8*28. — 6.  Indistinct  crystals:  specific  gravity  *  8'28w 
c.  Long  white  crystals :  specific  giavity  ^  8*27.--^.  Thidi  white  oyitals : 
gravity  s  7*99. — e.  Short  yellowish  crystals :  specific  gravity  «  8'88.— /,  g.  ligbl 
yellow  masses: 


OflRmlMnyii. 

Kas7»B. 

r      ■ 
a. 

b) 

e. 

d. 

e. 

/. 

«• 

Tellurium 

69-97 

58-81 

55-39 

48-40 

61-62 

44-64 

49-96 

Antimony 

0-68 

0-66 

2-50 

8-42 

5-75 

8-64 

3-83 

Gold 

26-97 

26-47 

24-89 

28-98 

2710 

26-81 

89*62 

SUver 

11-47 

11-31 

14-68 

10-69 

7-47 

10*40 

2-78 

Lead 

0-26 

2-75 

2-54 

8-61 

8-10 

11*21 

13-82 

Coppor 

0-76 

10000       100-00       100-00       100-00       100-00       100-00       lOO-OO 


These  analyses  are  most  easily  reduced  to  a  formula  on  the  hypothesia  that  tiM 
tellurium  and  antimony  on  the  one  hand,  and  the  gold,  sUver,  and  lead  on  the  othn; 
ivplace  one  another  isomorphously.  On  this  supposition  the  whole  of  the  analjNf 
may  be  included  under  the  general  formula  (An* ;  Ag*;  Pb''XTe ;  Sb)*.  The  compodtioa 
of  the  mineral  from  Offenbanya  is  very  nearly  expressed  by  the  simpler  formiU 
Au'AffTe*,  or  Au*Te'.Ag^e'.  This  variety  is  sometimes  specially  dutingoiahed  ai 
graphic  tellurium;  and  that  which  contains  lead  and  antimony  in  additicii,  if 
white  tellurium. 

ST&VZC  ACZB,  C^R^O\  (Unverdorben,  Pogg.  Ann.  vii.  311 ;  viii.  40,407; 
xi.  28,  230,  393;  xiv.  116;  xvii.  186.— Trommsdorff,  Ann.  Ch.  Phazm.  ziil  169. 
— H.  Rose,  Pogg.  Ann.  xxxiii.  42;  liii.  374. — Laurent,  Ann.  Ch.  Phys.  [31,  kr. 
324;  Ixviii.  395;  Ixxii.  459;  [31,  xxii.  459— Sievert,  Zeitschr.  1  die  gea.  9s^B^ 
wissenschaften,  xiv.  311 ;  Jahrosb.  1859,  p.  608. — ^Maly.Wien.  Akad.  Bar.  zliv.  131; 
Jahresb.  1861.  p.  389.) — This  acid  was  discovered  and  investiffated  by  Unvafdorbca, 
but  confounded  by  him  and  all  later  investigators  (axcept  Maly),  with  abiecic  acid,  tb» 
acid  existing  ready-formed  in  pine-resin.  Owing  to  this  ocoifiinon,  it  is  not  alwajs 
dear  which  statements  refer  to  abietic  and  which  to  sylvic  acid.  Unverdorben,  hov- 
ever,  seems  to  have  examined  principally  an  acid  prepared  with  sulphuric  sad— 
therefore  sylvic  acid.  Laurent's  statements  apply  better  to  sylvic  acid,  tbou^  kii 
method  of  preparation  must  have  yielded  abietic  acid. 

Twoacias  found  by  Baup  (Ann.  Ch.  Phys.  [2]  xxxi.  108)  in  F^neh  colophony,  Jrtdi 
piniqus  and  Acide  abiiti^ue,  as  well  as  Lecanu  and  Bussy's  eryttaUutd  acid  from 
turpentine  (J.  Pharm.  xiii.  62),  appear  also  to  belong  to  this  nead. 

FormaHon  and  Preparation. — 1.  From  Abietic  Acid,  An  alcoholie  solntioa  of  abinie 
acid  is  precipitated  by  dilute  sulphuric  acid,  and  the  hardened  crystalline  precipitato 
is  washed  with  alcohol,  and  afterwards  oystallised  from  that  liquid  (Maly).— oyhic 
acid  is  obtained  also,  together  with  sylvinolic  acid,  by  passing  hydiochlone  acid  ps 
into  a  solution  of  abietic  acid  in  alcohol.   (Maly.) 

2.  From  White  Pitchy  Colophony^  ^e. — White  pitch  is  allowed  to  stand,  covered  with 
an  equal  quantity  of  alcohol,  till  it  is  completely  saturated  with  the  liquid,  and  satil 
the  turpentine-like  deposit  formed  at  first  nas  become  crystalline.  It  is  then  enUtctid 
on  a  cloth,  triturated  with  a  little  alcohol,  washed  with  that  liquid  on  the  flhsr,  mi 
afterwards  dissolved  in  a  small  quantity  of  hot  absolute  alcohol  oootaining  salphnrit 
acid :  the  solution,  on  cooling,  solictifies  to  a  crystalline  mass.  Pnrificatioe  is  eflwiet  \n 
pressing  the  ciystals,  and  repeatedly  subjecting  a  hot  alcoholie  aolntioB  to  fraetissii 

Precipitation  with  hot  water,  whereby  the  less  pure  portions  are  throwo  down 
'he  alcoholic  solution  mixed  with  a  quantity  of  hot  water  barely  sniBeient  to 
turbidity,  yields  large  crystals  on  cooling.     (T r  om  m s d orf  1) 

Laurent  boils  pine-resm  with  water  to  free  it  from  turpentine ;  eztneli  the  foot 
acid  bv  means  of  cold  alcohol,  and  dissolves  the  residue  in  boiling  aloohoL  On  eoom^ 
the  solution  yields  cryHtals«  which  are  freed  from  adhering  oil  by  waahing  wfth  egM 
alcohol,  and  recrystallisation  from  boiling  alcohol  Unverdorben,  and  likffviM 
Trommsdorff  and  Sievert,  employ  nimilar  methods.  The  prodnct  thus  obCaii«d  ii 
abietic  acid.  (M  a  1  y.) 
Long  standing  of  the  alcoholic  solution  reduces  the  yieldof  the  ciyatalB.  (Sievert) 
Properties.  -  Sylvic  acid  forms  eoluurless,  transparent,  tabular,  rhombuidal  fntmk 
with  foux-Bvded  summils  (^Unverdorben) ;  indistinctly  rryntnllinr  misers,  slsn  trir- 
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%tmd  fron  A  rfaombte  prism  (U  96^  and  84^,  haying  the  acate  lateml  edges  much 
MstadL  and  tarminaUd  by  ipheaoSdal  fitoea,  dareloped  to  iiidi  an  extant  aa  oum- 
pbtalj  ta  abUtenta  two  fwaa  of  tha  prism.  They  are  Titraoos,  brittle,  and  tritnrabla 
IB  a  vluta  powder. 

Bjfhk  and  do«  not  kaa  weight  at  lOO**,  or  in  a  Tacnom,  and  melts  without  loss  of 
w^t  (UsTerdorben)  at  162*6®,  bnt  becomes  quite  fluid  at  higher  temperatoiea 
<TroBBtdorff).  la  a  warm  tuba  the  erystallised  add,  as  well  as  that  wnich  has 
km  pmrioasly  foaed,  melts  at  162^ ;  bnt  when  heated  in  a  retort,  it  cakes  together 
(MftHliy  at  1 18®,  and  completely  at  160®!  and  melts  to  a  thin  dear  liquid,  which  turns 
t&dk  St  ISO^,  Tiadd  at  110® ;  and  solidifies  to  a  glassy  mass,  afterwards  mdting  par- 
iHthr  St  186^  aad  oom^letdy  at  166®  (Siere  rt).  Sylyic  acid  sublimes  partially  at 
no^  ia  a  thin  oiat,  which,  when  dissolTad  in  alcohol,  yields  crystals  of  the  unchanged 
and;  the  leddue  turns  dark-red  at  240®,  but  does  not  boil  eToo  at  290®  (Sierert). 
]t  &ttls  without  much  decomposition,  yielding  a  trace  of  water,  and  a  eolophonjr- 
fib  difdUata,  aa  akoholic  sdution  of  which  deposits  cnstals  of  unchanged  sylyie 
Mid,  vhOit  the  residua  eontains  a  trace  of  charcoal  (Laurent).  Inodorous  and 
ttftdoi;  reddens  litmus.  Botates  a  ray  of  pdariaed  light  to  the  left,  more  powar- 
Mythsa  pimaric  add.    Specific  grarity  «  I'lOll  at  18®.    (SisTert.) 

8yhw  acid  is  soluble  in  meeHe  acid.  It  dissolres  Tory  slightly  in  cold  alcohol 
if  IS  Bcr  esnt,  and  in  about  8  pts.  of  the  boiling  liquid,  from  which  it  enrstallisea 
Oifloona^aboat  Ath  only  remaining  in  solution ;  ia  about  8  pts.  of  cold  and  1  pt.of 
boi^  abeohito  aloohol  or  ether,  ax^  is  thrown  down  from  the  former  solution  by  an 
mfuX  ^aiatity  of  water,  as  a  semitransparent  oil,  which  hardens  to  a  crystalline  solid 
m  additioa  cf  more  water,  or  on  eoroosurs  to  the  air  (UuTerdorben).  Sylvie  acid 
a  mbUein  10  pts.  of  cold  and  in  (ths  of  boiling  alcohol  of  92  per  cent ;  mote  freely, 
tteffaca,  than  pimarie  add  fSioTert).  It  diasolres  in  ao^w  €tk§r,  rock-oU,  and  oil 
^tmfmtiit€,  without  erystallising  therefrom.    (UuTerdorben.) 

tkBpmpomtiotu, — 1.  Sylric  add  submitted  to  dry  dittiUation  {mpra)  yields  water 
md  taiyyieamatic  oQ,  than  a  little  gas,  followed  first  by  a  thinner  and  afterwards  by 
stkkkar  oil,  containing  sylvic  and  pinic  adds  and  a  large  quantity  of  a  neutral  redn 
fid  ei1s.--2.  Ifitrio  aM  slowly  decomposes  sylvic  add,  and  dissolves  it  only  on  pro- 
;  water  throws  down  from  the  solution  ydlow  fiocks,  soluble  in  ammonia^ 
,  and  alcohol — 8.  Oil  of  vitriol  rapidly  dissolres  syhric  add,  formins  # 

-Inown  solution,  from  which  water  predpitates  unchanged  sylTie  add  and  a 

iiif»  qosati^  of  pinic  add.    (Unverdorben.) 

SflTates. — Bylric  add  combines  with  6a«ef,  with  elimination  of  water  (TTuTer- 
derbea;  Laurent)— (contrary  to  Boss's  statam<^t).  It  expels  the  add  from 
euboBatcs,  and  wh^n  melted  also  from  succinates  and  bensoates,  and  from  chloride 
rfcildam ;  but  salts  of  sylric  add  dissolved  in  water  are  decomposed  by  boric  and 
ifltie^  sad  fay  stronger  sods,  with  precipitation  of  ^Iric  add.  The  salts  are  ob- 
liaid:— ^  Dj  dissolving  the  add  in  the  aqueous  base. — 0,  By  Dradpitating  an 
wterc  diaBolTad  in  alco^  by  means  of  alcoholic  svlvic  add,  dissolving  the  pred- 
put$  m  ether,  and  renredpitating  by  alcohol,  which  retains  in  solution  the  azceaa 
if  lylTie  acid. — y.  By  oouble  decomposition.  Soma  of  the  sylvaies  are  crystallis- 
ibb ;  a  iiw  of  than  are  soluble  in  water  and  akohol,  and  all  of  them  in  ethar.  (UuTar- 
dorbtn.) 

fghatt  rf  A'mvuyMmm  is  a  visdd  mass,  more  soluble  in  aloohol  or  ether  than  in 
mba\  decompoaed  by  heat — The  hairtum'taU  is  precipitated  from  aqueous  solution  in 
cmtaDine  flocks,  soluMe  in  8,000  pts.  of  water,  in  6  pts.  of  cold  and  a  smaller  quantity 
a  boiling  abaoluto  alcohol,  from  wliich  it  is  depositMl  in  microscopic  czystalliae  flocks 
oseoolia^  (Unverdorben). — The  nonmU  eatctum-ialt,  C^H'*Ca"0\  is  obtained  by 
pmnitstnig  the  potasdum-salt  with  chloride  of  caldum,  and  a  salt  containing  a 
maiitr  propoition  of  caldum  is  formed  by  predpitating  alcoholic  sylvic  add  with  an 
■kobdir  solution  of  cakic  acetate.    (8i evert) 

Ths  em^ri^  oaH^  C^H**Cu''0^,  is  obtained,  in  pale-blue  flocks,  on  mixing  the  alcoholic 
sotaricBsof  svlvic  add  and  cupric  acetate.  By  dissolving  this  predpitato  in  aqueous 
■aaKNtia.  asd  leaving  the  solution  to  cool,  or  diluting  it  with  water,  the  same  salt  is 
tfanvn  dowa  as  a  dariL-blue  mass,  triturable  to  a  pale-blue  powder  when  dry. 
(Sieve  ri.) 

T^Jwremt  mndferrie  mIU  dissolve  slightly  in  cold  alcohol,  easily  in  ether. 

hmir^git, — The  predpitato  thrown  down  by  alcoholic  sylvic  add  firom  alcoholic 
phmbie  soetata,  is  a  white,  amorphous,  easily  friuble  powder,  containing,  on  the  ave- 
nfi^  28-94  par  cent  oxide  of  lead,  agreeing  nearly  with  the  formula  C^H**Pb''0*, 
vkicfa  requixas  2617  PbO  (Bose).  Sylvic  aad  heated  to  168®  with  oxide  of  lead,  loses 
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8*0S  per  eent.  wAt«r;    calcuUtioii  from  the  aune  fbrmola  leqviref  2*97  ptr  enit 
(Sievert) 

The  fHOffmnuwi-^aU  diuolTes  in  all  proportioiis  of  alcohol  of  06  per  eent,  and  ia 
absolute  alcohol ;  from  the  latter  eolntion,  a  douUe  volume  of  water  throwa  down  a 
coloorlees  semifluid  salt,  which  dries  up  in  the  air  to  a  transparent  resin,  and  dissolfis 
in  ether  and  in  mineral  naphtha. — ^The  ffUM^ofWie-  uid  jrtfie-eid!(«8ra  sohifale  inabeohta 
alfohol. 

MwOn  of  Potastmm.—m.  The  normal  mli,  C**H**KO*,  is  formed  by  boiling  syhie 
add  with  %  pts.  of  alodiiol  and  with  earixmate  of  potassium,  and  ia  depositeid  from 
the  filtrate  on  cooling  in  delicate  white  needles,  whicn  ma^  also  he  obtained  by  miziiig 
the  salt  7  with  alediolicsjhic  acid  (UnTerdorben;  Sievert).  It  melts  to  a  resio 
when  heated ;  dissolves  Tery  slighUy  in  water,  slowly  in  20  pts.  of  alcohol,  mora 
fireely  in  hot  alcohol;  abundantly  in  waim  ether  and  oil  of  tupentiae,  and  to 
a  less  extent  in  olive-oil  (UnTerdorben).— /I.  AMoeidtait,  G»K>*K0'.3C*H*H)>.  m 
produced  by  boiling  alcoholic  potash  neutralised  with  sylvio  acid,  and  solidifies,  ob 
cooling;  to  a  ei^stalline  mass,  which  may  ba  purified  by  reaystaUimn^  and  praMiBg. 
The  same  salt  is  precipitated  from  alcoholic  sylvic  acid  by  an  alcoholic  solution  of 
potassic  acetate.  It  forms  fine  silky  tufts  of  delicate  needles  ;  deoontposee  when  boikl 
with  water,  three-fourths  of  the  acia  being  precipitated,  whilst  the  normal  salt  ranaisi 
in  aohitiDn  (Sievert). — y.  A  sparingly  soluble  bagkf  salt  appean  to  be  fcmned  by 
disaolring  sylvic  acid  precipitated  by  water  in  cansdc  potash,  and  adding  more  sylvie 
acid  (Boee).  Carbonate  of  pntassram  added  to  an  ethereal  solution  of  sylvic  add 
throws  down  a  colourless  amorphous  salt.    (Unverdorben.) 

The  §Uver-Mlt^  Cr"H'*AgO',  crystallises  from  alcohol  in  shming  granuloa  <m  spon- 
taneous evaporation.  Wl^  boiled  with  potash  and  oil  of  turpentine,  it  behaves  HIm 
pinata  of  silver.  Dissolves  in  16  pts.  of  cold,  and  in  a  smaller  quantitj  of  boilioff 
alcohol,  and  instantaneously  in  ether,  which  takee  it  up  from  water  when  Buspended 
therein.    (Unverdorben.) 

The  sodium-salt  is  obtained  in  cr3r8tal8,  by  boiling  alcoholic  syhie  add  with  axeeit 
of  sodic  carbonate,  and  cooling  the  filtrate.    (Unverdorben.) 

OxTSTLVic  Acid  (?) — ^When  an  alroh(^c  solution  of  sylvic  acid  is  left  finr  some  time 
exposed  to  the  air,  or  aUowed  to  evaporate  slowly,  a  viscid  uncrystallisable  suhstanoi 
remains,  which  melts  over  the  water-bath,  losing  a  little  water,  and  forms,  oa 
cooling,  a  white  brittle  mass  like  colophony.  This,  aooonUng  to  He  see  (Ann.  Gb. 
Pharm.  xxix.  141)  and  H.  Rose,  is  an  oi^sylvie  acid;  HcMe  found  it  to  csatain 
CH'^O*.  Bose  however,  in  one  experiment^  finmd  that  the  residue  bad  the  sams 
composition  a«  sylvic  add. 


or  8T&VZTB.    Chloride  of  potasshim,  ocenmng  in  enbio  oyitals 
about  the  fumaroles  of  Vesuvius. 


■TXiVnrO&IO  AOIS,  C»H*H)«.  (Malv,  Wien.  Akad.  Ber.  [2],  idiv.  191; 
Jaresb.  1861,  jk  389.)— An  add  produced,  together  with  sylvic  add,  by  aatnratbg  sa 
alcoholic  solution  of  abiotic  add  with  hydrochlorie  arid  gas ;  the  sjylvie  add  then 
erystalliaes  out,  while  the  sylvinolic  acid  remains  in  sdution,  and  is  predpitated 
therefrom  by  water,  aa  a  white  fiooculent  powder,  easi^  soluble  in  alcohol  and  in  ed}er. 
On  evaporating  either  of  these  solutions,  tne  acid  remams  as  an  amorphona  pitchy  miss, 
which  melts  with  decompontion  at  180^.    Sylvinolic  add  is  dibadc. 

The  potasstum"  and  sodiumsalts  are  uncrystallisable,  soluble  in  water  and  in  alooboL 

—  The   sUver-saUt 


See  FoBHVUB  (ii.  696),  and  Notatioit  (iv.  186). 

■YXMOWraiOSIS.  A  name  applied  by  Liebig  (Ann.  Ch.  Pharm.  xxx.  25^ 
to  the  kind  of  chemical  metamorphosis  whioh  consists  in  the  union  of  several  nmplcr 
molecules  into  a  molecule  of  greater  complexity :  e^.,  the  conversion  of  2  at  potassie 
cyanide  and  1  at.  ferrous  cyanide  into  1  at  potassio  fenocyanide,  of  8  at  cyanic  add 
into  1  at  cyanuric  add,  &c. 

See  Ikx  (iiL  272). 


A  genus  of  plants,  belonging  to  the  order  Boraginoiosm,  B.  as* 
f)errimum  contains,  in  100  pts.  of  the  fresh  herb,  88  pts.  water,  6  pta.  matter  soluble  ia 
water,  8*2  soluble  in  dilute  potash,  2*6  woody  fibre,  and  2'8  ash  free  from  carbonic  add. 
The  ash  contains,  in  100  pts. :  31*8  KK),  10*9  NaK),  20*6  CaO,  1*2  MgO,  0*4  AIV, 
17-2  SiO»,  3-9  SO",  11-4  P*0»  and  31  CL 

The  root  of  comfrey  (8,  officinale)  contains  a  large  quantity  of  vfgetoble  mndlage 
(C*H**0*,  according  to  Schm  idtX  and  a  small  quantity  of  aspangina. 


SYMPLESITE—SYNTONIN.  651 

A  mineral  sapposed  to  be  a  ferroiiB  arsenate,  found  at  Lub«>u- 
■tein  in  Voigtland,  in  minute,  monoclmic,  prismatic  crystals  resembling  cobalt-bltxim, 
clenvable  pexallel  to  the  Urge  lateral  face.  It  has  a  greenish-blue  colour  and  vitrfous 
luatre,  pearly  on  the  cleavage-fiice ;  hardness  »  2*5  nearly ;  specific  gravity  ^  2'967 ; 
Bobtnuiaparent  to  snbtranslucent.  Heated  in  a  glass  tube,  it  turns  brown,  and  lo^es 
25  per  cent,  water.  On  charcoal  it  emits  an  alliaceous  odour,  turns  black  without 
melting,  and  is  afterwards  magnetic    (Breithaupt,  J.  pr.  Chem.  x.  501.) 

See  Sunsnuzf  (p.  311). 

Syn.  with  Emulsut  (ii.  486). 

Laurent's  name  for  the  so-called  conjugated  compounds. 

A  clear,  yellowish,  very  viscid,  alkaline  fluid,  found  in  the  joints  of 
animals,  where  it  serves  the  purpose  of  lubrication.  It  contains — ^water  94 '85,  albumin 
and  extractives  3*51,  fat  0*8,  salts  1*00.    (Frerichs.) 

>lJiTIIB8ISt  OSamOAXte  The  formation  of  compounds  by  the  union  of  their 
elements  or  proximate  constituents.  On  the  synthesis  of  organic  compounds,  see 
OaoAXic  Ckkmistbt  (iv.  216) ;  also  Berth elot  (CAtmie  organiquefondketur  la synthhe, 
S  tomes,  Paris,  1860 ;  and  Chem.  Soc.  Qu.  J.  xvii.  37). 

■momv  {awriu^y,  MuaoU'fibrin, — This  name  was  given  byLiebig  to  a 
■abstance  which  can  readily  be  prepared  from  muscular  or  contractile  tissues  of  all 
kinds.  Muscle  freed  from  blooa,  finely  minced,  and  thoroughly  washed  in  the  cold 
until  the  wash-water  no  longer  gives  signs  of  the  presence  of  albumin,  is  treated 
with  tenfold  its  volume  of  diluted  ('1  per  cent)  hydrochloric  acid,  and  left  to  stand  for 
24  bonra.  The  acid  solution,  after  being  strained  and  filtered,  is  carefully  neutralised 
with  sodic  carbonate,  and  the  resulting  precipitate  filtered  ofif  and  washed.  The 
operation  should  be  carried  on  at  a  low  temperature,  and  pushed  forward  as  speedily 
as  poBsible,  in  order  to  avoid  decomposition. 

DTDtonin  thus  prepared  appears  on  the  filter  as  a  white,  opaque,  gelatinous  mass, 
rvadily  separating  into  flakes  and  pellicles.    Composition:  C  54-06,  H  7*28,  N  16*05, 

0  21*50,  S  I'll.  It  is  readily  soluble  in  very  dilute  hydrochloric  acid,  in  feebly 
alkaline  liquids  (such  as  a  solution  of  sodic  carb<»nate),  in  baryta-water,  and  in  lime- 
water.  It  is  quite  insoluble  in  solutions  of  sodic  chloride,  &c.,  at  all  degrees  of 
oopcaptratiop. 

Tha  hydrochloric  acid  ('1  per  cent)  scdution  is  not  coagulated  by  heat,  but  the  addi- 
tion in  the  cold  of  chloride  of  sodium,  calcium,  or  ammonium,  or  of  sulphate  of 
■odinin  or  maffnesium,  produces  in  dilute  solutions  a  milky  turbidity,  in  concentrated 
aoliitioiis  a  geUtinous  precipitato,  which  on  being  boiled  separates  into  flakes.  The 
•odie  carbonate  (1  per  cent)  solution  is  not  coagulated  by  heat,  but  is  rendered  turbid 
IB  tha  cold  by  sodic  chloride,  or  by  a  mixture  of  magneaian  sulphate  and  chloride  of 
ammonium ;  the  turbidity  increases  when  the  mixture  is  boiled,  and  the  froth  formed 
eontains  opaque  flakes.  The  lime-water  solution  is  not  coagulated  by  heat,  but  froths 
freely ;  and  the  froth  contains  flakes,  which  may  be  separated  on  standing.  Only  a 
fraction,  however,  of  the  syntonin  is  thus,  so  to  speak,  coagulated.  In  the  lime-water 
solution  the  chlorides  of  sodium,  ammonium,  and  maenesinm  produce  in  the  cold  little 
or  DO  turlndity,  on  boiling  a  more  or  less  copious  deposit ;  sulphate  of  magnesium 
produce*  in  the  cold  a  sli^t  turbidity,  on  boiling  a  flaky  deposit ;  sulphate  of  scxiium 
produces  not  even  a  turbidity,  either  in  the  cold  or  on  boiling.  A  lime-water  solution, 
which  has  been  boiled  and  allowed  to  stand,  still  exhibits  these  reactions  (Kuhne, 
^rotoploMiHa).  From  the  alkaline  solutions,  syntonin  may  be  thrown  down  by  a 
stream  of  carbonic  anhydride.  Although  neither  the  alkaline  nor  the  acid  solutions 
are  coagulated  by  heat,  syntonin,  when  suspended  in  water  and  heated  for  a  few 
minutes  to  85°,  is  altered,  and  enters  into  an  insoluble  form.  With  strong  acetic  acid, 
svntonin  forms  a  tuibid  gelatinous  mass.  A  solution  of  syntonin  in  ddute  hydro- 
dilorie  arid  eihibits  a  si)ecific  laevorotatory  power  of  72°  for  yellow  light 

Although  synttmin  is  most  readily  obtained  from  muscle,  it  may  be  prepared  in 
■any  other  ways.  If  flbrin  or  coagulated  albumin  be  treated  with  fuming  hydro- 
chloric acid,  the  solution,  filtered  and  diluted  with  twice  its  bulk  of  water,  gives  a  copious 
deposit  which,  when  separated  and  dissolved  in  water,  forms  a  solution  identical  m  its 
reactions  with  an  acid  solutitm  of  syntonin.  If  a  solution  of  potassic  albuminate  be 
precipitated  with  acetic  acid,  the  washed  deposit  dissolves  in  hydrochloric  acid  of 

1  per  c^nt,  and  the  solution  is  undistinguishable  from  an  acid  solution  of  syntonin.  The 
uncnaf^lated  albumin  of  hen's  eggs,  treated  with  a  siifficient  quantity  of  *1  per  cent 
hydrochloric  acid,  forms  a  solution  which,  after  24  hours'  standing,  becomes  uncoagu- 
labls  by  heat  and  gives  all  the  reactions  of  syntonin.  In  fact,  all  the  forms  of  albumin 
treated  with  dilute  hydrochloric  acid,  pve  rise,  in  a  greater  or  less  extent,  to  syntonin ; 
and  the  parapeptoue  of  Meissuer,  the  initial  stago  of  peptonification,  cannot,  by  any 
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of  ito  reaeUoDi,  be  dittingmsbed  from  ejiitonio.  LasUj,  the  alkilliie  folntiooi  of 
■yntonin  seem  in  no  way  to  differ  from  the  solntionB  of  oxdinaiy  potSMie  albuiV 
nate. 

Santonin,  therefbre,  is  no  special  miude-prodiict,  though  it  is  more  eialjaad 
speedily  formed  out  of  myosin  than  ont  of  any  other  proteid  substance.  M.  F. 

MTRXJL*  A  red  dye>stiii!^  occurring  in  commerce  as  a  dark-red,  tasteless,  and 
inodorous  powder,  which  imparts  a  red  colour  to  water  and  alcohol,  and  bums  with 
the  odour  of  horn  when  heated.  According  to  Visey  (J.  Pharm.  ixri.  167)«  it  con- 
sists of  the  incompletely  exhausted  rssidne  of  Oocoum  UieU,  thersfbre  lor  the  most  part 
of  chitin,  mixed  with  coccQS*red. 

VnuVOA  VUTidftWIBi  Common  Ldae, — The  leaTes  of  this  plant  coDtain, 
•ccording  to  Dumenil  (Trommsd.  N.  J.  zi.  117)»  nnaystitllisabls  sogar.— Ladwig 

iArch.  Fnarm.  [2]  xcL  289)  ionnd  mannite  in  them,  also  in  the  young  bianehM. 
SernaTS  and  Kromayer  (i^fra)  found  in  the  leaves,  branches,  and  bark,  a  elooo- 
side  called  ^ynnyin.—Meillet  (Ann.  Ch.  Fharm.  xl.  319)  obtained  from  die  Teavei 
and  green  seed-capsules,  a  erystiulisable  substance,  which  ne  designates  as  Ulaein ;  it 
resembles  syringin  in  all  its  properties,  excepting  in  having  a  bitter  taste,  and  bdng 
insoluble  in  water.  According  to  Mulder  (J.  pr.  Chem.  xxxii.  178),  the  wa:^  snl^ 
stance  contained  in  the  leaTos  has  the  composition  of  ordinary  wax.  The  odonfinooi 
principle  of  the  flowers  may  be  obtained  (secording  to  Favret,  J.  Chim.  m^  xir. 
212),  oy  extraction  with  ether,  aa  a  viscid  oil,  composed  of  a  waxy  body  and  a  mobili 
oiL 

srmiVOaMnr.  C>*H*0*.HK).~A  substance  obt^ned,  together  widi  fermen- 
table  suffar,  by  warming  syringin  with  dilute  sulphuric  or  hydrochloric  add.  It  is 
deposited  in  viscid  cohering  flocks,  and  forms,  after  washiuff  with  water,  a  li^^t  ross> 
coloured  amorphous  mass,  whidi  becomes  anhydrous  at  100^,  melts  at  170° — 180®,  is 
insoluble  in  water  and  in  ether,  dissolves  with  cheny-red  colour  in  alcc^ol,  and 
separates  from  this  solution,  on  evaporation,  aa  a  light  cinnamon-cdbured  powder, 
composed  of  transparent  globules.  It  reacts  with  aods  like  syringin*  (Kroma- 
yer.) 


C"*H*0".HK).  (Bernays,  J.  pr.  Chem.  xxv.  121.— Kromayer, 
Arch.  Pharm.  [2]  cviiL  7;  cix.  18,  216;  cxiii  10;  Jahresb.  1862,  p.  484;  1863,  ^ 
692.)— This  compound,  discovered  by  Bwnays  in  1841,  and  more  completely  investi- 
gated by  Kromayer,  occurs  in  the  btfk  of  the  lilac,  more  abundantly  in  March  than  in 
April,  not  in  the  leaves  or  in  the  half-ripe  fruit,  and  only  in  traces  in  the  leaf-buds. 
It  disappears  as  the  season  advances,  its  place  being  |^parenU^  supplied  by  syringo- 
pidin  (Kromayer).  Ligustrin  from  privet-baric  ^iii.  694)  is  (according  to  Kro> 
mayor)  identioil  with  syringin.  MeiUet's  lilacm  {nupra)  is  probably  also  the 
same  substance. 

To  prepare  syringin,  the  bark  is  exhausted  with  boiling  water;  the  extract  preripi- 
tated  with  basic  acetate  of  lead ;  the  filtrate  tieatedwith  sulphydric  acid;  and  after  ie» 
movalof  the  sulphide  of  lead,  evaporated  to  athin  svrup,  which  solidifles  in 'the  coarse 
<if  a  day  to  a  crystalline  pulp.  Tus  mass  is  |mriflea  by  stirring  it  im  with  cold  water, 
then  pressing,  and  recrystallising  it  from  boiling  water,  with  aid  of  animal  charcoal 
The  syringin  dissolved  in  the  irash-waters  is  obtained  by  evi^xirating  the  hqnid,  and 
agitating  the  residue  with  alcohol,  which  takes  up  the  syringin.  (Bernays; 
Kromayer.) 

Syringin  crystallises  ftcm  alcohol  in  long,  colourless,  transparent  needles»  oontaiaing 
4*6  per  cent.  (1  at.)  water,  which  they  five  off  at  116®,  leaving  anhydrona  syriagia, 
C**H*K)>*,  which  melts  at  212°  to  a  oolouriess  liquid,  and  solioifies  on  cooling  to  aa 
amorphous,  transparent,  hard,  friable,  tasteless,  neutral  mass  (Kromayer).  ligui^ 
trin  m>m  privet  melts  at  186® — 100°.    (Kromayer.) 

8yrin^  dissolves  sparingly  in  cold,  easily  in  hot  wattri  it  is  solubla  also  in  o/coAol^ 
but  not  in  ether ;  it  d^  not  precipitate  metallic  salts. 

IkeampotUioni, — 1.  Syringpu,  when  ktattd,  decomposes  below  its  maltingHKnot^ 
giving  off  an  odour  of  caramd,  and  burning  away. — 2.  The  aqueous  or  alcoholic  aolutiaa 
of  syringin  arquires  a  fine  darii-blue  colour  when  mixed  with  an  equal  volume  cfoUof 
vitnol;  with  a  huger  quantity  of  oil  of  vitriol,  the  colour  changes  to  a  beautiful  violet, 
and  the  liquid  on  standing  deposits  blue,  and  on  addition  of  water,  grey-bhie  flocks, 
which  dissolve  with  cherry-red  colour  in  alcohol  and  in  ammonia. — 3.  When  cautionsly 
heated  with  ftuning  hydrochloric  add,  it  dissolves  without  coloration,  but  on  boiling, 
the  solution  assumes  a  light  violet-red  colour,  and  deposits  blue  flodcs. — 4.  An  aqueous 
solution  of  syringin  through  whidi  eklanme^as  is  passed  acquires  a  red-brown  colour, 
but  aiter  awhile  becomes  quite  colourless.  At  the  same  time  as  acid  is  formed,  havinjg 
a  bitter  irritating  taste,  and  assuming  a  dark>blue  colour  when  mixed  with  frnie 
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cfaloridff. — 5.  Syringin  diwolTes  qnicklj  in  strong  nitric  acid,  forming  a  deep  blood- 
red  eolation. 

6.  When  eqneons  ejringin  is  heated  with  dilute  kydrocklarie  aeid,ihe  soliition 
becomes  milky,  and  deposits  adhering  lumps  of  syringenin,  whilst  fermentable  sugar 
remains  dissolyed : 

lOU  pts.  crystiillised  syringin  yielded  6177  pta  air-diy  syringenin  and,  on  the  average, 
41  pts.  sugar  (calc.  62*67  pts.  hydrate  of  syringenin  and  41'47  sugar:  Kromayer). 

Syringin  does  not  reduce  either  cuprate  of  potassium  or  nitrate  of  silver,  and  is  not 
altered  by  alkalis.    (Kromayer.) 

UTMJMQ09tOBXMm  This  substance  remains  in  the  alcoholic  mother-liquor  from 
which  syrinoin  has  crystallised,  and  may  be  extracted  therefrom  by  animal  charcoal. 
By  treating  Uie  charroal  with  hot  alcohol  (after  washing  it  with  warm  water),  a  solu- 
tion is  obtained,  which  yields  by  evaporation  (after  being  again  treated  with  charcoal) 
a  yellowish  bitter  substance,  which  is  soluble  in  water  and  in  alcohol,  but  not  in  ether; 
ispreeipitated  by  tannic  acid,  but  not  by  basic  acetate  of  lead ;  and  does  not  reduce  an 
aualine  cuprio  solution  till  it  has  been  boUed  with  dilute  sulphuric  acid.  (Kro- 
Biayer, /ioc.  ci/.) 

SIJIUF*  A  concentrated  solution  of  sugar.  In  the  sugar-manu&cture,  the  term 
is  i|ipUed  especially  to  the  mother-liquor  remaining  after  the  cane-&ugar  has  ciystallised 
oaU  In  pharmaceutical  language,  it  is  applied  to  solutions  of  sugar,  either  in  pure 
water,  in  the  decoction  or  infiision  of  any  medicinal  substance,  in  vinous  infusions 
or  ir  pressed  and  fermented  fruit-juices. 

flSAJBB&TITB.  A  hydrated  borate  of  magnesium,  occurring  imbedded,  in 
loonded  grains  and  microsoopic  needles,  in  the  fine-grained  limestone  of  the  metallife- 
rous deposits  of  Rexbanya  in  Hungary,  and  remaining  behind  when  the  limestone  is 
dissolved  in  dilute  acids.  Specific  gravity  of  the  needles  «  2*7«  of  the  grains  =>  3*0. 
It  gives  off  water  when  heated,  but  i^^bsorbs  it  after  cooling.  Before  me  blowpipe, 
It  aplita  and  swells  up  on  the  edges  with  strong  incandescence,  then  melts  to  a  tumefied 
and  finally  homy  brownish-grey  mass ;  colours  the  fiame  red  to  yellow-red.  In  phos- 
phoms-salt  it  dissolves  slowly  to  a  clear  glass,  yellowish  while  hot,  colourless  after 
eooling ;  in  borax,  after  prolonged  effervescence,  to  a  clear  bead  having  a  fiiint  reddish- 
crey  colour,  but  remaining  colourless  after  exposure  to  the  reducing  flame.  (K.  F. 
F  eters,  Wien.  Akad.  Ber.  xliv.  [2]  143;  xl^i.  [2]  847;  Jahresb.  1862,  p.  1029.) 

The  Allowing  analyses  byA.  Stromeyer  (Jabresb.  1863,  p.  836),  show  that  the 
eomnodtion  of  the  needles  is  5Mg0.2BK>*.}H*0,  and  that  of  the  grains,  6Mg0.2q^. 

vo.        Mgo.      r««o>.    H»o.        n.     QuAm.   2dMlIo. 

Needles    .     86*66        62*49        1*66        6*99        0*49        0*20        tnce  '  -     98*49 
Oraina     .     84*60        49*44        8*20      12*37        0*20        .    .         .     .     «     99*81 

The  Hungarian  name  of  native  sodic  carbonate. 


Hvdrated  silica,  oocuiring  in  stony  concretions  in  the  joints  of 
the  bamboo.  It  resembles  hydrophane,  and  when  thrown  upon  water  does  not  sink 
till  eompletaly  saturated  therewith.  It  is  the  least  refractive  of  all  known  solids,  its 
iiidez  of  refhiction,  for  the  yellow  ray,  being  1*115.  Host  van  Tonningen  (Jahresb. 
iHfiO,  p.  631)  found  in  tabasheeer  from  Java,  86*39  per  cent,  silica  soluble  in  potash, 
9*42  ferric  oxide,  0*24  lime,  4*81  potash,  0'61  organic  matter,  and  7 '63  water. 

TAMXmTB.  A  chloritic  mineral  fh>m  Taberg  in  Wermlund,  Sweden ;  closr-ly 
iC9embling  dinochlore  in  external  aspect  and  in  roactiuns  ;  and  containing,  according 
10  Svanberg  (Bers.  Jahresb.  xx.  235),  35*76  per  cent,  silica^  1303  alumina,  30-00 
saagDaaia,  6*34  ferrous  oxide,  1*64  manganous  oxide,  207  potash,  11-76  water,  and  0'67 
BvoriDe.  Aecordins  to  Descloizeaux  (Ann.Min.  xi.  280),  it  is  optically  biaxial, 
like  dinochlore,  ana  differs  in  composition  firom  that  mineral  only  in  consequence  of 
SMd  mixtures. 

TASUIiAm  S»AB.  WoUastonite,  Native  silicate  of  calcium,  Ca*SiO*.  (8ef 
Silicates,  p.  252.) 
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TACAMCABAO.  Gummi  Takamahak, — ^A  resita  fonnerl^  uaed  for  flunigatioo  nA 
for  plasters.  There  are  two  varieties  of  it : — a.  West  Indian  tacamahac,  from  £?«- 
jihrium  tammtomm^  Jacq.  {Faaara  octandra,  L.)  and  E,  eteeUmH,  Kth.,  trees  b«'looigini{ 
to  the  order  Buraeraeea,  and  indigenous  in  Mexico,  the  West  Indies,  and  Swith 
Americji.  The  resin  exudes  from  the  hark,  and  haxdens  on  exposure  to  the  air.  It 
forms  reddish  or  brownish  lumps,  having  a  bitter  aromatic  taste,  imperfectly  solulb 
in  alcohol  and  alkalis,  perfectly  soluble  in  ether  and  in  oils,  both  fat  and  ToUtile.— 
0.  The  East  Indian  variety,  from  Calof  helium  inophyllum^  L.  (aooordinc^  to  lindky 
from  C.  Caiaha^  L.),  an  East  Indian  tree  belonging  to  the  order  Ctunaee^,  is  very  nr?. 
It  is  a  grf>enish-yellow  or  orange-ouloured,  soft,  resinous  mass,  which  ftradniallj  ha^iefi^ 
has  an  agreeable  lavender-like  odour,  and  aromatic  somewhat  bitter  taste;  mrlts 
easily,  and  dissolves  completely  in  alcohol. 

TACRTAFBA&TZTX.  A  mineral  discovered  byWeiby e  (Po^.  Ann. IxxxriiL 
160),  at  Krageroe  in  Korway,  where  it  occurs  imbedded  m  granite  veins  in  the  gwiM. 
According  to  Berli  n,  it  ctmtains  34*58  per  cent,  silica, 88^6 siroonia,  12*32  tbon&s(?) 
8'72  ferric  oxide,  1*85  alumina,  and  8*49  water.  It  forms  dimetric  oystala,  like  than 
of  zircon,  boiug  onibi nations  of  the  prisms  ooP  and  odPod  with  two  ortahedrons— oas 
of  110^  (terminal  edge),  the  other  of  6QP.  Cleavage  not  very  distinct.  FrMtv« 
conchoidal.  Hardness  «  5*62.  Specific  gravity  «  3*6.  Lustre  snbmetallie  to 
vitreous.  Colour  dark  reddish-brown.  Streak  dirtj-yellow.  Sabtransfaienit 
Heated  in  a  tube,  it  gives  off  water  with  slight  fluorine  reaction.  Beloce  ths  blovjlips 
it  becomes-  dirty-white,  but  does  not  melt.  In  borax  it  dissolves  with  difinlly; 
with  soda,  on  platinum,  it  forms  a  dirty  yellowish-brown  slag; 


Ca''Mg«ClM2H«0  or  Ca'*Cl«.2Mg''Cl«.l  2HH>.— Thb  mincnl 
occurs  in  the  saline  deposits  of  Stassfurt,  in  roundirii,  yellow,  transparent  to  tnunloeesi 
lumps,  which  are  imbedded  in  compact  anhydrite,  and  contain  small  ciystab  ef  tht 
latter  enclosed  within  themselves.  It  cleaves  distinctly  in  two  directions.  DeliqfMini 
quickly  when  exposed  to  the  air. 

TAOHTXTTB.  Conchoidal  Augit€,—k  silicate  oocnrringinbasaltonths  flbilim 
near  Daansfeld  in  Hanover,  and  containing  (according  to  Schnederuann)  tf*74 
per  cent,  silica,  1240  alumina,  13*06  ferroso-ferric  oxide,  7'28  lime»  6-92  mspiii^ 
3*88  soda,  0*60  pota»h,  0*19  manganous  oxide,  and  2*78  water.  It  is  ainoiphoaB,wirk 
conchn'idal,  even  or  uneven  fracture ;  black  and  opaaue,  with  waxy  lostrs  and  dsik- 
grey  streak;  brittle  and  somewhat  magnetic;  hardness  »  6*6;  spedfie  snvity  » 
2*565 — 2*593.  Before  the  blowpipe  it  melts  veipr  easily,  and  with  intnmesence.'te  i 
blistered,  brownish-poen,  magnetic  glass,  and  gives  with  borax  the  resctioQ  of  ins. 

Hifolomtlone,  a  mineral  occurring  in  the  porous  basalt  of  the  Vogel«gebii|^  ii 
Hesse,  is  usually  regarded  as  identical  with  tachylyte,  but  according  to  Hansaiii 
{Handb.d.  Mineral,  ii.  646),  it  is  a  distinct  Species.  According  to  an  analysis  by  C  G. 
Gmeli n  (Pogg.  Ann.  xlix.  234),  it  contains: 

so*.       T10«.     Al«03.        FeO.       CsO.     MgO.   N««0.     K«0.'   MnO.  JiwIoJtaf 

5022     1*41      17-84      10*26      8*25     3*37     6*18     8*86     0*40     0*60     •     lOlil 

Nearly  allied  to  it  is  a  mineral  from  the  Wetterau,  likewise  analysed  by  Oat- 
lin  (Leonhard's  N.  Jahrb.  f.  Mineral.,  1840,  p.  649),  which  has  a  specific  oraritjof 
2*705,  does  not  gelatinise  with  acids,  and  is  not  decomposed  even  by  boiling  with  stnit 
sulphuric  acid ;  alsoa  scorioceous  augite,  described  by D. L.  G.Karsten,  and  ansljiH 
by  Klaproth  {lieitrdge,  iv.  190),  from  a  limestone  deposit  atOniliane  in  BAj, 
(Handw.  d.  Chem.,viii.  467.) 


r,  or  KouiUfin. — A  resinous  substance,  supposed  to  coostitiits  the  sclifs 
principle  of  kousso-flowers  (the  flowers  of  Brayera  antkelmintiea).  It  is 
by  digesting  the  flowers  with  strong  alcohol  containing  a  little  potash,  and  ii 
by  evaporation  as  a  resinous  mass,  or  as  a  white  powder  having  a  hittv 
taste.  It  melts  at  about  100^,  is  nearly  insoluble  in  water,  solnUe  in  ISOOpta.  spirit 
of  45  per  cent,  at  17',  and  in  12  pts.  alcohol  of  90  per  cent.;  it  dissdves  in  ethfr  ii 
nearly  all  proportions,  and  with  tolerable  facility  in  alkalis,  whence  it  is  pRcipitatcd 
by  acids.     (Pavesi,  Buchn.  N.  Repert.  viii.  326.— Bedall,  Orid.  646.) 

TAOZXiXTB.    A  basic  cupric  phosphate,  Cn'PK)*.Cu'H«0\  from  Kisdins-T^igU 

(iv.  561). 

TAOITA-VUT.    The  fruit  of  Phyielephat  maerocarpa,  worked  as  "imHUhk 

ivory." 

^^•HOJf  O,    A  lead-glass  containing  ferric  oxide,  used  in  Chins  ss  s  rrd  nuoti 
colour  on  porcelain. 
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A  wood  from  Pafaffoay,  resembling  igBaiaenm-wood  in  appear^ 
ifld  apmAe  gnrity.  It  haaa  greenish^hrown  ooloor  when  freeh ;  becomes  eorered, 
Mimn  to  the  air,  with  a  grMoiah-yellow  crystalline  powder ;  and  eixhibits  imder 
t^  mtcnttm  yellow  oblique  prisms,  together  with  shining,  ooloarless,  thin,  six-sided 
e«hlM '  the  latttr  are  not  altered  by  alkalis ;  the  former,  which  consist  of  ti^gnic  add, 
ai«  ifddtoed  thereby.  Strong  boiling  alcohol  extracts  fiom  it  13*7  per  cent,  of  a  mix- 
tm  of  tugoic  acid  with  resinous  and  waxy  substances.  The  wood,  after  diring  in 
hj4refia-|as,  yields,  when  boiled  with  water,  6'7  per  cent,  of  a  gum-resin  smelling  like 
biasaia,  alter  which  alcohol  again  extracts  ftom  it  2*5  per  cent  of  resinous  substance. 

tMMmWU)  AOXB.  (Arnaudon,  Cimento,  Tii.  87;  Jahresb.  1868.  pc  264.)— This 
md,  v^ieh  ooemv  in  the  cold  alcoholic  extract  of  taign  wood  {supra%  is  fire«d  from 
aimat4  lesins  by  repeated  treatment  with  alcohol,  and  from  waxy  matters  by  ether : 
tba  nlsttoo  is  then  eraporated,  and  the  residue  dried :  100  pts.  of  the  wood  yield  2  pts. 
sT  the  tod. 

Tsiftie  add  crystallises  in  oblique  prisms  baring  a  fine  yellow  colour :  it  is  tasteless 
uA  isodofcMs ;  \mt  when  rubbed,  emits  an  unpleasant  odour,  and  becomes  electric :  it 
mb»  « 13$^  ^  sublimes  at  180^.  It  is  but  rery  slightly  soluble  in  water,  even  at  tha 
foihsf  heat  ^abovt  0*001) ;  but  when  heated  wiUi  water  to  140^  in  a  sealed  tube,  it 
iMoliei  is  laiger  quantity,  and  eiystallises  on  cooling.  Acetone,  ethers,  benzene, 
mi  tfioag  alculiK»l  dissolre  it  freely.  It  contains  70*9  per  cent,  carbon,  6*9  hydrogen, 
ad  JH  esyjKfs  agreeing  with  the  empirical  formula  (rHK). 

Taifueacid  unites  with  bases,  forming  crystallisable  salts,  from  which  it  isveparated 
uaitavd  by  the  stronger  acids.  With  the  alkalis  it  forms  canly  soluble  salts  haying 
i  dttp  fid  colour,  the  production  of  which  is  quite  independent  of  atmospheric  oxygen ; 
hran  tsigiae  acid  forms  a  rery  deUcate  test  fbr  Ihe  presence  of  alkalis.  The 
mtittl  iQlntioaa  of  the  alkaline  taiguates  fbrm,  with  aeutral  acetate  of  lead, 
uoMtpbeus  scarlet  precipitate,  which,  in  contact  with  water,  gradually  becomes  crys- 
\aSm  m  rsddish-yellow ;  it  is  slightly  soluble  in  water,  more  soluble  in  alcohol,  and 
u  obtaiaid  in  pointiMi  ciystals  by  evaporation  of  the  alcoholic  solution. — Nitrate  of 
nlw  knoa^  in  neutral  solutions  of  the  alkaline  taiguates,  a  cinnabar-coloured  pre- 

2'tstfi,  which  is  decomposed  by  exposure  to  light,  is  nearly  insoluble  in  water  and  in 
r,  nodeiately  soluble  in  alcohol,  fr«ely  in  ammonia. 

fglOlBaU  Ml     Syn.  with  Nxpbbitb  (iy.  81). 

«m&e«  4X^0.6SiO«.IH*0.~This  mineral  occurs  both  crystallised  and  massire ; 
tk  BsisiTe  ranety  is  called  steatite,*  and  was  formerly  regarded  as  a  distinct 
tfiam;  but  it  has  the  same  composition  as  crystalline  talc. 

Tale  usually  forms  kmellar  crystals,  which  deaye  perfectly  in  one  direction,  but 
m  too  incompletely  developed  to  admit  of  an  exact  determination  of  their  crystalline 

n;  they  are^  however,  optically  biaxial,  and,  besides  the  principal  cleavage,  exhibit 
ices  of  deayage  in  two  directions  obliquely  indined  to  one  another.  The  crystals 
vtof  Tvious  sises,  forming  plates,  laminae,  and  scales,  and  are  sometimes  elongated 
io  €■«  diredioQ.  They  also  occur  aggregatM,  in  crystallo-laminar,  radio-laminar,  or 
tmHj  groups,  which  in  lar;^  masses  often  exhibit  a  true  slaty  structure  (talcose  slate). 
Tkt  Isaells  are  very-flexible  but  not  elastic,  and  unctuous  to  the  touch.  Talc  is  very 
mA,  it>  hardne«8  being,  in  fact,  adopted  as  the  unit  of  the  8cale.  Specific  gravity  « 
Htivt^.  It  is  colcmriees,  white,  grey,  sreenish-white  and  greenish-grey,  apple-green, 
Moreen,  and  yellowish -white  tO  yellowish-grey,  transparent  (in  thm  lamellae)  to 
B0«y  trsoslucent  on  the  edges,  and  has  a  waxy  lustre,  nacreous  on  the  perfect 
cbifBge-laees.  When  heated  before  the  blowpipe,  it  glows  bristly,  usually  exfoliates 
ssd  bvns  hard  (to  a  hardness  of  6),  but  does  not  fuse ;  with  phosphorus-salt  it  yields 
t  Adfltoa  of  silica,  and  when  moistened  with  cobalt-solution,  ana  ignited,  it  becomes 
psb-red.    It  is  insoluble  in  adds  both  before  and  after  ignition. 

Otaipaet  steatite  (Specktiein  of  the  Germans),  which  occurs  massiye,  imbedded  in 
kidoej^vhaped  and  nodujHr  lumps,  also  as  peeudomorphs  after  quarts  and  dolomite,  has 
u  ttDfven  to  splintery  fracture,  a  greasy  feel,  and  does  not  adhere  to  the  tongue.  Its 
ipmicgrfiyity  and  hardness  are,  for  the  most  part,  the  same  as  those  of  talc :  the  hardness, 
kivrver,  is  sometimes  rather  greater  (—  1*6).  It  is  white,  grey,  yellow,  red,  grcrn, 
dali,  epaque  to  translucent  on  the  edges.  When  heated  in  u  glass  tube,  it  giyes  off  a 
lirUe  water ;  before  the  blowpipe  it  does  not  melt,  but  burns  to  a  degree  of  hardness 
fofBdeot  to  scratch  ^lass ;  when  ignited  with  cobalt-solution,  it  becomes  palo  red.  It 
k  derompoeed  by  boiling  sulphuric  add,  differing  in  that  respect  from  crystalline  talc 

iVtrtRM;  gr  £api4  oliaris,  is  a  coarse  dark-coloured  steatite,  more  or  less  impure. 

Pare  tak,  4Mg  0.6SiO*.}HK),  contains  02*14  per  cent,  silica,  32*92  magnesia,  and 
4-94  vatar.    The  numerous  analyses  of  the  mineral  in  its  several  varieties  exhibit  but 


(•lao  called  iteatlte)  It  a  nloeral  of  dtffereot  composition— vli.,  lUkate  of  nufneslOH 
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slight  deyiation  from  this  oompontiofD — fis.,  from  about  62  to  64  per  cent  nlioi,  tt  to 
3S  magneiria,  and  2*6  to  5  water,  with  from  0-6  to  7  per  cent  ferrous  oiadft  nplaebg 
pttit  of  the  miignesia>  and  oocasionally  small  quantities  of  alnmina,  lime,  &c,  wfaiS 
must  be  regarded  as  impurities.  Some  Tarieties  appear  to  be  anhydrous,  or  to  oontaio 
but  very  little  water ;  but  this  result  is  perhaps  due  to  defective  analysis,  as  the  water 
is  expelled  only  at  a  veiy  strong  red  heat^  (F<a  the  individual  analyses,  see  Bam- 
melsberg's  ifmeraleksmief  p.  517.) 

Tale  is  a  very  widely  difibsed  mineral,  some  of  its  Tarieties  (especially  eommoo  tale, 
potstone,  and  steatite)  forming  extensive  beds  in  regions  of  crystalline  rodu.  Appliw 
green  talc  occurs  in  Unst,  one  of  the  Shetland  Isles ;  also  on  the  GreinerMonntaui  in 
Snkburg,  and  in  the  Value,  &c  Potstone  occurs  in  the  Yalais  and  the  Ghrisons,  and  at 
Waki  in  Styria.  ExtensiTe  beds  of  steatite  ooourin  various  parts  of  the  KewEoglai^ 
States — also  in  New  Jersey,  Pennsylvania.  &c 

Green  taloose  minerals  occur  at.Fahlun  in  Sweden,  and  at  Ghistein  in  the  Tjr6L  A 
white,  large-laminated,  and  radio-laminated  talc  from  Pressnitz,  in  Bohemia,  oontaiai 
about  68  per  cent  ailica,  26  magnesia,  1*2  to  1*6  fBrvous  oxide,  and  4*1  watery 
(Scheerer.) 

Slabs  of  steatite  are  extensively  employed  as  firestones  in  furnaces  and  stuvea.  It 
may  be  turned  in  a  lathe^  and  formed  into  tubes  by  boring.  When  ground,  it  is  need 
for  diminishing  friction.  It  is  also  employed  in  the  manufrcture  ot  some  kinds  <4 
porcelain  Venetian  tale  is  used  for  removing  oil-stains  from  woollen  cloths,  &^ 
(Dana,  ii.  277.) 


(P.W3). 


The  harder  varieties  of  steatite, 
from  China ;  syn.with  Aoalmatolitb  (i.  60). 
A  term  sometimes   ^plied  to  magnesio-alumuiie  su^hits 


TAIiCAVATITB.  A  varie^  of  apatite  containing  magnesia,  oocmring  in  six- 
sided  crystals,  grouped  or  single,  m  the  chlorite-slate  of  the  Schischimskan  Hountaini, 
near  Slatoust  in  the  Ural.  According  to  H  erman  n  (J.  pr.  Chem.  xxxi.  101^,  it  contains 
87*60  per  cent  lime,  7*74  magnesia,  39*02  phosphoric  add,  2*10  sulphuno  add,  0*91 
chlorine,  2*23  fluorine  (and  bra),  1*00  oxide  of  iron,  and  9*60  insoluble  matter.  The 
soluble  portion  may  be  represented  approximat^y  by  the  formula  30a'F*0*Jifg7K)'; 
but  it  is  pffobab^only  an  impure  apatite,  the  magnesia  b«ng  derived  from  the  gaagoe. 

TA&C-OS&aXZra.    Syn.  with  CuifOCBLORB. 

TA&O-ZXOir-OBIk  Ma^nman  Iron-ore,  TalkeUenerz.  Tesseranttsmoffnettfer.^ 
This  name  is  applied  hj  Breithaupt  (Bandb,  d.  Minerafope,  iii.  778)  to  an  iron-ore 
from  the  State  of  New  York,  consisting  (according  to  P  latt  n  er)of  ferrous  oxide  with 
much  magnesia,  a  somewhat  considerable  quantity  of  titanic  acid,  and  a  small  quantity 
of  alumina,  but  no  chromium.  It  forms  cubo-octahedrons,  fissured  internally,  but 
exhibiting  only  traces  of  deavage  parallel  to  the  cubic  and  octahedral  &cea.  It  is 
opaque,  iron-black  with  black  streak,  and  neariy  semimetallic  lustre.  HaidnesB  » 
6*0.  Specific  levity  —  4*0  to  4*6.  Very  slightly  magnetic.  Behaves  before  the 
blowpipe  like  titaniferous  iron-ore. 

TA&0«Z&OVaTOn«  Talkeumstein, — ^Breithaupt' s  name  for  a  magnetic 
iron-ore  from  Sparta  in  New  Jersey,  having  the  ferrous  oxide  partly  repkoed  by  mag- 
nesia. It  is  slightly  magnetic  and  has  a  (undty  of  4*41  to  4*42.  Allied  to  this  is  the 
magnesi^srous  magnetic  iron-ore  occurring  in  imperfect  octahedrons  in  the  alatea  of  the 
Monme  Mountains  in  Ireland,  and  containing,  according  to  Andrews  (J.  pr.  Obsm. 
Ivii.  376),  71*41  percent.  Fe^O*,  21*69  FeK),  and  6*46 MgO.— Also  Bammelsberg*s 
magnofarrite  from  Vesuvius  (iii  784). 

TA&O-OAmvaT.  Talk^ranat,  TalktJumgranaU  Magnedaa  garnet  from 
Arendal  in  Norway  (ii.  772). 

T A&em,  or  T AXJLXTB.  A  mineral  from  Wicklow  in  Ireland,  alLed  to  nacrite 
(iv.  1). 

TA&COIB.  This  name  was  applied  by  Naumann  to  the  white  laminated  tale 
from  Prebsnitz  in  Bohemia  {supra), 

TAXCOSa  aULTB*  A  dark  ^ty  rock,  having  a  somewhat  greasy  foel,  and 
consisting  largely  of  talc,  intimately  mixed  with  felspar  and  quarts. 

TAUbZCOOVAB-OX&,    Syn.  with  CABiPA-on.  (i.  749), 

TA&unroiTB.  An  oxychloride  of  copper,  allied  to  atacamite,  from  the  Botallack 
mine  in  Cornwall.  It  forms  greenish-blue,  thin,  somewhat  crystalline  crusts,  ooroposrd 
of  small  spherules.    Hardness  »  3.    Specific  gravity  «=  3*5.    It  is  insoluble  in  water. 
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easily  loluble  iu  dilute  acids  and  in  ammonia,  and  turns  green,  with  loss  of  water,  at  1 00^. 
It  contains  66*24  per  cent,  cupric  oxide,  11*33  chlorine,  and  24*16  water  (»  lUl-73), 
besides  traces  of  carbonic  acia,  arsenic,  alumina,  and  sodic  chloride:  whence  the  fur- 
mola,  Cu''Cl«.4Cu'^H)«.4HK)  (Churc h,  Chem.  Soc.  Qu.  J.  xriii.  77).  For  atacamite, 
Church  calculates  the  formula  Cu''CI^3Cu"H'0^H'0.    (Compare  i.  429.) 

Another  cupric  ozychloride  from  the  same  mine,  called  SotallackUe,  occurring^  in 
thin  pale  mountain-green  crusts,  of  specific  gravity  3*6,  vas  found  to  contain  66*25 
per  cent  Cu'O,  14*76  CI,  and  22*46  H'O  (=  103*22),  whence  the  formula  Cu'Cl«. 
3Cn'HK)'.8HK>.  A  blue  cupric  oxychloride,  also  from  the  same  mine,  appeared,  from 
a  preliminary  analysis,  to  consist  of  Cu"Cl*  6Cu1I'0^6H>0.     (Church,  ibid.  212.) 


Wa  This  name  is  applied  to  the  harder  and  less  fusible  fiits,  occurring 
ehiefly,  though  not  exclusively,  in  the  animal  kingdom,  the  most  common  being  beef 
and  mutton  tallow.  The  most  solid  of  the  vegetable  fats  are  cacao-fat,  from  7Vo- 
hroma  Caeao;  Chinese  tallow,  frY>m  the  berries  of  StilUngia  seUfera ;  myrica-tallow,  from 
the  berries  of  Af^rrira  eeriftra  (which,  however,  is  rather  a  whx)  ;  virola-tallow,  firom  the 
■helled  almonds  of  Nyristica  atbifera ;  and  piney-talluw,  from  the  fruit  of  Valeria 
imdiea.  Cocoanut-fat  is  also  fr^uently  called  a  tallow,  though  it  has  rather  the  cou- 
■istcnee  of  butter.  (See  the  names  of  the  several  plants  in  this  Dictionary ;  also 
Gmelim'a  Handbook,  xvi.  385---400.) 

Animal  tallow  consists  chiefly  of  stearin,  palmitin,  and  olein,  the  stearin  pre- 
dominating, but  varying  with  the  species  of  the  animal  (e.^.,  mutton  and  deer  tallow 
are  mostly  harder  and  less  fusible  than  beef-tallow),  and  with  the  age,  mode  of  feed- 
ing, &c  The  tallow  is  separated  from  the  cellular  tissue  in  which  it  is  enclosed  (the 
entire  mass  constituting  suet)  by  melting.  This  operation  is  performed  at  the  lowest 
possible  temperature,  sind  is  much  facilitated  by  the  addition  of  dilute  sulphuric  acid 
(1  pt  oil  of  vitriol  and  20  pts.  water  to  100  pts.  tallow).  The  melted  tallow  is  white, 
u  pure ;  a  less  pure  tallow,  which  has  a  yellowish  colour,  may  be  bleached  by  exposure 
to  ufi^t  and  air ;  more  rarely,  the  bleaching  is  effected  by  the  use  of  chemical  reagents — e.g., 
by  heating  100  pts.  of  the  tallow  with  1  pt  sulphuric  acid  and  |  pt  red  cnromate  of 
potash,  or  200  ^ts.  tallow  with  1  pt  nitric  acid  and  1  pt  oil  of  vitrioL 

Tallow,  especially  that  of  the  ox  and  sheep,  is  largely  used  for  the  manufacture  of 

p  and  candles ;  in  smaller  quantity  also  in  pharmacy. 


If  an  alloy  used  for  the  manufacture  of  trinkets,  contains,  accord- 
ing to  Sanerwein  (DingL  1.  dxx.  154),  86*4  per  cent  copper,  12*2  zinc,  1*1  tin, 
and  0*8  iron« 


The  Chinese  name  for  a  glaw  flux,  consisting  chiefly  of  silicate  of  lead 

with  a  little  copper,  used  as  an  enamel  colour  on  porcelain.   (E  helm  en  and  Salv^tat, 
Ann.  Oh.  Phys.  [3]  xxxv.  344.) 


The  name  given  by  Domeyko  (Jahresb.  1863,  p.  815)  to  a  black 

or  brown-black  crystHlliie  mineral  from  amine  in  the  desert  of  Atacama,  oontain- 
iog44-5  percent.  CuO,2-4  CaO,  0-8  MgO,  16*2  Al'O",  11*3  Fo«O«,20-8  SiO",0*7  CI,  and 
2*6  loM  by  ignition  (-99-2).  According  to  Ulex  (ibid.  1865,  p.  888),  it  is  a  fin  e- 
grained  mixture  of  atacamite,  malachite,  red  hsematite,  and  calcspar,  intersected  by 
erystala  of  tourmalin. 


._.^___ (•    Frucitu  Tamarindarum. — The  pulpy  maiis  contained  in  the  pods 

of  T^aiarindus  indtca,  a  leguminous  tree  growing  in  the  East  and  West  Indies,  in 
l^ypt,  and  in  Arabia.  It  has  a  faint  vinous  odour  and  agreeably  acid  taste.  Yau- 
qaelin  (Ann.  Chim.  v.  92)  found  in  East  Indian  tamarinds,  sugar,  gum,  pectic  acid, 
Balic,  dtrie  and  tartaric  acids,  acid  tartrate  of  potassium,  and  cellulose.  Scheele 
did  not  find  citric  acid.  According  toGorup-Besanez  (Buchn.  liepert  Ixviii.  260), 
tamarinds  likewise  contain  acetic  and  formic  acids. 


^ CAaicophylliU.    Copper-mica  (in  part). — A  basic  cupric  arsenate, 

occurring  in  rhombohedral  crystals,  also  foliattsl,  massive,  and  in  druses.  Principal 
axis  of  rhorabohedron  =.  2*5536.  Angle  R  :  R  (t^^rminal)  -  69°  48';  oR  :  R-  108° 
4'.  Observed  combination, oR  .  R,  also  with  +  2R.  -  JR,  and  ooR.  Cleavage  highly 
perfect  parallel  to  oR,  which  pbine  is  sometimes  triangularly  siriated.  Hardness  » 
1  Specific  gravity «»  2*4  to  2*66.  Lustre  pearly  on  the  biase.  vitreous  or  subadamantine 
on  the  other  facea.  Colour  emerald-  or  grass-green  toverditer-green.  Streak  somewhat 
ptlcr.  Fracture  scaicely  observable.  Sectile.  When  heated  it  decrepitates  and  exfo- 
hJtm.    Before  the  blowpipe  it  yields  a  scoriaceous  mass  enclosing  a  button  of  copper. 

Analvus,—a,  by  Chenevix  (PhU.  Trans.  1801).— A.  Specific  gravity -2*435  (He  r- 
aana,  J.  pr.  Chem.  xxxiii.  294).— c,  d.  Specitic  jjravity  =  2*659  (Damour,  Ann.  Ch. 
i'hjB.  13]  xiii.  404): 

Vol.  f  U  U 


• 

31 

100 

8-93 

8M9     • 

100 

1-80 

23-94     • 

99-80 

218 

22*58     - 

99*84 
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Af»0*.  P*0».  CuO.  FeO. 

O.     21  .      .  58 

5.  17*51  .     .  44*46  2*92 

e,  19-35  1*29  52*92  .     . 

<il  21*27  1*56  52*30  .     . 

These  widelj  different  results  cannot  be  reduced  to  a  single  formula: 

a  maj  be  approximately  represented  by  8CuO.A8'0*.13H'0  «  Cu'AsK)*.5CuHK)*.8sq. 
cand<i  „  „  8CuO.A8«0*.16H»0  -  Cu«A8»O».5CuH«O».10aq. 

b  „  „  8CuO.As«0*.23HH)  » Cu«As«0».5CuH«0«.18sq. 

The  principal  Cornish  localities  of  this  mii  iral  are  the  copper  inines  of  Tingtang, 
Huel  Gorland,  and  Huel  Unity,  near  Hedruth.  It  occurs  also  crystallised  in  inm-are 
at  Sayda  in  Saxony,  in  minute  crystals  at  Herrengrund  in  Hungaiy,  and  at  Moldawain 
the  Bannat.    It  is  sometimes  found  altered  to  chrysocolla. 

TAMAJUOK.  From  the  flowers  of  the  French  tamarisk  (  Tarnafix  gaUica\  a  crys- 
talline iridescent  substance  may  be  obtained,  by  exhaustion  with  alcohol  and  evapora- 
tion (Lan  de  r  er).  The  leaves  contain  a  large  quantity  of  potassic  sulphate.  T.  Ian 
grows  chiefly  on  the  Kiighis  Steppe:  100  pts.  of  the  young  air^iried  plant  yield  33*7 
per  cent,  ash,  containing  12*5  per  cent,  sodic  carbonate,  52'0  sodic  chloride,  1*6  sodic 
sulphate,  and  3*0  pivtassic  sulphate,  together  with  38*8  pts.  insoluble  salts.     (Oobel.) 

Tamarix  mannifera  yields,  in  consequence  of  the  puncture  of  an  insect  {Coccus  manni' 
ferns),  a  saccharine  substance,  the  so-called  Manna  of  Sinai,  which  is  a  yellow  syrup 
containing  55  |)er  cent,  cane-sugar,  25  inverted  sugar,  20  dextrin,  &c.  (Berths  lot, 
Compt  rend,  hit  583.) 

TAXTAMSa  or  G^n47-^(m^«.— Chinese  musical  instruments  having  the  form  of  a 
kettle-drum,  and  sounded  oy  beating  them  with  a  stick  covered  with  leather.  According 
toKlaproth,  they  are  formed  of  an  alloy  of  78  pts.  copper  to  22  pts.  tin.  According 
toGenth(Mitth.d.  Grewerbevereins,  f.  Hannover,  1859,  p.  106),  they  consist  of  80  per 
cent,  copper  and  20  per  cent.  tin.  According  to  Julie n  (Compt. rend.  xxiv.  1069),  the 
Chinese  alloy  the  copper  for  these  instruments,  and  fbr  cymbals,  ftc.,  with  {  pL  of 
tin. 

TAVAOXTXC  ACZB.  An  acid  said  by  Peschier  (J.  Chim.  mM.  iv.  58\  to 
exist  in  the  flowers  of  the  common  tansy  {Tanacitum  wJgare).  It  is  ciTshilline, 
soluble  in  water,  forms  crystallisable  salts  with  potash  and  soda,  and  precipitaCee  the 
eolutions  of  calcium,  barium,  zinc,  lead,  silver,  copper,  and  mercury. 

TAJTACBTZH*  A  bitter  substance  obtained  fW>m  the  leaveis  and  flowprs  of 
tansy.  It  is  prepared. in  the  same  manner  as  absinthin  ftx>m  wormwood  (i.  2),  and 
forms  a  yellowish- white,  granular,  inodorous  mass,  easily  soluble  in  ether,  sparin^y  in 
alcohol,  still  less  in  water.  The  solution  has  a  bitter  and  rather  sharp  taste,  sind  is 
pi'ecipitated  by  plumbic,  ferric,  and  mercurous  salts,  not  by  tannic  acid.  (From berg, 
Ueig.  Magas.  viiL  35. — ^Leroy,  J.  Chim.  mM.  xxi.  357.) 

TAJr AOATU M  VUXiCMkJiB.  Tansy, — The  leaves  of  this  plant  contain  vola- 
tile oil,  a  bitter  extractive  matter  called  tanacetin  (sttpra),  tannm^  sugar, malic  acid, 
and  other  substances.  The  flowers  contain  the  same  constituents,  but  are  richer  in 
volatile  oil,  and  (according  to  Peschier)  they  also  contain  tanacetic  acid.  The 
seeds  contain  volatile  oil,  fat  oil,  and  a  bitter  substance. 

The  volatile  oil  of  tansy,  obtained  by  distilling  the  leaves  or  flowers  with 
water,  has  a  spciflc  gravity  of  0*92  to  0*93,  dissolves  easily  in  alcohol  of  specific 
grarity  0*85,  thickens  on  exposure  to  the  air,  dissolves  in  iodine,  but  is  not  sensibly 
acted  upon  by  it.  When  distilled  with  chromate  of  potassium  and  sulphuric  add,  it 
yields  a  volatile  crystalline  body,  having  the  composition  of  ordinary  camphor 
(Persoz,  Compt.  rend.  viii.  433 ;  V ohl,  Pharm.  Centralbl  1858,  p.  818).  U  ii 
decomposed  and  dissolved  by  nitric  and  by  sulphuric  acid. 

TAJr AB-AXPO.  A  plsstic  earth,  occurring  in  Java,  and  used  by  the  natives  as 
food,  after  being  dried  over  a  charcoal-fire.     (Mohnike,  J.  CSiim.  mM.  iv.  66,) 

TAJrOHZWZA  aCABAOASCAJtZSVSZa.  A  shrub  indigenous  in  Mada^ 
gascar,  the  kernels  of  which  contain,  besides  fat  oil  and  the  ordinaiy  plant-consU- 
tnents,  a  crystallisable  substance  called  tanghin-camphor  ^r  tanghinin.  To 
prepare  this  substance,  the  almonds  are  freed  from  oil  by  pressure,  then  exhausted 
witn  ether,  and  the  ethereal  solution  is  left  to  evaporate.  Tanghinin  then  remains 
behind,  and  may  be  obtained,  by  solution  in  alcohol  and  spontaneous  evaporation*  in 
colourless,  transparent,  shining  scales,  which  effloresce  on  exposure  to  the  air.  It  has 
a  sharp  bitter  taste,  and  afterwards  produces  a  feeling  of  constriction  in  the  throat.  It 
melts  to  a  resin  when  gently  heated,  but  is  not  volatile.    It  dissolves  in  acetic  acid. 
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without  eDtering  into  oombination,  and  is  coloured  yellow  by  other  adds  and  by 
mikalis.  The  alcoholic  solution  forms  white  precipitates  with  lead-,  mercury-,  ani 
•iWer-ealta.    Tanghinin  is  very  poisonons,  quickly  producing  fatal  effects. 

TAMOIHTASTB*  A  variety  of -nephrite  from  Tangiwai  in  New  Zealand.  ( Jahiesb. 
1864,  p.  351.) 

TAVXira.  A  mineral  from  Norway  resembling  chiastolite :  specific  gravity  * 
S^36.    (Breithaupt,  Schw.  J.  1829,  p.  246.) 

TAVVASPIBZC  ACZB.  0  *H"0>*  (?).  (Luck,  Pharm.  Centr.  1851,  p.  667.) 
•^-An  acid  contained,  tofj^ether  with  pteritannic  acid,  in  the  root  of  the  male  fern 
{Aspidium  FUix  mas).  The  method  of  extracting  these  acids  and  separating  them 
with  ether  has  been  already  described  (iv.  745).  The  impure  tannaspidic  acid  left 
nndiasolTed  by  the  ether  is  purified  by  solution  in  alcohol,  and  evaporation  in  a  retort 
filled  with  hydro^n. 

Tannaspidic  acid  forms  a  black-brown,  shining,  amorphous  mass,  triturable  to  a  red- 
bffown  powder.  It  is  insoluble  in  water,  ether,  oil  of  turpentine,  and  fixed  oils,  easily 
•oliible  in  strong  alcohol,  soluble  also  in  warm  acetic  acid.  The  alcoholic  solution 
•vapomted  by  heat,  in  contact  with  the  air,  leaves  a  reHidue  no  longer  soluble  in  alcohol. 
Strong  sulphuric  acid  dissolves  if,  forming  a  dark-green  liquid,  ^hieh  soon  becomes 
lirown-xed  on  the  surface.  Nitric  acid  dissolves  and  decomposes  it.  With  chlorine  it 
fiormfl  ■nbetitotion-products. 

Tannaspidic  acid  dissolves  easily  in  potash  or  ammonia,  forming  a  dark-brown 
■oilntion,  which  quirklv  absorbs  oxygen,  especially  when  warmed,  acquiring  a  brown- 
vsd  colour:  acids  added  to  the  latter  solution  throw  down  a  black  powder.  The 
alfloholie  solution  of  tannaspidic  acid  is  precipitated  by  chloride  of  barium,  chloride  of 
aUciiUB,  acetate  of  copper,  nitrate  of  silver,  and  chloride  of  platinum, — also,  after 
addition  of  ammonia,  by  sine-,  mercury-,  and  tin-salts.  Feme  chloride  colours  the 
alcoholic  solution  green,  and  on  addition  of  ammonia  a  green  precipitate  is  formed. 
The  aohition  of  tannaspidic  acid  precipitates  an  alcoholic  solution  of  isinglass,  but  not 
a  aolntion  of  tartar-emetic 

By  treating  the  alcoholic  solution  of  the  acid  with  neutral  acetate  of  lead,  a  precipi- 
tate is  formed,  which  dries  up  to  a  black  shining  mass,  containing  on  the  average  43*4 
per  cent  carbon,  3*6  hydrogen,  22*3  oxygen,  and  30*60  plumbic  oxide,  agreeing 
•pproximately  with  the  formuU  C**H'^b"0",  which  requires  43*2  per  cent.  C,  3*6  H, 
22-2  O,  and  31  0  PbO. 

CUaroiantuupidie  Acida. — When  dry  chlorine-gas  is  passed  over  dry  tannaspidic 
add,  a  substitution-product  is  formed,  containing  2  at.  chlorine,  and  yielding  on  tritu- 
latioo  a  cinnamon-brown  powder,  having  a  fruity  odour  and  sour  astringent  tat>te, 
aoinble  with  brown  colour  in  alcohol  and  aqueous  alkalis,  but  insoluble  in  wat^'r, 
•ther,  oil  of  turpentine,  and  fixed  oils.  Tannaspidic  acid  suspended  in  water  is  con- 
Tcfted  by  chlorine  or  by  hypochlorous  acid  into  a  product  containing  3  at.  chlorine ; 
and  the  air-dried  acid,  treated  with  moist  chlorine-gas,  yields  a  product  containing  4 
at.  chlorine. 

Etkjfl't4mn<upidic  Acid, —  The  alcoholic  solution  of  tannaspidic  acid  turns  red  when 
boiled  with  hyuochloric  acid,  and  water  added  to  the  solution  throws  down  a  red  sub- 


•tAMmrnaonTmnmiC  AOZB.  CPH^<«  ?  (K  a  w  a  l  i  e  r.  Wien.  Akad.  Ber. 
10.)— An  acid  rettembliiig  the  tannic  acids,  occurring,  about  Kastt^r-time,  in  the 
baik  of  Scotch  fir-trees  from  20  to  25  years  old.  To  prepare  it,  the  bark  is  ex- 
hamrtfid  with  alcohol ;  the  extract  left  on  evaporation  is  treat t-d  with  water ;  the  clear 
aqiieous  solution  is  repeatedly  precipitated  with  neutral  lead-acetate,  a  lead-salt 
BBod  with  re^in  then  remaining  m  solution  ;  the  clear  solutions  are  precipitated  with 
basic  lead-acetate;  the  washed  precipitate  is  suspended  in  water,  and  decomposed  by 
aalphydric  acid ;  and  the  liquid  is  concentrated  in  a  stream  of  carbonic  anhydride. 
Tanneoortepinic  acid  is  then  deposited  in  crusts,  which  yield  by  trituration  a  reddish- 
brown  powoer  having  an  astringent  taste.  It  is  soluble  in  water,  and  the  solution, 
vannea  with  sulphuric  or  hydrochloric  acid,  yields  a  red  precipitate  having  nearly  the 
BiBe  composition  as  the  acid,  together  with  a  very  small  quantity  of  sugar.  The  aqueous 
aolution  of  the  acid  mixed  with  ferric  chloride,  acquires  a  greenish  colour,  changing  to 
fid-luown  on  standing,  and  afterwards  deposits  a  blackish-green  precipitate. 

T4AJnmXTS.  A  sulphide  of  copper  and  bismuth,  Cu'S.Bi^S',  occurring  at 
Taanaobaum,  in  the  £rsgebirge  (ii.  77  ;  also,  according  to  Domeyko  (Ann.  Min. 
(6],  T.  453),  in  the  mines  of  Cerro  Blanco,  near  Copiapo,  in  long  tin-white  needles, 
intersecting  cop^-pyrites.  Analysis  g  tve  22*4  pur  cent,  sulphur,  52*7  bismuth,  20*6 
copper,  and  4*1  iron  (  -  99*8). 

[C  JktStDm    TMMMTW,    The;^  termi  are  applied  to  certain  substancef 
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ooeoirmg  in  the  bark  and  other  parts  of  plants,  and  diatinffuiahed  by  Uie  followinff 
characters.  They  are  mostly  amorphoos,  naTe  a  slight  add  reaction,  and  a  nmgh 
bat  not  sour  taste ;  colour  ferric  salts  black-blue  or  green ;  precipitate  albumin  and 
gelatin  from  their  solutions ;  and  unite  with  animal  membrane  into  a  mass  vhieh 
resists  putre&ction,  namely  leather,  the  skin  then  becoming  tanned.  All  thete 
substances  were  formerly  supposed  to  be  identical  with  gallotannicacid(ii.  762), 
or  to  differ  from  it  only  in  consequence  of  the  admixture  of  foreign  matters ;  but  more 
exact  investigation  has  shown  that  most  of  them  differ  in  some  essential  properties 
ftom  gallotannic  acid,  which  indeed  exists  only  in  Turkish  and  Chinese  ^all-nuts,  and 
in  ordinary  oak-apples.  Of  the  other  varieties  of  tannin,  the  most  distinctly  charac- 
terised are  eaffetannic  acid  (i.  709),  catechtUannie  or  cachoutannic  acid  (i.  817), 
morintannieacid  or  tannin  of  fustic  (iii.  1049),  qusreitannio  acid  or  tannin  of  oak-baik 
(v.  6),  and  quinotannie  or  einckona'tannic  acid  (t.  30). 

The  tannins  may  be  divided  into  two  ^ups — those  which  give  black  or  blue,  and 
those  which  give  olive-green  precipitates  with  ferric  salts ;  and  Stenhouse  has  shown  that 
most  of  the  tannins  which  gire  bluish-black  precipitates  with  ferric  salts  are  gluco- 
sides,  being  resolved  by  boiung  with  dilute  acids  into  glucose  and  another  subiSaiiee, 
a  property  first  pointea  out  by  Strecker  in  the  case  of  gallotannic  acid,  which  yields 
glucose  and  gallic  acid: 

whereas,  among  those  which  give  green  precipitates  with  ferric  salts,  only  one  (namely, 
the  tannin  of  willow-bark)  appears  to  be  a  glucoside. 

Oallotannic  acid  submitted  to  dry  distulation  yields  pyrogallic  and  metagallte 
acids,  together  with  carbonic  anhydride  (iL  765) : 

C"H«0»»  -     8C«H«0«  +   C^*0«  +  8C0«; 

OalloUnnic  PjrrogaUlc       MetanlUc 

add.  acid.  add. 

whereas  all  those  tannins  which  turn  ferric  salts  green,  yield,  by  diy  distillation,  axy* 
phenic  add  or  pyrocatedun,  C*H*0*,  which  di£&f8  from  pyrogallic  add  by  containing 
1  at.  oxygen  less  (iy.  316). 

All  tannins  are  remarkable  for  the  avidity  with  which  they  absorb  oxygen,  espedallv 
in  presence  of  alkalis,  being  thereby  converted  into  bodies  of  various  colour — red, 
brown,  black,  and  even  green :  e.^.,  saUotannic  add  into  tannoxylic  or  tannomelanie 
add;  eaffetannic  acid  into  viridic  acid;  quinotannie  acid  into  dnchona-red,  &c 

Tannins  occur  espedally  in  perenni^  plants,  but  are  likewise  found  in  annuals  and 
biennials.  They  occur  in  the  perenniad  roots  of  herbaceous  plants,  in  the  bark  of 
most  tree-stems,  and  in  the  youn^  branches  of  shrubs  and  other  woody  plants.  Tbey 
are  also  found  in  the  husks  of  fruits  and  seeds,  and  in  unripe  fruits,  less  frequently  in 
the  leaves,  and  least  of  all  in  the  petals.  According  to  Wahlenberg,  tlu^  are 
never  found  in  the  interior  of  the  seed,  or  in  poisonous  plants,  or  in  such  as  contain 
caoutchouc  or  milky  juice. 

Iron-blueing  tannins  are  foimd  in  gall-nuts  and  oak-apples ;  in  the  leaves,  baric,  &e. 
of  the  oak,  poplar,  birch,  hazel-nut,  and  other  trees ;  the  leaves  of  ArMua  Uva-vrn, 
Arbutus  Uiudo,  and  Lythrum  Salicaria;  the  stalks  of  Ribes  rubrum;  the  ba^  of 
Comus  maaoula,  and  many  other  plants  and  vegetable  organs.  Iron-greening  tan- 
nins occur  in  catechu,  dnchona-barks,  pines,  and  fir ;  in  the  root  of  Orameria  triandra. 
Rheum  rkaponticum,  PotentUla  tormenHUa ;  in  the  baik  of  Salixtriandra  and  8,undU' 
lata,  of  Mnus  gltUinoM,  Pin  us  Larix,  BJUzophora  Mangle  (the  common  black  man- 
grove), and  of  many  other  plants. 

R.  Wagner  (Bull.  Soc  Chim.  1866,  ii.  461)  dividaS  tannins  into  pathological 
tan n ins,  found  only  in  diseased  vegetable  tissues,  such  as  gall-nuts  and  oak-apples ; 
and  physiological  tannins,  which  occur  in  bark  and  other  parts  of  plants  in  their 
ordinary  state.  Both  kinds  of  tannins  predpitate  gelatin  from  its  solution,  but  only 
the  physiological  tannins  are  capable  of  forming  with  it  a  true  leather  not  liabls  to 
putrefy. 

All  varieties  of  tannin  are  predpitated  by  oiganic  alkaloids.  According  to  W  a g n  e r, 
1  gramme  of  querdtannic  add  requires  for  predpitation  0*8716  grm.  of  dncfaonine; 
and  assuminff  that  the  tannins  of  sumach  and  other  astringent  substances  form,  with 
a  solution  of  sulphate  of  dnchonine,  predpitatee  baring  the  same  oraipoaition,  be 
obtains  the  following  results  respecting  the  stzength  of  various  substances  used  in 
tanning: — 

Bark  of  young  oalu  contains  .        .  10'80  per  cent  tannin. 

Ordinary  oak-bark 6*26  „ 

Pine-bark  .        .  ...  7*88  „ 

Beeoh-bark 2*00 
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Bomaeh  (flnt  qu&litj)  contalnB    .        .        •  16*50  per  cent,  tannin. 

„      (seconci  quality)      ....  13*00  „ 

Vtlonia  (flnt  onali^)          ....  26*75  „ 

„      (wcond  qaauty)      ....  19*00  » 

Bablah 14*50  „ 

Onpe-seedi  freed  from  oil  •        .                .  6*50  ^ 

Hope  (harvest  of  1865)        ....  4*25  ,, 

Schnlseff  (BnlL  Soc  Chim.  1866,  ii.  465)  has  obeerred  that  the  precipitation  of 
tannin  bj  gelatin  is  greatly  focilitated  by  the  addition  of  sal-ammoniac,  and  he 
haa  applied  Uie  reaction  to  facilitate  the  Tolumetric  estimation  of  tannin.  For  thia 
pnipoee  he  saturates  a  graduated  solution  of  tannin  with  sal-ammoniac,  and  deter* 
mines  the  number  of  cubic  ci>ntimetres  of  a  solution  of  gelatin  required  to  precipitate 
a  ^Ten  quantity  of  the  former.  He  then  exhausts  the  substance  to  be  analysed  with 
boiling  water,  and  adda  to  the  extract  the  titrated  solution  of  gelatin.  The  deposi- 
tion of  the  i>recipitate  may  be  still  further  facilitated  by  introducing  into  the  Tesael  a 
amall  quantity  of  pounded  glass  or  sharp  sand. 

TArazoaVAMCZO  AOZB.    Syn.  with  Gallamic  Acid  (ii.  759). 

TAnzviunrXO  ACZB.    Syn.  with  Catbchin  (L  816). 

TAVWOMaXiAVZC  ACZS.  C«H«0*.— This  add,  discovered  by  Bnchner 
(Ann.  Ch.  Pharm.  liii.  373),  who  however  assigned  to  it  the  formula  C**/PO*,  ia 
noduced  by  adding  gallotannic  acid  to  boiling  potash-ley  of  specific  gravity  1*27.  aa 
long  as  effervescence  is  thereby  produced.  The  liquid  is  kept  in  a  state  of  ebullition, 
till  a  sample  mixed  with  acetic  acid  remains  clear  on  cooling,  then  supersaturated 
with  acetic  add,  and  evaporated  to  dryness  over  the  water-bath ;  and  the  residue  is 
treated  with  strong  alcohol,  which  dissolves  acetate  and  gallate  of  potassium.  The 
residue  is  dissolved  in  water,  and  the  solution  is  mixed  with  acetic  acid  and  acetate  of 
lead,  which  throws  down  tannomelanate  of  lead,  in  the  form  of  a  black-brown  powder 
eontaining  (according  to  Gerhardt)  3C"H«Pb"0«.2Pb''HK)*.  Tannomelaaic  acid 
may  be  supposed  to  m  formed  either  firom  gallic  or  from  ti^noxylic  add  (w^ra) : 

C'H«0»  +  0     -     C>H*0»   +  CO*  +  HH). 

Gallic  acid.  Tanofmie- 

lanic  acid. 

C'HW  -     CJ^<0»  +   CO*  +  H«0. 

Tannoxjlic  Tannome- 

■dd.  lanic  acid. 

•tMMMOWlO  ACZS.  C^'H^'O*'?  (Rochleder  and  Kawalier,  Wien.  Akad. 
Ber.  xxix.  22.) — A  kind  of  tannin  occurring  in  the  needles  of  the  Scotch  fir,  gathered 
about  Easter.  The  alcoholic  extract  of  the  needles,  evaporated  after  addition  of 
water,  yielded  a  watery  liquid  together  with  resin.  The  liquid  was  mixed  witli  neutral 
acetate  of  lead ;  the  clear  filtrate  completely  precipitated  with  that  salt ;  the  washed 
precipitate  drenched  with  dilute  acetic  add ;  and  the  filtrate  precipitated  with  basic 
acetate  of  lead.  The  resulting  precipitate,  suspended  in  water  and  decomposed  by 
Bulphvdrie  add,  vielded  a  solution  of  taunopic  acid,  which  was  precipitated  therefrom 
b^  aulphnric  acid.  This  add,  in  warm  solution,  oxidises  readily  in  contact  with  the 
air;  whether  it  is  thereby  converted  into  oxypinitannic  acid  (iv.  319),  and  whether 
the  aame  conversion  takes  place  in  the  living  plant,  has  not  been  determined.  The 
acid  is  decomposed  by  sulphuric  or  hydri^hioric  add,  yielding  a  red  easily  decom- 
poaible  product. 

TAVWOnXZC  ACZB.  Rufitannie  Acid. — An  acid  produced  by  the  oxidation 
of  gallic  acid  under  the  influence  of  alkalis.  It  was  discovered  by  Biichner 
(Ann.  Ch.  Pharm.  liii.  369),  who  aseigned  to  it  the  formula  C'*//*0"  or  C>*H'«0»»,  or, 
in  the  free  state,  perhaps  C^'fi'O"  or  C'*H'*0'*.  According  to  Gerhardt,  its  compo- 
sition and  formation  are  better  represented  by  the  formula  C'H*0*.  To  prepare  it,  a 
moderately  strong  solution  of  potash  is  saturated  in  the  cold  with  tannic  acid ;  and  the 
•olution,  which  soon  turns  red,  is  left  to  stand  for  some  days  till  it  becomes  dark-rod 
and  nearly  opaque.  It  is  then  precipitated  with  acetate  of  lead,  the  resulting  brick- 
ttd  predpitate  is  treated  with  hot  acetic  acid  to  dissolve  nndecomposed  tannate  of 
lead,  and  the  tannoxylate  of  lead  (8C»H*Pb'0«.3Pb"H«0«,  according  to  Gerhardt), 
which  remains  as  a  red  predpitate,  is  decomposed  bv  henting  with  alcohol  and  sulphuric 
acid.  A  dark-red  solution  of  tannoxylic  add  is  thereby  obtained,  which  on  evapora- 
tion leaves  the  add  as  a  brown-red  amorphous  substance.  It  may  be  supposed  to  be 
formed  from  gallic  add  by  simple  addition  of  oxygen:  C'H*0*  +  0  ^  C^H)*. 
(Gerhardt.) 

TAVST.   See  Tanagbtux  Vttloarb  (p.  658). 

TAMTA&ITB.    Native  ferrous  tantalate.    See  Ta9TALatx8  (p.  666). 
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Mamie  weight,  182.  ^gfrnbol,  Ta.  (Ekebe  r^  Crell*i  Amulaa, 
1803,  Bd.  i.— Berzelius,  Fogg.  Ann.  W.  6. — ^Wohler,  ilnd.  zItui.  9].-  H.  Roiil 
ihid,  bdii.  817;  buz.  116;  Ixz.  167:  Izziv.  86,  286;  xc.  456;  zciz.  66;  Jaluctb. 

1866,  p.  366;  1867,  p.  176. — Hermann,  J.  pr.  Chem.  Ixv.  81 ;  Izz.  193;  JahrM&. 

1867,  p.  176;  1868,  p.  149;  Bull.  Soc  Chim.  1866,  iL  22.— Blomstrand,  Jtfhmb. 
1865,  p.  196 ;  Bull  Soc  Chim.  1866,  ii.  27.— Mari|rnac,  ibid,  pp.  HI,  118.) 

This  metal  was  discovered  in  1802,  by  Ekeberg,  m  two  Swedish  minerals,  t«ntalite 
and  yttrotantalite.  A  very  similiir  metal,  columbium,  had  been  disooTered  in  the 
preceding  year  by  Hatchett  (Crell's  Annalen.  1802,  i.  197, 267, 862),incolnmbitefrom 
Massachusetts ;  and  Wollaston,  in  1807  (Gilb.  Ann.  zzzvii.  98),  on  comparing  the 
compounds  of  these  metals,  concluded  that  they  were  identical,  an  opinion  which  was 
for  many  years  received  as  correct ;  but  their  separate  identity  has  been  completely 
established  by  the  researches  of  H.  Rose  (commenced  in  1846),  idio  gave  to  the 
metal  obtained  from  the  American  and  Bararian  columbites  the  name  Swhium  (i?. 
48),  by  which  it  is  now  universally  known.  More  recently,  M  ari  gn  ac  has  riiown  Uiat 
nearly  all  tantalites  and  columbites  contain  both  tantalum  and  niobium  or  columbium; 
some  tantalites  from  Kimito  in  Finland  being,  however,  firee  from  niobium,  and  some 
of  the  Greenland  columbites  containing  only  the  latter  metal  unmixed  with  tantalum. 
In  all  these  minerals,  tantalum  exists  as  a  tantalate  of  iron  and  manganese ;  jttrotan- 
talite  is  eesentially  a  tantalate  of  yttrium,  containing  also  uranium,  caldum,  iron,  and 
other  metals.    Tantalum  is  also  contained  in  some  varieties  of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of  potassium  or 
sodium  with  metallic  sodium  in  a  well-covered  iron  crucible,  and  washing  out  the 
soluble  salts  with  water.  The  reduced  metal  thus  obtained  is  not  quite  pure,  being 
more  or  less  contaminated  with  acid  tantalate  of  sodium,  the  quantity  of  whi<^  may, 
liowever,  be  diminished  by  covering  the  mixture  in  the  crucible  wiUi  chloride  of  po- 
tassium. 

Tantalum  is  a  black  powder,  which  (aocordinff  to  H.  Rose)  is  a  good  conductor  of 
electricity,  and,  after  ignition  in  a  stream  of  hydrogen,  has  a  spediie  gravity  of  1078. 
When  heated  in  the  air,  it  bums  with  a  bright  light,  and  is  converted,  though  with 
difficulty,  into  tantalic  oxide.  It  is  not  attacked  by  sulphuric,  hydrochloric,  nitric,  or 
even  nitromuriatic  acid.  It  dissolves  slowly  in  warm  aqueous  hydrt^uoric  acid,  with 
evolution  of  hydrogen,  and  very  rapidly  in  a  mixture  of  hydrofluoric  and  nitric 
acids. 

Tantalum  in  its  principal  compounds  is  pentatomie,  the  formula  of  tantalic  chloride 
being  TaCl*,  that  of  tantalic  fluoride  TaF*,  and  that  of  tantalic  oxide  (which,  in  com- 
bination with  bases,  forms  the  tantalates)  Ta'O*.  There  is  also  a  tantalous  oxide  ha?ing 
the  composition  TaO^,  and  a  coiresponding  sulphide,  TaS*. 


B&OMXJDB  OF,  probably  TaBr*.— Prepared,  like  the  chloride, 
by  passing  bromine-vapour  through  a  tube  filled  with  a  mixture  of  tantalic  oxide  and 
porous  charcoal.  It  is  usually  coloured  yellow  by  excess  of  bromine,  from  which  it 
cannot  easily  be  freed. 


TAXTA&inr*  OS&O&tBB  or*  or  TAJTTAIUO  OS&OBIBB»  TaCl*.— 
Tantalum  is  not  attacked  by  chlorine  at  ordinary  temperatures,  but,  when  gently 
heated  in  a  stream  of  the  gas,  it  is  convertecC  with  incandescence,  into  tantalic 
chloride,  which  distils  off. 

The  chloride  is  prepi^ed  by  passing  chlorine-gas  over  a  heated  mixtuiv  of  tantalic 
oxide  and  charcoal.  Tantalic  oxide  is  mixed  with  starch  or  sugar,  and  the  mixture  com- 
pletely charred  by  ignition  in  a  covered  crucible.  It  is  then  introduced  in  small  pieces 
into  a  glass  tube,  which  is  strongly  heated  by  a  charcoal-fire,  while  a  stream  of  dry  car- 
bonic anhydride  is  passed  through  it.  As  soon  as  all  the  moisture  is  expelled,  the 
tube  is  left  to  cool,  the  flow  of  carbonic  anhydride  being  still  kept  up ;  the  carbonic 
anhydride  apparatus  is  then  repUced  by  a  chlorine  ^paratus,  and  tiie  tube  again 
heated,  after  the  carbonic  anhydride  and  atmospheric  air  have  been  completely  expelled 
by  the  chlorine.  Chloride  of  tantalum  is  then  obtained  in  the  form  of  a  subbmate 
having  a  pure  yellow  colour.  If,  however,  the  tantalic  oxide  contains  tnngttic  oxide, 
the  colour  of  the  sublimate  is  red ;  and  if  stannic  or  titanic  oxide  is  present*  yellow 
drops  of  liquid  chbride  are  also  produced.  (H.  Rose  and  R.  Weber,  Ann.  Ch.  Phaim. 
Ixxxviii  246.) 

Tantalic  chloride  begins  to  volatilise  at  144*^,  and  melts  to  a  yellow  liquid  at  231^. 
Its  vapour-density,  at  tempemtures  between  860°  and  440°,  is  equal  to  12*48 
(Deville  and  Troost,  Bull  Soc  Chim.  1866,  ii.  120);  agreeing  veiy  nearij  with  the 

density  calculated  from  the  formula  TaQ*,  namely  12*46  (•     IM  ♦  5  ,  86*6  ^ 
00698). 
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Tantalic  chloride  is  deeompospd  bj  watetf  jir-lding  hydrochloric  and  tanUlic  adds, 
but  the  decomposition  it  not  complete  even  at  the  boiling  heat;  water  containing  a 
•mall  quantity  of  ammonia  decomposes  it^  even  at  ordinary  temperatures. — Potash 
decomposes  it,  but  not  completely ;  carbonate  of  potasgium  does  not  affect  it,  even  at 
the  boiling  heat — Hydroduoric  acid  dissolves  tantulic  chloride  at  ordinary  tempera- 
tures, forming  a  tnrbid  liquid,  which  gelatinises  after  a  while;  the  jelly  yields  to  cold 
water  only  traces  of  tantalic  acid.  Boiling  hydrochloric  acid  disfiolves  tantalic  chloride 
incompletely,  and  the  liquid  does  not  gelatinise.—  Strong  ntfpkurie  acid  dissolves  the 
chloride,  at  <ndinary  or  slightly  elevateid  temperatures,  with  evolution  of  hydrochloric 
arid,  forming  an  opaline  liquid,  which  becomes  veiy  turbid  at  the  boiling  heat,  and 
■olidiflea  to  an  op^ine  jelly  on  coolins. — Ammonia'^at  converts  tantalic  chloride,  at  a 
red  heat,  into  nitride  of  tantalum.     (H.  Rose.) 

TAVTA&VBI,  BBTBCTZOV  AWB  BSTZBIATZOir  OF.  1.  Blowpipe 
Reactions. — Tantalic  oxide,  fused  with  borax,  either  in  the  outer  or  in  the  inner 
flame,  forms  a  transparent  glass,  which  however,  if  the  quantity  of  tantalum  is  some- 
what large,  may  be  rendered  opaque  by  interrupted  blowing  or  flaming,  but  recovers 
its  transparency  by  long  exposure  to  the  continued  blast.  A  very  Isi^  quantity  of 
tantalic  oxide  renders  the  glass  opaque. — With  microco&mic  salt  it  forms,  in  either 
flame,  a  clear  colourless  glass,  which  does  not  turn  red  on  addition  of  a  ferrous  salt. 
— ^With  sodio  carbonate  it  produces  effervescence,  but  does  not  fuse  into  a  bead  or 
undergo  reduction. 

2.  Reactions  in  Solution. — The  tantalates  of  the  alkali-metals  are  soluble  in 
water  ^p.  666). — Hydrochloric  acid,  added  in  excess  to  the  solutions,  first  precipitates 
tantalic  acid,  and  then  redissolves  it,  forming  a  slightly  opalescent  liquid. — Stuphuric 
add  also  precipitates  the  tantalic  acid,  but  does  not  redissolve  it  when  added  in  excess. 
— Carbonic  a/ii  gas,  passed  throueh  the  solution  of  an  alkaline  tantalate,  precipitat^es 
the  whole  of  the  tantalic  acid  in  the  form  of  an  acid  Bali.^Chforide  or  sulphate  of  am" 
monium  also  precipitates  the  tantalic  acid  from  these  solutions,  in  the  form  of  hydrate 
nixed  with  small  quantities  of  ammonia  and  the  fixed  alkali.  The  presence  of  carbo- 
nata  of  potassium  or  sodium  prevents  the  formation  of  this  precipitate  at  ordinary 
temperatures ;  but  it  then  appears  after  boiling  for  some  time.  Sulphide  of  ammonium 
proauces  no  precipitate. — C/uoride  qf  barium  or  calcium  forms  a  precipitate  of  tantalate 
of  barium  or  calcium,  insoluble  in  water  and  in  aramoniacal  salts. — Nitrate  of  silver 
forms,  in  the  solution  of  a  neutral  alkaline  tantalate,  a  white  precipitate,  which  is 
tamed  brown  by  a  small  quantity  of  ammonia,  and  dissolves  in  a  larger  quantity.  A 
■olotion  of  basic  mercurous  nitrate  forms  a  yellu wish-whit o  precipitate,  which  turns 
black  when  heated. — Ferrtfcyanide  of  potassium,  added  to  a  very  slightly  acidulated 
solution  of  an  alknlin^  tantalate,  forms  a  yellow  precipitate  ;//'mryan«V£e  of  potassium 
a  white  precipitate. — Infusion  of  galh,  added  to  a  solution  of  an  alkaline  tantalate 
tcidulatea  witn  sulphuric  or  hydrochloric  acid,  forms  a  light-yftllow  precipitate,  solu- 
ble in  alkalis. ^^im*,  immersed  in  the  solution  of  an  alkaline  tantalate  acidulated  with 
hydrochloric  acid,  does  not  produce  any  blue  colour;  neither  is  that  colour  produced,  or 
but  very  faintly,  on  addition  of  sulphuric  acid.  But  if  chloride  of  tanti&um  be  dis- 
solved in  strong  sulphuric  acid,  and  then  water  and  metallic  zinc  added,  a  fine  blue 
ecJour  is  produced,  which  does  not  change  to  brown,  but  soon  disappears.  The  blue 
colour  is  also  produced  on  placing  zinc  in  a  solution  of  tantalic  cliloride  in  hydrochloric 
acid  to  which  a  small  quantity  of  water  has  been  added ;  too  much  water,  however, 
prevents  its  formation. 

These  charactr-rs  are  sufficient  to  distinguish  tantalum  from  all  other  metals.  Fr^m 
niobium,  which  it  most  resemMes,  it  is  diHtinguished  by  the  behaviour  of  tantalic 
oxide  b«-fore  the  blowpipe,  especially  with  microco^mic  salt;  (2),  by  the  reactions  of 
the  soluble  tantalates  with  hydro<:hloric  acid,  sal-ammoniac,  ferrocyanide  and  ferricya- 
anide  of  potassium,  and  infusion  of  galls.* — From  titanium  it  is  distinguished  by 
the  iM'hariour  of  the  oxides  before  the  blowpipe;  by  the  perfect  insolubility  of  tantalic 
oxide  in  strong  sulphuric  acid  after  ignition ;  and  by  the  fact  that  when  tantalic  oxide 
is  fused  with  acid  sulphate  of  potassium,  and  the  mafts  treated  with  cold  water,  the  tan- 
talic oxide  remains  undissolved  in  combination  with  sulphuric  acid,  whereas  titanic 
oxide  similarly  treated  yields  a  fuse<l  mass,  which  dissolves  completely  in  a  considera- 
ble quantity  of  cold  water,  provided  the  fusiuu  has  been  sufficiently  prolonged. — From 
silica,  tantalic  oxide  is  distinguished  by  its  behaviour  before  the  blowpipe,  silica 
being  insoluble  in  microcosmic  suit,  and  fiining  to  a  tmnsparent  bead  when  heated  on 
charcoal  with  a  small  quantity  of  sodic  carbonate.  The  behaviour  ot  tantalic  oxide  with 
ainc,  with  tincture  of  galls,  and  with  hydrofluoric  acid,  also  distinguishes  it  from  silica. 

*  See  vol.  iv.  |»p.  KO,  .51.— The  niobout  oxide  ami  nlobitea  there  mentioned  are  thecompoundi  now 
called  nioMc  oxMe  and  nlohiitei,  Mniifmac  havlnir  shown  that  there  ii  only  one  oxide  of  nioMuin,  and 
Ihat  KoMS  nioMc  acid  wm  a  mixture  of  nioblc  and  tantalic  acidii(iT.  785). 
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3.  E  stimaiion  and  Separation. — ^Tantalnm  iiftsUniated  in  the  form  of  tautalie 
oxide,  TaK)',  containing  81*98  percent,  of  the  metal.    Tantalic  oxide  or  anhydnda 
maj  be  separated  from  the  bases  with  which  it  occurs  in  nature— oamelj,  lim^, 
magnesia,  yttria,  sirconia,  and  the  oxides  of  iron,   manganese,  and  nra- 
n  i  u  m — by  fusion  with  hydrate  or,  better,  with  add  mt/phate  qfpotasrium,  in  the  manim 
to  be  presently  described  (p.  665).    Some  tantalates  may  be  decomposed  by  aulpkttrk 
acid,  the  tantalic  acid  being  separated  in  the  insoluble  state,  and  all  the  bases  pasn ng 
into  solution.  Tantalate  of  zircon i  nm  may  be  decomposed  in  this  manner.    On 
treating  that  compound  with  strong  sulphuric  add,  and  digesting  the  cooled  mass  for 
some  time  with  a  large  quantity  of  water,  sulphate  of  sirconium  msaolres,  and  tanulie 
oxide  remains  in  combination  with  sulphuric  add,  from  which  it  may  be  puRiSed  bj 
repeated  boiling  with  water. 

From  the  alkalis,  tantalic  acid  may  be  completely  separated  by  sulphnrie  irid, 
provided  the  compound  is  soluble  in  water.  In  the  contrary  case,  it  must  first  be 
fused  with  carbonate  or  hydrate  of  potassium.  If,  however,  Uie  quantity  of  alkali  is 
to  be  likewise  estimated,  itie  compound  must  be  rendered  soluble  by  fumon  with  sul- 
phate of  ammonium.    (H.  Rose.) 

From  titanium,  with  which  it  sometimes  occurs  in  nature,  tantalum  may  be  sepa- 
rated by  fusing  the  mineral  with  acid  sulphate  of  potassium,  and  treating  the  fused 
mass  with  a  large  quantity  of  water.  Titanic  acid  then  dissolves,  especially  if  the 
water  is  slightly  acidulated  with  hydrochloric  acid,  while  tantalic  sulphate  remains 
undissolved.  The  titanic  acid  is  precipitated  from  the  solution  by  boiling :  the  sepa- 
ration is,  however,  not  veiy  complete.  In  some  cases  the  deoompmition  maybe 
effected  by  sulphuric  acid. 

The  separation  of  tantalum  from  niobium  is  effected  by  means  of  aeidJiMeride  §f 
potaasium,  whereby  the  former  metal  is  converted  into  fluotantalate  of  potasdum, 
2KF.TaP,  requiring  151  to   157  pts.  of  water  addulated  with  hydrolioorie  add  to 
dissolve  it  at  ordinary  temperatures,  and  the  latter  into  fluoxyniobate  of  potasduai, 
2KF.NbOF*.HK),  soluble  in  12-4  to  13  pts.  of  cold  water.    The  mineral  (a  tantaiiti* 
or  columbite)  having  been  decomposed  by  fusion  with  three  times  its  weight  of  add 
potassic  sulphate,  the  collective  weight  of  the  niobic  and  tantalic    oxi<ns  then^br 
separated  is  ascertained;  they  are  then  again  fused  with  acid  sulphate  of  potasdui: 
the  sulphate  is  dissolved  out  by  water ;  the  residue  is  treated  witn  hydrofhioric  add ; 
and  a  boiling  solution  of  hydropotassic  fluonde  is  gradually  added.     The  liquid  thns 
obtained  yields,  after  a  certain  degree  of  concentration,  a  deposit  of  potasaie  flootao- 
talate,  which  must  be  washed  with  water  on  a  weighed  filter,  till  the  waah-waten  oe 
longer  yield  an  orange-coloured  precipitate  with  infusion  of  galls. 

4.  Atomic  Weight  of  Tantalum, — The  older  experiments  on  the  eonstitntioB  of 
the  tantalum-compounds  did  not  yield  correct  results,  because  the  tantalum  used  ww 
impure,  containing  niobium.  Berzelius  regarded  tantalic  oxide  as  TaH)*;  H.  Bote 
re^uded  it  as  TaO',  the  chloride  as  TaCl*,  &c  But  from  the  observations  of  Mangnae 
on  the  isomorphism  of  the  fluotantalates  and  fluoniol)ate8,  and  from  the  Tapour-deuitf 
of  the  chlonde  (p.  662),  it  appears  that  tantalum  is  pentatomic,  forming  the  oompoaota 
TaCl»,  TaF*,  Ta«0»,  &c. 

Marignac  has  determined  the  atomic  weight  of  tantalum  chiefly  fh>m  the  etunpnii- 
tion  of  Sic  fluotantalates  of  potasdum  and  ammonium,  which  are  anhydrous  and  do  not 
undergo  any  alteration  at  100^.  The  potassium-salt  was  treated  with  pure  concentnted 
sulphuric  acid ;  the  excess  of  that  acid  gradually  dnven  off,  the  temperature  bdsg 
finally  raised  to  400^ ;  and  the  residue  was  boiled  with  water,  which  dissolrrd  the 
acid  sulphate  of  potassium,  and  left  tantalic  sulphate  in  small  granular  cmtaU,  wliieh, 
when  caldned  at  a  strong  heat,  yielded  pure  tantalic  oxide.  The  acid  sulphate  of 
potsuisium  was  reduced,  by  evaporation  and  caldnation,  to  neutral  sulphate,  which  wh 
weighed.  Four  closely  accordant  analyses  yielded,  as  a  mean  result,  66*6  pts.  tantalie 
oxide  to  45*4  pts.  neutral  sulphate  of  potassium,  according  to  which  the  atomic 
of  tantalic  oxide,  TaK)*,   «  444*6,  and  that  of  tantalum  -   182*8. 

By  calculating  merely  from  the  weight  of  the  neutral  sulphate  of  potasnm 
pared  with  the  original  weight  of  the  fluotantalate,  2KF.TaF*,  the  atomic  wdgfat  of 
that  salt  is  found  to  be  392*8,  whence  Ta  «   181*8,  a  number  very  near  the  preeedinK. 

Fluotantalate  of  ammonium,  by  conversion  into  tantalic  oxide,  loses  36*76  par  efoL 
of  its  weight,  a  loss  corresponding  to  the  replacement  of  2NH*  +  7F  —  169  by 
ftQ  =  40,  leaving  a  difference  of  129;  and  the  proportion,  86*75  :  100  —  129  :x, 
gives  X  =  351  for  the  atomic  weight  of  fluotantalate  of  ammonium,  whence  Ti  v  ffH 
This  is  the  number  adopted  by  Marignac  for  the  atomic  weight  of  tMitmlwm  ;•  jt  i^rM 
perfectly  with  the  vapour-density  of  the  chloride  (p.  662). 

•  H.  Roie  (Ann.  Ch.  Pharm.  c.  I2<>)  found  In  Impure  chloride  of  Cantah» 
and  50*75  chlohne,  ^\\\c\\,  fot  Ihe  forrauls  TaCI»,  firei  T«  s  171. 
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I  or.  TaF*. — Ignited  tantalie  oxide  dues  not 
diifolre  in  aqueous  hydrofluoric  acid,  but  the  hydrate  dissolyes,  fonning  a  clear  solu- 
tion,  which,  when  eraporatad,  partly  gives  off  the  tantalum  aa  fluoride,  but  likewise 
laares  a  residue  of  oxyfluoride.    (H.  Rose) 

Fluotantslates,  2MF.TaF*  «  M^a'F'.— The  solution  of  tantalie  fluoride  mixed 
vith  alkaline  fluorides  forms  soluble  and  ciTstallisable  double  salts,  partiaUy  studied 
bj  Berselius  and  H.  Rose,  more  completely  by  Marignac.  There  do  not  appear  to  be 
any  fluoxTtantalates  coirespondinff  to  the  fluoxyniobates  (iv.  786),  unless  the  insoluble 
eompounds  which  tend  to  form  when  the  fluotantalates  are  dlssolTed  in  water,  can  be 
eonaidered  as  such ;  but  these  compounds  do  not  ciystallise,  and  do  not  appear  to 
possess  a  constant  composition.    (Marignac.) 

FiuotantalaU  of  Amnumium,  (NH*)'TaF',  is  anhydrous,  yexy  soluble  in  water,  and 
crystallises  in  thin  plates  with  berelled  edges. 

The  potaBitum-iolt,  K'TaP,  crystallises  m  monodinic  prisms  isomorphous  with  the 
flnoniobate.  It  is  more  soluble  in  hot  than  in  cold  water.  By  prolonged  boiling  with 
water,  it  changes  into  an  insoluble  salt,  the  composition  of  whicn  is  nearly  that  repre- 
sented by  the  formula  TaK)*.2K*TaF'.  The  formation  of  this  insoluble  com^und 
afiods  the  means  of  detecting  the  smallest  quantity  of  fluotantalate  in  a  solution  of 
flnoxyniobate  of  potassium.    (Marignac.) 

Tike  sodium-talt,  NaTTaF'.HH),  forms  monodinic  prisms,  which  give  off  their  water 
cf  oyKtallisation  at  lOO^'. 

The  eufric  sa/t,  CuTa*F».4HK)  -  CuT«.Ta"F*.4H«0,  prepared  by  adding  cupric 
oxide  to  a  solution  of  tantalie  oxide  in  hydrofluoric  add,  forms  beautiful  blue,  trans- 
parcnt,  rhomboidal  prisms  with  four^sided  summits.  It  is  deliquescent^  and  rery 
aoJoble  in  water. 

The  tine-salt,  ZnTa'P.THK)  -  ZnP.TaF'.THH),  prepared  like  the  copper-salt,  is 
toodeliqneecent  to  admit  of  complete  puriflcation,  so  that  its  formula  must  De  regarded 
IS  only  ai^roximate.    (Marignac.) 

TJkjnrAIiUM,  WtTMXDM  OV«  Obtained  by  the  attion  of  ammonia-gas  on 
rUoride  of  tantalum,  at  a  heat  gradually  raised  to  redness;  or  less  pure  by  heating 
tantalie  oxide  in  ammonia-gas.  It  is  a  blHck  microcrystalline  powder,  which  acquires 
awtallie  lustre  by  burnishing,  and  conducts  electridty ;  when  fused  with  hydrate  of 
potassium,  it  giyes  off  ammonia-gas.  It  is  not  attacked  bynitric  acid,  or  by  a  mixture 
of  tliat  acid  with  hydrochloric  or  hydrofluoric  add.  (H.  Rose,  Ann.  Ch.  Pharm. 
C146). 

TAVTAXUM,  OJUDBB  OV.  Tantalum  forms  two  oxides,  a  dioxide  and  a 
pantoxide,  the  latter  umting  with  bases,  and  forming  the  tantalates. 

Btezide  of  TnBtntam,  or  Taataloiia  Oxide,  TaO'. — This  oude  is  produced 
hf  exposing  tantalie  oxide  in  a  brasqued  crucible  to  the  strongest  heat  of  a  bUst-fur« 
■aee,  a  thin  film  on  the  outside  being  at  the  same  time  reduced  to  the  state  of  metal. 
It  ia  a  dark-my  mass,  which  scratches  glass,  and  acquires  metallic  lustre  by  bumish- 
ng  (Berselius).  When  heated  to  redness,  in  contact  with  the  air,  it  takes  up  4  per 
man,  of  oxygen,  and  is  converted  into  tantalie  oxide.  Bv  calculation,  TaO'  requires 
17i  per  cent,  of  oxygen  to  convert  it  into  TaH)\    (Marignac.) 

y— tealde  of  Tantnlwin,  Tuitallo  Oxide  or  Anliydride,  Ta'O*.  In  the 
Ijvdntcd  state,  TUitalio  Aeid. — This  oxide  is  formed  when  tantalum  bums  in  the  air, 
also  by  the  acrion  of  water  on  tantalie  chloride,  and  may  be  separated  as  a  hydrats 
from  Uie  tantalates  Inr  the  action  of  acids.  It  is  usually  prepared  from  tantalite, 
vfaidh  is  a  tantalate  of  iron  and  manganese,  containing  small  quantities  of  stannic  and 
taagstic  adds,  and  a  raryine  (sometimes  considerable)  quantity  of  niobic  acid,  by 
fcsing  the  pulverised  and  levigated  mineral  with  twice  its  weight  of  potassic 
hydrate ;  or,  better,  with  excess  of  acid  potassic  sulphite  (6  or  8  pts.  according  to 
Berselius,  8  pts.  according  to  Marignac),  in  a  platinum  crucible. 

The  mass,  when  cold,  is  pulverised  and  repeatedly  boiled  with  fresh  ouantities  of 

water,  till  no  more  sulphate  of  potassium,  iron,  or  man^nese  is  dissolved  out  of  it ; 

and  the  residue,  consistins  of  tantalie  acid  mixed  with  ferric  oxide,  stannic  acid, 

tsi^gstie  add,  and  niobic  aad,  is  then  digested  with  sulphide  of  ammonium  containing 

tieess  of  sulphur,  which  removes  the  tin  and  tunssten  as  sulphides,  and  converts  the 

iroa  into  insoluble  sulphide.    The  liquid  is  filterea,  and  the  tantalie  acid  is  washiHl 

vith  wafer  containing  sulphide  of  ammonium,  then  boiled  with  strong  hydrochloric 

•od  to  remove  the  iron,  and  washed  with  boiling  water.    It  may  still,  however,  con- 

^n  silidc  and  niobic  acids.    To  remove  the  former,  it  is  dissolved  in  aqueous  hydro- 

'none  add,  the  filtered  solution  mixed  with  sulphuric  add  and  evaporated  to  dry- 

iiew,  and  the  rendue  i^tedas  long  as  its  weight  continues  to  diminisn  (Berselius*; 

&  Rose).    To  remove  the  niobium,  the  tantalie  add  is  redissolved  in  aqueous 
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hydrofluoric  acid,  and  treated  with  acid  fluoride  of  potassium  in  the  nannn  alm^T 
described  (p.  664).  The  pure  fluutaotalate  of  potHMium  thus  obtaioAd  is  deeoBpoidd 
by  heating  with  sulphuric  acid ;  the  sulphate  of  potassium  dissulred  out  bj  boilini 
with  water  ;  and  the  remaining  tantalic  sulphate  strongly  ignited  to  expel  th^  nf 
phuric  acid  (Marignac).  By  this  process,  Manguac  has  prepared  consideraUt 
quantities  of  tantalic  oxide  from  colombites  containing  that  compound  together  m\\h 
niobic  oxide. 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or  sulphate,  is  a  vliiu 
powder,  which  remains  white  when  heated,  or  acquires  but  a  Tnry  fisint  tinge  of  yeliov. 
Its  specific  gravity  varies  from  7*022  to  8*264,  increasing  with  the  tempentorc  to 
which  it  has  b«^n  exposed  (H.  Rose);  according  to  Marignac,  the  specific  grxritj 
cs  7*60  to  7  64.  Nordenskjold  and  Chydenius  (Fogg.  Ann.  ex.  642;  Jahnib. 
1860,  p.  145),  by  fusing  it  with  microcosmic  salt,  and  treating  the  fbsed  mas*  Yitfc 
hydrochloric  acid,  obtained,  together  with  the  amorphous  oxide,  a  small  quantity  of 
heavy  needle-shaped  crystals,  which  were  rhombic  combinations  with  the  domisnt 
faces,  ooP,  :^ao,  and  the  anglis  ooP  :  ooP  »  100^  42';  feo  :  f»oo  over  the  phodp^ 
axis  B  gQo  20'.  Tantalic  oxide  neither  melts  nor  volatilises  when  heat^  and  ii 
destitute  of  taste  and  smell.  It  is  reduced  to  the  metallic  state  in  the  dimit  of  t 
very  powerful  voltaic  battery ;  partially  also  bv  very  strong  ignition  in  contact  wJA 
charcoal.  When  heated  in  amnumia'gas^  it  yields  nitride  of  tantalum ;  and  by  igmdra 
in  cyanogen-gaa,  it  is  partially  converted  into  nitride  and  cyanide  of  tantalum  (H. 
Kose).    Ignited  in  vapour  oi  carbonic  digulphide^  it  yields  disulphide  of  tantalaa: 

Ta'O*  +   6CS«     -     2TaS«  +  6C0   +   8«. 

Tantalic  oxide  is  insoluble  in  all  acids,  and  can  only  be  rendered  solnble  by  foM 
with  hydrate  or  carbonate  of  potassium. 

Jfydraied  tantalic  oxide^  or  Tantalic  acidt  obtained  by  precipitating  an  mftmm 
solution  of  potassio  tantalate  with  hydrochloric  acid,  or  b^  deoompoainff  tsaUbi 
chloride  with  water  containing  a  little  ammonia,  is  a  snow-white  bulky  powocc  i^tiA 
reddens  litmus-powder  while  moist,  and  dissolves  in  hydrochloric  ana  hydrodwne 
acids.  When  strongly  heated,  it  eires  off  its  water  and  becomes  incandescent  TU 
hydrate,  obtained  by  fusing  tantaUte  with  acid  sulphate  of  potassium  as  above  dfl»> 
cribed,  is  of  a  denser  and  more  crystalline  character,  insoluble  in  all  acids  tseepi 
hydrofluoric  and  strong  sulphuric  acids,  and  is  precipitated  from  the  sulphuric sohtius 
by  water.    When  heated  it  becomes  anhydrous,  but  does  not  emit  light. 

Tantalates,    qp^^q  1 '^'*'^*  *°^  4M'0.3Ta»0*  *  (according  to  Ma  rig  a  aeV- 

The  first  of  these  formulae  includes  the  native  tantalates ;  the  second,  certain  easily  cnt* 
tallisable  tantalates  of  the  alkali-metals. 

The  tantalates  of  the  alkali-metaU  are  soluble  in  water,  and  are  obtained  by  imti 
tantalic  oxide  with  caustic  alkalis.  Tantalic  oxide  fused  with  hjfdrate  of  poUmuwi  is 
a  silver  crucible,  forms  a  transparent  mass  of  potassic  tantalate,  which,  aft^-r  cvoLu 
dissolves  completely  in  water.  With  hydrate  of  sodium,  it  fuses  into  an  opaque  t«no^ 
mass,  and  ultimately  deposits  a  sediment,  which  is  not  taken  op  by  fusion  iiitL&:/ 
excess  of  the  alkali.  Water  poured  upon  the  fused  mass  when  cold,  disfiuIvt-»  cct  \\4 
excess  of  soda,  but  not  a  trace  of  tantalic  acid  ;  and  the  residue,  when  tre.tted  vhh 
fresh  water,  dissolves  and  forms  an  opalescent  solution  of  acid  sodic  tantalate.  vbi^h 
salt  is  completely  insoluble  in  a  strong  solution  of  caustic  soda,  and  is  therefore  pwi- 
pitated  on  mixing  the  liquid  with  the  solution  of  soda  previously  obtained  by  trHtire 
the  fused  mass  with  water.  When  tantalic  oxide  is  fused  with  potasnc  or  *^- 
carhonate^  the  fused  mass  is  not  completely  soluble  in  water. 

The  tantalates  of  the  earth-metals  and  heavy  metals  are  insoluble  in  water,  lad  m 
formed  by  precipitation  (p.  663). 

Ferrous  Tan ta fate,  FeO.Ta-0*.— This  salt  occurs  native  as  tantalite»l 
tapiolite,  rarely  however  quite  pure,  the  iron  being  generally  more  or  leiM  rer^M 
bv  mam^nese,  and  the  tantalum  by  niobium,  tin,  and  zirconium.  Colninbite  t 
niobite  is  a  mineral  of  analogous  constitution,  containing  both  tantalum  and  niobTOi 
the  latter  however  prodominating :  some  of  the  Greenland  colombites  coctain  obIj 
niobium,  without  tantalum. 

Tantaiite  is  found  at  several  localities  in  Finland,  at  Broddbo  and  Fmhoaar 
Fahlun  in  Swe<len,  and  at  Chanteloub  near  Limoges  in  France.  It  occurs  is  tTiBe> 
trie  crystals  havinir  the  axes  a  :  b  :  c  «  0*6617:  0'8170  :  1,  and  usually  bocmdedH 
the  faces  Pand  ooP|,  with  ooi^oo,  ooPoo,  I>|,  Pl,  ^oo,  and  SJ^oo  snhnrdinata  AmA 
P:P  (terminal)  =  126°  1'  and  112°  82';  (lateral)  »  9lo  44'.  Twins  uailid  ly 
the  face  oaP co  are  of  frequent  occurrence    (A.  K  Nordenskjold,  Pogg.  Abb.& 

*  According  to  H.  Rose,  the  rormula  of  the  nonnal  tantalatef  to  ll*0.tTaO*,  vhick  «Sk  li« 
p^ntatotnic  raiup  of  tuntalum,  heroine*  &M-0  4Ta*0*.  Several  acid  tawltifsttt  sre  dncriM  tf  iMt 
•Bd  by  U  t  T m  auu,  for  vhich  »ee  Hamdw.  4.  Ckttm,  vtU. 607. 
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OS ;  Jthrmb,  1867,  p.  683).  The  minenil  likewise  oenm  mAsriTe,  and  imbedded,  in 
toinUar  firvgmenu  of  irregular  shaipe.  Hardness  *  6*0  to  6*6.  Specific  graritv  a 
»bottt  7*0  to  8*0.  Opaque,  with  imoerfect  metallic  lustre  and  iron-black  colour,  black- 
brovn  ta  einBamon-brown  when  puTerised.    Fracture  mostly  uneren. 

Nac4cBa^)old  ditfingvishee  as  iziolite,  a  stanniferous  and  maagamferoos  Tariety 
of  taalaUtcw  oecmriag,  together  with  the  preoeding  (which  he  designates  as  skogbo- 
lite,  or  stmplj  as  tantaliteX  at  Skogbole  in  Pinland.  It  likewise  forms  trimetrio 
winSk  but  hiaring  the  axes  m  :  b  :e  »  0*6608 :  1*2460:  1.  and  exhibiting  the 
^iaant  combination  oP . ooP « . ao^ ao,  with  P,  otP,  I^qp,  8^oi,and  ^l^oo  snbor- 
£naU.  Hardnesa  m  6*0  to  6*6«  Specific  gEayity  .»  7*i>  to  T'l.  Lustre  funtly 
MiUllic.  Coloor  bhick-grey  to  steel-grey,  brawn  in  powder.  J!iiict«ia  iat,  oonehoidal, 
■ooMaMei  nearly  meven. 

The  vair^s  stanAiferons  Tarietiei  of  t^taHtje  are  designated  by  Hansmann 
(X«iM.  d.  Mineral,  p.  960)asCassiterotantalite,  the  less  stanniferous  as  Sidero* 
tsBfslite;  the  fbnner  are  also  sometimes  deaignated.  ^ccordinj^  to  their  localities, 
as  Finbo  and  Broddbo  tantalites,  the  latter  as  Eimito  and  Tammela 
tftStalites. 

Tapiolite,  occurring  at  Sukkula  in  Tammela,  Finland,  has  tl^e  composition  of 
taauhte,  bot  crystallises  in  dimetric  forms,  harine  the  same  angles  and  ratio  of  axes 
ai  latile ;  ferrous  tantalate  is  therefore  dimorpSous  (or  trimorphous,  if  iziolite  is 
fvallf  a  distinct  crystallogmphic  species).  (Nordenskjold,  Fogg.  Ann.  cxzii.  604 ; 
Jaki^.  1864,  p.  866.) 

All  tantalites  (including  tapiolite)  are  invisible  and  unalterable  before  the  blowpipe. 
Thtj  dtsaolTe  easily  in  TOrax  and  microcosmic  salt,  giving  the  reactions  of  iron  and 
Bugaaese.  The  more  stanniferous  varieties,  heated  on  chiut»al  with  sodic  carbonate^ 
jieU  aamaroua  span^es  of  tin.    Tantalites  are  not  attacked  by  adds. 

Hm  following  ana^rsea  of  tantalite  are  fmrn  Bammelsberg's  MtMrakhemit,  pp.  890, 
m ;  thoae  of  tamolite  are  by  Arppe  (Jahresb.  1862,  p.  768)  a»d  A*  Nordenskjold 
(Pofl.  Aaa.  exzL  604;  Jahiesb.  1864,  p.  866):-p 
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16*76 

Tan^o  ozid#     •       • 

•    • 

619 

612 

Feme  oxide         •       • 

•    • 

9*68 

11*07 

7*67 

F6rroiis  oxido       »       • 

18-4S 

Manganic  oxide    •        , 

•    • 

716 

6*60 

7*98 

Manganooi  oxide         * 

1*68 

lime            •       •       • 

•    • 

119 
100*69 

1*60 
100^8 

2*40 

100-62 

101-79 

Tiy^te,fiomi 

Bukkula,  FmUmd, 

Arppe* 

Arppa.       A. 

Nortl«n«ia$U. 

Tantalie  oxide  • 

•        * 

83  66 

82-71 

8306 

Stannic  oxide    • 

•        • 

•            • 

0*83 

1*07 

Ferrous  oxide   • 

• 

16*44 

16*99 

16-78 

99*10 

99*63 

99*91 

>ignae  found  in  aSwediah  tantalitc 

t: 

l^>0»            NbH)* 

SnO* 

FrO 

MnO 

66-60          10-88 

810 

8*96 

6-61     -     10014. 

He  has  also  determined  the  quantity  of  tantalie  oxide  in  yarioos  colnmbttea,  and  odd- 
eludes  that  if  a  perfect  separation  of  the  tantalie  and  niobic  oxides  ooold  be  elbd«d, 
the  specific  granty  of  this  mineral  would  be  fonnd  to  increase  proportionalhr  to  the 
percentage  of  tantalie  oxide  present.    The  following  are  the  nnmWs  obtained: — 

8p^.     Ta*Os  px. 
Columbite  firom  Greenland 

Aeworth  (New  Hampshire) 
La  Vilate  (near  limoges) 
Bodenmais  (Bavaria)  . 
Haddam  (CkmnecUcat) 
Bodenmais  .        • 

Haddam  •  •  • 
Bodenmais  •  • 
Haddam     • 


•I 


If 

M 


n 


n 
H 


Tantalite 


9$ 


6*86 

8-3 

6-66 

12*8 

6*70 

18*8 

6-74 

18*4 

6*86 

lOi) 

6-92 

271 

6*06 

304 

606 

86*4 

618 

81*6 

7*03 

66*6 

Tantalite  and  colnmbite  may  be  represented  by  the  general  formnla  (FeO; 
MnOXTa'O*;  Kb*0*).  Pore  tantalite,  as  tiiat  of  jCimito,  contains  from  88  to 
85*8  per  cent,  tantalie  oxide,  and  pure  colnmbite  or  niobite,  from  Greenland,  contains 
76  to  78  per  cent,  niobic  oxide ;  the  other  yarieties  yield  intermediate  nnmben. 
(Marignac) 

Tantalate  of  Yttrium^  or  YttrotantalUe,  is  fbnnd  nadye  at  Ttterby,  in  Sweden, 
in  red  felspar,  and  at  Broddbo  and  Finbo  near  Fahlon,  imbedded  in  quarts  and 
albite.  It  exhibits  the  following  yarieties : — a.  The  black  yariety  exhibits  mdistinct 
traces  of  crystallisation,  in  four-  or  six-sided  irregular  OTisms  and  plates.  Hardness 
-  6'6.  Specific  grayity  «  6*396  (Berzelius),  667  (Bose),  and  6*40  after  heating. 
Lustre  snbmetallic  Streak  grej.  Opaque. — $,  The  yellow -yariety  is  non•cry8talUD^ 
and  occurs  in  lamina  in  the  fissures  of  ralspar.  Hardness  ■■  6.  Specific  gravity  >- 
6*882  (Ekeberg);  6-810  (Potyka).  Lustre  resinous  on  the  surface,  yitreous  on 
the  fracture.  Colour  y^owish-brown  to  ipeenish.  Streak  white.  Opaque.— 7.  The 
brown  yariety  occurs  with  the  yellow  in  thin  plates,  or  rarely  in  ^ins,  presenting  no 
trace  of  crystallisation.  Hardness  ■■  4*6  to  6.  Lustre  yitreous  indioin^  to  reeinouii. 
Colour  black,  with  a  yery  lieht  shade  of  brown ;  slightly  yellow  in  thin  plates  bj 
transmitted  light.    Streak  white. 

The  seyeral  yarieties  of  yttrotantalite  giye  off,  when  heated,  from  8*9  to  6*64  per 
cent,  water,  are  infusible  alone  before  the  blowpipe,  but  decrepitate,  and  assume  a 
lighter  colour.  The  black  yariety  froths  and  ftises  with  carbonate  of  sodium.  They 
diesolye  in  borax,  but  are  not  acted  upon  hj  acids. 

The  following  analyses  are  taken  f^om  Bammelsbeig's  Mmendskemk,  pp.  899, 
400:— a.  ^ack:  lost  by  iffnition  6*74  per  cent  watnr  (Berselin &).—&.  Brown* 
black :  those  specimens  whi<9i  retained  their  colour  on  ignition  lost  2*72  per  cent 
water;  those  which  became  yellowish,  lost  6*06  per  cent  (Bevselius).— c.  Yellow: 
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lost  by  ^nition  4*85  percent  water  (Berzelias). — i^lack :  specific  grayity  ■>  5*67: 
loflt  by  Ignition  8*9  to  4'6  to  6*64  per  cent,  taming  yellowish-brown,  and  acquired 
a  speciflc  grari^  of  6*4  (Feretz). — e.  Specific  ^yity  6*468  (Chandler). — 
/.  }  ellow,  taming  yellowish-brown  before  the  blowpipe ;  partially  deoomposible  by 
tnlphnrie  acid.    Specific  grayity  «  6*810  (Potyka) : 

m.  k,  e.  4,  e,  /, 


I         ■*■       "\ 


Tant^ic  oxide  67*00  61*81  69*60  60*12  66*80  67*27  66*60 

Tungstte  oxide  8*26  2*69  1*26  104  0*67  1*86  0*49 

Stannic  oxida  •     .  *     .  .     .  .     .  .     .  0*10  0*10 

Yttria  20*26  88*62  29*90  29*78  20*22  18*64  26*62 

Gerona  oxide  .     .  •     .  .     .  .     .  .     •  .     .  1*86 

Uranie  oxide  0*60  1*11  8*28  6*62 

UranooB  oxide  .     .  .     .  .     .  8*76  6*10  7*00 

Lime  6*26  8*26  3*29  0*60  7*18  4*78  8*60 

Ifagnesia  1*33  0*76  0*19 

Ferric  oxide  8*60  0*66  2*72  1*16 

Fenoos  oxide 6*96  4*82  0*77 

Cvpric  oxide  .     .  •     .  .     .  .     .  0-40  0*69  0*43 

Water                 _. .__       _. .__        . .__       _. ._  4*86     6;00  4*11 

96*76        97*85        99*89        99*21       10007       10000        99*66 

The  later  analyses  {d,  e,  /)  may  be  represented,  approximately,  by  the  formula 
2YO.TaO«  (Ta  -  137)  or  6Y0.Ta«0»  (Ta  «  182).  As,  however,  the  mineral  con- 
tains tungsten  in  varying  proportion,  the  brown  varieties  apparently  containing  more 
than  the  yellow,  the  composition  cannot  be  regarded  as  definitely  established,  es- 
pecially as  the  formula  just  given  takes  no  account  of  the  water. 

TAVTAXUM,  SV&VBZBa  OVf  TaS'?,  is  obtained  by  igniting  tantalic  oxide 
in  ympoor  of  carbonic  disulphide  (p.  666),  or  by  exposing  tantalic  chloride  to  the 
•eticm  €i  sulphydric  acid  gas :  the  product  is  not  perfectly  definite  in  either  case.  The 
flfst  proeees  yields  a  product  containing  28*5  per  cent.,  the  second  24*08  per  cent, 
•alphur:  the  formula  above  given  requires  26*01  per  cent.  Sulphide  of  tantalum  is  a 
blsi^  fubatanoe^  which  acquires  a  brass-yellow  colour  by  tritaretion  in  an  asate  mortar. 
Heated  in  an  atmosphere  of  chlorine-gas,  it  ia  converted  into  tantalic  chloride  and 
dkkMide  of  sulphur.    (H.  Bo  s  e.) 

VJk9£kMMOJL€}AMOJLm  Iron  Conglomerate, — ^A  peculiar  conglomerate  occurring 
near  Villa  Bica,  Itabira,  Congonhas  da  Campo,  Marianna,  and  other  places  in  the  pro- 
Tinea  of  Minas  Geraes,  Brazil,  superposed  on  fermginoos  mica-slate,  day-slate,  itaco- 
Imnite,  and  talcoee  slate,  and  consisting  for  the  most  part  of  angular  firagments  of  iron- 
rianee,  ferruginoua  mica-slate,  magnetic  iron-ore,  and  brown  hsematite,  bound  together 
hj  an  argilla^eouB  cement,  consisting  of  yellow,  brown,  or  red  ochre.  The  proportion 
of  cement  varies,  and  the  mass  contains,  besides  the  minerals  above  mentioned,  frag- 
Banta  of  itacolumite,  day-slate,  quarzite,  and  other  rocks.  The  conglomerate  often 
aontaina  imbedded  lamine  of  gold.    {Bandio,  d,  Chem.  viii.  612.) 

TAVSOOA.  A  kind  of  starch  obtained  from  the  roots  of  Janipha  Manikot  (p. 
408). 

TAVIO&ITBb  The  quadratic  variety  of  ferrous  tantalate  found  at  Sukkula  in 
Finland  (p.  667). 

TVer.  OcudroH. — A  brown-black,  viscid,  oily  liquid,  produced,  together  with 
and  watery  products,  in  the  dry  distillation  of  organic  bodies  and  bituminous 
(ii.  839).  It  has  generally  an  unpleasant,  and  sometimes  a  highly  fetid 
>w  ,  and  is  a  mixture  of  various  substances,  add,  neutral,  and  alkaline,  vaiyinff  in 
_.  ipontion  aooording  to  the  nature  of  the  original  body  and  the  temperaturR  applied 
jB  the  distillation.  Tar  obtained  from  vegetable  substances  has  an  add  reaction,  but 
conl-tar  and  the  tar  of  animal  substances  are  alkaline. 

The  prinripal  groups  of  compounds  contained  in  tars  are  liquid  and  solid 
hydrocarbons,  alcohols, ethers,  acids,  and  bases,  together  with  resins,  and 
ampy  reumatic  products  of  indeterminate  composition.  On  subjecting  the  tar  to 
fcpeated  distillation,  the  more  volatile  and  liquid  hydrocarbons,  together  with  the 
■leohola  and  ethers,  pass  over  first,  while  the  less  volatile  oils  consist  chiefiy  of  acid 
■ad  baaie  compounds,  and  the  laHt  portions  which  distil  over  contain  the  sohd  hydro- 
farbona.  Tlie  residue  left  after  about  half  the  tar  has  dintilled  over^  called  pitch,  and 
fikewiae  asphalt,  when  obtained  from  coal-tar — also  contains  solid  hydrocarbons,  toge- 
ther with  resinouB  compounds. 

By  firaetional  distillation,  the  more  volatile  constituents  of  the  tar  are  separated  into 
f^iims  of  constant  boiling-poiut,  or  boiling  at  temperatures  comprised  within  narrow 
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limits.  The  oily  portions  are  treated  with  dilute  acids,  or  (as  Hofmannreoomm^ndi) 
with  hydrochloric  acid  gas,  to  remove  the  basic  constitaentii.  The  several  aUbiUi 
are  then  separated  one  from  the  other  by  fractional  distillation,  or  by  fractional  preci- 
pitation of  their  platinum-salts  (see  PiooLnm,  iv.  637).  The  oils  freed  from  these  Wh 
are  heated  with  strong  sulphuric  add,  which  decomposes  a  number  of  indeterminate 
ampyreumatic  products,  whereby  the  subseouent  separation  of  the  remaining  ooa« 
stituents  is  much  faciKtated. — The  acid  products  contained  in  the  sartaral  disuilatoi 
are  removed  by  means  of  alkalis.  Strong  potash-ley  fiorms,  with  creosote  and  pbennt, 
crystallised  I'bm  pounds,  by  means  of  wdich  these  bodies  can  be  sepai«ted  from  tht 
rem.  (iv.  389).  Potiish-ley  and  milk  of  lime  are  also  frequently  used  to  free  the  aeatnl 
oils  from  resinous  bodies.T-The  separation  of  the  neutral  oily  hydrocarbons  one 
from  the  other  is  effected  partly  bjr  fractional  distillation,  paztfy  by  other  methods. 
Mansfield,  by  subjecting  the  portion  of  light  coal-tar  oil  boihng  between  60^  and  MF, 
to  a  cold  of  —  10  \  sepatttted  bensene  in  the  ciystallinn  form  from  the  other  hydro- 
carbons contained  in  it  (L  542).  The  defines  CH^  mav  often  be  conveniently  sspe- 
rated  from  other  hydrocarbons  by  combining  them  wito  bromine  (iii  187) ;  and  bj 
trsftting  the  bromine-compounds  with  sodium,  the  olefines  may  be  set  fr^  and  sepa* 
rated  one  from  another  by  fractional  distillation.  The  hydrocarbons  of  the  beastoe- 
series,  CTH^— ^  may  be  sepai-ated  from  mixtures  of  hydrocarbons  by  converting  than 
into  nitro-compounds. 

The  chief  liquid  constituents  of  wood-tar  are  methylic  acetate,  acetone,  hydrocaibons 
— namely  toluene,  xylene,  and  cumene — methol  (a  mixture  of  volatile  oils  boiling  be- 
tween 100^  and  265^),  eupione,  creoBOte,  and  a  number  of  indefinite  oxidised  compoonds, 
including  picamar  and  capnomor.  Amongst  the  solid  portions  are  resinous  matten 
more  or  less  resembling  colophony ;  also  paraffin,  naphthalene  (C^H*^,  anthiaoene 
(C**H'*).  chrysene  (C"H"\  retene  (C»«H'»),  pyroxanthin,  pittacal,and  cedriret. 

The  more  volatile  portion  of  coal-tar,  called  liffki^  or  eoMl-^Mphika^  eonsiflits 
mainly  of  bensene  and  its  homologues,  together  with  a  nrmber  of  bafles,  OH'^— 'N, 
commencing  with  pyridine,  OH*N ;  the  naphtha  from  eannel  and  Boghead  coal  is 
chiefly  composed  of  alcoholic  hydrides,  homologous  with  marsh-gas.  together  with 
olefines  and  homologues  of  benzene.  The  less  volatile  oil,  or  dead-iil  of  cwal-tar,  ooo- 
taitts  phenol  and  oresol ;  also  aniline,  piooline,  chinoline,  and  other  vobitile  bases,  and  a 
number  of  solid  hydrocarbons,  induoing  naphthalene,  anthracene,  chrjraeBe,  Ac — ^Tbe 
tars  obtained  from  peat  and  lignite  sre  intermediate  in  composition  between  wood-tar 
and  coal-tar.  Sh-ale-tar  contains  the  same  hydrocarbons  as  Boghead  naphtha;  slio 
phenol,  and  a  large  quantity  of  the  bases,  C'H'^'^N,  homologous  with  pyridine.  (Set 
^▲PHTUA,  iv.  2.^ 

The  preparation  of  tar  from  coal,  peat,  lignite,  and  bituminous  shale,  has  acqaiied 
great  importance  of  late  years,  for  obtaining  paraffin  and  paraffin-oils  for  illuminatioo 
and  lubncation  (iv.  342).  Coal-tar  has  also  acquired  great  value  as  the  souiee  of 
aniline-colours,  and  of  phenol,  picric  acid,  &c  Heavy  coal-oil  or  dead-oil  is  remar- 
kable for  its  antiseptic  qualities,  and  is  commonly  used,  without  further  purification, 
for  the  preservation  of  timber  for  railway  sleepers,  &c  It  is  also  ooomuned  as  a  fiiel 
in  common  lamps,  but  is  chiefiy  used  for  burning  into  lampblack. 

Wood-tar  likewise  possesses  powerftil  antiseptic  properties,  due  to  the  creosote  which 
it  contains:  hence  it  is  also  much  used  for  the  preservattion  of  wood,  especially 
in  shipbuilding.  In  Russia  and  Sweden  it  is  prepared,  by  a  rude  kind  of  oiitilla- 
tion,  from  the  resinous  wood  of  the  pine.  A  conical  cavity  is  formed  in  the 
side  of  a  hillock,  the  apex  of  the  cone  being  below,  and  terminating  in  an  apextors 
which  opens  into  a  trough  leading  to  a  reservoir  for  the  tar.  The  nln  ii  filled  vith 
woo<l  and  partially  covered  over  with  turf;  the  pile  is  lighted  at  the  top,  and  tbs 
combustion  is  regulated  by  covering  it  more  or  less  completely  with  tur£  The  wood 
is  thus  charred  from  above  downward,  and  the  tar  flows  out  at  the  bottom,  charsed  with 
a  considerable  quantity  of  resin,  and  mixed  with  acetic  acid  and  oil  of  torpentue.  On 
heating,  an  impure  ettsence  of  turpentine  is  distilled,  leaving  a  black  resinous  substance, 
which  constitutes  ordinary  pitch.  The  tar  thus  prepared  is  known  in  oommeroe  lis 
Stockholm  tar. 

The  process  just  described  is  evidently  a  vexy  wasteful  one,  especially  entailing  the 
loss  of  the  greater  part  of  the  more  volatile  products  of  the  distillation— acetie  acid, 
iK>od-spirit,  &C.  Accordingly,  wood-tar  is  now  more  generally  prepared,  like  the  other 
kinds  of  tar,  by  distillation  in  cylinders.   (For  details,  see  Bandw.  (L  Ckem,,  viii.  650.) 


r.    See  the  next  article. 

TASAZACVM  orrzczVA&B.  Leontodon  Taraxacum,  Danddi/m.^Th^ 
herb  and  root  of  this  plant  are  used,  either  singly  or  together,  for  the  prepantioo  of 
Extract  of  Ikuultlion,  The  herb  contains  the  usual  plant-coostitae&ta^albumin,  gum, 
sugar,  mucilage,  &c.     The  root  contains  a  milky  juice,  which,  on  exposure  to  the  air, 
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eoftfealst^  deposits  oioatchonc,  and  Acquires  a  Tiolet-brown  colour.  John  found  in  it 
»  bitter  eztnctiTe  niRtter,  together  with  sugar,  gnm,  traces  of  resin,  free  TQgetable  acid, 
and  the  oidinary  salts.  The  substance  here  called  gum  is  doubtlem  partly  inulin 
(iii.  277)i  the  presence  of  which  in  the  aqueous  extract  of  dandelion  has  been  demon- 
itnted  ^Frickinger  (Buchn.  Repert.  zxiii.  45),  Widemann  (t^tdL  xliii.  281), 
OTerbeck  (An:h.  I^harm.  xxiii.  240),  and  others.  T.  and  H.  Smith  (Pharm.  J. 
Timna.  viii.  480),  by  treating  the  extract  of  the  root  prepared  with  cold  water  and  era- 
pormtcd  to  a  syrup,  with  alcohol,  obtained  a  precipitate  of  albumin,  pectin,  &c ;  and 
the  liqoid  filtered  therefrom  deposited,  on  efaporation,  aystals  of  mannite.  They  are, 
kowerer,  of  opinion  that  the  mannite  does  not  pre-exist  in  the  root,  but  is  produced 
from  cane-sugar,  or  from  inulin,  by  fermentation,  under  the  influence  of  the  albumin. 
Prrfaape  ita  formation  is  connected  with  that  of  lactic  acid,  the  calcium-salt  of  which 
eonstitutea  the  deposit  often  formed  in  Meliago  taraxacit  especially  after  long  standing. 

Tbe  bitter  substance  of  the  root,  the  so-called  taraxacin,  and  the  resin,  have  been 
oaminKi  by  Pol  ex  (Arch.  Pharm.  xix.  60).  The  mliky  juice  of  the  root  is  received 
in  water  and  heated  to  the  boiling-point,  and  the  liquid  is  filtered  from  the  congulum 
of  x«uB  and  albumin  which  forms  on  cooling.  The  filtrate,  after  concentration  and 
farther  eTaporation  in  free  air,  at  a  moderate  beat,  deposits  taraxacin  in  warty  crystals, 
which  mar  be  purifird  by  recrystallisation  from  water  or  alcohol.  They  taste  pleasantly 
bitter, and  somewhat  sharp ;  melt  easily,  giving  off  infiammable,  non-ammoniacal  vapoun; 
and  diaaolTe  readily  in  ether,  alcohol,  and  boiling  water.  Taraxacin  also  dissolves 
whhoiit  altention  m  concentrated  acids,  and  is  indifferent  to  most  other  reagents. 
(Poles.) 

If  the  onegulum  above  mentioned  be  exhausted  with  boiling  alcohol,  and  the  filtrate 
left  to  evaporate,  resin  of  taraxacum  is  deposited,  in  white  caulifiuwer-like  crusts. 
It  melte  easily,  takes  fira  with  difficulty,  is  disfiolved  by  ether,  not  by  caustic  alkalis,  is 
bat  tlifffatly  attacked  by  nitric  add,  but  is  dispolred  with  yellow  colour  by  warm 
■ilplnme  acid.  The  shHip-tasting  alcoholic  solution  is  not  precipitated  by  basic 
•eetate  of  lead  (Polex).  see  also  Kromayer  (Arch.  Pharm.  cv.  6),  who  designates 
the  dried  milky  juice  of  dandelion  as  leontodium. 

^WITUTX.  Breithaupt's  name  for  the  plumbifcrous  arragonite  of  Tar- 
in  Upper  Silesia,  sometimes  containing  as  much  as  4  per  cent,  of  plumbic  carbo- 
It  forms  prismatic  or  pointed  crystals,  and  cylindrical  aggregates  of  white  or 
h  colour.  It  has  a  specific  gravity  of  2-8  to  3-01,  and  if  moistened  with  sulphu- 
,  after  ignition,  turns  first  red  and  then  black.  According  to  Web  sky  (Zeitschr. 
d.  dentach.  geolog.  Oesellsch.  ix.  737 )i  the  crystals  have  the  same  form  as  those  of 


tTAX*    A  generic  name  for  salts  of  tartaric  acid,  but  applied  especially  to  the 
tartrate  of  potassium,  which  in  the  crude  state,  as  deposited  from  fermenting 
g^po-inice,  is  called  crude  tartar  or  argol,  and  when  purified  by  solution  and  re- 
Cfyetallioation,  cream  of  tartar. 

Cknde  tartar  or  ar^ol  is  of  a  pale,  pinkish,  or  dark-red  colour,  according  as  it  is 
depoaited  f^m  white  or  from  red  wines.  It  forms  a  hard  crystalline  crust,  varying 
in  thickness  with  the  character  of  the  grape,  the  degree  of  ripeness  which  it  has  been 
allowed  to  attain,  and  the  peculiarities  of  the  processes  adoptKl  in  different  vineyards. 
Besicea  acid  tartrate  of  potassium,  which  is  its  essential  constituenk  it  usuaiiy  contains 
taitme  of  calcium  and  variuuH  impurities.  Scheurer-Kestner  ftnind  in  a  sample  from 
Taeeany,  78*67  per  cent,  tartaric  acid,  22*13  potash,  0*62  glucose,  0*88  cellulose,  0*32 
■ffiea,  0*26  oxide  of  iron,  1  -39  magnesia,  and  0*73  colouring-matter.  The  same  chemist 
j^ea  the  following  statement  of  the  results  of  numerous  analyses  of  tartars  from 
lariooa  localities : — 


Loralitj. 

Quality 

Acid  Tartmte  of  Potauium 
per  cent. 

Tartrate  of  Calciam 
per  cent. 

ilMoe 

Svitxerland  .... 

Btn^gundy 

ToMay       .... 

Bangazy       .        .        •        . 

fl^ain 

White 

Rrd 
White 

Red 

77*50     84-95     8510 

73-60     85-90 

32-10 

84-50     85*20     88*50 

67-30 

24-20 

4*6       7*3     9-9 

7*7     18*3 
4626 

9-20 
45*20 

The  best  tartars  come  from  Italy  and  the  South  of  France. 

Tartar  ia  nsed  for  the  manufacture  of  tartaric  acid,  and  of  carbonate  of  potassium  (iv. 
7lt\.  For  the  first  mentioned  purpose,  the  presence  of  a  larg(>  amount  of  mucilaginous 
^9  oJier  organic  matter  is  very  objectionable.    To  remove  ihin  impurity,  a  considerable 
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proportion  of  the  aigol  sent  to  this  country  is  prerionsly  submitt^  to  a  simple  pronst 
of  purification,  which  consists  in  redissolving  it  in  hot  water,  and  adding  asnuUf  qoai). 
tity  of  day  in  fine  powder.  The  day  becomes  mixed  with  the  floocolent  matter,  and 
carries  it  down  to  the  bottom  of  the  veisd.  The  clear  solution  is  concentrated  and  a 
crop  of  crystals  obtained,  which  is  then  called  tartar.  The  repetition  of  the  pcooeit 
yields  a  proportionally  purer  artide,  and  tartars  are  met  with  in  this  country,  contain- 
ing from  85  to  98  or  99  per  cent  add  tartrate  of  potassium. 

On  the  other  handi  tartars  are  very  often  fraudulently  adulterated  with  sulphate  tnd 
diloride  of  potassium,  sulphate  and  chloride  of  caldum,  and  other  cheap  materUlg 
so  that  it  is  of  importance  to  the  manu&cturer  of  tartaric  add  to  possess  aready  method 
of  ascertaining  the  quantity  of  tartaric  acid  contained  in  them.  Now,  the  dii«et 
estimation  of  tartaric  add  is  difficult,  as  none  of  its  salts  are  insoluble  in  water ;  ]met 
it  has  beeD  usual  to  estimate  the  proportion  of  it  in  tartars  by  determining  tb« 
quantities  of  potash  and  lime  present,  and  reckoning  both  bases  as  tartrates.  Snch 
a  method,  however,  would  dearly  lead,  in  the  case  of  adulterated  tartars,  to  u 
over-estimation  of  the  amount  of  tartaric  add  present  Hence  it  is  neceseuy  to 
determine  not  only  the  amount  of  bases,  but  likewise  that  of  the  sulphuric,  CB^ 
bonic,  or  other  adds  present,  besides  the  tartaric ;  to  calculate  the  quantitifi  of 
base  required  to  saturate  these  adds ;  and  reckon  only  the  remainder  as  tartntci. 
An  exact  and  ready  method  of  ascertaining  the  oommerdal  value  of  tartars  is  still  a 
desideratum. 

Tartrate  of  calcium  can  scarcdy  be  regarded  as  an  impurity  in  tartar  intended  fbr 
the  manufiicture  of  tartaric  add,  inasmuch  as  the  first  step  in  the  prenaration  of  that 
add  is  to  convert  the  tartrate  of  potassium  into  tartrate  of  caldum.  Neverthdets,  the 
presence  of  a  considerable  quantity  of  calcic  tartrate  in  the  tartar  is  olgectioBable, 
because  it  quickly  undergoes  decomposition  under  the  influence  of  damp,  and  is  con^ 
verted  into  carbonate.  For  this  reason  dry  storing-places  are  of  great  importance  for 
preserving  tartan  and  argols,  especially  those  oontaming  much  tartrate  of  ealeiiun. 
(See  Richardson  and  Watts's  Chemical  Xschnology,  I  [5],  182,  168.) 

Potasdo-antimonions  tartrate. 

ACZS.    C*H«0«  -  ^^^''^T|o«or(C*H«07'lo«^ThU    fiw- 

mula  represents  the  composition  of  five  difiTerent  tetratomic  and  dibasic  adds,  some  of 
which  agree  with  one  another  in  nearly  all  their  chemical  characters,  though  they  are 
all  distinguished  bv  marked  dififerences  of  physical  propertieB,  especially  in  their  oye- 
tAlline  forms  and  their  relations  to  polarised  light  These  five  modifications  of  tar- 
taric acid  are : 

1.  Dextrotartaricor  ordinarv  Tartaric  acid, which  forms  anhydrous, hemU 
hedral,  rhombic  crystals,  and  turns  the  plane  of  polarisation  of  a  limiinoua  ay  to  the 
right. 

2.  Levotartaric  or  Antitartaric  acid,  whidx  also  forms  anhydrous,  hemihe* 
ilral,  rhombic  crystals,  but  turns  the  plane  of  polarisation  to  the  left 

3.  Paratartaric  or  Bacemio  acid,  which  forms  hydrated,  hokdiednl,  tridinie 
crystals,  is  optically  inactive,  and  may  be  separated  into  dextrotartarie  and  l«votartaric 
acids  (p.  85). 

4.  Inactive  Tartaric  or  Mesotartaric  acid,  which  is  also  without  aedon  eo 
polarised  light  ^^^  ^  ^ot,  like  the  preceding,  resolvable  into  dextrotartarie  and  bevo- 
tartaric  adds. 

5.  Metatartaric  acid,  a  modification  produced  by  the  action  of  heat  upon  ordi- 
nary  tartaric  add,  is  deliquescent  and  uncrystalli sable ;  its  salts  differ  ftom  those  of 
ortiiuary  tartaric  add  by  their  crystalline  form  and  greater  solubility. 

Dextrotairtaric  and  Is^tartaric  acids  resemble  one  another  exactly  in  specific  grarity, 
solubility,  and  all  their  physical  properties,  excepting  crystalline  form,  action  on  polarised 
light,  and  pyroelectrical  relations.  Their  crysrals  are  bounded  by  the  same  number 
of  faces,  inclined  to  one  another  at  exactly  the  same  angles ;  but  they  exhibit  certain 
hemihedral  faces,  which,  when  the  crystals  are  similarly  placed,  are  ntuated  to  the 
right  in  the  one  crystal,  and  to  the  left  in  the  other ;  so  that  the  two  crystals,  thoogh 
similar,  are  not  superpodble,  but  are  related  to  one  another  like  an  otject  and  its  re- 
flected image.  Solutions  of  the  two  acids  of  the  same  strength  deflect  the  plane  of  pola- 
risation by  exactly  equal  amounts — the  one  to  the  ri^ht,  the  other  to  the  left:  [a]  « 
^  9*6  (see  Lioht,  iii.  675).    Both  adds  exhibit  pyroelectricity,  but  in  opposite  diree* 

tions,  a  crystal  of  either  acid,  when  heated  and  left  to  cool,  exhibiting  positive  dectri* 
dty  on  the  side  on  which  the  hemihedral  fkces  are  situated. 
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The  same  relations  of  CTystalline  form,  optical  rotatoiy  power,  and  pjro-^leetricity, 
are  exhibited  bjr  the  oorrespoiidiiig  metallic  salts  of  dextrotartaric  and  Isto- 
tartaric  acids. 

When  solutions  of  equal  weights  of  dextro-  and  lievo-tartarie  acids  are  mixed,  the 
nixtnre  jrields  by  evaporation  holohedral  oystals  of  racemic  add.  Mixtures  of  equal 
weights  of  the  corresponding  metallic  salts  also  yield  racemates,  except  in  the  case  of 
the  ammonio-Bodic  salts  (iii.  676). 

Dextro-  and  Isevo-tartaric  acids  further  resemble  one  another  exactly  in  their  chemi- 
cal relations  to  all  substances  which  have  no  action  on  polarised  light;  but  when  they 
eome  in  contact  with  other  optically  active  substances,  this  chemical  identity  no  longer 
exists.  In  some  cases,  one  of  the  acids  easily  forms  compounds  which  cannot  be  pro- 
duced with  the  other ;  in  other  cases,  the  two  acids  yield  compounds  identical  in  compo 
■ition,  but  differing  considerably  in  their  properties.  Thus,  dextrotartaric  acid  combinet 
readily  with  asparagine,  forming  a  dystalline  compound ;  but  Isvotartaric  acid  forms 
with  it  only  an  unciystallisable  syrup.  The  acid  ammonium -salt  of  dextrotartaric  acid 
forma  a  aystallisable  double  salt  with  the  add  ammonium-salt  of  optically  active 
malic  add ;  acid  lievotartrate  of  ammonium,  on  the  contrary,  does  not  form  a  corre- 
■ponding  compound.  Dextrotartrate  of  dncbonine  contains  2  at.  water  of  crystallisa- 
tion, dissolves  easily  in  absolute  alcohol,  gives  off  its  water  and  begins  to  become 
colonred  at  100° ;  the  l»votartrate  of  dnchonine  contains  only  }  at.  water,  but  bears 
a  heat  of  140°  without  alteration.  The  dextro-  and  Isvo-tartrates  of  quinine,  brudne, 
and  strychnine  exhibit  similar  differences  (i.  683,  977 ;  v.  24,  442)« 

The  difierent  reactions  of  the  two  opposite  tartaric  adds  with  optically  active  sub- 
■tanees  afford  the  means  of  reeolring  racemic  add  into  its  component  acids.  When 
diiehonicine  is  dissolved  in  racemic  add,  the  solution,  at  a  certain  degree  of  conccn- 
tntion,  deposits  at  first  crystals  of  laevotartrate  of  dnchonicine ;  from  a  solution  of 
qninidne  in  racemic  add,  on  the  other  hand,  dextrotartrate  of  quinicine  crystallises  out 
firsL 

Racemic  add  may  also  be  decomposed  by  fermentation.  When  a  few  spores  oi 
l^ieiliium  glaucum,  are  introduced  into  a  solution  of  racemic  acid  containing  tracea 
of  an  allcaline  phosphate,  fermentation  is  set  up,  the  dextrotartaric  acid  is  deoom  • 
poaed,  and  if  tne  fermentation  be  interrupted  after  a  certain  time,  the  liquid  contain., 
nothing  but  levotartaric  acid. 

When  dextrotartrate  of  cinchonine  is  heated  for  some  time  to  170°,  part  of  the  dex- 
trotartaric acid  is  converted  into  Isvotartaric  acid,  and  the  two  combine,  forming 
neemie  add.  Leevotartaric  add  may  be  converted  into  racemic  acid  in  the  same 
Bianner.  Bacemic  acid  is  also  produced  by  the  action  of  heat  on  ethylic  tartrate  (p. 
M).  (Pasteur,  Ann.  Cb.  Pharm.  Ixxii.  164  ;  Ixxxiv.  167  ;  Ixxxviii.  211 ;  Jahresb. 
1847-48,  pp.  31,  205;  1849,  pp.  127,  307 ;  1852,  p.  175;  1863,  p.  423 ;  1858,  p.  248 ; 
1860,  p.  250.) 

l»«strotartAiie  Aold«  C*H'0'.  Ordinary  Tartaric  Acid,  Dejctroracemic  Acid, 
Tarttr$aurt.  Tartrylsdure.  Weifitdure.  Weinsteinadure,  Sal  essentiaU  inrtari.  Ai'ide 
Ugrtarique. — ^This  acid  was  first  obtained  in  the  free  state  by  Scheele  in  1770,  but  its 
aizistenoe  in  tartar  had  been  previously  suspected  by  Duhamel,  Maiggraf,  and 
Konelle.  It  is  very  widely  difiused  in  the  vegetable  kingdom,  occurring  as  frequently 
as  dtric  and  malic  acid.  Its  existence  in  grape-juice,  as  acid  tartrate  of  potassium, 
has  long  been  known ;  the  older  chemiKtjs  indeed,  Van  Helmout  and  others,  were 
that  the  tartar  deposited  from  wines  existed  ready-formed  in  the  juice  of  the 
It  is  also  found  in  the  free  state,  or  as  a  potassium-  or  calcium -salt,  in  tama- 
nnripe  mountain-ash  berries,  madder-root,  potatoes,  Jerusalem  artichokes, 
•orrcl,  girkins,  mulberries,  pine-apples,  black  pepper,  the  leaves  of  Chilidimium  rnqjus, 
the  bulbs  of  ScUla  maritima,  &c. 

Dextrotartaric  add  is  artificially  produced : — o.  Mostly  together  with  racemic  acid, 
by  the  oxidation  of  saccharic  acid,  and  of  dextroglucose.  caue-Hugar,  milk-sugar,  starch, 
gun,  and  sorbin,  with  nitric  add  (p.  35). — /3.  By  boiling  add  bromomalat-e  of  calcium 
(iii.  796)  with  lime-water.  Adds  having  the  com[>OBition  of  tartjiric  ure  also  said  to 
M  inodnosd. — y.  From  dtric  acid,  when  lemon-juice  is  kept  for  a  year  in  bottl'S 
(8enindler,  Ann.  Ch.  Pharm.  xxxi.  280). — 8.  From  a  solution  of  pyroxylin  in  potash 
(Kerckhoff  and  Beuter,  J.  pr.  Chem.  xlvi.  284);  but  it  is  not  stated  whether 
thee^  adds  are  identical  in  physical  properties  with  dextrotartaric  acid.  The  acid 
CHK)*,  obtained  by  boiling  the  silver-salt  of  dibromosuccinic  acid  with  water,  or  its 
caldnm-salt  with  lime-water,  is  optically  inactive.  (Kekul^,  p.  459.) 

PreparoHnn, — Tartaric  acid  is  always  prepared  from  add  tartrate  of  potassium — on 
the  small  scale  from  the  purified  salt  (cream  of  tartar^,  on  the  large  scale  from  par- 
tially porified  tartars  or  crude  areola.  A  boiling  solution  of  the  acid  tartrate  is  first 
treated  with  pounded  chalk  or  whiting,  to  convert  it  into  insoluble  sulphate  of  calcium 
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aod  soluble  neutral  taitnite  of  potassium : 

2C*H»K0«  -»-  CaTO*    -    C«H*KK)«  +  C«HK3a*0«  +  HK)  +  00". 

The  mixture  is  thrown  on  a  filter;  and  the  filtered  solution  of  neutral  potaame  tar* 
trate  is  mixed  with  solution  of  calcic  chloride,  or  with  precipitated  calcic  sulphate, 
obtained  from  a  previous  operation,  whereby  the  whole  of  the  tartaric  add  ia  predpi* 
tated  as  tartrate  of  calcium.  The  two  lime-precipitates  are  then  boiled  with  a  qoan- 
tity  of  dilute  sulphuric  add  suffident  to  convert  the  whole  of  the  caldum  into 
sulphate ;  and  the  filtered  solution  of  tartaric  add  is  evaporated  to  a  syrup  at  a  gentle 
heat,  then  left  to  iteelf  in  a  warm  place,  where  it  deposits  an  additional  quantity  of 
caldc  sulphate,  and  finally  transfeired  to  the  crystallising  vessels.  The  presence 
of  an  excess  of  sulphuric  acid  greatly  favours  the  crystallisation  of  the  tartaric  add, 
but  it  acta  iiguriously  during  the  subsequent  evaporation  of  the  mother^liquors,  as 
it  becomes  more  and  more  concentrated,  and  ultimately  deeompoeee  a  considerable 
quantity  of  the  tartaric  add  still  remaining  in  solution.  (For  details  of  the  maou- 
ncturing  process,  see  Richardson  and  Watts'a  Chtmeal  Technology,  voL  i.  pt  v. 
p.  138.) 

ZMvotmrtaHo  Aotd,  C*H*0*.  Jntitartario  Acid.  Lavoraoemic  Acid.-'The  for- 
mation of  thia  add  by  the  decomposition  of  racemic  add  has  alreadv  been  mentioned. 
When  equal  weights  of  racemic  acid  are  saturated,  the  one  with  soda,  the  other  with 
ammonia,  and  mixed,  the  mixture  deposita,  on  cooling  or  spontaneous  evaporation, 
large  beautiful  ciyttals  of  a  double  salt,  all  of  which  are  heminedral,  one  half  of  them 
having  the  hemihedral  forces  oppositely  situated  to  those  of  the  oUier  half;  and  on 
carefully  separating  these  two  kinds  of  crystals  (the  solutions  of  whidi  exhibit  equal 
and  oppomte  actions  on  polarised  light),  purifying  them  by  reciystallisation,  precipita- 
ting tne  solutions  by  nitrate  of  lead,  and  deoompoeing  the  lead-salts  with  sulphuric  or 
sulphydric  add,  solutions  are  obtained  which  on  evapwation  yield  dystala— uie  one  of 
dextrotartaric  add,  agreeing  exactly  in  character  with  those  obtained  from  tartar,  as 
above  described ;  the  other  of  Isvotartaric  add,  agredng  with  dextrotartaric  add  in  all 
respects,  excepting  in  the  opposite  hemihedry  of  its  crystals,  and  the  oppontion  of  iti 
optical  and  pyro-electrie  properties.  Respecting  the  preparation  of  Ijevotartarie  add 
by  the  fermentation  of  racemic  add  ^  and  by  the  action  of  heat  on  the  raoemates  of 
dnchonicine  and  quinidne,  see  p.  678. 

ProperticB. — Tartaric  add  crystallises  in  monoclinie  prisms,  having  the  axes  a:h\e 
-  0-7846  :  1  :  0-8064.  Angle  &:  c  -  79*=^  43';  <»P  :  ooP  (orthod.)  -  102«62'; 
[Poo]  :  [Pcol  (cUnod.)  -  89*>  28^;  -Poo  :  o  -  46<>  0';  +Poo  :  c  -  67*»  30'. 
Ordinary  combination  ooP  .  ooPoo  .  —Poo  .  +Pao  (the  last  often  wantine)  . 
[Poo  1.    The  faces  [Poo  ]  are  often  developed  only  at  one  extremi^  of  the  orthodia- 

EnaC  and  on  one  or  the  other  dde  of  the  crystals,  according  as  the  add  ia  dextio-  or 
vo-rotatory.    These  faces  are  often  greatly  predominant 

The  orystsJs  are  oolouriess  and  transparent,  and  do  not  contain  any  water  of  ciystal- 
lisation;  their  specific  gravity  is  1*76  (Richter);  1*739  (Buignet,  Jahresb.  1861, 
p.  16).  They  are  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether ;  the  aqueooi 
solution  becomes  covered,  after  a  while,  with  a  fungous  growth.  The  quantities  of  the 
crystallised  add  contained  in  aqueous  solutions  of  different  densities  are  aa  foUowa 
(Schif^  Jahresb.  1869,  p.  41) : 

Weight  of  cnnUllited  Mid  SpeclAe  snvitv  of 

in  100  pu.  of  aolutlon.  eohitioo  at  \tR. 

33  11664 

22  11063 

14*66  1*0690 

11  1*0611 

7*38  10337 

8*67  1*0167 

On  mixing  the  ooneentiated  solutions  of  dextro-  and  Isvo-tartaric  add,  OTstala  of  ra- 
cemic add  are  abundantly  deponted,  with  evolution  of  heat  quite  perceptible  to  the  hand 

Respecting  the  molecular  rotatory  power  and  the  pyro-electria^  of  the  two  oppodte 
tartaric  adtu,  see  p.  672.  Their  pyio-electridty  is  very  strong,  the  haat  <tf  theliaiid 
developing  it  sufficiently  to  affect  a  sensitive  electroscope. 

Hie  solution  of  tartaric  acid  forms  white  predpitates  with  the  atjueoua  aolutions  of 
caustic  6ar^,  ttrontia,  lime,  %xxAao€taUcf  Uad^  but  it  does  not  pmcipitate  the  chloride 
of  barium,  strontium,  or  caldum.  Tartaric  add  is  distinguished  from  racemic  add  by 
the  greater  solubility  of  its  calcium-salt  (p.  36). 

Tartaric  add  added  in  excess  to  tlie  solution  of  a  potosttum-M^  forms  a  white  crys- 
talline predpitate  of  add  potasdc  tartrate,  provided  the  solution  is  not  too  dilute : 
the  addition  of  alcohol  renaers  the  reaction  much  more  delicate :  the  formation  of  the 
predpitate  is  also  accelerated  by  stirring  and  by  rubbing  the  sides  ol  the  veasel  with 
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a  glAH  rod.  The  pndpitate  is  soluble  in  free  alkalis,  whieh  oonTert  it  into  neutral 
tartrate ;  heaoe,  for  detecting  small  quantities  of  tartaric  acid  in  a  solution,  free  potash 
should  not  be  used,  but  rather  chloride  or  nitrate  of  potassium,  an  excess  of  which 
does  not  dissolye  tiie  acid  tartrate.  Tartaric  acid  may  be  detected  in  presence  of  a 
considerable  quantity  of  citric  acid  by  mixing  the  solution  with  acetate  of  potassium, 
and  an  equal  Tolume  of  strong  alcohoL  On  ^e  other  hand,  a  small  quantity  of  dtrio 
acid  may  be  detected  in  the  midst  of  a  large  quantity  of  tartaric  acid,  by  removing  the 
latter  as  above,  evaporating  the  alcoholic  mtrate,  and  treating  the  residue  with  chloride 
of  calcium  at  the  boiling  heat  (i.  995).  (Spiller,  Chem.  Soc.  Qu.  J.  x.  110 ;  see  also 
Schnitser,  Jahresb.  1862,  p.  626.) 

Deeanmoaitions. — 1.  Tartaric  acid  melts  between  170°  and  180^,  and  is  gradually 
eonTerteo,  without  loss  of  water,  into  the  isomeric  compound,  metatartaric  acid 
(p.  688).  By  prolonged  heating,  water  is  eliminated,  and  tartraiic  or  ditartaric 
aeid,  C«H»»0"  -  2OH«0»  -  H«0,  is  produced  ;  then  tart  relic  acid,  C*H*0»  - 
C^H)*  ~  HK) ;  and  ultimately  insoluble  tartaric  anhydride,  isomeric  with 
the  last.  If  the  heat  be  increased,  decomposition  takes  place,  resulting  in  the  forma- 
tion of  p^tartaric  and  pyroracemic  acios  (ir.  769-771),  together  with  acetic  acid« 
fbrmic  acid,  aldehyde,  furfurol,  ethylene,  carbonic  anhydride,  &c. 

2.  Tartaric  acid  heated  with  fused  hydrate  of  potassium  is  resolved  into  acetic  and 
osaiio  acids: 

C*H«0«    =     C«H*0«  +  C?HK)*. 

8.  By  the  oaeidation  of  tartaric  add  («^.  by  the  action  of  chromates,  permanga- 
nates, peroxide  of  manganese,  peroxide  of  lead,  minium,  &c.),  carbonic  anhydride  and 
foimic  add  are  generally  produced.  The  solution  of  the  acid  warmed  with  salts  of 
silvtr,  gold,  and  platinum,  reduces  the  metals.  By  slow  oxidation,  especially  by  the 
■pontanaoQS  decompoflition  of  nitrotartaric  add,  an  oxidation-product  less  removed 
Dom  tartaric  add  is  formed — ^namely,  tartronic  acid: 

C*H«0«  +  0«    -     C»H*0»  +  HH)  +  C0«. 

Tartaric  Taitronic 

acul.  acid. 

4.  By  the  action  of  h^riodio  acid  or  iodide  of  phospkorus,  tartaric  add  is  reduced 
to  malie  or  to  succinic  acid: 

C*H«0«  +  2HI     «     H»0  +    P  +  C^H«0». 

Tartaric  MaHc 

acid.  acid. 

OH*0«    +    4HI  «  2H«0  +  2P  +  C*HH)«. 

Tartaric  Succlnie 

add.  acid. 

5.  "VltOkpentacUoride  of  phosphorus,  tmiajnc  add  yields  chloromaleie  chlo- 
ride, C*Hd0*.Cl*.  (Ferkin  and  Duppa;  see  Maudo  Aon>,  iii.  788.) 

6.  Pulverised  tartaric  acid,  digested  for  several  hours  with  chloride  of  acetyl,  is  con« 
Twted  into  diacetotartaric  anhydride,  C*H'0'  (Perkin,  Chem.  Soc  Qn.  J.  zz. 
160): 

C«H«0«  +  2C«H«0C1     =     2HC1  +  H«0  +  C^H«(C«H«0)K)». 

7.  Tartaric  acid  heated  to  160°  in  a  sealed  tube,  with  an  equivalent  quantity  of 
*f»«»cactrf,yieldsbenaotartaricacid,C'»H"0'  -  C*H»(C'HK))0«  «  C*H«0«  -r 
C»HH)»  -  HK).  (Pessaignes,  J.  Pharm.  [3]xxxii.47.) 

8.  Tartaric  add  is  decomposed  by  strong  sulphuric  acid  and  by  nitric  acid.  With 
very  strong  nitric  add  it  forms  nitrotartaric  acid. — Chlorine  and  bromine  act  but 
■lightly  upon  the  aqueous  solution. 

9.  Tht  fermentation  oicniAib  tartrate  of  calcium  yields  butyracedc  add.  (No liner, 

i688.) 

10.  Tartaric  add  heated  with  o^Ao^f,  monatomic  or  polyatomic,  forms  ethers,  with 
elimination  <^  water ;  in  like  manner  with  cane-sugar,  glucose,  dulcite,  querdte,  and 
other  saecharoidal  substances.  (See  Tabtabic  ihsans.) 

-Tartaric  add,  as  already  observed,  is  tetratomic,  and  for  the  most 


Bart  dibasic,  2  of  the  hydrogen-atoms  in  the  molecule,  (C^H'O')**  \  0\  being  easily 

H«      j 
mplaeeaUe  by  metals,  and  the  other  two  by  alcoholic  or  add  radides.    With  mona- 
tomic Dotala,  it  forms  add,  neutral,  and  double  salts,  like  the  following : 

C«H"0«  \  0«  C*H«0*  [  0«  C<H«0»  \  0« 

H  J[   )  K«    j  Na.K  ) 

Add  potatitc  Neutral  poCasaic  Sodlo>potaatlc 

tartrate.  tarlrata. 

Z  X  2 
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With  diatomic  metals,  it  fomiB  neutral  salts,  C^H^HT'O',  and  double  salts  eonsistiBg  of 
a  double  molecule  of  the  add,  in  which  2  at.  hydrogen  are  replaced  bj  a  dittoiaie 
metal  and  2  at.  more  by  an  alkali-metal ;  9,g, : 

H«    )  H*      1 

C*H«O«>0*  (C<HH)«)HO« 

Ba*  i  Ba"KM 

Neutral  bark  Baric  potudc 

tartrate.  tartrate. 

With  triatomie  metals,  tartaric  add  forms  a  peculiar  daas  of  salts— best  knomi 
in  the  case  of  antimony — the  constitution  of  which  may  be  illustrated  by  the  following 
formuls: 

^"^l^^Ijo  <^^"/}o  (C*R«ot|S. 

ob* 

Add  antiniooioat  PotaMfo-aDthnontoas  Neutral  anilmoniooa 

tartrate.  tartrate.  tartrate. 

These  formula  are  a  ^ical  expression  of  the  idea  that  one  of  the  three  atomidUtt 
of  the  antimony  takes  the  place  of  1  at.  of  the  typical  hydrogen  of  the  tartaric  add, 
binding  instead  of  it  one  atomicity  of  the  typical  oxygen  (KekuU).  The  same  aaltt 
may,  however,  be  formulated  similarly  to  the  ordinary  tartrates,  by  su^>osing  1  at  of 
the  basic  hydrogen  to  be  replaced  by  the  monatomic  radicle  andmonyl  SbO ;  thus: 

H»        )  H«        )  H*        1 

(C*HK)7'>0«  (C*HW)»^>0«  (C*HK)7^V0« 

H.SbO)  K.SbO    I  (SbO)*    I 

Add  antimoaloua  PotaMio-antlnoDloiu  Neutral  anttmoaloya 

tartrate.  tartrate.  tartrate. 

When  these  salts  an  heated  to  160^ — 200^,  they  give  off  water,  and  form  com- 
pounds which  may  be  regarded  either  as  tartrates  in  which  the  triatomie  antimony 
replaces  three-fourths  of  Uie  typic  hydrogen  of  the  add : 

or  as  antimonylic  derivatives  of  the  first  anhydride  of  tartaric  add : 

(C^H«07Mq,  (C*HWr/Q,  (C^H'O^Mo, 

H.SbO(^  KSbO   \^  (SbO)«    j"^- 

Tartaric  add  forms  similar  compounds  with  arsenic  and  with  boron.  (EekaU*s 
Lekrbuch,  ii.  201.) 

The  first  of  the  formuls  above  ^ven  for  the  antimony-salts  dried  at  160^—200^ 
represents  tartaric  acid  as  tetrabasic ;  and  this  view  is  fiurther  in  accordance  with  the 
known  existence  of  a  tetraplumbic  tartrate  (p.  682) ;  but  in  most  of  its  relstiona, 
tartaric  add,  as  already  observed,  is  only  dibasic. 

The  neutral  tartrates  of  the  alkaliriMtaU  are  veiy  soluble  in  water;  the  add 
tartrates  of  potassium  and  ammonium  are  sparingly  soluble ;  all  tartiates  are  insolubla 
in  alcohol.  Hence,  tartaric  acid  dissolved  in  alcohol  does  not  decompose  carbonates. 
The  neutral  tartrates  of  the  eartk-metal*  and  heavy  metals  are,  for  the  most  peit, 
insoluble  or  sparingly  soluble  in  water,  but  dissolve  in  aqueous  tartaric  add,  also  in 
hy<lrochloric  and  in  nitric  acid;  also,  with  exception  of  the  silver-  and  mercury- 
salts,  in  excess  of  potash  or  soda.  Ammonia  likewise  dissolves  all  tartrates,  except- 
ing tartzate  of  mercuiy. 

Tartaric  acid  added  to  the  solutions  of  most  metallic  salts  prevents  their  predpita« 
tion  by  alkalis.  According  to  Aubel  and  Ramdohr  (Ann.  Ch.  Pharm.  dii.  38 ; 
Jahresb.  x.  572),  metallic  oxides  may  be  divided,  according  to  their  behaviour  with 
caustic  potash  or  soda  in  presence  of  tartaric  acid,  into  ihe  Uiree  following  groups : — 
a.  Oxides  soluble  in  the  alkali  in  presence  of  tartaric  add,  and  not  predpitated  on 
boiling :  alumina,  bismuth-oxide,  chromic  oxide,  cobaltous  oxide,  cupric  oxide,  ferric 
oxide,  fflucina,  lead-oxide,  nickel-oxide,  platinic  oxide,  zinc-oxide.-H3.  Oxides  pre- 
-dpitated  on  boiling  from  the  alkaline  solutbn,  if  moderately  dilute:  auric  oxide 
(induced  on  boiling),  cadmium-oxide,  manganous  oxide,  uranic  oxide. — y.  Insoluble : 
mercuric  oxide,  silver-oxide  (reduced  on  boiling),  stannous  oxide.  (See  toxther  H. 
Grothe,  J.  pr.  Chem.  xdi.  176 ;  Jahresb.  1864,  p.  686.) 

Most  of  the  soluble  tartrates  ciystallise  easily,  and  some  ^especially  the  doubls 
salts)  form  large  well-defined  crystals.  The  crystals  are  invariably  hemihedral,  and 
their  solutions  turn  the  plane  of  a  polarised  ray  to  the  riffht  or  to  the  left^  accordiug 
to  the  position  of  the  hemihedral  faces.  The  dextro-  and  Invo-tartrates  are  likewiiu^ 
opposite  in  their  pyro-electric  properties.  In  all  their  other  characters  they  rreemblA 
one  another  exactly,  and  the  solution  of  a  dextrotartrate  mixed  with  that  of  an  equal 


TARTRATES  OF  MONATOMTC  METALS.         677 

jMtit  of  tli0  coffrespooding  IsfoUitnta  fonns  a  mixture  which  jieldi  holohedral 
■afojpticaDy  toaetire  cxjwialB  of  the  oorreeponding  ncemate,  exceptiug  in  the  ca«e  of 
tb«  Mdio-aBmoiue  nits,  whieh  oystallite  out  separatelj,  ai  dextro-  and  levo-tar- 
ts»u*  •>  •74). 

Taitntc*  calcined  in  contact  with  the  air  give  off  the  odour  of  burnt  sugar.    Their 
dilai0  aqoeotu  eolntions  become  corered  after  a  while  with  fungu 


(Am  Ol  Phji.  [3]  T.  368):  see  alao  GmdinU  Handbook,  x.  273-326.  The 
cTTTtellioe  forma  of  a  great  number  of  tartrates  have  been  determined  by  De  la  Pro- 
roittre  ^ijin.  Ch.  Phys.  [3]»  iii.  129)  and  Pasteur,  and  their  optical  properties  by 
Biot  ud  Pasteur  (see  references,  p.  673). 

a.  Tartrates  containing  only  Mbnaiomic  Metals, 

Tabtbatss  or  Ammonium.— The  neutral  salty  C*H*(NH*)-0*,  is  obtained  by 
inponting  a  solution  uf  the  arid,  neutralised  with  ammonia  or  carbonate  of  ammo- 
mm,  m  primatic  crystals,  which  are  very  soluble  in  water,  and  effloresce,  with  loss 
td  "*wmU^  on  exposure  to  the  air.  The  crystals  are  monodinic,  havinff  the  axes 
«  :  *  :  e  -  0-868  :  1  :  1-244.  Angle  b  :  c  -  88°  9' ;  [Poe  :  Poo  ]  (dinod.)  - 
0^M;  +  Fco  :e  »  S9^  31'.  Ordinary  combination,  oP  .  ooPoo  .  +  Poo  .  [Poo  ] ; 
•Ito  with  •»>  P  and  —  P  subordinate.  Cleavage  perfect  parallel  to  oP.  The  faces 
[Foe  ]  sfs  present  in  only  half  the  number  required  by  the  law  of  symmetry :  the 
sptils  are  tbeicibre  hemihedral.  Rotatory  power  [a],  —  ^29°.  Specific  gravity 
orthsoystals  -  1-566.    (Schifl^  Jahresb.  1859, p.  IB.) 

The  mrid  salt^  or  bitarirate  of  amwtoniaf  C*H*(NH*)0*,  is  precipitated,  on  adding 

tartaric  aeid  to  the  solution  of  the  neutral  salt,  as  a  crystamne  powder,  exhibiting 

wAtt  the  mieroseope  beautiful  shining  lamins,  forming  oblique-an^ed  parallelograms 

or  btngonal  plates,  elongated  and  often  hemitropic.    It  is  slightly  soluble  in  cold, 

nrr  soluble  in  boiling  water.    The  ciystals  are  trimetric,  and  isomorphous  with  the 

•dd  potaasium-aalt.     Axes  a:b:c  »  0*6933  :  1  :  0*7086.    Angle  P  :  P  (brach.)  ■» 

W7*  18';  P  :  P  (macr.)  -  100«  20';  P  :  P  (basal)  =  102o  24^  odP  :  ooP  (macr.) 

-  69«  iT;  too.:  foo  (basal)  -  70«  38';  2Poo  :  2foo  (basal)  -  109°  36'; 

tPae  :  Sl^oo    «■   129°  36'.    The  crystids  exhibit  the  same  faces  as  those  of  the  acid 

poUssJuffl-salt  (p.  678),  and  cleave  most  easily  parallel  to  oP.    They  are  hemihedral, 

th»  P-fkcss  being  always  unequally  developed ;  four  of  them,  two  at  each  end,  being 

Tcry  small  or  non-existent,  whilst  the  other  four,  which  are  much  larger,  are  so 

p 
otsatedas  to  form,  by  sufficient  prolongation,  the  irregular  tetrahedron  —  (Do   la 

Provostaye).  According  to  Hahn  (Jahresb.  1859,  p.  286),  the  crystals  exhibit 
iht  combination  ooP  .  oo^  .  00^2  .  ooPoo  .  P  .  :Pqo  ;  axes  a:b:e  -  0*72988  :  1  : 
i^S3426;  angle  ooP  :  ooP  (macr.)  -  72<>  15';  Poo  :  Poo  (over  e)  -  100°  20'. 
TU  sDsdf&e  gravity  of  the  ciystals  is  1*680.  (Sch  if  f.) 

Add  dextrotartrate  of  ammonium  combines  with  optiiially  active  acid  malate  ot 
•aimoiiinm,  fbiming  the  salt  C'H\NH«)0«.C«H*(Nfl')0*,  which  crystaUises  in  thick 
•eomieatad  prisms  (Pasteur).  The  acid  Issvotartrate  does  not  form  a  similar 
CMBpound. 

Tabtbatbs  of  Gasiom.— The  fMufro/ter^rafe  is  very  deliquescent  (Bun  sen). — 
The  add  mtt,  0*H*CsO*,  oystallises  in  rhombic  prisms,  isomorphous  with  the  rubidium- 
nit.  Axes  a:b:e  -  0*694  :  1 :  0*661.  Angle  P  :  P  (brach.)  «  128^  50';  P  :  P 
(BMO.)  «  lOZ^;  P:  P  (basal)  -  98^80'.    Observed  combination,  ooPoo   .  ooPoo 

•P  (tba  Ifttter  very  subordinate  and  imperfect),  together  with  the  sphenoids  -f  ^ 

2 

.  ^  and  ~~  *^.    The  crystals  are  dextro-  or  l«vo-rotatory,  according  as  one  or  the 

p 
other  of  the  apbenoidal  fiices  -  is  absent  or  subordinate  (they  rarely  occur  together) ; 

the  hem  ^^^  occur  only  in  l»vo-rotatory  crystals.      Cleavage  perfect  parallel  to 

•Poe  and  o»Pao ,  both  of  which  faces  are  striated  parallel  to  the  principal  axis.  The 
MnstioB  and  cleavage  distinguish  the  crystals  from  those  of  acid  potassic  tartrate, 
to  which  they  bear  a  genval  resemblance  (J. P.  Cooke,  Sill.  Am.  J.  [2],  xxxvii.  70). 
Tbey  diaohra  in  10*8  pts.  water  at  25^  and  in  102  pt.  boiling  water.  (Allen,  ibid, 
ssxiv.  M7.) 

lABTBaTBS  OF  LiTBiUM. — The  neutral  salt  is  white,  deliquescent,  and  unoystal- 
hMbU.~Th«  aeid  salt.  2C<H*LiO«.3H'0,  forms  small  crystals,  very  soluble  in  watei; 
(Dult) 


678 


TARTARIC  ACID. 


Tartbatb,  Mbbcurous. — This  salt  ia  obtained,  ly7  prwainUtion,  as  a  vhh« 
ciystidliiie  powder,  or  in  the  form  of  shining  needles  or  scalea.  It  ia  inaolnble  in  vat«r, 
but  very  soluble  in  nitric  acid.    Boiling  water  decomposes  and  tnma  it  grey. 

Tabtbatbs  of  Potassium.— The  neutral  taU,  G^H^K'O*,  prepaz«d  by  tttn- 
rating  the  acid  salt  with  carbonate  of  potassiom,  crystallises  with  dimeolty  in  sboit 
mon<^inic  prisms,  the  faces  of  which  have  generally  very  little  lustre.  Axes  a:h:c 
-  0-4021 : 1 :  11086.  Angle  6  :  c  -  76**  1  2' ;  ooP  :  ooP  (orthod.)  -  lU^  50'; 
+  Pqo:  0  B  62^^  6';  —Poo  :  c  »  37^26'.  The  most  frequently  oocnrring fiices  are : 
ooP,  oP,  oopoo  ,  [  ooPoo  ],  +  Poo ,  —Poo ;  more  rarely  +  JP  occors.  CleaTage  parallel 
to  -t-Poo  and  —Poo. 

One  part  of  neutral  potassic  tartrate  dissolves  in  0*76  pt.  water  at  2^,  in  0*66  pt,  it 
14^  in  0*63  pt.  at  23^  and  in  0*47  pt.  at  64<^  (Osann).  It  is  yery  sli^htfy  8Q}iibl« 
in  boiling  alcohol.  Most  acids  added  to  the  solution  of  this  salt  pireeipitate  the  add 
tartrate ;  bromine  forms  the  same  precipitate  without  attacking  the  tartaric  acid. 

The  acid  taXt,  bitartraU  of  potash,  or  cream  of  tartar,  G*H*KO*,  is  contained  is 
ffrape-juice,  and,  being  much  less  soluble  in  alcoholic  li(^uidB  than  in  water,  is  deposited, 
dunng  the  vinous  fermentation  of  the  juice,  in  crystalline  crusta,  called  crude  tartar 
or  ar  gol.  The  same  deposit  is  formed  in  many  kinds  of  wine  when  kept  in  oasb  «r 
bottles,  and  constitutes  Uie  well-lmown  crust  of  port-wine.  The  talt  likewise  cniti 
in  many  other  vegetable  juices.  Crude,  tartar,  when  purified  by  leciystallisitioa, 
^elds  cream  of  tartar.  The  pure  salt  is  also  formed  whenever  tattarie  add  is  sdded 
in  excess  to  the  solution  of  a  potassium-salt. 

The  crystals  of  add  potassic  tartrate  belong  to  the  trimetrie  system,  and  an  ito- 
morphous  with  the  acid  ammonium-salt,  ^es  a  :  6  :  o  ■»  0*7116  :  1  :  0*7171 
Angle  P  :  P  (brach.)  =  126*'  46*;  P  :  PJmacr.)  -  100®  20';  P  :  P  (basal)  - 
103°  28';  ooP  :  ooP  (macr.l  -  70<»  62';  Poo  :  Poo  (basal)  -  72«  4ff;  2]^ce  : 
2t>oo  «  111<'42';  3^00  :  3Pao  -  131*^20'.  Ordinary  combination  P .  oeP.witk 
00^00  and  the  above-mentioned  brachydiagonal  domes.  One  half  of  the  oystali  is 
generally  sphenoidically  enlarged  in  comparison  with  the  other  haUl  Cleavagt  wat 
distinct  parallel  to  oP.  Spe^c  gravity  of  the  crystalB  »  1*973  (Sehiff);  1*9M 
(Buignet). 

Acid  tartrate  of  potassium  is  but  slightly  soluble  in  water,  requiring  fcr  nhitioi 
about  240  pts.  of  water  at  10^,  and  16  pts.  of  boiling  water.  It  is  vMoluUa  in  aCrosf 
alcohol,  but  dissolves  easily  in  concentrated  mineral  adds  and  in  alkalis,  which  cos- 
vert  it  into  the  neutral  tartrate. 

The  following  determinations  of  the  solubility  of  acid  potassic  taztzate  in  water,  at 
various  temperatures,  have  been  made  by  AUuard  (Ck)mpt.  rend.  liz.  600;  Jabvch. 
1864,  p.  94)  and  by  Chancel  (Compt  rend.  Ix.  408;  Jahresb.  1866,  p.  830i,  in 
pure  water  and  in  water  containing  10*6  per  cent  alcohoL  Alluard's  detanninatiou 
were  made  under  a  barometrical  pressure  of  718  mm. : — 

Solvbmty  qf  Cream  of  Tartar,  OH»K0«. 


Temperature. 

QuanUUei  of  Salt  disBolred  in  100  pts.  bj  weight  of 

water. 

QuanCJtSea  of  Salt  dlMolval 
iDlOOpU.li7w«ifhtor 
water  eoDlalDlBc  104 
parMnLdniML 

t 
Alloard. 

> 
Chancel. 

0°C. 

0*82 

0*24 

0*14              1 

6 

0*30 

0-176 

10 

0*40 

0*37 

0-21 

16 

0*46 

0-36 

20 

0*67 

0*66 

0-S06 

26 

0*67 

0*87 

30 

0*90 

0*806 
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A   saturated  aqueous  solution  boils  at  99*6°  (AUuard).     Tha  tohKbilitj  of  tks 
salt  in  water  or  in  dilute  alcohol  is  not  diminished  by  the  pfMaaea  of  ^ 
(Chancel) 
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The  aqueous  solution  reddens  litmus-paper,  and  dissolves  a  considerable  number  of 
metallic  oxides,  forming  double  tartrates. 

Crmm  of  tartar,  when  calcined,  emits  a  pungent  odour  like  that  of  burnt  bread,  and 
leaves  a  residue  of  potassic  carbonate,  miz^  with  charcoal,  the  Sal  Jixum  tartan  of 
the  older  chemists ;  calcined  with  saltpetre,  it  yields,  according  to  the  proportions, 
the  black  or  white  fita  used  in  metallurgical  and  assaying  op^^rations. 

Cream  of  tartar  is  one  of  the  mordants  most  frequency  employed  in  the  dyeing  of 
wool.  Mixed  with  pounded  ohalk  and  alum,  it  forms  an  excellent  powder  for  cleaning 
nlrer. 

Ammoni(hfotaa»ic  tartrate,  C"H*(NH*)KO*,  obtained  by  saturating  cream  of  tartar 
with  ammoua  or  its  carbonate,  forms  monoclinic  cr^'stals  isomorphous  with  neutral 
potassic  tartrate.  They  alter  quickly  in  the  air,  giving  oflf  ammouia,  and  are  very 
soluble  in  water, 

Lithio-potassictartratey  C^*LiKO*.HK),  is  very  soluble  in  water,  and,  according  to 
Zepharovich  (Wien.  Akad.  Ber.  xli.  520),  crystallisee  in  large  rhombic  prisms,  having 
the  axes  a:  6:0  »  0*6477  :  1  :  0-4430;  angle  ooP  :  ooP  (bnich.)  =  12'20  34-. 
P  :  ooP  «  182°  41'.  They  exhibit  the  combination  ooP  .  ootj  .  oof>2  .  oof  oo .  P  . 
oP,  hemihedral  from  predominance  or  exclusive  development  of  four  of  the  P-faces. 
Clearage  imperfect  parallel  to  oP. 

Tabtbatks  of  Rubidium. — The  neutral  salt  has  not  been  described. — The 

acid  salt,  C^H'RbO*,  is  isomorphous  with  the  acid  cesium-salt,  exhibiting  the  same 

4P3 
ftces  with  the  exception  of —,  also  the  same  striation  and  cleavage.  Axes  a:  b:  6 

«  0-726:  1  :  0-696.  Angle  P  :  P  (brach.)-1260  48';  P:  P(macr.)  =  103°  40' ;  P  :  P 
(basal)  —  99^  34'  (J.  P.  Cooke).  The  a^stals  are  permanent  in  the  air,  at  oniinary 
tfemperatures,  and  at  100°  they  dissolve  m  8*45  pts.  water  at  25°,  and  in  8*5  pts.  of 
botbng  water.  The  great  difference  of  solubility  between  this  and  the  csBsium-salt 
affi«ds  a  means  of  separating  the  two  metals  by  fractional  crystallisation  of  their  acid 
tartrates.   (Allen.) 

Tabtbatb  or  8ii.vbb,  C^^AgK)*. — This  salt  is  obtained,  as  an  amorphous 
eurdy  precipitate,  on  mixing  a  cold  dilute  solution  of  silver-nitrate  with  a  dilute  solu- 
tion of  Eocnelle-salt  slightly  acidulated  with  nitric  acid :  if  the  solutions  are  mixed  at 
the  boiling  heat,  the  mixture  turns  brown,  and  deposits  brown  laminte  of  metallic  sil- 
ver. If  a  hot  moderately  strong  solution  of  Rochelle-salt  be  added  to  a  dilute  solu- 
tion of  silver-nitrate,  and  the  liquid  heated  to  80°,  till  the  precipitate  begins  to 
be  permanent  (a  certain  quantity  of  the  silver-nitrute  remaining  undecomposMl),  the 
filtered  solution,  on  cooling,  yielaB  tartrate  of  silver,  in  white  scales  having  a  metallic 
lustre. 

Tartrate  of  silver  is  nearly  insoluble  in  water.  It  blackens  on  exposure  to  light,  and, 
when  heated,  gives  off  carbonic  anhydride  and  pyrotartaric  acid,  leaving  a  spongy 
shining  residue  of  metallic  silver.  The  dry  salt  is  quickly  decomposed  by  chlorine, 
yielding  chloride  of  silver  and  empyreumatic  products.  When  chlorine  is  passed  into 
water  in  which  tartrate  of  silver  is  suspended,  carbonic  anhydride  is  given  off,  and 
chloride  of  silver  is  obtained,  together  with  unaltered  tartaric  acid. 

A  solution  of  tartrate  of  silver  in  ammonia  deposits  metallic  silver  at  the  boiling 
beat,  while  the  liquid  retains  in  solution  a  peculiar  ammoniacal  salt,  which  is  less  so- 
luble in  water  than  tartrate  of  ammonium,  and  crystallises  on  cooling. — CunstAC  potash 
and  toda  decompose  tartrate  of  silver  at  ordinary  temperatures,  oxide  of  silver  being 
separated,  and  the  liquid  apparently  retaining  potassio-argentie  or  sodio-argentic  tar- 
trate. (Liebig  and  Redtenbacher,  Ann.  Ch.  Pharm.  xxxviii.  132. — Erdmann, 
J.  pr.  Chem.  xrv.  504.) 

Tabtbatbs  of  80DIUX. — The  neutral  salt,  C*H*Na*0«.2H*0,  crystallises  in  tri- 
Dietric  prisms  having  the  axes  a:b:  c=«  0*7696  :  1  :  0*3366.  Angle  ooP  :  ooP  (brach.) 
-  104°  60';  ooP:  Poo  =  108°  31' ;  Poo  :  Poo  (basal)  =  132°  44':  ooP:,ooPoo  = 
142'^  25' :  ooP  :  oePoo  -  127°  36'.  Ordinary  combination  ooP  .  ooPoo  .  ooP»  .  Poo 
(De  laProvostaye).  The  crystals  have  a  specific  gravity  of  1794  (Buignet). 
They  are  limpid,  permanent  in  the  air,  soluble  in  5  pts.  of  cold  water,  very  Holuble  in 
hot  water,  insoluble  in  absolute  alcohol.  Wlien  heated,  they  melt  in  their  water  of 
ciystallisation.  By  rapid  crystallisation  the  salt  is  obtained  in  tufts  of  needles. 

The  acid  salt,  C*H*NaO«.fl*0,  is  formed  on  mixing  a  hot  solution  of  the  neutral  salt 
with  ^  pt.  tartaric  add,  and  separates  in  crystals  on  cooling.  It  dissolves  in  9  pts.  of 
cold  and  1-8  pt  boiling  water,  but  is  insoluble  in  alcohol.  It  is  difficult  to  obtain  this 
salt  in  large  crystals,  but,  by  leaving  a  drop  of  the  hot  solution  to  evaporate  under  the 
Biicrofoope,  smaU  beautiftdly  defin^  crystals  soon  make  their  appearance,  having  the 

p 
ftifrm  of  right  ihombie  prisms  ooP,  bevelled  at  each  end  by  the  hemihedral  fiuws  -a^ 
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Ammonuhsodie  tartrale,  C«H*Na(NH<)0*.4H'0,  is  obtained  by  gatunitizig  aeid  Ur- 
tiute  of  ammoDium  with  carbonate  of  sodium,  and  oonoentrating  the  solatioa ;  alao  by 
mixing  the  wann  solutions  of  equivalent  quantities  of  the  sodium*  and  ammonium-eiltf 
of  racemie  acid,  and  cooling  the  solution,  or  leaving  it  to  evaporate,  deztro-  and  lovo- 
tartrate  of  sodium  and  ammonium  being  then  deposited  in  equal  quantities.  Tb» 
crystals,  which  are  often  of  considerable  sise,  are  trimetric,  and  isomorphoos  with 
those  of  the  potassio-sodie  salt.  Axes  a  :  6  :  0  -  0*8238  :  1  :  0-4200.  An^e  oeP :  »P 
(macr.)  -  78*>  Z0  ;  oof  2  :  00P2  jmacr.)  -  44°  44' ;  Poo :  Poo  (basal)  -  64®  4' ;  P« : 
foo  (basal)  -  46^  34'  ;  2Poo:  2Poo  (basal)  -  80^  4'.      Ordinary  combination   ooP  . 

00^  (often  predominant)  .  ooPoo .  oof  00  .  f  00 .  2? oo  •  Poo  . oP.l— •  the  hemihednl 

faces  being  situated  on  one  side  or  the  other  of  the  crystals,  according  as  the  salt  it 
dextro-  or  l»vn-rotatonr.  Rotatory  power  [«]j  «  l26°.  Specific  gravity  of  tbs 
ezystals  -  1*587.  (Schiff.) 

LUhio-^odio  tartrate,  0^«LiKaO«.2H'0,  resembles  the  lithio-potassic  salt« 

Potassio-aodic  tartrate,  Rochelle  or  SeignetU  salt,  C*H*KNaO«.4H«0.— This  splendid 
salt  is  prepared  by  adding,  in  small  portions  and  successively,  4  pts.  cream  of  ttrur, 
and  about  3  pts.  of  crystallised  sodic  carbonate,  to  1 2  pts.  of  boiling  water.  When  the 
whole  has  been  added,  the  liquid  must  be  tested,  to  ensure  that  it  is  slightly  alkaline, 
and  then  concentrated  by  evaporation.  On  cooling,  it  deposits  fine  large  crystals  of 
the  double  salt,  and  the  mother-liquors  yield  an  additional  quantity ;  aAer  a  cprtaia 
time,  however,  they  deposit  nothing  but  needles  of  sodic  tartrate ;  but  by  redissolving 
these,  and  adding  cream  of  tartar,  an  additional  quantity  of  Rochelle-salt  may  be 
obtained.  The  crystals,  which  are  often  very  laige,  are  rhombic  prisms,  isomarphoui 
with  the  preceding  salt  Axes  a  :  b  :  c  ^  0*8317  :  1  :  0*4296.  Angle  odP  :  »P 
(macr.)  -  79®  30*;  <x>f2:  fx>^2  (macr.)  -  46^  lO* ;  f  00  :  f  00  (basal)  «  64°  38*; 
Poo :  f  00  (basal)  -  i6^  Z(f;  2f  00  :  2f  00  (basal)  -  Bl^  20'.  The  crystals  exhibit,  for 
the  most  part,  the  same  faces  as  the  ammonio-sodic  salt ;  f  00 ,  however,  is  usually  but 
slightly  developed.    Specific  gravity  a  1  -767  (Sc h  i  f f) ;  1  -700  (B  u  i  gn  e  t). 

The  crystals  melt  in  their  water  of  crystallisation  between  70°  and  80^,  fanning  a 
transparent  liquid,  which  begins  to  boil  at  120*^,  the  ebullition  continuing  till  the  tem- 
perature rises  to  215^,  by  which  time  all  the  water  (amounting  to  26*1  per  cent.)  is  driven 
off.  The  residue  is  a  viscid  mass,  which  remains  transparent  when  cold,  and  absorbs  mois- 
ture from  theair(Fresenius,  Ann.  Ch.  Pharm.  liii.  234). — The  dry  salt  dissolves  in 
2*62  pts.  water  at  6°  (Freseniu  s).  The  crystals  dissolve  in  3*3  pts.  water  at  3°,  in 
2*4  pts.  at  110,  and  in  1*6  pt.  at  26®  (Osan n) ;  in 2  pts.  at  6*6<^,  in  1*2  pts.  at  12*5«  in 
0*42  pt.  at  26®,  and  in  0*3  pt.  at  37'60  (Brandes).  The  solution  saturated  at  8^  has 
a  density  of  1*264. 

Rubidiosodie  tartrate,  OH*RbNaO«.4HK).— The  solution  of  this  salt,  when  left  to 
evaporate  spontaneously,  solidifies  to  a  transparent  jelly ;  but,  by  slow  cooling  of  a  hot 
solution,  crystals  are  obtained  isomorphous  with  RncheUe-SHit,  and  exhibiting  the  same 
faces,  with  addition  of  2^2  and  2poo.  (Piccard,  Jahresb.  1864,  p.  126.) 

Tabtbatbs  op  Thallium. — The  neutral  salt,  C^R^l*0\  is  slightly  soluble  in 
water  and  in  alcohol.  The  crystals,  which  usually  occur  as  twins,  appear  to  be  trimetric, 
but  different  in  form  from  toe  neutral  ammonium-  and  potassium-salts.  De  la  Pro- 
vostaye  c^es,  as  approximate  measurements  of  the  angles,  ooP  :  ooP  (macr.)  «  60°  j 
ooP :  ooP,  -  12©®;  .  ooJ>oo  :  too  «  131°;  ooP :  too  -  110®.  The  crystals  ars 
anhydrous  alterable  in  the  air,  become  carbonised  at  170®,  and  at  higher  temperature 
leave  yellow  oxide  of  thallium,  with  a  small  quantity  of  reduced  metal 

The  acid  salt,  C*H*T10*,  is  precipitated,  on  adding  tartaric  add  to  a  solution  of  the 
neutral  salt,  in  small  fiat  prisms,  which  are  difficult  to  measure.  De  la  Prmvostaye 
gives,  as  approximate  angular  values,  ootoo:  ooP  »  123^;  too:  Poo  -  108^  to  110®: 
ootoo :  too  —  126®  to  126® ;  these  angles  are  nearly  the  same  as  in  t-he  acid  tartrates 
of  ammonium  and  potassium.  This  salt  is  less  soluble  than  the  neutral  taitiate  of 
thallium.  (Euhlmann,  Jahresb.  1862,  p.  188.) 

i9.  Tartratee  eontainimg  Diatomic  Metala, 

Tabtbatb  of  Babium,  O^E^Ba^O*,  is  precipitated,  on  mixing  tartrate  of  potas- 
sium with  chloride  of  barium,  or  tartaric  acid  with  baryta-water,  in  white  fiocks,  which 
become  crystalline  when  left  at  rest ;  it  is  insoluble  in  excess  of  tartaric  acid. 

PotaeeMtarie  tartrate,  C*H»Ba''K«0'«.2HH),  or  C*H«Ba''0«.0<H*KH)'».2H*0,  is 
obtained,  as  a  sparingly  soluble  pulverulent  precipitate,  on  evaporating  a  solution  of 
cream  of  tartar  wiA  barvta-water.--5W<e)-Afflnc  tartrate,  0^«Ba'TIaK)'*.2H«0.  is  ptt^ 
cipitated  on  mixinff  a  solution  of  Rochelle-salt  with  chloride  of  barium ;  if^  howwer, 
the  solutions  are  duute,  it  separates,  after  some  time  only,  in  the  form  of  needks ;  it 
is  slightly  loliible  in  WBter,  more  soluble  in  solution  of  Kochelle-salt. 


t&rC&r  diaaolTe  it  •aaity.  Tbe  aolutioiu,  onlaas  very  conccDtnMd,  are  not 
^7  precipiuifld  by  unmnnis,  but  tbe  mixture,  altfi  loine  time,  depoiita 
f  ii«Q)iml  calcic  tBrCrat?.  The  floccalent  precipitAte  fomnil  id  a  aolatton  of 
nids  l^  Dsntnl  potosaic  tartmCe,  disBolreii  in  wJ-ammoiiiHC,  and  Ihe  Uqnid 
depoaits  crntsls  nt  c&lcic  tBrtrate. 
•Itu  coHtaiDtng  tartrate  of  calcium,  when  kppt  in  a  Dioiit  nna  pla«,  often 

0  ■  state  of  fenDentutioa,  isducni  by  TCgetAble  orgtinisrns  preseDt  id  it,  Iha 
3d  bring  coDTprted  into  batyreotitic  add.     This  chnnge  is  erpmallir  liable  to 

1  dnring  tbs  prepaivtiou  of  tartaric  acid  in  vann  wealber,  aftsi  the  end* 
I  l>«n  miinJ  wida  lime. 

Hralt  of  Caidun,  C*H"Ca"0",  or  CH'Cu'O'.CH'O',  appears  to  exist  in  tils 
'Aw  7)^kin»m,  and  ie  produced  (according  to  Dnlk)  on  adding  tartaric  acid 
•■tar  till  the  pmipitale  rwliseolveB :  the  solution,  if  left  to  itaelf,  depoaits 
rnsntral  calcic  tartrate,  but  if  evaporated  immediately,  it  yields  rbomboidal 
naof  theacid  tartrate,  baTingtbe  anglesof  the  terminal  ed»a  —  B2''S0'Biid 
Im  eiyatala  are  transpsTHat,  redden  lltmiu,  at«  slightly  aol^le  in  cold  water, 
Us  in  boiling  water. 

i>-ealeie  iaHraU  appear*  lo  be  obtained,  in  tbe  crynallins  state,  by  spOD- 
fuorstiDQ  of  a  miitnrH  of  cream  of  tartar  and  lime-water.  Neutral  tar^«tn 
1  dissolves  at  a  gentle  heat  in  eanstic  potash,  and  the  Htturated  eolation  deposits 
he  neutral  sail  on  addition  of  water.  When  boiled,  it  ia  conTsrtsd  ;nto  a 
7  mass,  bat  beeomes  clear  again  on  cooling.  Tartrate  of  calcium  dissolTes 
•d  with  solDtioD  of  neutral  pottusic  lartrate,  and  the  liquid,  evaporated  to  • 
oiistence,  solidifies  an  cooling  to  a  mass  of  needlea. 

olnn  tartrate  is  precipitated  in  flocks,  on  mixing  a  solution  of  Rocbelle-salt 
ride  ot  calcium  ;  if  the  solntions  are  liilnte,  it  is  giBdnslI;  deposited  in  small 
It  is  slightly  soluble  in  water,  more  solubls  in  excess  of  Rochelle-salt,  still 
hloride  of  calcium. 

I  soda  reacts  with  tartrate  of  calcium  like  caustic  potash. 
■a*a  or  Cobalt  is  a  red  ciystalliaable  salL — pBlaano-mbaltcmi  tarfratt 
ja  rhomboidal  prisms. 

SATIS  or  Carrma.—Caprie  lartralt,  C<H<0<i"0*.8H*0,  is  »  lightrfreen 
•  powder,  precipitated  on  mixing  the  DAUtral  poCasaium-salt  with  cnprjc  sol- 
mtrate.  It  dtssolree  in  1,716  pte.  of  cold  water,  and  in  310  pts.  of  boiling 
•o  in  nitric  acid,  but  is  insoluble  in  tartaric  acid. 

(MVpric  tttrlratt  is  obtained  in  bine  ciystals  by  boiling  cupric  oxide  or 
I  with  cream  of  tartar.  Cnpric  tartrate  dissolres  in  caustic  potash,  fbrm- 
■M  liqaid.    Cnpric  s*lta  mixed  with  tartaric  acid  are  not  precipitated  by 
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Ammoniaeai  (kprie  Tkrtrates.-^The  tetrammoniaUd  soli,  4NH'.C«HKHi*0*,  otiartraU 
qf  ammoeupramnumium,  C*H*[N*HXNH*)K!/a'T'0',  remains,  on  eraponting  a  solatiQiii 
of  cnpric  tartrate  in  ammonia,  as  an  unerjstalliaable,  hard,  vitreoos  maas,  permuMDi 
in  the  air.  Its  aqneous  solution  is  also  rery  permanent,  does  not  aet  upon  cellnloM, 
and  is  not  reduced  by  heating  with  glucose.  At  160°  it  gives  off  all  its  ammooit; 
between  100°  and  110°  only  ha\£,  leaving  tartrate  of  euprammonium,  2NH'.C*HH7a"0« 

Cnpric  tartrate  dissolves  easily  alio  in  aeneous  etkylamms^  forming  a  dsx^-bloe 
liquid,  which,  on  evaporation,  leaves  a  blue,  vitreoos,  deliquescent  salt,  approzimatbig 

in  composition  to  the  Ibrmula  ^S^I^h^C^*)!^"]^'  i^^^^^^*  Jahrssb.  1662, 
p.  204.) 

Tabtbatb,  Fbbbous. — ^White  or  pale-green  og^stalline  powder,  precipitated  oa 
mixing  a  solution  of  ferrous  sulphate  with  tartaric  aad  or  neutral  potossie  tartrate,  or 
on  dinolving  metallic  iron  in  tartaric  add.  It  dissolves  easily  in  caustic  alkali^ 
forming  a  solution  which  oxidises  quickly  on  exposure  to  Uie  air. 

Tabtbatbs  of  Lbad. — The  mono]^tmbio  or  dibane  salt,  C^E^Pb^O*,  is  a  white 
crystalline  precipitate,  obtained  hj  mixing  nitrate  or  acetate  of  l^d  with  tartaric 
acid.  It  is  very  soluble  in  nitric  acid  and  in  excess  of  tartaric  add ;  also  in  tartntt 
of  ammonium,  the  concentrated  solution  solidifying  to  a  gelatinous  mass.  When 
treated  with  chloride  of  acetyl,  it  yields  chloride  of  lead  and  a  thick  yeUowiih  smp, 
which  decomposes  at  180°,  with  evolution  of  carbonic  oxide  and  carbonic  anhydride. 
(Schutzenberger,  Jahresb.  1861,  p.  439.) 

A  diplumbic  or  teirabasie  talt,  C^H*f  b'O*,  is  obtained  by  boiling  an  ammoniaeai 
solution  of  the  monoplumbic  salt.  (Erdmann,  Ann.  Ch.  Phann.  xxi.  10. — Heinti, 
Zeitsohr.  Ch.  Phann.  1861»  pb  17.) 

Tabtbatbs  of  Maonbsium.— The  iMttfro/ soft,  0^*MflrO«.4HK),  is  obtained 
in  crystalline  crusts,  by  evaporating  a  solution  of  magnesium-oarbcmate  in  tartaric  add. 
It  dissolves  in  122  pts.  of  water  at  16°.— The  acid  salt,  C*H>«Mg''0»  (crystallised),  ii 
formed  in  the  prepu^on  of  the  neutral  salt  when  an  excess  of  tartaric  add  is  used. 
It  forms  crystalline  crusts,  soluble  in  62  pts.  water  at  16°. 

PotassicMnagnme  tartrate,  C«H*Mg*KK)*.4HK),  is  obtained,  in  ciystals,  by  boilin(» 
cream  of  tartar  with  water  and  carbonate  of  maffuesium. — ^An  ammoniO'-magnetic  $uU 
of  corresponding  composition  is  obtained  in  a  similar  manner. — ^The  sodio-^magnmc 
wit,  C*H'Mg"Na'0'.5H'0,  is  deposited,  on  evaoorating  a  mixture  of  Rochelle-salt  and 
carbonate  of  magnesium,  in  monoclinic  prisms  having  the  angles  ooP  :  ooP  s  129^  ; 
oP  :  ooPoo  a  103°.  Ammonia  throws  down  from  the  solution  of  dther  of  these  ealti 
a  basic  tartrate  of  magnesium,  C«H«Mg^0*Jil^'0.2H'0,  the  ibrmatioo  of  which 
interferes  considerably  with  the  use  of  tartaric  add  in  Otto's  method  of  separating 
phosphoric  add  from  certain  bases :  hence  dtric  add  is  preferable  for  this  pupote. 
(See  Phosphoric  Acm,  iv.  547.) 

Tartbatb  of  Manoakbsb. — ^A  solution  of  neutral  potassic  tartrate,  mixed  with 
manganous  chloride,  first  deposits  acid  tartrate  of  potassium,  and  then  eoloviess 
ciystals  of  manganous  tartrate,  which  are  decomposed  by  boiling  water  into  a  soloble 
add  salt  and  an  insoluUe  bade  salt.  By  dissolving  manganous  carbonate  in  eieam  of 
tartar,  a  very  soluble  salt  is  obtained,  difficult  to  crystalliee. 

Tabtbatb,  Mbbcubic. — ^White  precipitate,  insoluble  in  water,  very  scdnble  m 
weak  nitric  acid. 

Anwumio-^mercurie  tartrate,  obtained  by  boiling  add  tartrate  of  ammonium  with 
mercuric  oxide,  forms  small  prisms  soluble  in  water. — Tartrate  of  mercurammiotmm 
is  obtained,  by  digesting  mercuric  tartrate  with  ammonia,  as  a  white  powder 
insoluble  in  water.  It  appears  also  to  be  formed  when  mercuric  oxide  is  heated 
with  neutral  tartrate  of  ammonium:  the  oxide  then  dissolves,  with  evolution  of 
ammonia ;  and  if  an  excess  of  it  be  used,  a  white  compound  separates ;  the  filtered 
liquid,  when  oonoentrated,  deponts  needles,  and,  on  addition  of  water,  a  white  pncipi- 

tate,  containing  C:^'«(N*H'flg«)''0'*.6H»0.    (Harf^  Brandos'  Arch.  v.  269.— Burck- 
hardt,  ibid.  [2]  xi.  257.) 

Potasaio-mercuric  tartrate  is  obtained,  in  small  slightly  soluble  prisms,  by  digesting 
mercuric  oxide  with  cream  of  tartar. — ^When  cream  of  tartar  is  boiled  with  colorids 
of  meicurammonium  (white  predpitate),  a  laij^e  quantity  of  carbonic  anhydride  it 
evoked ;  the  filtered  liquid  depodts,  on  evaporation,  sparingly  soluble  salts  containioff 
mercury ;  and  the  mother-liquors  yield  neeoles,  apparently  consisting  of  the  compound 
4C*H*KO«.HgTP.6HK). 

Tabtbatb  of  NicxBiM-^Predpitated  as  a  green  crystalline  powder,  BStriy 
insoluble  in  water,  on  saturating  a  boiling  solution  of  tartaric  add  with  hydrate  or 
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carbonate  of  nickeL  It  disBolTes  easily  in  a  hot  solation  of  cauatic  potash  or  soda,  or 
in  aodic  carbonate,  the  solution  solidifying  to  a  pasty  mass  on  cooling.  Nickel-salts 
mixed  with  tartaric  acid  are  not  precipitated  by  alkalis. 

IkrtraU  of  HUckd  and  Potassium,  C«H»Ni"K'0'«  (at  110«),  is  produced  by  heating  ' 
earbonate  of  nickel  with  flnely-pulTerised  cream  of  tartar  and  water.     The  resulting 
green  solution  is  decomposed  by  boiling,  but»  when  exapomted  over  oil  of  vitriol,  it 
yields  an  apple-green  crystalline  powder,  which  effloresces  in  the  air,  and  dissolves  a^m- 
pletely  in  water. 

Tartbatb  of  Pall  a  di  it  X.— Light-yellow  precipitate,  formed  on  mixing  nitrate 
of  palladium  with  an  alkaline  tartrate. 

TABTBaTKs  OF  Strontium.— The  neutral  salt,  C*H*Sr''0*.4H«0,  is  deposited. 
on  mixing  a  cold  solution  of  potassic  tartrate  with  nitrate  of  strontium,  in  monoclinic 
pirisms,  having  the  angle  oP  :  ooP  »  92^36';  ooP  :  ooP  »  125^20'(De  la  Pro- 
Toataye).  It  dissolves  in  147  pts.  of  water  at  16°,  and  is  moderately  soluble  in  solu- 
tion of  sal-ammoniac — According  to  Marignac  (Ann.  Min.  [6],  xv.  280;  Jahresb. 
1869,  p.  286),  a  solution  of  strontium-carbonate  in  excess  of  hot  aqueous  tartaric  acid 
dspoaita  the  neutral  salt  on  cooling  in  trihvdrated  crystals,  C*H^r"0'.3H-0,  ha^nng 
the  form  of  monoclinic  prisms,  ooPoo  .  [ooPoo]  .  oP  .  -»  Poo  .  —Poo,  in  which 
ooP  oocuiB  with  only  two  faces,  situated  to  the  right  when  the  crystal  is  placed  with 
the  dinodiagonal  directed  towards  the  obeerver,  and  the  obtuse  angle  of  the  inclined 
axis  to  the  front  and  above ;  also  a  Ibee  of  •(-  P  and  a  face  of  — P  to  the  left.  Angle 
odPoo  :  ooP  »  UQOV;  oP  :  ooPoo  -  102*»;  »Pco  :  +Poo  -  123°  43';  obPoo 
:  -Poo  »  187®  82*;  oP  :  +P  -  128®  4';  oP :  -P  -  188'  30*.  The  crystals 
do  not  give  off  any  water  at  100®. 

Tartrate  of  StroHtium  and  Ammonium,  (}*H«Sr'(KH«)>0*.12H*0,  separates  from  the 
iDOther>liquor  of  the  neutral  strontium-salt,  on  neutndisation  with  ammonia,  in  thin 
reotangolar  laminae,  which  are  trimetric  combinations,  ooj^oo  .  ooP  .  oo]^2  .  Poo ,  with 
lour  P-&oee  occurring  hemihedrally.    Angle  ocfoo  :  ooP  ■>  124°  68';   oofoo  :  l*a> 
-    124^20';   odP  :  P  =   140°.    (Marignac, /oc.ci^.). 

TaHraU  of  Strontium  and  Potassium,  C«H*Sr 'K'0».2H*0,  is  obtained  like  the  cor- 
responding barium-salt  (p.  680).— The  sodium-sali,  G*H*Sr''Na'0"  (after  drying),  is 
obtained,  as  a  gummy  very  soluble  mass,  by  saturating  strontia-water  with  acid  tar- 
trate of  sodium,  and  evaporating. 

Tumtan  of  Tnr.  SxAinrous  Tabtritb,  CH^Sn^O'. — Prepared  by  pouring  a 
boiling  solution  of  tartaric  acid  into  a  concentrated  solution  of  stannous  acetate.  It 
Jorms  white  microscopic  crystals,  consisting  of  prisms  with  rectangular  base^  soluble  in 
cold  water,  more  soluble  and  without  decomposition  in  boiling  water,  still  more  in 
water  acidulated  with  tartaric  acid,  the  solution  not  being  precipitated  by  ammonia. 
When  strongly  heated,  it  leaves  a  residue  of  stannic  oxide. 

By  treating  the  acid  tartrates  of  ammonium  and  potassium  with  stannous  oxide, 
islts  are  fanned  which  crystallise  well,  and  appear  to  be  perfectly  stable  in  presence  of 
water. 

Tabtsats,  Ubawous. — Tartaric  acid  throws  down  from  uranous  chloride  a 
gnyiah-green  precipitate,  consisting  of  a  basic  salt,  2C*H*U''0'.ir'H'0',  which  is  very 
soluble  m  hydrochloric  acid,  and  is  not  precipitated  by  ammonia. 

Tabtbatbs  of  Yttbium. — The  neutral  salt,  C^H*Y''0'.4H'0,  ia  formed,  on 
adding  neutral  tartrate  of  potassium  to  acetate  of  yttrium,  as  a  bulky  precipitate  8olu- 
Ue  in  excess  of  the  potassium- salt.  Its  solution  in  an  equivalent  quantity  of  tartaric 
add  drooeits  after  a  while  a  crystalline  precipitate,  insoluble  in  water,  consisting  of 
the  oadMlt,  C«H»*y''0",  (Popp,  Jahresb.  1864,  p.  206.) 

Tabtbatb  of  Zinc. — Hot  concentrated  solutions  of  zinc-sulphate  and  neutral 
potaaaie  tartrate,  yield  a  yellowish- white  crystalline  precipitate,  very  slightly  soluble 
in  water,  easily  soluble  in  .caustic  potash  or  soda.  Cream  of  tartar  digested  with 
CX0M8  of  sine  or  its  oxide,  forms  a  solution  which  deposits  a  white  powder,  and  dries  up 
to  a  gummy  mass. 

y.  Tartrates  containing  Triatomic  Metals  and  Metalloids, 
Tabtbatb  of  Aluminium. — This  salt  occurs  in  Lyeopodium  davatum.    Its 
■olution,  when  evaporated,  leaves  a  gummy  non-deliquescent  mass. 

The  solution  of  neutral  potassic  tartrate  dissolves  a  large  quantity  of  alumina 
without  becoming  alkaline ;  the  liquid,  on  addition  of  alcohol,  deposits  oily  drops,  the 
Bqaeooa  solution  of  which  dries  up  by  evaporation  to  a  gummy  mass,  containing  both 
potash  and  alumina.  Acid  tartrate  of  potassium  likewise  dissolves  alumina,  feeing 
an  amorphous  mass,  which  is  not  precipitated  by  alkalis. 

Taktbatbs  of  Amtimomt.  (Respecting  the  several  views  of  the  constitution 
of  these  salts,  see  p.  e76),^Neutral  antimonious  tartrate,  C^\SbOyO*MH)f  is  the 
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white  gnniilar  precipitate  formed  od  adding  alcohol  to  a  eolntion  of  antimonioaB 
oxide  in  aqneoua  tartaric  acid.  It  is  insoluble  in  water,  gives  off  its  watar  of  ajsul- 
lisation  at  100^,  and  an  additional  atom  of  water  at  190°,  leaTing  the  nil 
G^H'(SbO)"OS  analogous  in  composition  to  the  first  anhydride  of  tartaric  woiL^Aai 
antimonioua  tartrate,  C«H*(SbO)0«,  or  C*H*(SbO)«0«.C*H*0«(?),  appears  to  be  fonned 
on  adding  alcohol  to  the  concentrated  solution  of  the  hyperacid  salt.  At  160°  it  giTcs 
oflF  1  at.  water,  leaving  the  salt  C«H»(SbO)0».— The  hyperacid  salt,  C*H\SbOjW. 
3C'H'0'.5H'''0,  is  deposited,  after  some  time,  from  a  syrupy  solution  of  antimoniou 
oxide  in  excess  of  tartaric  acid,  in  large  crystals  derived  from  a  right  reetangokr 
prism.  It  is  veiy  soluble  in  water,  deliquesces  in  moist  air,  and  gives  off  23*1  percent 
water  at  160«».  (P^ligot,  Ann.  Ch.  Phys.  [3]  xx.  289.) 

Ammonio-antimonious  tartrate^  C*H*(NH*)(Sb0)0*.JH"O,  is  produced  br 
boiling  antimonious  oxide  with  solution  of  acid  tartrate  of  ammonium.  The  filtm 
solution,  evaporated  to  a  stiff  jelly,  gradually  yields  rather  large  octahedral  cmtili 
belonging  to  the  trimetric  system,  in  which  the  axes  a  ib:  c  »  0*8923  :  1  :  l-OSOL 
Angle  P  :  P  fbrach.)  =  110°  68';  P  :  P  (macr.)  =  101°  8* ;  P  :  P  (basal)  - 
116°  42'.  Ordinary  combination,  P  .  oP  .  2P  .  ooP,  the  P-fiices  being  predmi- 
nant,  and  four  of  them,  so  situated  as  to  form  by  extension  a  rhombic  sphenoid,  beiif 
more  developed  than  the  other  four.  Cleavage  parallel  to  oP.  The  crystals  an 
isomorphous  with  those  of  ordinary  tartar-emetic,  and  more  soluble  than  the  litt«r. 
They  effloresce  on  exposure  to  the  air,  and  give  off  ammonia  when  heated  a  Httb 
above  100°. 

When  the  octahedral  crystals  just  described  have  been  removed  from  the  moth«r> 

liquor,  this  liquid  yields,  in  a  short  time,  fine  prismatic  crystals,  much  more  effloresenDl 

than  the  octahedral  crystals,  and  containing  |  at.  water  (16*3  per  cent.),  whidi  thty 

give  off  at  100°.    These  crystals  are  rhombic  prisms,  having  the  angle  qdP  :  ooP  « 

127°,  and  hemihedral  from  having  two  only  of  the  edges  of  each  base  replaced  by  thi 

P 
octahedral  faces  -,  forming  an  angle  of  85°  30',  and  situated  altemataly  on  the  tvt 

bases.  (Pasteur.) 

Potaaaio-antimonioua  tarirate,C*IL*K{SbO)0*.iHH>.  Tartar-emeiie.  Ter- 
tarue  emeticwf.  Tartanis  atibiatus,  Breehwemetem,  8piesafflanrwfimgtem.—Tbk 
salt  was  known  to  the  older  chemists.  It  is  generally  saia  to  have  been  diseorend 
by  Mynsicht  (about  1631),  but  it  had  been  previously  mentioned  by  Basil  YalmtiB*, 
about  the  end  of  the  fifteenth  century.  It  is  prepared  by  boiling  3  pes.  antimooiow 
oxide  for  about  half  an  hour  with  4  pts.  cream  of  tartar,  renewing  the  water  u  it 
evaporates,  and  filtering  the  solution  while  still  hot.  Instead  of  antimonious  oxidf 
the  oxychloride  (algarota-powder)  or  oxysulphide  (glass  of  antimony)  may  be  oaed. 

Potassio-antimonious  tartrate  forms  octahedral  crystals  isomorphous  with  the  con*- 
sponding  ammonium-salt,  and  exhibiting  the  same  ^oes  and  direction  of  dettige. 
Axes  a:b:c  =  0-9666  :  1  :  1064.  Angle  P  :  P  (brach.)  =  108°  16* ;  P  :  P  (iMff.l 
«  104°  22';  P  :  P  (basal)  =  116^.  Optical  rotatory  power  [ojj  »  +  1W*>  f. 
Specific  gravity  of  the  crystals  =  2607  (Schiff);  2-688  (Buignet). 

Tartar-emetic  gives  off  part  of  its  water  of  crystallisation  on  exposure  to  the  air,  tbf 
crystals  then  becoming  opaque,  and  the  whole  at  100°.  When  heated  to  200^,  itgini 
off  another  atom  of  water,  and  leaves  the  salt  C*H'K(SbO)0*,  analogous  in  ooostiti- 
tion  to  the  first  anhydride  of  tartaric  acid. 

Tartar-emetic  dissolves  in  14*6  pts.  of  cold  and  1*9  pt.  of  boiling  water.  TV» 
solution  yields  a  crystalline  precipitate  with  alcohol,  reddens  litmus,  andnas  ansanosi 
metallic  taste.  It  is  used  in  medicine ;  from  6  to  10  centigrammes  are  niffieint  ts 
excite  vomiting ;  in  large  doses  it  is  poisonous.  It  is  also  used  externally  at  sa  i»> 
gredient  of  pommades  and  plasters  for  the  treatment  of  sldn-diseaaes,  ehraiie  eHuA, 

&C. 

StUphuriCf  hydrocKUmc,  and  nitric  acids  form,  with  solution  of  taitar-eneCie,  vhili 
precipitates  consisting  of  basic  antimony-salts,  soluble  in  excess  of  those  adds,  sad  is 
tartaric  acid. — Ammonia  forms,  in  the  concentrated  aqueous  solution,  a  white  pncpi- 
tate  of  antimonious  oxide  insoluble  in  excess  of  ammonia. — BotoMk  fbras  a  simiLr 
precipitate,  soluble  in  excess. — Mercuric  chloride  forms  a  precipitate  of  eskaicL— 
Sulpnydric  acid  throws  down  orange-red  antimonious  sulpnide ;  m\fumm  ef  ftBi 
throws  down  white  flocks,  and  produces  a  cloud  even  in  dilute  solutions. 

Tartar-emetic  is  reduced  at  a  white  heat  yielding  an  alloy  of  anthnoiiy  and  potw- 
sium,  mixed  with  charcoal,  which  decomposes  water  with  erolutioD  of  hydroBBB,  sid, 
when  brought  in  contact  with  a  few  drops  of  water,  sometimes  prodnesa  viueat  »• 
plosions. 

An  acid  potassio-antimonious  tartrate,  C*H«K(SbO)0«.C«HW.IHK),  is  ■QsDy 
contained  in  the  mother-liquors  of  ordinary  tartar-emetic,  and  is  likeviae  pradaeed 
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hj  mixing  9  pts.  of  the  latter  with  4  pte.  of  tartaric  acid,  and  eraporating  at  a  gentle 
heat.  The  eolation  first  depositfl  crystals  of  common  tartar-emetic,  then  (when  it  has 
attained  a  syrupy  consistence)  confused  crystals  of  the  acid  salt,  having  the  form  of 
oblique  rhombo'idal  prisms,  which  effloresce  on  exposure  to  the  air,  and  give  off  9*22 
per  cent,  water  at  lOO*'.  Alcohol,  added  to  t-he  solution  of  this  salt,  throws  down 
tartar-emetic,  leaving  tartaric  acid  in  solution.  (Knapp,  Ann.  Ch.  Pharm.  zzzii. 
76.) 

A  compound  of  tartar-emetui  and  cream  of  tartar,  OH'K(ShO)0«.3C*H*EO",  is 
obtained  by  boiling  equal  weights  of  the  two  salts  with  water.  On  sdding  carbonate 
of  potassium  to  the  solution  as  long  as  effervescence  takes  place,  and  evaporating, 
mammellated  groups  of  needles  are  obtained,  resembling  wavellite  in  appearance,  and 
probably  consisting  of  a  compound  of  tartar-emetic  with  neutral  tartrate  of  potassium. 
They  are  very  soluble  in  water,  and  tartaric  acid  added  to  the  solution  throws  down 
■calea  of  the  preceding  salt.  (Knapp.) 

Pota9§io'antifnon%e  tartrate^  probably  C*H^K(SbO')0*.  xIPO,  is  prepare^ 
like  tazlar-emetic,  with  antimonic  oxide  and  cream  of  tartar.  The  solution,  which 
IB  not  jffecipitated  by  hydrochloric  add,  dries  up  on  evaporation  to  a  gummy  mass. 
(Qeiger  and  Reimann,  Mag.  Pharm.  xvii.  18. — Mitscherlich,  Pogg.  Ann.  Ixziii. 
S96.) 

Ruhtdio-afiiimoniouM  tartrate,  C*H*Rb(SbO)0«.JH»0.— Prepared  like  tartap- 
metic.  The  solution,  filtered  at  the  boiling  heat,  first  deposits  crystalline  crusts  con- 
tuning  but  little  antimony  (probably  impum  acid  tartrate  of  rubidium),  and,  when 
farther  concentrated  and  left  to  itself,  cr3rstals  of  the  doable  salt,  isomorphous  with 
taitaz^«metic.  (Gr andean,  Ann.  Ch.  Phys.  [3]  Ixvii.  155.) 

Sodio-antifHonioue  tartrate,  C*H^Na(SbO)0'.^H*0,  is  prepared  in  the  same 
iiBiuier  as  the  potassium-salt  The  crystals,  which  absorb  moisture  from  the  air,  are 
tvimetric.  having  the  axes  a.h.c^  0*9217  :  1  :  1*08.  Angle  ooP  :  ooP  -  85°  20'; 
eoP  :  qdPoo  «  187^  20^.  Ordinary  combination  ooP  .  oo  Poo  .  ooPoo  .  oP  .  Poo  . 
iPoo. 

Doable  Salts,  analogous  toTartar-emetic,  obtainedby  Precipitation. 
— Tlie  eolation  of  tartar-emetic  forms,  witii  salts  of  barium,  calcium,  strontium,  cad- 
miom,  lead,  and  silver,  precipitates  consisting  of  tartar-emetic  in  which  the  potajisium 
{•  replaced  by  the  other  metal. — The  argentic  W^  has  the  composition  C'H'Ag(SbO)0*. 
— ^The  other  salts  are  represented  by  the  general  formula  C"H''M'(SbO)*0''.— The 
ftarMHii-ja//  is  precipitated  in  white  scales,  containing  2  at.  water,  which  they  give  off 
,t  160O.— The  cadTMum-salt,  C»H»Cd'*(SbO)«0'«  (at  100°),  gives  off  2  at.  water  at 
100^.  leaving  the  salt  C»H*Cd''(SbO)*0'«  (Sc hi ff,  Jahresb.  1857,  p.  221).— A  com- 
pound of  calcuMtntinumiaas  tartrate  with  calcic  nitrate,  4C*H»Ca''(SbO)«0'*.Ca''N*0». 
CH'O,  czystallises  from  a  solution  of  tartar-emetic  mixed  with  excees  of  calcic  nitrate, 

in  trimetric  combinations  oP  .  oo^oo  .  ooP  .  f  oo  .  |roo  .  Poo  .  — .  (sphenoidally  he- 

mihedral),  which,  when  oP  and  ocroo  are  predominant,  and  ooP  and  Poo  equally 
developed,  present  the  appearance  of  quadratic  forms  with  the  faces  ooP  and  P  predo- 
Binating.  Angle  ooP  :  ooP  (brach.)  -  124°  6'  ;  Poo  :  Poo  (basal)  -  124°  40'; 
Qp  :  Poo  «  134°  39'.  The  compound,  when  recr^stallised,  is  partially  decomposed. 
with  separation  of  pulverulent  calcio-antimonious  tartrate  (Marignac,  Ann.  Min.  [b\ 
XT.  280;  Jahresb.  1859.  p.  2S7).—8tnmtio-anHm<mu>us  tartrate,  C»H"Sr''(8bO)«0",  fir^t 
prepared  by  K ess ler,  is  obtained  by  dissolving  pulverised  tartar-emetic  in  a  cold 
•olution  of  excess  of  strontium-nitrate ;  and  separates,  on  warming  the  liquid,  in  hexa- 
gonal combinations  of  ooP  with  P,  2P  or  oP.  Angle  P  :  P  (terminal)  »  138"  26'; 
aP  :  2P  (terminal)  =  126°  48';  ooP  :  P  -  135°  12';  oeP  :  2P  =  153°  36' 
(Marignac,  toe,  cit.).  By  digesting  1  pt.  of  strontium-nitrate  with  2  pts.  water  and 
■D  excett  of  strontio-antimonious  tartrate  at  30° — 35°,  and  leaving  the  filtrate  to 
evaporate,  large  very  soluble  crystals  are  obtained,  consisting  of  the  compound 
C»H"Sir^(8b0)»0".Sr"N'0«.H-0,  the  solution  of  which  deposits  stiontio-antimonious 
tartrate  on  boiling.  (Kessler,  Pogg.  Ann.  Ixxv.  410.) 

DonbleSalts  of  Antimonious  Tartrate  containing  Organic  Bases. — 
These  salts  are  prepared  by  boiling  the  acid  tartrates  of  the  several  bases  with  aiiti- 
moBiooa  oxide,  or  the  bases  themselves  with  tartar-emetic. — The  berbertne-ea/t, 
C*H*(C*H*"NO*XSbO)0*,  crystallises  like  wavellite,  is  very  slightly  soluble  in  cold 
water,  and  may  be  rociystallised  without  decomposition  from  alcohol  (Stenhouse, 
Jahrcab.  1863.  p.  452).— The  brucine-ealt,  C«H*(C"H"N«0)(Sb0;0«,  forms  short  veiy 
brittle  cryf^hi  (Stenhouse,  ihid.  p.  447). — The  cinchonidine-ealf  crystallises  in 
prisms  easily  soluble  in  water  and  in  alcohol  (Heose,  ihid.  1865,  p.  445). — The  mor' 
fkinc'talt  forms  nodular  groups  of  crystals,  sparingly  soluble  in  cold  water,  and 
dioompoMd  by  prolonged  boiling  with  water  (De  char  me,  ibid.  1853,  p.  445). — The 
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tirychmvM'^aU  fbrms  brittle  needles  or  lamixue,  vezy  eligfatly  soluble  in  water.  (8tci« 
house.) 

Tabtbatbs  of  Absbhxc — Arsenions  and  arsenic  oxide  dissolre  In  add  tar- 
trates of  alkali-metal,  forming  double  salts  analogous  to  tartar-emede.  (Kit- 
Bcherlich,  Lehrbuck. — Pelouze,  Ann.  Ch.  Phys.  [S'Hn.  63. — ^Marignae,  loe.  cit.) 

Ammonuh€^senioua  tartrate,  OH«(NH*)(A80)0*.iHH),  is  prepared  bj  boilinff 
arsenions  oxide  for  a  long  time  vith  add  tartrate  of  ammonium,  the  filtered  liqm 
first  depositing  crusts  of  the  latter  salt  with  a  little  arsenious  oxide,  and  afterwardi, 
when  strongly  concentrated,  large  efflorescent  crystals  of  the  double  salt,  which  an 
trimetric  combinations  having  the  axes  a:  b  :  e  »■  0*8760  :  1  :  0*6941.  Angle  P  :  P 
(brach.)  «  122°  64';  P  :  P  (macr.)  -  113°  62';  P:  P  (basal)  =  93<»;  ooP:  »P 
(macr.)  -  82^  26';  2Pao  :  2Pqo  (basah  »  108*^  28'.  Obsenred  combination  oeP. 
ooPoo  .  P  .  2roo  ,  oP  (Marignac). — The  corresponding  fK>^aMt«m-  and  aodium-^aUt 
are  obtained  in  like  manner,  but  do  not  crystallise  so  w^.  Marignac  obtained  tbs 
potassium-salt  in  rhombic  prisms  of  92°  60'  with  dihedral  summits  o£  86°  10*,  rssciiig 
on  the  acute  prismatic  edges. 

PotasBio-arMmic  tartrate,  C*H«K(A80*)0«.p<0,  is  obtained  by  adding  1  pL  of 
cream  of  tartar  to  a  solution  of  rather  more  than  I  pt.  arsenic  oxide  (AsH)*)  in  6  or  6 
pts.  of  water,  and  raising  the  liquid  to  the  boiling  heat — or,  better,  mixing  it  with 
alcohol,  the  double  salt  then  separating  as  a  crystalline  powder.  It  is  very  soluble  io 
water,  which  however  quickly  decomposes  it,  liberating  arid  tartrate  of  potassium.  It 
parts  with  its  water  of  crystallisation  at  100°,  but  does  not  ^ve  off  anv  more  water  at 
higher  temperatures  without  undergoing  complete  decomposition.  (Pe louse.) 

A  compound  of  etronOo-arsenious  tartrate  with  nitrate  of  ammcmmm, 
2C«K"Sr''(AsO)«0".(NH«)NOM2H*0,  separates  from  a  mixture  of  the  component  salu 
in  laige  trimetric  crystals,  eeP .  oo?2  .  ooPoo  .  ooPoo  .  Poo  .  jjfop.  Angle  06p: 
ooP  (brach.)  «  113°  68*;  Poo  :  Poo  (brach.)  -  113°.  The  form  of  the  cryrtals 
resembles  that  of  a  dimetric  or  quadratic  combination,  in  which  oof  oo  would  farm  the 
end-face ;  but  the  crystals  are  not  optically  uniaxiaL    (Marignac.) 

Tabtbatbs  of  Bismuth,  C»*H>«fiiK)".6H»0  -  Bi«0«.30^H«0».6HK).— When 
a  hot  concentrated  solution  of  4  pts.  tartaric  add  is  added  to  a  hot,  moderately  strong 
solution  of  6  pts.  bismuth-oxide  in  nitric  add,  the  mixture  first  remains  limpid,  bat, 
when  left  at  rest,  deposits  a  considerable  quantity  of  bisnrath-tartrate  in  small  crystals, 
forming  a  hard  white  crust  at  the  bottom  of  the  liquid ;  they  must  be  washed  with 
aqueous  tartaric  add,  as  pure  water  decomposes  them.  (B.  Schneider,  Pogg.  Ann, 
buxviii.  66.) 

Tartrate  of  Bismuth  and  Potassium  is  produced  by  boiling  a  A>lution  of  cream  of 
tartar  with  excess  of  bismuth-oxide,  and  is  depodted,  on  concentrating  the  liquid,  as  a 
perfectly  white  powder,  containing  (at  100°)  C<H^K(BiO)0^  analo^us  therefore  to 
tHrtar-emetic  dried  at  200°.  (Schwarzenberg,  Ann.  Ch.  Pharm.  Ixi.  244.) 

Tabt-batbs  of  Bobow.  (Meyrac,  J.  Pharm.  iii.  8. — Soubeiran,  ^id,  m, 
399;  xL660;  xxxv.  241. — Soubeiran  «id  Capitaine,  ibid,  xxv.  741.— Duflei^ 
Schw.  J.  Ixiv.  338.— Yogel,  J.  Pharm.  iii.  1.— Robiquet,  ibul,  [3]  zxl  197.— 
Wackenroder,  Arch.  Pharm.  [2]  Iviii.  4. — ^Wittstein,  Bepert.  Pharm.  [3]  vi  1, 
177.— On  the  opOoal  characters  of  these  salts:  Biot,  Ann.  Ch.  Phys.  [8]  xi.  82.>---Tui 
taric  add  forms,  with  boron  and  the  alkali-metals,  salts  analogous  to  tartar-enetac,  tbt 
group  BO  taking  the  place  of  hydrogen,  or  a  metal,  just  like  me  group  SbO. 

Tartaric  and  boric  adda,  triturated  together,  form  a  mixture  which  appean  to  be  a 
definite  compound,  inasmuch  as  it  deliquesces  in  moist  aix^-a  tuopttty  not  e^Utad 
either  by  tartaric  or  by  boric  acid  alone.  Boric  add  also  dissolves  in  water  contain- 
ing tartaric  add  more  easily  than  in  pure  water,  the  boric  add  being,  however,  depo- 
dtod  on  evaporation. 

Boropotassic  tartrats,Cm*K(BO)0*  (at  100°)— also  called  .Boro<dn^rateo/|K)taMiiMR, 
or  SoUMe  Cream  <f  Tartitr — is  obtained  by  evaporating  to  dryness,  1  pt.  boric  anhy- 
dride, 2  pts.  cream  of  tartar,  and  24  pts.  of  water,  and  treating  the  mass  with  aioobol, 
whidi  taxes  up  the  excess  of  boric  add.  It  is  a  white  amor^ous  mass,  very  aolnble 
in  water,  but  insoluble  in  alcohoL  Mineral  adds  added  to  its  solution,  do  not  throw 
down  either  boric  acid  or  cream  of  tartar.  At  180°  it  gives  off  1  at.  water,  leaving  the 
salt  C*H'K(BO)0*,  and  behaves  in  other  reQ>ecti  like  tartar-emetic.  Soluble  crssoi 
of  tartar  is  used  in  medidne  as  a  purgative,  and  externally  as  a  lotion  for  ulcers. 

By  boiling,  for  some  hours,  1  pt.  boric  add  and  12  pts.  cream  of  tartar  with  a  laigs 
quantity  of  water,  removing  the  depodt  of  cream  of  tartar  which  settles  down  on 
cooling,  then  evaporating  to  dryness,  taking  ap  the  residue  with  a  little  cold  water, 
removing  the  new  deposit  of  cream  of  tartar  (if  anv),  repeating  these  operationa  till 
cold  water  no  longer  separates  the  latter  salt,  and  finally  treating  the  {tfodnct  nith 
boiling  alcohol,  a  aalt  is  obtained,  containing  11*4  per  cent  of  boric  anhydride  (BY)')^ 


Dg  M  carbonic  m 

irk-gTMD  aqneoiu  KilDtioD.   The  sune  solntiaD,  mii«d  witii  a  strong  ■olation 

poUMoe  urtT&ta,  dfpoeiU  dark-grMO  cryst^iiie  gr&ioi,  contHinJiig  I  ak 
■O)  tc  8  at.  chmmic  oxide.  PataHi(>.cl>RiRiic  UrtniU  foniu,  witli  aertaXa 
Uuah^nMii  pncipta[«,  which,  vhsn,  dpcnmpoafd  by  *iilph(iTi>tted  hTdrogm, 
tutiate  of  chromium,  probabl;  coDsiating  of  chTomotartarie  acid, 
O:  (Bprlin,  Btrg.  Lekrbueh.— IS ^l^guti,  Compt  road.  xri.  497.— 
^  m.  B63,] 

XTSH  or  Iboh  (Jtrricum). — Tartaric  acid  dismlTSB  r»entlj  prvdpitalMl 
rata,  and  the  aolntion,  Frapomled  below  60°,  jielda  an  amorphooB  man, 

coniiitiog  of  ferric  tartrale.  The  aolntion,  which  is  not  p»«ipital»d  by 
ibablj  coDtains  originaltj  Donnal  ferric  tartnt«,  C"H"Fe'0",  which  is  le- 
tnpcmtiun,  into  a  basic  and  an  add  ealt,  the  latter  being  p»rtiy  converted, 
ilowed  action  of  wsrmtli  and  Light,  into  ferrone  tutrate,  which  remainn  in 
izM  with  free  tartaric  acid ;  thii  acid  is,  bowerer,  partiallj  ozidiaad  at  the 

(Lndwig,  Jahresh.  1861,  p.  434.) 
^/irric  tartmtt,  C*U\NH<XFpO)0'  +  4  to  SH<0,  is  obtained  b;  dinninng 
'edpitated  ferric  hrdrate  ia  acid  l«ftnil«  of  amninniuni,  and  evaporatipg,  in 
isred  acalea,  aoluble  in  rather  more  than  1  pt,  of  water.    The  solution  is 
1  hj  aJcnhol. 

■firrie  tnrlrafc,  CH<E(FeO}0*  (at  100°).— Thia  salt,  which  eonstitates  the 
•it  of  the  r<w<arH  chalvbeatia  or  JVdrt  mliibaU,  and  the  GlcbttH  niartialel 
rmacopceiaa,  is  prepared  by  digesting  cream  of  tartar  with  water  and  recently 
d  feme  bfdiate,  or  with  iroD  filings  in  a  vessel  exposed  to  the  sir;  in  either 
ver,  the  product  ia  frequently  eoulBiuinated  with  ferrona  salt.  Pure  potaa- 
artrate  forma  ebining  scales  of  a  brown  or  nearly  black  colour,  exhibiting  a 
It  by  transmitted  light.  The  salt  decomposes  at  1A0°,  giriug  off  water  and 
sid.  Adda  precipitate  from  its  solutioD  a  basic  ferric  aolt,  sdoble  in  excess 
L  {GmtiMt  Handbook,  x.  31S.) 
-/rn«  tarlrait  u  formed  by  boiling  ferric   oxide  with  scid   tartrate  of 

tad  sqiaratas  on  STapoiatioa  in  right  rhombic  prisms  with  hsmihedral 
r»Bdeau,  Jahresb.  1863,  p.  184.) 

LATBB  OF   Ubxhtl,  or  Ubxkio    TABTB1.TB9.    yeutroi  Uranie  Sidl, 
k  HH)  and  4B'0. — The  yellow  lolutiaD  of  otvuc  oxide  in  teitaric  acid 
ntntioo,  crystals  contBioiag  1  si.  water,  and  by  spontaneoos  erstKir*- 
omm,  crystals  containing  4  iL  water.    Tbs  last  pn  off  3  at.  w 


dfmatie  tttrtrate,  OH'(SbOXUO)0'.4H'0,  is  obuinsd,  in  yellow  sUVy 
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dissolving  the  product  in  water,  adding  chloride  of  calcium,  filtering  munefiatch&nn 
the  racemate  of  calcium  which  separates  out»  and  learing  the  filtrate  to  itsdf^  the  cad- 
cium-salt  of  inactive  tartaric  acid  separates  out.  The  acid  crystallises  well,  and  dk^i 
of  its  salts  are  quite  equal  in  heautv  to  the  corresponding  tartrates  and  racenuus. 
(Pasteur,  Ann.  Ch.  Pharm.  Izxxviii.  212.) 

The  inactive  tartaric  acid  prepared  fix>m  dibromosuccinic  add  is  probablj  the 
same  modification. 

Mesotartaric  acid,  obtained  by  Dessaignes  (Compt.  rend.  Iv.  769;  Jahresb. 
1862,  p.  306).  together  with  deztrotartaric,  racemic,  and  apoeorbic  acids,  by  oxiditin^ 
sorbin  with  nitric  acid,  also  by  boiling  tartaric  or  racemic  acid  for  a  long  time  (at  lf«ct 
400  hours)  with  hydrochloric  acid,  appears  also,  from  comparative  experiments  </ 
Pasteur  (Bull.  Soc.  Chim.  1862,  p.  107),  to  be  identical  with  inactive  tartaric  arid. 

a.  It  is  separated  from  the  oxidation-products  of  sorbin  by  first  removing  the  tu- 
taric  and  racemic  acid  as  acid  ammonium-salts,  precipitating  the  acid  filtrate  whli 
chloride  of  calcium,  and  decomposing  the  calcium-salt  with  sulphuric  acid. — $.  la 
preparing  it  from  tartaric  acid,  the  greater  part  of  the  unalterea  tartaric  acid,  ud 
a  certain  quantity  of  racemic  acid,  Ukf^wise  formed  in  the  reaction,  most  first  b» 
removed  by  czystallisation,  the  hvdrochloric  acid  expelled  by  evaporation  over  tlM 
water^bath,  and  the  remaining  liomd  half  neutralised  with  ammonia,  whereby  nearlr 
all  the  tartaric  acid  is  precipitated  as  acid  ammonium-salt  The  filtrate,  when  cooceo- 
trated,  yields  large  well-defined  crystals  of  acid  mesotartrate  of  ammonium. — 7.  lo 
preparing  it  from  racemic  acid,  the  unaltered  racemic  acid  is  removed  by  ciystaUisstiao, 
the  hydrochloric  acid  expelled  by  evaporation,  the  remaining  liquid  half  neotraiiNd 
with  ammonia,  and  then  precipitated  with  acetate  of  calcium. 

Mesotartaric  acid  is  very  soluble  in  water  (10  pts.  dissolving  in  8  pts.  of  watprat 
15^).  It  usually  crystallises  in  rectangular  plates  containing  1  at.  water  of  crystiCh 
sation :  C*H'0*.H'0.  These  crystals  efSoresce  in  a  vacuum,  and  give  oiF  their  wnur 
of  crystallisation  at  100^.  If  the  residue  be  then  dissolved  in  water,  and  the  tolntiai 
evaporated  to  the  crystalline  point,  large  anhydrous  ciystals  are  obtained,  KsembliB^ 
those  of  ordinary  tartaric  ada.  The  solution  of  these  crystals,  however,  if  left  to  itial^ 
gradually  yields  the  hydrated  acid. 

Mesotartaric  acid  melts  at  140^ ;  at  200°  it  is  partly  deoomposed,  giving  off  fjn- 
tartaric  acid;  the  remaining  portion  is  partly  converted  into  racemic  add.  It  if  abe 
transformed  into  racemic  acid  by  prolonged  boiling  with  hydrochloric  add.  (Dti* 
saignes,  Bull.  Soc  Chim.  1865,  i.  34;  Jahresb.  1865,  p.  393.) 

The  mesotartrates  for  the  most  part  resemble  the  tartrates,  but  the  add  a- 
monium-  and  potassium-salts  are  moderately  soluble  in  water,  and  the  acid  don  10k 
precipitate  a  solution  of  gypsum. — ^The  calciufn-salt,  OH*Ca''0*.4HH),  dissdvei  ii 
hydrochloric  acid,  and  is  precipitated  from  the  solution  bv  ammonia ;  it  also  naflti 
with  potash  in  the  same  way  as  tartrate  of  calcium. — The  leai-^t  contains  OH'FbD'. 
H«0 ;  the  sUversalt,  C«H*ig*0«.H«0. 

Metatartarlo  Aold.  This  isomer  of  tartaric  add,  discovered  in  1831  \rr  Brt* 
con  not  (Ann.  Ch.  Phys.  [2]  bmii.  299),  and  further  examined  by  Erdatii 
(Ann.  Ch.  Pharm.  xxi.  9),  and  by  Laurent  and  Gerhardt  {Urid.  Ixx.  M),  '» 
produced  by  quickly  heating  tartaric  add  to  170° — 180°,  and  keeping  it  at  tbt 
temperature  till  completely  fused.  The  product  is  a  transparent  gummy  msM,  vhick 
gradually  becomes  opaque  and  crystalline.  If  the  heat  be  continued  longer,  ditHtnii 
add  is  also  produced. 

Metatartaric  acid  is  deliquescent.  While  still  hot  and  lic^uid,  it  tnms  tiie  pine  of 
polarisation  strongly  to  the  right ;  but  as  it  cools  and  solidifies,  the  dextrnototarf 
power  becomes  weaker,  and  at  3*5°  perceptible  Uevorotation  is  produced. 

The  metatartrates  have  the  same  composition  as  the  tartrates,  but  aivftr  thi 
most  part  distinguished  from  them  by  their  crystalline  forms,  and  by  greater  tohbifily* 
By  boiling  their  aqueous  solutions,  they  are  gradually  converted  into  taitnttt. 

The  acSi  ammonwm'salt,  C*H*(NH^)0',  separates  from  very  conoentnlfd  mh/im 
in  groups  of  microscopic  needles,  usually  exhibiting  the  form  of  spindles,  soatsfat 
thickened  in  the  middle.  It  is  more  soluble  than  the  acid  tartrate,  and  ii  fintktf 
distinguished  therefrom  by  not  giving  anv  precipitate  with  chloride  of  cakimL  1b 
solution,  saturated  with  ammonia,  is  precipitated  by  chloride  of  caldnm  only  vIm 
highly  concentrated  ;  and  the  crystalline  metatartrate  of  ealeiuiK  thos  obtaiasi 
C<H<Ca''0«.4H20,  is  distinguished  from  the  tartrate  by  the  form  of  iti  aj<A 
which  appear,  imder  the  microscope,  as  irregular  lenticular  grainb,  ur  small  Jp*"^ 
unsymmetrical  at  the  two  ends,  whereas  the  tartrate  forms  small  often  elon^tfra  aQ»> 
hedrons.  Metatartrate  of  calcium  ^ves  off  half  its  water  of  ciystallisatioa  at  \^* 
and  the  rest  at  230°.  When  once  deposited  in  the  crystalline  state,  it  disntvMkt 
very  slowly  in  boiling  water,  being  at  the  same  time  converted  into  tartnts;lMt  it 
dittbulyes  easily  in  cold  water,  especially  if  slightly  addulated  with  nitoc  or  hjte 
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dilorie  acid.  The  liquid  neutralised  with  ammonia  again,  after  a  while,  deposits 
inetatartTate  of  calcium,  with  its  characteristic  crystalline  form;  but  if  the  metatar- 
timte  dried  at  220^  be  dissolved  in  hydrochloric  acid,  the  solution,  neutralised  with 
ammonia,  yields  octahedral  crystals  of  calcic  tartrate.  (Laurent  and  Gerhardt.) 

Acid  mgtatariraie  of  potassium,  C^H^KO",  resembles  the  acid  tartrate  in  appearance 
and  in  its  reactions.  On  neutralising  metaturtaric  acid  with  potash,  ana  adding 
alcohol,  a  limpid  oil  is  precipitated,  which  cryrtAllises  slowly,  in  the  form  of  neutral 
potassic  tartrate,  and  the  solution  of  which  yields  with  calcium-salts  octahedral  crystals 
of  calcic  tartrate. 


Aeld,  C^H*0*.  (A.  Schoyen,  Ann.  Ch.  Phann.  czxxii.  168.)— 
Glyoxal,  CBH}*,  unites  with  2  at.  hydrocyanic  acid,  forming  a  black  amorphous  sub- 
atancp,  which,  when  heated  with  alkalis,  gives  off  ammonia,  and  is  converted  into 
giyootartaric  acid.  This  acid  is  deliquescent,  alterable  at  100°,  and,  when  more 
atrongly  heated,  gives  off  the  same  odour  as  tartaric  acid. 

The  glycotartrates  of  the  alkali-meials,  even  the  acid  potassium-salt,  are  easily 
■nluble,  and  their  solutions  are  precipitated  by  chloride  of  barium,  chloride  of  calcium, 
acetate  of  lead,  and  nitrate  of  silver.— The  barium-salt  contains  G^H^Ba'O'.HK) ;  the 
imtd-Mlt,  C*HTb-0«.H«0. 

Aeidt  dmtfedfrom  Tartaric  Acid  by  substitution  of  Acid  Sadiclss  for  the  Mcokolie 

Hydrogen, 

(0«H«0)») 
Aold,  C*H>«0«  -  (C«HK)-)>*   0\  and  Btaoetotartario  An* 

H«    J 

C«HH)'  -  (^^y\^'    (Ballik,  Wien.  Akad.  Ber.  xxix.  26.— Pils, 

ihid,  zliT.  [2]  7 ;  Jahresb.  1861,  p.  368.^Ferkin,  Chem.  Soc.  Qu.  J.  zx.  149).— The 
aahTdride  is  produced  by  heating  pulverised  tartaric  acid  with  chloride  of  acetyl : 

C«H«0«  +  2Cm»0a    -     C^«0»  +  2KC1  +  H«0. 

It  ia  a  tough  crystalline  solid,  melting  at  126° — 127°  C.  When  distilled,  it  undergoes 
•  eonsiderable  amount  of  decomposition,  especially  if  the  distillation  be  carried  on 
dowly.  It  boils  above  260°  but  no  fixed  point  can  be  obtained,  acetic  anhydride 
coming  over  daring  the  distillation,  as  well  as  other  products,  some  of  which  affect 
the  eyea  like  acrolein ;  a  residue  of  carbon  is  left  in  the  retort.  If  heated  gently,  it 
aublimea  in  beautiful  but  small  prisms.  It  is  slightly  soluble  in  benzene,  and  crys- 
tallises from  this  solvent  in  slender  white  needles.  It  also  crystallises  from  acetic 
anhydride.  (Per kin.) 

Diacetotartaricacid,  C*H'*0"  »  C*H«0'.H*0,  is  formed  by  the  direct  combi- 
■ation  of  the  anhydride  with  water.  The  aqueous  solution,  evaporated  in  a  vacuum, 
learea  the  add  as  a  transparent,  gummy,  deliquescent  substance,  having  a  very 
add  taste.  When  strongly  heated,  it  decomposes,  without  previous  formation  of 
the  anhydride.  Heated  with  caustic  potash  or  soda,  it  is  resolved .  into  tartaric  and 
aeetie  acids: 

Cra»*0«  +   2HK)     -     C*H*0«  +   2(?H*0«. 

Diacetotartaric  add  is  dibasic,  forming  acid  and  neutral  salts ;  they  are  all  very 
aolnble,  and  somewhat  difficult  to  obtain  pure ;  they  are  prepared  by  dissolving  the 
aereral  carbonates  in  the  aqueous  acid. 

The  neutral  potassium-  and  sodium^salts  are  very  deliquescent. — The  acid  potassium- 
M£f,  CH'KO*,  is  a  ciystalline  powder,  very  soluble,  but  not  deliquescent ;  it  has  an 
acid  tfttfte,  and  reddens  litmus  powerfully. — The  barium-salt^  C^*Ba''0',  crystaltisea 
from  a  syrupy  solution,  in  slender  deliquescent  needles,  sometimes  half  an  inch  long.— 
The  ealcittm-saltf  C*H'Ca"0',  dries  up,  on  evaporation,  to  an  opaque,  friable,  deliques- 
esot  massw — ^The  eupric  salt,  C'H'Ca  '0*,  forms  blue  crystals. — The  mercurous  salt  is  a 
(aUtinons  predpitate,  soluble  in  acetic  acid. — The  silver-salt,  C'H'Ag'O*,  is  a  white 
Ojatalline  mass,  very  slowly  acted  upon  by  light.  (Per kin.) 

Faratartarie  {raeemic)  acid,  heated  with  chloride  of  acetyl,  yields  diacetopara- 
ftartaric  anhydride,  as  a  beautiful  crystalline  bodv,  isomeric  with  diacetotartaric 
anhydride,  which  it  resembles  in  melting-point  and  other  properties.  In  contact  with 
water,  it  yields  diacetoparatartaric  acid,  which  is  resolved  by  heating  with 
alkalis  into  acetic  and  paratartaric  acids.  (Per kin.) 

H.C'H*0) 
SawMlartane  Add, C"n'«0'  -  (C«UK)7'>0*.  (Dessaignas,  J.  Phann.  [8] 

H«    > 
Vol.  V.  Y  Y 
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xxzii.  47 ;  Jahresb.  1S47,  p.  807.)— Pvodnoed  by  heatiiig  1  at.  tartarie  acid  and  1  at 
benxoic  acid  to  1^0®  in  a  sealed  tube : 

A  brown  liquid  is  thereby  formed,  which,  when  dissolyed  in  hot  water,  deposite  ben- 
Eoic  acid ;  the  residue,  left  on  evaporating  the  mother-liquor  to  diyneM,  diMolres  par- 
tially in  carbonate  of  sodium ;  and  the  solution,  decolorised  with  charcoal  and  slightly 
supersaturated  with  hydrochloric  acid,  deposits  benzotartaric  acid,  in  warty  groups  (^ 
microscopic  crystals  (Dessaignes).  It  is  also  formed,  together  with  ethylbenso- 
tartaric  acid,  by  the  action  of  dilute  alcoholic  potash  on  bensotartaric  ether,  and 
remains  in  the  mother^liquor  after  the  ethylbenzotartaric  acid  has  separated  out 
(Per kin,  p.  696.) 

Benzotartaric  acid  is  more  s(^uble  than  bensoic  acid  in  water,  but  less  solubb  in 
alcohoL  It  remains  unaltered  at  the  temperature  at  which  benzoic  acid  melts  and 
sublimes :  at  a  higher  temperature,  it  melts  and  gives  off  benzoic  acid,  the  residoe 
turning  brown,  and  emitting  the  odour  of  burnt  tartar.  A  cold  saturated  solution  of 
the  acid  fbrms  no  precipitate  with  forric  diloride,  lime-water,  or  silver-nitrate,  but  a 
alight  pzecipitate  with  basic  acetate  of  lead.  When  saturated  with  ammonia,  it  fcnns 
a  pale-yellow  precipitate  with  ferric  chloride,  none  with  chloride  of  caldum.  In  a 
solution  of  the  acid  one-fourth  saturated  with  ammonia,  nitrate  of  silver  foims  a 
white  precipitate,  consisting  of  argentic  bmsotairtrate^  C"H'AgH)'. 

Bitoromotartarle  Aold,  C^H^rK)*,  is  formed  by  the  action  of  bromine^  at  100*, 
on  bromomaleic  acid  (iii.  7S8) ;  probably  thus : 

C*H^rO*  +  Br«  +  2HH)     -     8HBr  +  C«H*BrH)«. 

■ 

It  is  very  deliquescent.  (EekuH,  Jahzesb.  1861,  p.  863.) 

(N0«)»  . 
Vitrotsrtttrle    Aold,  C^H^inO>*  -  (C«HH)*)^ lO<.  (Dessaignes,  Ann.  (^ 

H*     j 

Pharm.  Izzzii.  862 ;  l^rra'T  889.)— This  acid  is  formed  by  adding  1  pt  of  pnlysrisad 
tartaric  acid  to  4  J  pts.  of  very  strong  nitric  add ;  then  adding,  with  stirring,  an  equal 
volume  of  strong  sulphuric  add ;  pressing  the  pasty  mass  between  porous  tiles ;  dia- 
Bolving  it  in  a  small  quantity  of  lucewarm  water ;  cooling  to  0^,  and  pressing  the  crys- 
tals between  paper. 

Nitrotartanc  add  dissolves  in  absolute  alcohol,  and  remains,  on  RKmtaneoos 
evaporation,  in  distinct  prisms.  It  is  optically  active,  like  tartarie  add  (C  nan  tard). 
It  is  very  unstable,  its  aoueous  solution,  even  at  a  few  degrees  above  0°,  continually 
giving  off  nitric  oxide  and  carbonic  anhydride.  By  spontaneous  evaporation,  it  yields 
tartronic  acid  (p.  698),  and,  when  heated  to  40^— 60®,  oxalic  add.— By  si<^«iie  of 
amnumium  it  is  reconverted  into  tartaric  add. 

The  nitrotartrates  have  not  been   much  examined. — ^The   acid  ammonivm-^aU, 

^«(C«H'(N0*)H)',  forms  small,  very  soluble  crystals.— The  nmtiral  ammmimmM 

yields,  with  nitrate  of  silver,  an  easily  soluble  silrer-salt,  oontaining 
AgH3«H«(N0«)H)«. 

TA&TAXXO  AMZBIS.    See  Taxtrudo  Acid  and  TiJiTRaxiDB. 


Since  tartaric  add  contains  foor  atoms  of 
replaceable  hydrogen,  it  should  be  capable  of  yielding  two  anhydrides,  by  the  loss  of 
HK)  and  2HK)  respectively:  thus— 

(CH^Tjo..  C'H^JO..  (C^HWr.O*. 

Tartaric  Mid.  FIrft  aabjrdride.  True  anhydride. 

But  as  the  four  typic  hydrogen-atoms  of  tartaric  add  are  not  all  of  the  same  diasaetar 
(two  being  alcohouc  and  two  basic),  it  is  farther  possible  that  the  first  anhydride  may 
exhibit  tluee  isomeric  modifications,  according  as  the  alcoholic  or  basic  hydrogen^ktoma 
of  the  add  are  eliminated  in  its  formation :  thus — 

(C-HWy-jO.  (C'H«0V'|0..  (c^yjO*. 

Dibasic  add.  Moaobailc  Ventral  an- 

add.  hydride. 

Fnither,  two  or  mors  molecules  of  tartaric  add  may  unite  together  in  giving  up 
water,  thereby  producing  compounds  analogous  to  the  pol^retitylenic  alcohols  (ii.  570), 
the  polyglycerins  (ii.  894),  and  the  polylaetic  adds  (iiu  461).  The  simplest,  and 
therefore  the  most  probable  of  these  compounds,  would  be  ditartaric  acid,  whieh« 
by  further  elimination  of  water,  might  yield  corresponding  anhydrides :  thu*^ 


TARTARIC  ETHERS.  691 


(C*H«07' 


(y 


Ditartark  add.  DItarUric  anbydrlde. 

All  these  oomponndfl  misht  possibly  be  produced  by  the  action  of  heat  upon  tartaric 
acid.  Only  a  few  of  them  nave,  however,  been  actually  obtained ;  and,  moreoyer,  the 
statements  of  different  chemists,  who  hare  inyestigated  the  decompositions  of  tartaric 
add  by  heat,  do  not  ^oite  agree.  (See  especiaUy  Braconnot,  Ann.  Ch.  Pharm.  iL 
815. — ^Frimy,  ibid.  xiz.  197;  zzix.  142;  Izxyiii.  297. — Erdmann,  ibid.  xxi.  9. — 
Laurent  and  Gerhardt^  ibid.  ha.  348.)  But,  as  already  obseryed  (p.  676),  it 
appears  most  probable  that  the  first  effect  of  heat  on  tartaric  acid  is  to  conyert  it  into 
the  isomeric  compound,  metatartaric  acid;  and  that  afterwards,  bv  successiye  elimi- 
nation of  water,  uere  are  formed — ^first,  ditartaric  acid,  then  a  soluble  modification 
of  the  first  anhydride,  C*HK)*,  called  by  Frimy  tartrelic  acid;  and,  finally,  the 
nentral  insoluble  modification  of  the  same  anhydride.  The  true  anhydride  of  tartaric 
add,  OKHy.O',  is  not  known.  (Eekul^,  Lehrbruch,  ii.  199.) 


Aeld,Cra»H)"  -  2C*H«0«-H«0.— This  acid  (called  Tartralic  acidhj 
r,  Isoiartaric  acid  by  Laurent  and  Gbrhardt)  is  produced  by  melting  tartaric  acid, 
and  keeping  it  at  a  temperature  of  170^,  till  it  no  longer  giyes  a  precipitate  of  calcic 
taxtrelata  with  lime,  or  with  calcic  acetate  (Fr^my) ;  also  by  adaing  tartaric  anhy- 
dride to  melting  tartaric  acid  (Schif^  Zeitsciir.  Ch.  Fharm.  1862,  p.  376).  It  is 
mj  soluble  in  water,  and  not  crystallisable.  Its  salts,  C*H*M'0>>  and  C^H^M'O", 
•ysB  the  calcium-salt,  sre  slso  yery  soluble  in  water,  and  are  precipitated  by  alcohol  in 
tlie  ftnrm  of  syrup  or  of  bulky  fiocks.  By  boiling  with  water,  they  are  converted,  first 
into  acid  metatartrates,  and  then  into  tartrates. 

Gerhardt  (TVcn/^,  ii.  16,  61)  regards  tartralic  acid  as  iBomeric  with  tartaric  and 
■Mlataitarie  acids,  on  the  ground  that  tartaric  acid  may  be  conyerted  into  it  without 
losi  of  wdght,  eyen  in  presence  of  water.  According  to  this  yiew,  the  composition  of 
ths  taitnlates,  which  are  neutral,  is  the  same  as  that  of  the  acid  tartrates  and  meta- 
taitnttst;  but  analysis  shows  that  the  composition  of  these  salts  agrees  more  nearly 
tha  fSonnula  oif  the  di tartrates  above  given. 


Aold,  C«H*0»  =  C*H*0«  -  H«0.  Soluble  Tartaric  Anhydride.— 
Obtained  by  quickly  heating  small  quantities  of  tartaric  acid  till  the  fused  mass  swells 
apu  It  is  a  yellowish,  tumefied,  deliquescent  mass,  which  dissolves  in  water,  forming 
sa  add  solution. 

Chlorids  or  acetate  of  calcium  added  to  this  solution,  throws  down  tartrelate  of 
tdetuHii,  CH*Ca'0**,  as  a  syrupy  mass,  which  is  insoluble  in  water,  and  becomes  crys- 
tslline  by  contact  with  alcohol. — The  barium-  and  strontium-aalis,  which  are  similar 
fa  composition,  and  prepared  in  like  manner,  are  also  syrupy  masses,  insoluble  in 
later.  Tartrelic  acid,  heated  with  lead-oxide  to  150°,  yields  a  leadsait  containing 
C*H^Fb'0*. — ^In  contact  with  alkalis^  it  forms  tartralates  or  ditartrates.  By  boiling 
vith  water,  it  is  converted,  first  into  metatartaric,  then  into  tartaric  acid. 


ittto  Tartaiie  ADbydridev  OH^OS  is  formed  by  heating  tartaric  acid 

Mn  some  time  to  160**,  exhausting  the  product  with  cold  water,  and  diying  it  in  a 
^aaram.  It  is  a  white  powder,  insoluble  in  water,  alcohol,  and  ether ;  and  is  conyerted 
bj  water,  slowly  in  the  cold,  quickly  on  boiling,  into  tartaric  acid.  (Fr^my.) 

TAltVAXIO  MTU  ■>•■     Tartaric  acid,  like  other  dibasic  acids,  forms,  with 
iMMiatomie  adds,  both  acid  and  neutral  ethers,  the  former  of  which  are  monobasic 

BP       )  H«        ) 

(C«H«0»)^  \  0*.  (C*H»0«)^  \  0\ 

H.(?H»  )  (C«H»)«     ) 

BtbyMartaric  Neutral  ethylic 

add.  Urtrate. 

The  two  alcoholic  hydroeen-atoms  in  these  ethers  are  also  replaceable  by  acid- 
vadideSy  farming  compounds  like  the  following : 

H.CHK)  \  H.C«H»0  )  C^H'O.CHH) ) 

H.OT»  )  (C«H»)«   )  ((?H*)«      J 

Btbylbtoso*  AcctoUrtaiie  Acetobenio- 

tartaric  aeUL  ether.  tartaric  eth«r. 

Closely  related  to  these  ethers  are  also  certain  dibasic  acids,  derived  from  tartaric 

tt2 
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Acid  by  the  subBtitation  of  acid-radicles  for  one  or  both  of  ito  alcoholic  hjdrogiih 
atoms  (p.  689);  e,g.\ 


H 


(C»H«0)«)  (K0«)«  ) 


BensoUitaric  Dlacecotaruric  DInilrotartarie 

add.  «cid.  acid. 

The  constitution  of  these  compounds  shows  that  tartaric  add  may  be  regarded  as  t 
diatomic  alcohol,  as  well  as  a  dibasic  acid. 

The  acid  tartaric  ethers  are  formed  by  the  direet  action  of  tartaric  add  on  thi 
alcohols  ;  the  neutral  ethers  by  passing  hydrochloric  add  gas  into  a  oointion  of  the 
acid  in  the  respective  alcohols.  The  derivatives  of  these  ethers  «*inn»mining  aod 
radicles,  are  termed  by  treating  them  with  alcoholic  chlorides. 

A  few  ethers  are  also  known,  produced  by  the  action  of  tartaric  acid  on  polyatomic 
alcohols. 

Neutral  Tartaric  EtherB,  eontaming  Monatomie  Aleo kol-radiclet, 

BtliyUo  Tartrate,  or  TartaHe  Bther,  C*H>H)«  --  C«H«(C'H*)H)«.  (Demon, 
desir,  Ann.  Ch.  Pharm.  Ixxx  301.) — This  ether  is  a  liquid  which  acta  on  poLuiBed 
light.  It  bears  a  somewhat  high  temperature  without  deoompodtion,  bat,  when  hettd 
to  a  certain  point,  ^ves  off  considerable  quantities  of  pyrotartaric  add.  It  mizM  is 
all  proportions  with  watery  alcohol,  and  common  ether, — ^With  omaumui  it  ji«ldi 
tartramic  acid  or  tartramide,  according  to  the  time  for  which  the  action  ia  oontiniMd. 

Tartaric  ether  is  decomposed  by  todiwm,  with  evolution  of  hydrogen ;  the  actios  ii 
slow,  on  account  of  the  viscidity  of  the  ether,  but  may  be  made  to  go  on  very  npidlT, 
by  mixing  it  with  five  or  six  times  its  volume  of  anhydrons  benxene.  On  •epantiof 
the  excess  of  sodium,  and  evaporating,  a  pale  yellowish-brown,  nnarstallinfl^  botfriakli 

H.Nt  ) 
reddue,  is  obtained,  probably  condsting  of  sodiotartario  ether — OHK)')'0. 

{OFBTf] 
By  the  continued  action  of  the  sodium,  a  gelatinous  product  is  also  fbnned,  pnAihly 


Na*    ) 


disodiotartaric  ether,  C*H«0«  >0\    (Perkin.) 

(C«H»)« 

Aoetotartarlo  atHer,  C'^H'W  =  C«H»(C«H«OXC«H»)«0«.  (Perkia.  OiflL 
Boc  J.  xz.  145.) — Produced  by  the  action  of  acetylic  chloride  on  an  eqnrralent  qua* 
tity  of  tartaric  ether ;  the  action  takes  place  at  ordinary  temperatures,  large  quaititia 
of  hydrochloric  acid  being  evolved,  and  the  mixture  becoming  hot.  The  ouy  prodnrt  ii 
purified  by  agitating  it  with  water,  dissolving  in  ether,  agitating  the  ethereal  sohdoa 
with  dry  carbonate  of  sodium,  filtering,  and  evaporating  to  dj^nesa  over  the  vltl^ 
bath. 

Acctotartaric  ether  is  an  oily  liquid,  having  abont  the  eonsistenee  of  divHxl, 
heavier  than  water,  and  slightly  soluble  therein,  but  quite  insoluble  in  laliiM 
solutions.  It  is  perfectly  neutral  to  test-paper,  and  has  a  rather  bitter  taste.  WIm 
somewhat  strongly  heated  in  a  ri'tort,  it  decomposes,  giving  off  acede  add;  at  sboit 
287°,  an  oil  passes  over,  and  finally  a  carbonaceous  residue  is  left.  It  is  deoamposid 
by  aqueous  ammunia,  the  solution,  when  evaporated,  yidding  a  yellowish  frrspy 
product,  having  a  bitter  and  slightly  burning  taste.  Heated  with  eUorids  ofheaofl, 
it  gives  off  hydrochloric  add,  and  forms  a  thick  colourless  oil,  probably  Utf* 
acetotartaric  ether. 

Acetotartaric  ether  is  rapidly  decomposed  by  sodium,  espedally  when  diluted  viA 
benzene,  hydrogen-gas  being  evolved,  and  a  transparent  gummy  substance  knti 
probably  consisting  of  sodacetotartaric  ether,  C*H*Na(C»H^XC^*)*0*. 

Blaoetotartarto  Btlier,  C'«H»»0«  -  C^HXC«H»0)«(C*H»)W.  (Perkii. 
Chem.  See.  J.  xx.  147.) — Produced  by  treating  1  at  tartaric  ether  with  3  at  eUoridc 
of  acetyl,  and,  after  the  reaction  has  abated,  heating  the  prodnct  for  a  short  tine  to 
100°  in  a  sealed  tube.  When  purified  like  the  preceding,  it  solidifies  to  a  bcsatifol 
crystalline  mass,  which  may  be  separated  from  a  small  quanti^  of  oily  scefeottftsBi 
ether  by  strong  pressure  betwt  «*n  bibulous  paper,  and  then  cmtallised  from  water. 

DiacetotATtaric  ether  dissolves  in  all  proportions  in  alcohol  and  oommni  tthir,  tad 
is  precipitated  from  its  alcoholic  solution  by  water.  When  it  is  boiled  with  eStcr,  i 
considenible  quantity  dissolves,  and  the  solution,  on  cooling,  deposits  it  in  spkodid 
prismatic  crystals  more  than  1}  inch  long.  It  is  slishtly  soluble  in  eold  witv.  Wl 
on  the  addition  of  a  strong  solution  of  chloride  of  sodium,  the  liq[nid  beeooMB  duidT, 
and  the  diacetotartnric  ether  crystallises  out  on  standing. 

Diacetoturtaric  other  melts  to  a  colourless  oil  at  67^,  and  does  not  itsolkfi^  <* 
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fooline ;  but  as  soon  as  a  small  particle  of  the  solid  product  is  thrown  into  it,  it  begins  to 
erjHtariise  in  tufts  of  needles,  and  in  a  few  moments  becomes  perfectly  solid.  During 
cr^-stallisation,  it  evoWes  heat  sufficient  to  become  quite  hot  to  the  hand.  When 
strongly  heated,  it  distils  with  only  slight  decomposition.  It  boils  between  294^  and 
208O. 

Diacetotartaric  ether  is  not  quickly  decomposed  hyaffueoiu  poiashf  or  by  cold  alcoho' 
lie  amtnonia.  It  is  scarcely  acted  upon  by  sodium,  eitner  in  the  fused  state,  or  when 
disBoIred  in  bensene. 

Paratartarie  (raeemie)  ether  treated  with  chloride  of  acetyl  yields  acetopara- 
tartaric  and  diacetopara tartaric  ether,  isomeric  with  the  tartaric  ethei-s  just 
described.  Monacetoparatartaric  ether  is  a  colourless  oil.  Diacetoparatartario  ether 
is  a  solid  body,  melting  at  60*5°,  boiling  at  about  298^,  and  distilling  with  slight 
decomposition.  It  dissolves  in  alcohol  or  ether  in  all  proportions.  It  is  deposited 
from  Its  boiling  aqueous  solution,  on  cooling,  in  small  tufts  of  needles,  ana,  after 
long  standing,  sometimes  forms  short  but  very  brilliant  prisms  on  the  sides  of  the  vesseL 

Bensotartarto  BtHwr,  C"H'H)»  «  C«H«(C'H»0)(C«H»)«0«.  (Perk in,  Chem. 
Soc.  J.  XX.  139.) — Produced  by  heating  chloride  of  benzoyl  with  a  slight  excess  of 
tartaric  ether  to  100°  for  two  or  three  hours.  When  purified,  like  the  preceding 
compound,  by  agitation  with  carltonate  of  sodium,  solution  in  ether,  See.,  it  forms  a 
Tiflcid  transparent  oil,  which,  on  standing  (eM)Kciiilly  under  water)  for  two  or  three 
weeks,  is  almost  wholly  converted  into  a  niHiis  of  colourless  prismatic  ciystals,  which 

vr  be  fteed  from  oil  by  pressure. 

Bensotartaric  ether,  when  pure,  is  a  white  inodorous  solid,  heavier  than  water,  and 
wanlj  pulverised.  It  melts  at  64°,  and  cools  to  a  viscid  oil,  which  does  not  solidify 
UDtif  it  has  stood  for  some  considerable  time ;  but  the  introduction  of  a  minute  piece 
of  the  solid  product  immediately  causes  it  to  commence  crystallising ;  and  this  takes 
place  with  a  very  considerable  elevation  of  temperature.  It  cr)'stalli8e8  in  transparent 
prisms.  If  strongly  heated,  it  distils  with  decomposition.  It  is  soluble  in  all 
pmportions  in  alcohol  and  tther\  slightly  soluble  in  boiling  water,  the  solution 
Mcomin^  milky  and  depositing  oily  drops  on  cooling;  afterwards  beautiful  but 
small  prismatic  crystals  separate.  Its  aqueous  solution  has  a  slightly  bitter  taste. 
Its  solutions  do  not  change  the  colour  of  litmus-paper. — Aqueous  potash  appears  to 
be  without  action  upon  it.  With  aodium  it  liberates  hydrogen,  and  appears  to  form  a 
sodium-compound.  When  heated  in  a  sealed  tube  to  lOO^'  with  alcoholic  amtnonia,  it 
slowly  decomposes,  and  is  apparently  converted  into  benzoic  acid,  tartramide,  benzo- 
tartzamide,  and  alcohol. 

Alcoholic  fotash  quickly  decomposes  bensotartaric  ether,  yielding,  if  in  excess, 
taitaric  and  benzoic  acids ;  but  if  dilute  solutions  are  used,  and  the  quantity  of  potash 
nresent  is  not  sufficient  to  produce  complete  decomposition,  bensotartaric  and  ethyl- 
Denaotartaric  adds  are  produced  (p.  696).  The  formation  of  these  products  is 
ivpresented  by  the  following  equations : 

^IIC^H^CH^O)©*   +    H«0  -   (?H«0  +  ^2.|c<H»((7H»0)0«. 

BensoUrtaric  ether.  Alcohol.  Ethylbeniotartuic 

acid. 

^I|C*H«((7HH))0«  +  2H»0  -  2C»H«0  +  2}c*H«(C'HK))0«. 

Beniourtaric 
acid. 

^I|c*HX(rH»0)0«  +  3HK)  -  2C«H«0  +  ^JC^HW  +  C'H«0». 

Tartaric  Benioic 

acid.  ackl. 

Bensotartaric  ether  is  not  converted  into  dibenzotartaric  ether  by  heating  with 
chloride  of  benzoyl ;  neither  does  this  compound  appear  to  be  produced  by  heating 
tartaric  ether  with  2  at.  chloride  of  benzoyL 

Paratartarie  ether  heated  with  chloride  of  benzoyl,  yields  benzoparatartaric 
ether,  isomeric  with  benzotartaric  ether,  but  melting  at  a  much  lower  temperature, 
Tia.  57^,  and  not  crystallising  so  readily. 

JI«#tebeiiBOtartarie  BtHer,  C>'H^»  -  C<IP(C«H«0)(C'H»OXC«H»)«0«. 
(Perkin,  Chem.  Soc.  J.  xx.  Ho.) — Prepared  by  heating  benzotiirtaric  ether  with  a 
sligbt  excess  of  chloride  of  acetyl  to  140° — 150°,  in  a  sealed  tube  for  three  or  four 
konrs.  It  is  a  very  thick  colourless  oil,  heavier  than  water,  showing  no  tendency  to 
•olidifV,  neutral  to  test-paper,  very  soluble  in  alcohol  and  ether. — Heated  with 
mleohoiie  potash,  it  is  completely  resolved  into  alcohol,  and  acetic,  benzoic,  and  tartaric 

C"H*0«   +  4II0  «  2C»H«0  ■».   C«H*0«  ♦  CTI*0»  +  C«H«0«. 
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SucelBotartarle  Btlier,  C«>H*0^*  -  0'H«(C*HK)y((?H»)H)»«.  (Perkin, 
Chem.  Soc.  J.  xx.  143.)— This  body,  formed  by  the  substitution  of  1  »t  foainyl 
for  2  at.  hTdrogen  in  a  double  molecule  of  tartaric  ether,  is  prepared  bT  heiting  2  it 
tartaric  ether  with  1  at  chloride  of  succinyl  in  a  test-tube  to  100^,  aa  kxig  as  hjdio- 
chloric  acid  continues  to  go  off: 

2C*H*(C«H»)H)«  +  (C«HH)TC1*  =  2Ka  +  0»H«(C<H*0«nO"H^". 

The  product,  purified  like  the  preceding,  is  an  extremely  thick  oil,  generally  of  t  pale- 
yellow  colour.  It  dissolves  freely  in  alcohol  and  ether,  forming  nentand  solutions.  It  is 
decomposed  by  alcoholic  potash,  and  cannot  be  distilled  without  decomposition. 

MetbyUe  Tartrate,  C«H>*0<  »  C«HVCH')*0*.  MethyUartarie  AA^t.-Pk- 
pared  like  ethyltartaric  ether,  which  it  resembles.    (Demondeair.) 

fi.  Acid  Tartaric  Ethers  containing  Monaiomie  Aleohol-raduUi. 

These  are  monobasic  acids,  produced  by  the  direct  action  of  aleohola  on  tartazie 
add. 

AmyltartaHe  Add,  (?WO*  -  C^HXC^H^^O*.  Tartram^  Jeid,^T\at 
acid,  discovered  by  Ba lard  (Ann.  Ch.  Phys.  [3]  xii.  309),  and  more  folly  inreiti- 
gated  by  Breunlin  (Ann.  Ch.  Pharm.  xci.  314),  is  prepared  by  digesting  150  pta 
finely-pulverised  tartaric  acid,  for  several  days  (at  about  180®),  with  88  pta.  reetifttd 
amylic  alcohol.  A  syrupy  liquid  is  then  formed,  which,  by  slow  cooling;  SDlidifin  to 
wartv  masses  of  unctuous  crystals,  haying  an  intensely  bitter  taste.  Th^  meh  it  t 
gentle  heat,  and  dissolve  in  a  small  quantity  of  water,  but  a  larger  qnanti^  ol  ^ 
separates  the  amyltartaric  acid  in  oily  drops.  (Brennlin.) 

The  amyltartrates,  C«H*M(0*K»)0«  and  C«H«M''(C»H")H>",  an  for  the 
part  soluble  in  water.    Most  of  diem  remain  unaltered  when  their  aqueous  solstioos 
are  boiled,  but  they  decompose  when  dried  at  100**. 

Amyltartrate  of  Barium^  prepared  by  saturation,  separates  from  its  oooeentnted 
solution,  in  colourless,  nacreous,  crystalline  laminae,  containing  CH'Ba''(OH")*0'. 
2H'0,  which  become  dull  when  dried  at  a  gentle  heat,  and  are  decomposed  at  100°. 
They  dissolve  in  alcohol,  and,  on  adding  water  to  the  solution,  the  anhydrous  salu 
C"H"Ba'(OH»)*0'*,  is  precipitated  in  white  amorphous  flake0.-The  ettkmm-tdt, 
C*H'Ca"(C'H")'0*',  likewise  obtained  by  neutralisation,  remains,  on  evaporating  it« 
solution  over  oil  of  vitriol,  as  a  friable  saline  mass,  which  dissolves  very  mdilT  la 
water,  and  is  not  decomposed  at  100^. — The  Uad-salt,  obtained  by  predpitsting  tU 
potassium-salt  with  acetate  of  lead,  appears  to  be  a  basic  salt — ^The  petatmim-M*f, 
obtained  by  decomposing  the  barium-salt  with  carbonate  of  potassium,  sepaiatas,  os 
evaporation  and  cooling,  as  a  white  crystalline  mass,  containing  C*H^K(C*H*')O*.H'0. 
It  is  sparingly  soluble  in  cold,  easily  in  boiling  water,  and  gives  off  its  water  of  ent- 
tallisation  at  100*^.— The  sodium-salt,  C*H*Na(C*H")0*,  prepared  in  like  Bwaiwr, 
separates,  by  evaporation  over  oil  of  vitriol,  in  soft,  nodular,  anhydrous  crystals.  -TV 
silver-salt,  (>H*Ag(C*H")0*,  separates  on  cooling  from  a  hot  concentrated  solntioo  pf 
the  potassium-salt  mixed  with  nitrate  of  silver,  in  tufts  of  needles  haying  an  sdamao* 
tine  lustre.  (B  r  e  u  n  1  i  n.) 

BthjUartarto  Aoid,   C«H»«0«  -  C*H»(C«H»)0« Tartrtthj^  at  Tartnmic 

Acid.  (Marian,  Trommsd.  J.  xiii.  2,  43. — Trommsdorff,  ibid.  jjot.  1,11.— 
Gu^rin-Varry,  Ann.  Ch.  Phys.  [2]  brii.  67.) — When  absolute  alcohol  is  boiled  for 
some  time  with  tartaric  acid,  and  the  liquid,  after  dilution  with  water,  saturated  vitb 
carbonate  of  barium,  insoluble  tartrate  of  barium  is  formed,  together  with  a  solaticii 
of  the  ethyltartrate,  which  is  deposited  in  crystals  on  concentrating  the  liquid.  Thii 
salt,  decomposed  with  an  equivalent  quantity  of  sulphuric  acid,  yields  ethyUartarieaoi 

This  acid  crystallises  in  elongated  prisms,  wiui  oblique  bases ;  it  is  eoloarlesa  io* 
odorous,  tastes  both  sweet  and  sour,  and  quickly  absorbs  moisture  from  the  air.  It  ii 
very  soluble  in  alcohol  and  in  ether.  Its  aqueous  solution  is  oompletdy  decomposf^ 
by  prolonged  boiling,  into  alcohol  and  tartaric  acid.  It  dissolves  line  and  ixtm,  wah 
evolution  of  hydrogen. 

Ethyltartonc  acid  is  decomposed,  by  diy  distillation,  into  alcohol,  watsi;  aertie 
ether,  acetic  acid,  ethylene-gas,  pyrotartaric  acid,  and  other  prodoctai — Niiric  sdi 
converts  it  into  acetic,  carbonic,  and  oxalic  acids. 

The  solution  of  ethyltartaric  acid  gives  no  precipitate  with  potash  or  Jorfs,  is 
whatever  proportion  the  alkali  may  be  added. — When  added  by  drone  to  baijft*  fMtir, 
it  forms  a  precipitate,  which  disappears,  with  the  exception  of  a  ui^t  tnrindity,  ai 
the  liquid  approaches   neutrality,   but  reappears  on  adding  an  ezet«a  of  thtr~ 

These  characters  distinguish  ethyltiirtaric  acid  from  tartaric  add.— With  " 

it  forms  a  precipitate  soluble  in  excess  of  the  acid. 
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The  ethyltartratea,  C^H«M(C»H»)0«  and  CHnr(CPWyO»  usually  emtalliae 
w«U;  they  are  unctuona  10  the  touch,  and  without  odour.  Almost  lUl  of  them  are 
vttj  soluble  in  water,  less  soluble  in  aloohoL  On  boiling  Uieir  solutions,  they  are 
resolved  into  alcohol  and  tartrates. 

The  ammonium'Mlt  is  obtained,  in  silky  fibres,  by  spontaneous  eTaporation  of  a  solu- 
tion of  the  acid  saturated  with  carbonate  of  ammonium. — The  potasHunt'Mli, 
C'H*K(C'H*)0'.  forms  colourless  rhombic  prisms,  usually  exhibiting  the  combination 
0Dth2  .  00^00  .  Poo.  P.  Axes  a:b:e  »  0*2870  :  1  :  0.4174.  Angle  oo^2  :  qo|^2 
(brach.)  -  120°  8;  oof2  :  oof  00  -  101^  6';  f  00  :  f  00  -  1340  41'.  Cleavage 
easy  parallel  to  ooF  00.  Its  aqueous  solution,  when  boiled,  deposits  add  tartrate  of 
pota.<«ium. — The  iodium^iaU  forms  laminas  sometimes  rhomboidal,  sometimes  recl- 
angiilar. 

The  barium-talt,  C5«H»Ba''(C«H»)K)".2H«0,  prepared  as  already  described  (p.  694), 
forms  beautiful  fim-shaped  groups  of  crystals,  apparently  belonging  to  the  trimetno 
system. 

The  ealeium-dolt,  C»H»Ca''(C»H»)*0'*.6H«0,  prepared  like  the  barium-salt,  forms 
rsrtaagular  prisms  or  lamine,  which  melt  in  their  water  of  eiyBtallisation  at  100®. 

The  cupric  salt,  G*H"Cu''rC>H*)*0>*  6HH),  obtained  by  dissolving  cupric  oxide  in  the 
aqueous  acid,  forms  blue,  silky,  efflorescent  needles. 

The  Uad-mUt  separates,  on  adding  ediyltartaric  add  to  acetate  of  lead,  in  small 
nacreous  prisms,  insoluble  in  excess  of  the  add. 

The  9ilver^9altf  C*H*Ag(C*H*)0*,  obtained  by  predpitation,  ciTStallises  in  prisms, 
■OBetimes  tumefied  in  the  middle.  It  is  slightly  soluble  in  cold  water,  and  may  be 
heated  to  100®  without  decomposition. 

The  Hne-^t  forms  groups  of  rectangular  prisms,  unctuous  to  the  touch. 

attjibraaotartturle  Aold,  C**Hi«0«  -  C'H'(C'HK))(C>H*)0<.  (Perkin, 
ChenoL  Soc  J.  xx.  142.) — ^Produced,  together  with  benzotartaric  add  and  other  pro- 
ducts, by  treating  a  dilute  alcoholic  solution  of  benzotartaric  ether  with  a  quantity  of 
dilute  alcoholic  potash,  not  suffident  to  resolve  it  completely  into  benzoic  and  tartaric 
adds  (p.  698).  On  gently  heating  the  resulting  liquid  to  expel  the  excess  of  alcohol, 
adding  water  to  separate  oily  products,  passing  the  solution  through  a  wet  filter,  addu- 
lating  with  hydrocnloric  add,  which  separates  an  oil  consisting  of  benzoic  and  ethyl- 
benaoic  adds,  together  with  a  little  neutral  oil.  smelling  like  benzoic  ether,  and  pladng 
the  dear  filtrate  in  a  vacuum  over  oil  of  vitriol,  ethvlbenzoic  acid  separates,  after  a 
few  days,  in  beautiful  tufts  of  hard  needles,  which  may  be  completely  purified  by 
vashing  with  water.    The  mother-liquor  contains  benzotartaric  acid  (p.  690). 

Ethylbenzotartaric  add  is  sparingly  soluble  in  water,  but  extremely  soluble  in 
akohol  and  ether,  and  is  deposited  from  its  alcoholic  or  ethereal  solution,  on  evapora- 
tion, in  fan-shaped  eroups  of  crystals.  Its  aqueous  solution  reddens  litmua*paper.  It 
is  easily  decomposed  by  potash,  and  its  salts  appear  to  be  rather  unstable. 

Kethyttartitfie  Add,  C«HK)*  -  C*H*(CH')0*.  Tartromethylie  Acid,  (Du- 
mas and  P^li^ot,  Ann.  Ch.  Phys.  [2]  Ixi.  200.--Guirin-Varry,  ibid.  bdi.  77. — 
Dumas  and  Piria,  ibid,  [3]  v.  873.) — Tartaric  acid  dissolves  m  methylic  more 
easily  than  in  ethylic  aloohoX  and  converts  it  with  greater  fadlitv  into  the  acid  ether. 
To  prepare  this  compound,  tartaric  acid  is  dissolved  m  an  equal  weight  of  methylio 
alcohol  at  the  boiling  heat ;  the  solution  is  evaporated  to  a  syrup  at  a  temperature 
below  100°;  the  syrup  left  to  evaporate  freely,  and  the  resulting  crystals  dried  in  a 
Tacuum. 

Methyltartaric  acid  crystallises  in  colourless  rectangular  prisms,  heavier  than 
water,  fusible,  inodorous,  but  having  an  acid  taste.  It  is  scarcely  altered  by  the 
moisture  of  the  air,  dissolves  very  easily  in  cold  water,  and  in  all  proportions  of  boil- 
ing water ;  is  easily  soluble  also  in  alcohol  and  wood-spirit,  but  insoluble  in  ether. 

The  aqueous  solution  of  methyltartaric  add,  when  boiled,  takes  up  1  at.  water, 
reprodudng  tartaric  add  and  methylic  alcohol.  The  crystals,  when  heated,  give  off 
water,  methylic  alcohol,  and  methylic  acetate,  together  with  other  products. 

The  aqueous  add  dissolves  sine  and  iron,  with  evolution  of  hydrogen.  With  baryta* 
water  and  UtM-^Boter  it  forms  predpitates,  soluble  in  a  slight  excess  of  the  acid.  It 
doae  not  predpitate  sulphate  of  potassium,  but  forms  a  pulverulent  precipitate  with 
acetate  0/ lead. 

The  metbyltartrates  are  converted,  by  boiling  their  aqueous  solutions,  into 
methylic  alcohol. — The  potassium-salt,  C^H'KO',  crystallises  in  right  rectangular 
wisms,  which  (according  to  Dumas  and  Piria)  are  anhydrous,  but  (according  to 
Gu^rin-Varry)  give  off  4*2  per  cent,  water  in  a  vacuum  over  oil  of  vitriol.  It  is 
Dnch  more  soluble  in  hot  than  in  cold  water. — The  sodium-salt  is  sparingly  soluble  in 
water,  and  separates,  as  a  granular  precipitate,  on  pouring  methyltartaric  add  into 
eMstic  soda-'The  barium-salt,  C^m^*BarO*\lVO  {?),  is  obtubed  by  saturating  a 
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solutioD  of  the  acid  in  methylic  alcohol  with  carbooate  of  bariam,  and  ciystalliaM,  by 
apontaneouB  eyaporation,  in  white  rectangular  prisniH,  much  more  soluble  in  hot  than  ii 
cold  water.  It  decomposes  at  about  160^,  yieloing  a  syrupy  alliaceous  liquid,  eoDtuii- 
ing  water,  methylic  alcohol,  methylic  acetate,  and  a  cryst^illisable  substance,  wfaidi 
may  be  obtained  from  it  by  eyaporation. — The  lead-salt  and  the  stfi«r-jatt  anobt^ud 
by  precipitation. 

Acids  isomeric  mth  MethyJtartaric  Acid, 

CiTR^TABTABio  Acm,  C*H'0*.  (Carius,  Ann.  Ch.  Pharm.  cxxix.  159;  Jahredb. 
1864,  p.  393.) — An  acid  produced  by  boiling  a  neutral  salt  of  chlorodtcamalie  add 
with  lyater  * 

C*H»K«C10»  +  HK)     »    Ka  +  C5»H»K0«. 

Chlorocitrama-  CitraUitrate. 

Ute. 

To  prepare  it,  a  solution  of  chlorocitramalate  of  barium*  is  repeatedly  eraporated  to  dir- 
ness,  with  excess  of  baryta.  On  carefully  decomposing  the  resulting  bajrium-sah  with 
dilute  sulphuric  acid,  evaporating  the  filtrate,  and  decolorising  wi£h  animal  charooal, 
eitratartaric  acid  is  obtained,  as  a  transparent,  amorphous,  deliquescent  mass,  which 
melts  aboTe  100^,  and  becomes  carbonised,  with  erolution  of  add  vapours. 

eitratartaric  acid  is  dibasic  Itn  potassium-'  and  ammanium'Salts  have  the  eonnxi* 
tion  G^HOPO* :  the  former  crystaUises  in  needles.  The  £rce  add  ia  predpitated  br 
acetate  of  lead ;  the  solutions  of  the  neutral  alkali-metal  salts  form,  with  lead-  and 
silver-salts,  precipitates  which  ore  soluble  both  in  the  free  add  and  in  ezoess  of  tbt 
alkaline  salt ;  no  precipitate  with  chloride  of  barium,  caldum,  copper,  or  nne.  Citn- 
tartaric  add  reduces  an  ammoniacal  silver-solution  at  the  boiling  heat^  and  pravnti 
the  precipitation  of  ferric  oxide  by  alkalis. 

Citratartrate  of  barium  contains  C*H«Ba''0«;  the  neutral  lead-salt,  C»H*Pb"0*; 
the  basic  lead-salt,  C*H«Pb''0«.Pb*0. 

Dibasic  acids  having  the  same  composition,  and  perhaps  identical  with  the  prr- 


ceding,  are  produced : — a.  By  the  reduction  of  oxalic  ether  with  sodium-amakaan,  tin 
pasty  amaleam  being  covered  with  alcohol  of  80  per  cent.,  and  the  oxaue  ether 
gradually  added.f    This  add,  Lowig's  glycomalic  acid,  is  uncrystallisable,  Imt its 
acid  barium-salt  may  be  obtained  in  crystals.  (Lowig,  Jahresb.  1862,  p.  311.) 
fi.  By  the  action  of  silver-oxide  on  dibromopyrotartaric  acid  (iv.  774) : 

C»H«Br«0*  +  Ag«0  +  H«0  -  2AgBr  +   C*HH>«. 

The  acid  thus  produced  (homotartaric  acid)  is  very  soluble  in  water,  and  tU 
syrupy  solution  yields  crystals  after  long  standing.  Its  salts  are  almost  all  sofaibls  is 
water.— The  neutral  barium-salt,  C*H<'Ba''0*  (at  150°),  is  insoluble  in  akofaoL 
(Eekul6,  Ann.  Ch.  Pharm.  Suppl  i.  346;  Lehrbuch,  ii.  213.) 

y.  Tartaric  Ethers  containing  Polyatomic  Aleokol'radicles^ 

These  ethers  are  formed  by  heating  tartaric  add,  in  various  propoitioBS.  vith 
glycerin,  mannite,  dulcite,  pinite,  glucose,  &c.  Their  composition  and  propeitMt 
have  already  been  described.  See  Ethkbs  (ii.  621,522);  Glu€X>80TAKT!AB>c  Acd 
(ii.  872) ;  Gltcebotastabic  Acids  (ii  893). 

TA&TASZV.    Native  sulphate  of  potassium,  also  called  ArkanOa  and  GUsmtL 

TA&TA&1T8.  A  general  pharmaceutical  name  for  salts  of  tartaric  add : — 7^ 
tarus  ai/.moniatus  is  ammonio-potassic  tartrate. — T.  boraxatus,  or  tartATiwed  bom,  it 
the  gumujy  salt  obtained  by  evaporating  a  mixture  of  1  pt.  borax  and  3  pta.  umm  d 
tartar  (p.  687). — T.  chalybeatus  is  potassio-ferric  tartrate. — T,  emetk 
antimonious  tartrate. — T.  {ferratus  or  ftrruffinosus),  T.  kaiico-ferriems^  and  71 
or  martiutus,  are  various  preparations  containing  ferric  tartrate. — T. 
acetate  of  potassium. — T.  solubilis :  neutral  tartrate  of  potassium. — T, 
moniacalia :  ammonio-potassic  tartrate. — T.  stibiatus :  tartar-emetic. — 71 
neutral  t^irtrate  of  potassium. — T.  vitriolatus:  sulphate  of  potassium. — 71 
aridim  :  acid  sulphate  of  potassium. 

TAST&aXiZC  ACZB.    Syn.  with  Ditastabic  Acid  (p.  691). 

TASTRAMSTBAn.     Ethylic  tartramate. 


*  This  mU  ii  prepared  by  treating  a  cold  lolutinn  of  dtraconate  of  baHum  wttb 
produced  by  pa»ilng  chlorine  into  water  containing  mercurou*  oxide  in  suq»eoaloo.  ('Jahrartw  VUk  ^ 

t  The  reduction  of  ethylic  oxalate  by  ■odium-amalgain,  under  different 
carbonic  or  detoxaiic  acid,  C^H*0*  (p.  40). 


ids  of  c&lciom,  uid  adding  alcohol.  It  u  ven  lolnble  in  water,  inwilubl*  in 
ud  tanaa  kige  urFshednl  ajRal*,  erataiiimg  C*H'*Ca'N<0i>.6Em.  lu 
lizcd  with  tcMmU  nf  Irad  and  ■—■"""■■'.  yislda  s  pndpibkto,  omnitiiig  of  > 
M&,  (?IPPVSK)»—Thebaninnalt,  C'H"Ba'N'0'*.8HK),  tbmu  crjatallJM 
ieh  gire  otTbalf  their  water  at  100.° — Tbt/maeid,  Mpantsd  £mn  tlu  cal- 
bj  BDlpharic  acid,  ia  sjnipf.    (Qrote.) 

'.€  Tarlratnale,  Tarlramie  Elkir,  at  Tartramttkant,  i«  obtaiiKd 
lion  of  alcoholic  unmoiiin  on  tsrtaric  ether.  When  omtioiuly  tmtMl  vith 
jieldj  tartramic  acid.  Ammonia  coaverta  it  into  tartniaide.  (DamoD- 
mfL  rend.  miii.  229.) 

■I.I*ttTttAKIO,  or  TiETBiKILIC  AoiD,  C'E'iNO*  -  C'HtCH'jNO*. 

Ann.  Ch.  Fbaim.  iciii.  352;  Jalinab.  ISfifi,  p.  47T.>— This  compoiu>d  it 
ij  boilinc  tartranil  with  ugneona  ammonia.  On  evaporatjii^  the  ezceaa  of 
It  a  geDtlB  heat,  adding  an  exceu  of  baiyta-water,  decompoaing  tba  wuhad 
I  viu  anlpbnrie  acid,  and  fllUriog,  iJie  tartraDilic  acid  separatee  in  light 
maaaea  and  ihining  lamina,  which  may  be  rendervd  coIodtIsm  by  treatment 
•lehaRoeJ. 

ilk  add  ii  Ter^  aolntile  in  loater  and  in  almltol,  leaa  Bohibli>  in  tthtr ;  it  melta  at 
deoompoaee  with  lou  of  wstsr. — Ila  ammoHiujii-Kdl  remaina,  on  cTspoiuien, 
ffloreacent,  auilj  aolnble,  cryaCalline  maaa.  The  aqneoiu  acid  it  not  pncifri- 
navntCT-,  BTen  on  addition  of  ammonia;  baton  addition  of  potoah,  a  cluadineaa 
d,  and  a  preeipitjite  on  bailing ;  nsither  ia  the  aqneona  acid  precipitated  b^ 
/  bariuiit  or  caJcami,  even  on  addition  of  ammunia;  wilii  oaryia-waUT  il 
>pio<u  pmcipitalj?,  and  with/rrrte  chloride,  a  yellow  nrecipitate. 
tilati  of  Barium,  C"H'*Ba"N'0",  ia  moderately  goluble  in  boiling  water,  aut 
•  in  ihining  apangU*. — The  tUntr-idt,  C"H"AgNO*,  is  a  white  somewhat 


.0- 


CH1TO'  -  C«HXNH')"0*  -  (CHWjBJJj;    (Demon- 

1  tU. — Paatenr,  Compt.  rend.  »xit.  178. — Qrote,  fee.  rii.)— Produced  by 

17  BmmoniH-gaa  into  an  alcoholic  eolntion  of  taMarie  ether.  It  nsnnlly  crys- 
om  pure  watar  in  bolohedial  ciyalala ;  but  if  a  few  dropa  of  aramonia  ara 
tin  not  eolation,  the  eryitala  depoaited  on  cooling  exhibit  hemibedrsl  facea, 
'  fttlly  dcTsloped.  Ita  anlntion  eihibita  deitfo-  or  InTO-cotation,  according 
A  of  tartaric  acid  from  which  it  baa  been  prepared.  Both  nuietJea  unite 
mrj  acliTe  malaaidi,  forming  componnda  which  have  the  aame  mmpotition, 
in  ciyataUine  form  and  in  eolability,  the  compound  containing  iKTOtutn- 
ig  Dinch  more  aolnble  than  the  other.      (Paeteur.) 
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C*H«((>H"N)0«  -  2HH)     -     C"fl»NO*. 
Add  tartratt  of  TuUutiL 

aniline. 

Boiling  wat«r  ^Molres  out  the  tartmnil ;  the  brovn  r««idu»  difledlTfs  ia  boiliif 
ftlcohol ;  and  the  eolation,  on  cooling,  dApoeite  dyetole  of  tArtimnilide. 

Tartranilide  oyitaUiBee  in  oolourieee,  nscreons,  slender,  interiaced  needles,  insohibla 
in  water,  slightly  soluble  in  ether,  moderately  solable  in  akoboL  It  may  be  hasttd 
to  260^  without  decomposition,  melts  and  decomposes  at  a  higher  temperature,  but  bj 
carefVil  heating  to  somewhat  below  its  meltixig-point,  it  may  be  sublimed  in  shining 
laminae.  It  is  not  altered  by  boiling  with  alkaline  solutions.  It  is  dissolTed  vith 
difficulty  by  hot  hydrochloiic  add,  with  partial  deoomposition  by  nitric  aeid,  esfldly 
by  sulphuric  acid. 


:0  AOIBfe    Syn.  with  Axtlt^btabic  Acid  (p.  694). 
8yn.  with  TusirrvtAxraiMiDB  (k^fira), 
TUMMIMOa  AOm*    Syn  with  JhaaxTmASfOLUBO  Ackd  (pw  697). 
TAmTmunUBB.    870.  with  PmDm^TiJBTBuaDB  (p.  697). 
TA&TKAVaSf    See  Tabtabio  Acid  (p.  676). 

Soluble  tartaric  anhydride  (p.  691). 
A,OXDm    Syn.  with  £hsTLTASTABio  Acid  (p.  6t4). 

C^«NO*  -  (C*H«0«)rV^  -  C«H\NH*)0«(acidainmoBhiai- 

tartrate)  —  SHK). — ^This  compound  has  not  been  obtained ;  but  phenvltart.rimide  or 
tartranil,  C**H*NO«  -  C«H*(0«H*)NO«,  is  produced,  ss  above  described,  together 
with  tartranilide,  by  the  dehydration  of  tartrate  of  aniline.  It  may  be  purified  bj 
rncrystallisation  and  treatment  with  animal  charcoal,  and  separates,  on  cooling  fron 
hot  solutions,  as  a  white  granular  powder,  or  in  nacreous  lunm».  It  dissolyes  easily 
in  water  and  in  alcohol,  sparingly  in  ether.  It  may  be  heated  to  somewhat  abora 
200^  without  decomposition  (3ie  ffranular  variety  becoming  crystalline,  and  partly 
volatilising  as  a  wooUy  sublimated  but  melts,  and  decomposes  at  230°.  It  is  tasteleo^ 
but  reddens  litmus-paper  distinctly.    (Arppe,  loc,  cU,) 

TJkBTROO&TCBBZO  ACXB.    Syn.  with  OurcavBOTABTABio  Acm  (ii.  898). 

AOZB.    Syn.  with  MarHTLTABTABio  Acm  (p.  696). 

CH^O*.  (Dessaignes,  Compt.  rend,  xzjdv.  731; 
zzzviii.  44.) — ^A  dibasic  acid,  produced  by  the  roontaneous  decomposition  of  nitrotar- 
taric  acid  (p.  690) ;  also,  acooraing  to  Bae  yer  (Jahresb.  1864,  p.  641),  by  the  action 
of  sodium-amalgam  on  mesozakc  add,  0*6*0*  (iii.  932).  It  crystallises  in  rather 
large  prisms,  which  melt  at  160°,  and  decompose  with  formation  of  glycoUide 
(ii.  919) : 

C»H«0*    -    CHW  +  00«  +  H*0. 

The  tartronates  of  the  alkaH-metals  are  soluble  in  water:  the  oM  ommonwm^i 
erystallises  in  prisms :  the  silver-salt  contains  C*H*Ag*0*. — The  aaueous  add  forms 
predpitates  with  argentic,  plumbic,  and  mercurous  ults,  and  witn  the  acetates  of 
Wium,  caldum,  and  copper. 

VAMTMOmmXC  ACIB.    Syn.  with  Ethtt.tabtabto  Acm  (p.  694). 
C«H*0*.— Thexadide  of  tartaric  add. 
Syn.  with  Tartaric  Acm. 

TASMAWXTB.  A  fossil  resin  occurring,  in  small  scales  or  plates,  between  the 
layers  of  a  rock  containing  alumina  and  ferric  oxide,  occurring  on  the  M«saey  Biver  in 
Tasmania.  The  resin,  which  forms  from  80  to  40  per  cent  of  the  entire  deposit,  is 
translucent  and  reddish-brown,  has  a  specific  ^vity  of  1*18,  hardness  b  3,  and  a 
conchoidal  fracture.  It  is  not  dissolved  by  alkalis,  slcohol,  ether,  carbonic  disulphide^ 
benzene,  or  other  hydrocarbons.  It  is  aloid^ozidised  by  nitric  add,  with  formatioa  of 
sulphuric  add ;  oil  of  vitriol  chars  it,  and  eliminates  sulphydric  add.  By  dry  distilla- 
tion, it  yields  oily  and  solid  products,  smelling  like  Oanadian  p«'troleunu  It  boms 
readily  in  the  air,  with  a  smoky  flame  and  offensive  odour.  It  ^ves  by  analysis  (after 
deduction  of  8  to  12  per  cent,  ash,  consisting  of  silica,  alumina,  and  a  little  feoie 
oxide),  79*34  per  cent,  carbon,  10*41  hydipgen,  5*32  sulphur,  and  4*94  oxygen,  agreeing 
nearly  with  the  formuUi  0**H**0*8.    (Ohurch,  PhiL  Mag.  [4]  xxviii.  465.) 

TAlJini'8«8&A.Tab  A  day-slate  oceuiring  in  the  Taunus  range  in  Westen 
(Germany.      It  has  a  grey  to  violet,  colour,  and  dlky  iridescent  lustre,  and  eoa- 


TAURINE.  699 

taiu  Mpcita  or  danunirite  (p.  236).  A  similar  formatioD  ocean  at  GoUnita  in 
Hongiii/. 

TAVBXra.  0*H^SO*. — ^A  iMatral  eryitallisable  substance  obtained  from  bile, 
and  resulting  from  the  transformation  of  taorocholic  acid  under  the  influence  of  acids 
or  of  alkalis : 

C"H«»NSO»  +  HK)     -     (^H'NSO*  +  C"H"0». 

Taurocholiie  Taurine.  Cholic 

Mid.  Mtd. 

It  was  discovered  in  1826  by  L.  Om  eli n  (Tiedemann  u.  Gmelin,  Die  Verdauunff,  i.  43, 
60),  who  obtained  it  from  oz-bile ;  it  may  also  be  prepared  from  the  bile  of  most  other 
animals  —from  all  kinds  of  bile,  indeed,  which  contam  taurocholic  acid  (St  reck  er,  Ann. 
Ch.  I'harm.  Ixv.  132  ;  Ixirii.  34 ;  zci.  101). — It  is  nerer  found  in  the  free  state  in  healthy 
bile,  or  indeed  in  any  other  of  the  healthy  secretions,  at  least  in  the  higher  animals; 
but  it  often  occurs  in  diseased  bile  taken  from  the  dead  body,  especially  when  the  bile 
has  an  acid  reacrion.  It  is  found  also  in  certain  molluscs  Valenciennes  and 
Fr^my,  Oompt.  rend.  xlL  735) ;  in  the  muscles  of  the  oyster,  which  dose  the  shell ;  in 
the  blood  of  the  shark  ;  in  the  liver,  spleen,  and  kidneys  of  the  ray  (Stadeler  and 
Frerichs);  in  the  pulmonary  tissue  of  oxen,  and  sometimes  in  the  kidneys  (Cloetta, 
Ann.  Ch.   Pharm.  xcix.    289).    It   has  been   especially  studied   by  Demar9ay 

iAnn.  Ch.  Pharm.  xxvii.  286),  by  Dumas  and  Pelouze  (ibid,  xxvii.  292),  and  by 
tedtenbacher  {ibid.  Ivii.  170),  who  first  showed  that  it  contains  sulphur. 
According  to  the  formula  above  given,  which  was  established  by  Redtenbachert 

taurina  is  isomeric  with  acid  sulphite  of  vinyl-ammonium,  -^-°^A^  ^   [  ^^»  *^  ^  '^ 

lated  to  isethionic  acid  in  the  same  manner  as  alanine  to  lactic  acid : 

C"H»(NH*)0«    -  HK)     -    C«H'NO«. 

liictatP  of  AUniiMi 

ammoniuBi. 

C«fl*(NH*)SO*  -  HH)     -     C«H*NSO«, 
Isethionate  of  Tuirint. 

anmoninm. 

In  aeeozdance  with  this  last  relation,  Strecker  has  shown  that  it  may  be  produced  from 
isethionate  of  ammonium  by  elimination  of  water,  and  an  improved  method  of  preparing 
It  from  isethionic  acid  has  recently  been  given  by  Kolbe.  (Ann.  Ch.  Pharm.  cxxii, 
13.) 

PreparaHoH. — 1.  From  Bile.-  Ox-bile  ^which  is  the  kind  most  easily  obtained  in 
qmntity)  is  mixed  with  hydrochloric  acia,  and  the  liquid  filtered  from  the  resulting 
precipitate  is  evaporated  down  at  the  boiling  heat,  till  it  has  separated  into  a  viscous 
icwnous  deposit  and  a  clear  watery  liquid.  The  latter  is  poured  off,  the  resin 
linaed  with  water,  and  the  united  liquids  concentrated.  On  cooling,  they  deposit  a 
large  quantity  of  common  salt,  together  with  crystals  of  taurine,  which  must  be  picked 
out  and  purified  by  rvHnrystallisation. 

Taurine  is  aim  easily  prepared  from  putrid  bile.  The  bile,  mixed  with  a  considera- 
ble quantity  of  water,  is  exposed  for  about  three  weeks  to  a  summer  tempejature,  till  it 
aequires  a  distinct  acid  reaction.  It  is  then  precipitated  with  acetic  acid ;  the  filtered 
liquid  is  evaporated ;  the  residue  treated  with  strong  alcohol ;  and  the  taurine,  which 
remains  undissolved,  is  ciystallif*ed  from  boiling  water  (Gorup-Besanez,  Ann.  Ch. 
Pharm.  lix.  ISO).  As  taurine  may  be  decomposed  by  prolonged  contact  with  ferments, 
it  is  important  not  to  allow  the  putrefaction  to  go  on  too  long. 

2.  From  hethUmic  Add, — a.  Isethionate  of  ammonium  is  heated  for  some  tims  to 
210^.  till  it  becomes  solid ;  the  residue  is  dissolved  in  water;  and  the  solution  mixed 
with  a  small  quantity  of  alcohol,  which  throws  down  a  brownish  substance  ;  then  with  & 
laxger  quantity,  which  precipitates  taurine  (Strecker).  The  product  thus  obtained 
is  genenlly  small,  the  greater  part  of  the  taurine  suffering  further  decomposition. 

$.  Dry  pulverised  isethionate  of  potassium  is  mixed  in  a  retort  with  2}  times  its  weight 
«f  phosphoric  pentachloride.  The  mixture  immediately  becomes  warm,  and  gives  ofiP 
hyarochloric  acid  and  phosphoric  oxychloride,  after  wnich,  on  applying  heat,  chlor- 
fChylsttlphuric  chloride,  C'^H^SOKJP,  distils  over,  together  with  more  oxychloride.  Thess 
two  Bubatances  are  separated  by  fractional  distillation,  and  the  chlorethylsulphurie 
chloride,  which  passes  over  at  about  200*^,  is  decomposed  by  prolonged  heating  with 
vaur  in  sealed  tubes,  into  hydrochloric  and  chlorethylsulphurie  acids.  The  rtsalting 
•ohitios  is  neutzalised  with  ammonia,  and  the  salt  left  on  eva{)oratiog  it  over  the 
water-bath,  is  heated  for  some  time  to  100°  in  closed  vessels  with  excess  of  strong 
ftqneous  ammonia^  whereby  taurine  is  produced,  together  with  sal-ammoni«ic.  The 
free  ammonia  is  then  evaporated  off;  tho  liquid  heated  with  hydrate  of  lead  as  long  as 
fBi|noni»  oontinuep  tu  escape ;  and  the  filtrate,  freed  from  lead  by  sulphuretted  hydrogen, 
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18  ooncentnted  by  evaporation :  it  then,  on  cooling,  rields  o^^stals  of  pun  tnam 
(Ko  1  be).    The  series  of  reactions  is  represented  by  the  following  eqaatioos:— 

c^«so*  +  2Pci»  -  c«H<so«a*  +  2Poa»  ^  2Ha 

iMChioolc  Cbloretbrl- 

acid.  tulphuric 

chloride. 

CPH^SOKJl*  +  H«0     -  Ha  +  C«H»C1S0». 

Chloretbvl-  ChUtmtt.jX^ 

•ulphurtiD  fulphuilc 

chlorid«L  actd. 

C«H»C180»  +  NH«    -  Ha  +  C«H7»80«. 

CblurethvU  Taurine, 

•ttlphano 
acid. 

Properties, — Taurine  forms  laige,  transparent,  monodinie  crystals,  having  » 
vitreous  lustre,  and  usually  exhibiting  the  combination  ooP  .  ooPoo  .  -I-P  .  ->P, 
like/y  301  (ii.  165),  also  with  oP  and  other  feces.  Axes  a:b:e  »  1*4648  : 1 : 
0 06648.  Angle  b:e  -  86®  22';  ooP  :  oot  (orthod.)  -  68®  32';  oP  :  obP  - 
87°;  +P:  -•- P  (dinod.)  -  137®  30';  -P  :  -P  (clinod.)  -  139^44'.  TheoyB- 
tals  grate  between  the  teeth,  and  have  a  pungent  taste ;  they  are  neutral  to  vege- 
table colours,  and  permanent  at  100^,  but  melt  and  carbonise  at  a  higher  temperatue. 
By  dry  distillation,  they  yield  a  brown  empyreumatic  oil,  together  with  a  yellow 
slightly  add  liquid,  which  contains  an  ammoniacal  salt»  and  reddens  ferric  chloride 
(acetate  of  ammonium  ?). 

Taurine  is  more  soluole  in  hot  than  in  cold  water ;  1  pt.  dissolTes  in  16-5  pts. 
water  at  12^.  It  is  nearly  insoluble  in  absolute  alcohol — Strong  eulpkurie  and  mtrk 
acids  dissolve  it ;  but  it  is  not  decomposed  by  nitric  or  by  nitromuriatic  add,  even  at 
the  boiling  heat,  or  by  dry  chlorine. — Nitrous  acid  converts  it  into  isethionic  acid, 
with  evolution  of  nitrogen  (Gib be,  Sill.  Am.  J.  [2J,  xxy.  80).  Its  aqueous  solution 
is  uot  predpitated  by  salts  of  copper,  mercury,  or  silver. — ^Melted  with  caustic  poUuk, 
it  yiQloB  a  residue,  which,  when  treated  with  dilute  sulphuric  add,  gives  off  sulphydric 
and  sulphurous  acids,  and  yields  a  deposit  of  sulphur.  If  evaporated  slowly  with 
caustic  potash,  it  gives  up  all  its  ammonia  at  a  certain  stage,  without  blackening ; 
and  the  cooled  residue,  if  then  treated  with  sulphuric  add,  gives  off  sulphurous  acid, 
without  sulphydric  add  or  deposition  of  sulphur,  and  yields  by  distillation  a  znixtoie 
of  acetic  ana  sulphurous  adds. 

TJLWIMOTTMm  A  variety  of  ferrous  sulphate,  found  on  the  WindgSUe,  m  the 
Canton  Uri,  Switzerland ;  it  has  the  compoddon  of  ordinary  green  vitriol,  but  forms 
orthorhombic  ciystals,  like  those  of  magnedum-sulphata 

TAUSOCBXVOCBO&XO  AOZB.  A  sulphuretted  add  contained  in  goose  • 
bile.  It  has  not  been  obtained  quite  pure,  but,  acrording  toHeintz  and  W  islicenos 
(Pogg.  Ann.  cviii.  647),  it  consists  of  C''H**NSO',  differing  therefore  in  oompositioB 
from  taurocholic  acid,  and,  when  boiled  with  baiyta-water,  yields  chenocholic  acki, 
CH*H)\  homologous  with  hyocholic  add,  G*H^\  Chenocnolio  acid  is  insoluble 
in  water,  soluble  in  alcohol  and  ether,  and  separates  from  solution  mostly  as  an 
amorphous  mass,  rarely  in  indistinct  crystals.  Its  solution  has  an  add  reaction,  and 
eives,  with  sugar  and  sulphuric  add,  the  blood-red  coloration  characteristic  ot  the 
biliaiy  aada.^-lts  bariunC^aU,  O*H''Ba"0*,  is  insoluble  in  water  and  in  ether,  but 
soluble  in  absolute  alcohoL — Thepotassium'Sait  dissdvet  eedly  in  watar  and  in  alcohol, 
but  not  in  dilute  potash-ley. 

VAVmooSO&ZC  AOZB.  C*«H«^SO'.  Choleh  Aeid,  StOphoekoMe  Jcid. 
rStrecker,  Ann.  Oi.  Pharm.  Ixvii.  80;  Izx.  169. — ^Lieberknhn  and  Heintz, 
iiekrbueh  der  Zoochrmie^  p.  867. — ^Hoppe,  Arch.  Path.  Anat  xr.  126.— OoStta  and 
Vulpian,  N.  Jahrb.  Pharm.  vii.  106.— J.  Parke,  Bull.  Soc  Oum.  1866,  ii.  242.)— 
An  add  occurring  as  a  sodium-salt  in  the  bile  of  most  animals.  In  the  bile  of  serpents 
(BoOt  Pytkon),  and  in  that  of  the  dog,  it  occurs  free  from  glycocholic  add ;  in  that  of 
ishes  (PteuronecteSt  Crodust  Esox,  Perca)^  and  of  the  sheep,  wolf,  goat,  and  domeetie 
fowl,  mixed  with  only  a  small  quantity,  and  in  that  of  the  ox,  wiUi  a  laxge  quand^ 
of  glycocholic  acid. 

Taurocholic  acid  may  be  prepared  frx>m  dogfs  bile,  by  evaporating  the  decolorised 
alcoholic  extract  of  the  bile;  digesting  the  residue  with  a  small  quanti^  of  absolute 
alcohol,  and  adding  ether,  which  predpitatesthe  alkaline  taurocholate  in  the  crystalline 
state ;  mixing  the  aqueous  solution  of  this  salt  with  acetate  of  lead  and  a  bttle  am- 
monia ;  exhausting  tne  washed  ^redpitate  with  boiling  alcohol ;  and  saturating  the 
hot  filtered  liquid  with  sulphydric  add  gas.  On  evaporating  the  filtered  liquid  to  a 
small  bulk,  and  precipitating  with  excess  of  ether,  tne  syrupy  precipitate  aolidifies, 
after  some  time,  into  a  mass  of  fine  silky  needlf«  of  pure  taurocholic  add.  which  in 
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contact  with  the  air  qaickljr  changes  to  an  amorphous  transparent  mass  (Parke). 
Tanrocholic  acid  may  be  prepared  from  bile  containing  also  elycocholic  acid,  by 
first  precipitating  the  latter  with  basic  acetate  of  lead,  and  Sirowing  down  the 
tauroeholio  acid  finom  the  filtrate  by  adding  more  basic  acetate  of  lead  and  ammonia. 
(Heintz.) 

Taurocholic  acid  is  easily  soluble  in  water  and  in  alcohol,  less  soluble  in  ether ;  it 
bos  a  sweetish  taste,  with  somewhat  bitter  aftertaste.  It  acts  upon  polarised  light,  ita 
specific  rotatory  power  being  +  24*9**  for  red,  and  +  26*3°  for  yellow  light  (Hoppe- 
Sey  ler).  In  the  dry  state,  it  may  be  heated  considerably  above  100^  without  decom- 
position (Parke);  but  when  boiled  with  water,  or  with  alkalis^  it  is  resolTed  into 
taurine  and  cholic  add : 

C«H«»NSO»  +   H«0  =  C«H»NSO«  +  C««H"0*. 

By  boiling  with  acids,  it  is  resolved  into  taurine  and  dyslysin.  (?*E?H^,  together  with 
other  products : 

C»H*»NSO'  =  C'H'NSO"  +  C«*H"0«  +  H»0. 

Tanrocholates. — Taurocholic  acid  is  monobasic  The  taurocholates  of  the 
•Ikali-metals  are  easily  soluble  in  water  and  in  alcohol,  but  insoluble  in  ether,  which 
precipitates  them  from  their  alcoholic  solutions  as  pasty  masses  changing  into  crystals 
on  standing.  The  aqueous  solutions  of  the  alkaline  taurocholates  froth  like  soap- 
water,  and  deposit  the  dissolved  salt  on  addition  of  caustic  potash.  They  give  no 
precipitate  with  acetic  acid,  dilute  mineral  acids,  or  neutral  acetate  of  lesd. — Btuie 
oeetaU  of  had  throws  down  white  flocks,  soluble  in  boiling  water,  and  in  excess  of 
Ihe  lead-solution ;  on  adding  a  few  drops  of  ammonia,  a  more  abundant  precipitate  is 
formed. — Ferric  chloride  princes  a  precipitate  easily  soluble  in  excess.  No  turbidity 
is  pfTodoced  by  nitrate  of  silver  or  by  mercuric  cliloride. — Mercuroue  nitrate  and 
eta/tmouM  chloride  throw  down  white  flocks.  The  solutions  give  no  precipitate  with 
aoetata  of  barium,  strontium,  calcium,  magnesium,  or  copper. 

TauroehoUUe  of  Barium  is  obtained,  by  dissolving  taurocholic  acid  in  baryta-water, 
•vijxMniting,  dissolving  in  alcohol,  and  precipitating  with  ether,  as  a  resinous  mass, 
which  qiii(Sly  solidifles  m  the  crystalline  form. 

TkurochoUUe  of  Lead, — ^The  precipitate  formed  by  basic  acetate  of  lead  in  the 
solution  of  an  alkaline  taurochoJate  contains  62  at  carbon  to  2^  at.  lead. 

Ikntroeholate  of  Potaaeium,  C*^«^KNSO^  is  contained  in  fish-bile,  together  with 
l^ycocbolate  uf  sodium.  To  obtain  it  pure,  the  bile  is  first  precipitated  by  neutral 
•oeCate  of  lead;  then  the  filtrate  by  basic  acetate  of  lead  and  ammonia;  the  pre- 
cipitate ia  decomposed  by  carbonate  of  potassium ;  and  the  solution  is  mixed  with 
strong  potash-ley,  wliich  precipitates  the  taurocholate  of  potassium.  For  further  pu- 
rification, it  is  dissolved  in  absolute  alcohol ;  carbonic  acid  gas  is  passed  into  the 
solution ;  the  liquid  is  filtered  f^m  the  carbonate  of  potassium  which  separates ;  and 
the  taurocholate  is  precipitated  by  ether.  It  then  separates  in  colourless  needles, 
gronped  like  crystals  of  waveUite. 

T^aurochfjfate  of  Sodium^  C^H^^NaNSO',  is  one  of  the  chief  constituents  of  ox-bile. 
It  zesembless  the  potassium-salt. 

TAiniT&ZC  ACZB.  C'H"0'.  (Stadeler,  Ann.  Ch.  Pharm.  Ixxvii.  17.)— A 
eosDpound  obtained,  together  with  phenol,  from  cows',  horses*,  and  human  urine.  It 
Mpears  to  be  isomeric  with  anisol,  benzylic  alcohol,  and  cresol — ^perhaps  identical 
vith  the  latter ;  but  its  composition  is  not  precisely  known,  as  it  has  never  been 
eosDpletely  separated  fron  phenuL 

To  extract  it,  cows'  urine  is  boiled  with  lime,  and  the  decanted  liquid  is  evaporated 
to  an  eighth  of  its  bulk ;  supersaturated  when  cold  with  hydrochloric  acid ;  left  to 
stand  for  twenty-four  houre  :  and  then  distilled,  after  separation  of  the  hippuric  acid 
deposited  from  it.  The  distillate,  which  contains  thick  greenish  oily  drops  having  a 
disagreeable  odour,  is  mixed  with  a  weighed  quantity  of  potassium-hydnite  and 
teetifled  (whereupon  it  gives  off,  together  with  ammonia,  a  neutral  nitrogenous  oil 
heavier  than  water,  and  having  the  odour  of  rosemiiry) ;  the  residue  is  mixed  with  a 
quantity  of  sulphuric  acid  sufficient  to  neutralise  ^ths  of  the  pot.a8h,  and  distiilud,  as 
joog  as  the  distillate  is  precipitated  bv  basic  acetate  of  lea<l ;  tiiis  distillate,  which 
sm^ls  of  phenol,  is  repeatedly  rectifiea  over  common  salt,  till  only  a  small  quantity 
of  watery  liquid  remams  mixed  with  it,  then  repeatedly  agitated  with  carbonate  of 
sodium  (to  remove  damolic  and  damaluric  acids,  li.  301),  and  exhausted  with  ether; 
the  ethereal  solution  is  evaporated ;  the  residue  distilled,  first  with  strong  potash-ley 
to  volatilise  neutral  oil,  and  then  with  acid  carbouatv  of  potassium ;  and  this  last  oily 
distillate  is  dried  over  chloride  of  calcium  and  rectified,  oil  containing  water  then 
ling  over  at  180^  pure  oil  between  185°  and  195°,  and  brownish  oil  at  200<^. 

The  liquid  which  passes  over  between  185^  and  195^,  is  a  mixture  of  taurylic  and 
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phetiic  acids.  It  is  a  colourless  oil,  which  smeUs  like  castoremn,  mnains  liquid  it 
18^,  and  makes  a  white  spot  upon  the  skin.  With  an  equal  Tolome  of  Hraog 
sulphuric  acid,  it  solidifies  to  a  dendritic  mass,  the  mother-liqiior  of  whidi  eoauint 
phenylsulphuric  acid.    When  boiled  with  nitrie  acid,  it  yields  a  nitro-aeid. 

TAVTOC&ZITB.  Breithaupt's  name  for  a  fermginous  bitter  spaf ,  from  Fmbtn: 
containing,  according  to  Ettling  (Ann.  Ch.  Pharm.  zcix.  204),  49*07  per  cenL CaOO*, 
83-28  M^0»,  14-89  FeCO«,  and  209  MnO»  («  99-38). 

TAUTO&ITB.  A  mineral  allied  to  bucklandite,  but  regarded  bj  Breithanpt 
as  a  distinct  species,  occurring  in  the  Tolcanic  rocks  at  Lake  Laach,  near  AnderDacfa. 
It  is  opaque,  black,  with  vitreous  lustre,  and  crystallised  like  bucklandite :  hardnc« 
r=  6*5;  specific  gravity  »  3-865.  It  appears  to  consist  mainly  of  the  silicates  of  fe^ 
rosum,  magnesium,  and  aluminium. 

TAMXMm  A  resinous  substance  obtained  from  the  leaves  of  the  yew-tree  ( Tsjii 
baccata),  by  treatment  with  alcohol  and  tartaric  acid,  two  pounds  of  the  leaves  yi^Uiai 
3  grains  of  taxin.  It  is  slightly  soluble  in  water,  dissolves  eaeilv  in  alcohol,  ether,  »U 
dilute  acids,  and  is  precipitated  from  the  acid  solutions  by  alkalis  in  white  bulkj 
flocks.  It  is  not  precipitated  by  tannic  acid  or  tincture  of  iodine.  Strong  snlplrahe 
acid  dissolves  it,  with  purple-red  colour.    (Lucas,  Arch.  Pharm.  [2],  Ixzxv.  145.) 

TATUTXV.  An  amorphous,  purgative,  bitter  substance,  contained  in  the  root  d 
Titano»perma  jxcifolia^  Mart.,  a  chmbing  cucurbitaceous  plants  indigenous  in  BnuiL 
(Peckolt,  Arch.  Pharm.  [2],  cxiii.  104.) 

TCBA-&AV.  A  blue  powder,  containing  copper,  used  by  the  Chineae  fat  pro* 
ducing  blue  colours  on  porcelain.  (Ebelmen  and  Salv^tat,  Ann.  Ch.  Fl^  [2], 
zzxv.  338.) 

TCBrVOVaXi-S  AXBSar.  A  kind  of  caoutchouc,  leas  elastie  tfaan  the  oidinuj 
kind.  It  is  said  to  flow  from  incisions  in  the  stem  of  a  tree  enltiratad  in  Kaidiiti^ 
and  to  harden  in  the  air  {Handw,  d.  Chent,  viii.  625). 

raA.  Thi,  Thee.  Folia  thea.—The  dried  leavee  of  the  tea-plant»  71m  mieMtk 
This  plant  is  indigenous  and  extensively  cultivated  in  China,  Japan,  and  the  noithen 
parts  of  the  eastern  peninsula  of  India,  and  has  been  introduced  more  or  leas  wottm 
fuUy  into  British  India  on  the  southern  declivities  of  the  Himalayaa,  Java,  the  Kusg 
Mountains  in  Western  Africa,  Brazil,  Madeira,  and  other  countries  of  warm  and  tem- 
perate climates ;  it  appears,  indeed,  to  be  capable  of  flourishing  in  all  latitudes  betwMi 
0^  and  40°.  It  was  formerly  supposed  that  there  were  two  species  of  the  tea-pUn^ 
Thea  viridia,  yielding  green,  and  7%ea  Bohea,  yielding  black  tea ;  but  it  appeal^  fa«i 
the  recent  observations  of  Mr.  Fortune,*  that  either  green  or  black  tea  may  be  ohiBDil 
at  pleasure  from  the  same  plant. 

Green  tea  is  prepared  from  the  young  leaves,  which,  within  an  hour  or  two  aft* 
they  have  been  gathered,  are  roasted  in  pans  over  a  brisk  wood-fire.  After  Ibar  m 
five  minutes*  roasting,  the  leaves  become  flaccid,  and  are  rolled  by  the  hands  i^poaa 
wooden  table ;  they  are  then  again  thrown  into  the  diying-pana,  where  they  art  kf^ 
in  rapid  motion,  and  in  about  an  hour,  or  an  hour  and  a  half,  are  completely  dried. 

Black  tea  is  allowed  to  lie  in  heaps  for  ten  or  twelve  hours  after  the  leaves  Ivit 
been  gathered ;  they  are  then  tossed  about  for  some  time,  till  they  became  flaccid.  At 
this  stage  they  begin  to  emit  a  fragrant  smell ;  they  are  next  rolled  in  balls,  with  tbt 
hand,  upon  a  wooden  table,  and  a  large  quantity  of  liquid  is  expressed  from  tbm : 
after  which  they  are  shaken  out,  roasted  for  a  few  minutes, '  again  xoUed,  and,  viiilit 
still  flaccid,  are  exposed  to  the  air  for  some  hours  upon  shallow  bamboo  trayi:  tldf 
alternate  heating  and  rolling  is  repeated  three  or  four  times,  and  finally,  the  leans  aiv 
dri*d  slowlv  over  charcoal  fires.  A  species  of  fermentation  appears  to  oeenr  dariof: 
the  drying  of  the  leaf,  in  consequence  of  which  a  development  of  essential  oO  tikis 
place,  by  which  the  agreeable  aroma  is  occasioned :  this  aroma  is  wanting  in  the  fmi 
le^f.  The  change  of  the  leaf  from  green  to  black  is  mainly  due  to  chemical  altsntioef 
produced  by  the  oxygen  of  the  air  upon  the  constituents  of  the  leaf,  and  espsdaHy 
upon  the  astringent  principle — this  change  being  prevented  in  gvsen  tea  by  the  npM 
process  of  drying  to  which  it  is  subjected. 

Many  kinds  of  green  tea,  intende<)  for  the  European  market,  are  coloured  by  dodif 
them  with  a  finely-pulverised  mixture  of  prussian-blue  and  gypsum,  tnmezie  bmf 
al80  sometimes  added ;  but  the  Chinese  never  colour  tea  intended  for  tlMV  i 
Tens  for  the  foreign  market  are  also  frequently  perfumed  with  various 
flowers —as  roses,  jasmine,  orange.  Gardenia  florida^  Olea  fragran»^  te. 

Tea  is  subjected  to  numerous  adulterations.    It  is  often  mixed  with  firfooi  kini 

I  ^'  ^^.'^  ^^*  Districts  of  China  and  India,**  by  R.  Fortiiue  (3rd  rdltkm.  Loodoo,  Jolw  MSmv.  VK), 
>•  »sO  J  II.  237. 
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(ts  thoM  of  the  elm,  willow,  doe,  fte.^  dried  and  prepared  liko  trae  tea-learcs ;  or  it  ia 
mixed,  during  the  colouring  prucees  aboTo  mentioned,  with  graphite,  talc,  &c  In 
■one  instnncee,  preparations  of  copper  have  actually  been  need  to  gire  a  green  colour 
to  tea  (Gnnther,  J.  pr.  Chem.  x.  279. — ^Warington,Chem.  Gas.  1852,  p.  238). — 
A  kind  of  adulteration,  which  has  been  much  practised  in  this  country,  is  the  work- 
ing up  of  spent  tea-leaycs,  which  are  prepared  in  tlie  Chinese  fashion,  so  as  to  resemble 
black  and  green  tea.  Sometimes  also  products  are  sent  into  the  market  as  tea,  or 
mixed  in  considerable  quantities  with  various  kinds  of  tea,  which  do  not  consist  of 
tea-leaves  at  all,  but  are  artificial  mixtures,  made  out  of  tea-dust,  sand,  and  dirt  of 
various  kinds,  united  together  with  paste.  A  substance  of  this  kind  is  prepared  in 
China,  and  called  by  the  Chinese  "Lie-tea,"  by  the  English  " gum  and  dust. 

Chemical  ConstUtUum  of  Tea, — The  most  mipcrtant  constituents  of  tea  are,  an 
essential  oil,  to  which  it  owes  its  peculiar  aroma ;  two  nitrogenised  bodies,  vis.,  theine 
or  caffeine,  and  legumin  ;  and  a  peculiar  astringent  substance,  or  tannin. 

Mulder  (Ann.  Ch.  Pharm.  xxviii.  314)  anndysed  four  kinds  of  tea,  from  China  and 
JaTa.  He  found  the  proportion  of  water  in  all  of  tbem  nearly  the  same,  whereas 
P^ligot  {ibid,  xlvii.  358)  found  the  average  amount  of  water  equal  to  10  per  cent. 
io  gvasii  tea»  and  8  per  cent,  in  black  : — 

Composition  qf  Dried  lea,    (Mulder.) 

ChloeM  Tes.  Java  Tai« 

Green  Bladi  Green  Black 

(Hyton).        (Confro).  (Hyion).  (Cooffo). 


Volatile  oil       .        .        .  079  0.60  0*98  0-05 

Ohkirophyll      • 

Wax 

Resin 


Gim       •       • 
Tannin  • 

Theine  • 

JSztractiTe  lEatter 


2-22  1-84  8*24  128 

0-28  .     .  0*32 


2-22  8*64  1-64  2*44 

8*56  7*28  12*20  1108 

17*80  12*88  17*56  14*80 

0*48  0*46  0-60  0*65 


22*80  19*88  21*68  18*64 

deposit*           .        .      .  1*48  .    .  1*64 

Extracted  by  hydrochloric  add  23*60  19*12  20*36  18*24 

Albnmiii  (?  legomin)        .          8*00  2*80              3*64  1*28 

Woody  fibre     .        .        .        17*08  28*82  18*20  27*00 

•          g'^g  5*24              4-76  5*36 

104*34  104*04  105*18  103*06 

Therolatile  oil  of  tea  is  obtained  either  by  distillation,  or  by  extraction  with 
It  ia  lemon-yellow,  lighter  than  water,  easily  solidifies,  resinises  quickly  on 
ayyaie  to  the  air,  and  possesses  in  a  high  degree  the  smeU  and  taste  of  tea.  It  has  a 
poweaftd  stimulating  action,  and  in  rather  large  quantities  produces  giddiness  and 
headadie:  in  combination  with  tannin,  however,  it  produces  (according  to  Mulder) 
auolj  %  diuretic  and  sudorific  action. 

The  ptoperties  of  theine,  and  the  methods  of  extracting  it  from  tea,  have  aln>ady 
WcB  deaenbed  under  Caffeucx  (i.  707).  The  following  are  the  proportions  of  it  in 
nrioua  Unds  of  tea,  as  determined  by  Stenhouse  (Ann.  Ch.  Pharm.  xlv.  366; 
xlfi  227 ;  Ixxxix.  245 ;  cil.  126)  :— 

Green  Hyson  tea  oontaina  1*05  per  cent,  theine. 

Black  Congo  „  102  „ 

y,     Assam  ,,  1*37  „ 

Cheap  green  Twankay  n  0*98 

Cheap  black  Bohea  m  0*70 

Black  tea  (average)  f  n  200 

TIm  nme  „  2*13 

Black  Kuraaoa  tea  (Himalayas)       «  1*9 

P  All  got  (Ann.  Ch.  Pharm  xlvii.  361)  found  in   Hyium  tea  2*40  and  2*56  per  cent. 
in  a  mixture  of  equal  parts  of  Gunjiovoder^  Hyson,  Caper,  and  Kaieow  tea,  2*70  ; 
^wmdtr  tea,  3*5  and 4*1  per  rent,  and  by  a  more  eomplpte  method  of  extraction 
^^I  per  eeaL,  of  which  3*84  crystallised  out  from  the  concentrated  solution,  and  2*37 
—  «e  obtained  from  the  mother-liquor  by  precipitation  with  tannic  acid. 

The  proportion  of  nitrogen  in  tea,  dried  at  100^,  is  (according  to  Peligot) 
~'ekoe  tea  6*58,  Gunpowder  6*  1 5,  Souchong  6*15,  and  Assam  6*  1 0  per  cent.  The  aqueous 
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laxtnwtiTenatter,  according  to  War  in  f(t  on  (Ann.  Ch.  PhArni.  Izxzi.  233). 

f  Graham,  Stonhoune. andCampbitl  I  (Chem.  Soc.  Qii.  J.  tx.  33). 
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extract  of  1 00  pts.  dried  Gunpowder  tea  yielded  4*30 ;  of  green  Sooehoog,  4'70  per  fnit 
nitrogen.  The  leaves,  exhausted  by  hot  water,  contained,  when  dried,  4*6^  per  etiiL 
(Souchong)  and  4.40  per  cent  (Gunpowder)  nitrogen.  The  exhausted  Imtcs  eootuo 
CHMein  (legumin),  combined  witti  tannin  in  the  form  of  a  compound  insohible  in  min, 
which  may,  however,  be  rendered  soluble  by  addition  of  alkaLu  According  to  Peligot'i 
d<>t<^rrainations — 

100  pts.  of  Gunpowder  tea  contain : 

Water    .        .        .    10>     „-  •  .  ^  JVolatile  oQ .        .        .      0* 
Extract.        .        .    47  { '^*'^''*^  J  Theine         .  .      6-0 

Exhausted  leaves   .    43  ^         L^gumin      •        •        .12* 

100 


100  pts.  Souchong  tea  contain : 

Water  .  .  .  8?^„.  .  .  „  jVolatili 
Extract.  .  .  48{~^'""^  jTheine 
Exhausted  leaves    •  _49  „ 

Too 


Volatile  oil  • 
Theine  • 
Legumin     • 


0*5 

6-0 

14-0 


In  the  way  in  which  tf«  is  generally  used,  namely,  as  a  watery  infbaion,  the  Isf^nii 
remains  in  the  spent  leaves  which  are  thrown  away ;  but  among  the  Mongols  and  otbir 
tribes  of  Central  and  Northern  Asia,  tea  is  used  more  as  an  article  of  food  than  asanm 
Wverage.  These  people  make  use  of  a  product  called  brick-tea,  prepared  in  China  fiiMD  li- 
fe rior  teas,  and  from  the  stalks  and  other  reftise  of  the  better  sorts,  whidi  are  cofUfntmi 
into  cakes,  either  alone,  or  more  frequently  with  addition  of  sheep'a  or  bullock's  Uooi 
These  cakes  are  pounded  and  boiled  with  water  containing  eoromon  salt,  eaiboaati  of 
potassium,  or  other  alkaline  salt  ^to  dissolve  the  legumin),  and  the  wholeb  mixed  vitk 
fat  and  flour,  is  consumed  as  a  thin  broth. 

The  tannin  of  tea-leaves  is  commonly  said  to  be  identica]  with  gaUotaDoieaal 
Stenhouse,  however,  regards  it  as  a  peculiar  kind  of  tannin  distinct  fttxn  the  httar;  h 
tinds  also  that  it  is  associated  in  tea-leaves  with  a  small  quantity  of  gallic  aod.  i^ 
cording  to  R.  Wagner  also,  all  tannins  occurring  in  healthy  vegetable  oigiaf  ut 
essentially  distinct  from  those  which,  like  gallotannic  add,  are  fouind  only  in  <&HiKd 
tissues  like  gall-nuts  (see  Taksic  Acid,  p.  660).  The  tannin  of  tea-lesTSi  fiodMai  i 
blue-black  precipitate  with  iron-salts. 

The  proportion  of  ash  in  unadulterated  commercial  tea  varies  from  4*73  to  M pv 
cent. ;  in  adulterated  tea  it  is  often  much  larger ;  in  some  of  the  Chinese  **  lie^CMAt* 
Warington  found  from  34  to  46'6  per  cent.  ash.  The  ash  of  tea  is  eapedally  die:i>' 
guished  by  its  large  amounts  of  iron  and  manganese.  Fleitmann  (Liebig^s  Otemurit 
irie/e,  4te  Aufl.  ii.  182)  found  in  an  infusion  of  70  grms.  of  Pekoe  tea,  0*104  g^ 
ferric  oxide,  and  0*20  grm.  maneanous  oxide.*  Lehmann  found  in  the  ash  of  Ua^ifi- 
sion  0*7  per  cent,  manganic  oxide. 

The  following  are  analyses  of  tea-ash:  a  and  b  of  **  Somehomff,"  hj  Spooorr; 
c,  "  OoUmg,"  by  Tevis :  d,  "  Young  Hyaon^  by  Hague ;  e,  ••  Ning  Yommg^  by  HoB*;t 
/,  dry  aqueous  extract  of  tea,  by  Lehxnann  X : — 


c 

b. 

c 

A 

€• 

/ 

Aih  per  cent,  of  dry  lubatance. 

5-48 

6-11 

614 

§•94 

4-7J 

IMI 

100  pts.  of  ash  contain : 

• 

Na«0 

25*46 

1-70 

4000 

9.26 

12-88 

W 

K«0 

3-70 

44-96 

12-38 

83-95 

28-38 

47-44 

MgO. 

9-59 

8-41 

617 

6-79 

•    • 

«-84 

CaO  . 

11-36 

8-77 

7-68 

817 

8-39 

1-J4 

FeW 

8-42 

6-80 

718 

4-75 

19-31 

J!f 

Mn»0«       . 

•         • 

•     . 

•    . 

•     • 

•         • 

o-ri 

P'O*. 

1262 

11-46 

8-26 

16-54 

17*44 

H4 

S0«  . 

1014 

6-96 

8-27 

4-89 

4-76 

r»t 

SiO»  . 

1604 

8-79 

7-81 

10-89 

5-59 

Wl 

C0«  . 

•     • 

•        • 

•    • 

•     • 

•    • 

1<M» 

NaCl 

2-40 

2-15 

2-25 

4-66 

3-85 

Hi 

99-73 

10000 

10000 

100-00 

lOOHMI 

99-U 

•  There  m\\%\  be  «ome  error  In  thene  numbern. 

t  The  aiialyiei  a—e  were  made  under  Honford't  direction  (8111.  Am.  J  [?],  «<.  !•»>.    Tbe 
Tnriatiuns  in  the  proportiunn  of  potash  and  aoda  are  probabij  du«  tu  defectiwe  aaaljM^ 
X  LieiHg'n  Chrmiscke  Hri^f,He  Aufl.  ii.  182. 
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Tlie  [diyautlogical  KctioD  of  Irs,  whsD  uwd  u  ui  iufiuioii,  depcods  chieAj  on  ths 
thuoc,  wHDtiai  oil,  tannin,  and  inorguih:  conscituvDta.  Id  gananl,  it  nuv  ba  laid 
thmt  t«a  acts  upon  the  ncrTow  q'Btem:  trhon  tsken  in  modBrate  quantitf,  it  heighlvna 
tlia  aetiTi^  of  the  biain,  aceelsiating  tlie  fiov  of  thought,  uid  pmactng  a  pleamrable 
Bwntkl  adtement;  in  eieru  it  oecaaiona  aleBplemDMs  and  nnnnnMa,  which  maj 
■mount  to  aoxietj,  tiembling,  apaanodic  attacka,  &c.  It,  inoreoTer,  inneaara  tba 
Mtion  of  tha  haait,  the  excretion  of  area,  the  perapitatioa  by  the  akin,  Kod  the 
pariatAltie  motion  of  the  inteatines  (Liebig,  CAtmiMche  Bri^e,  ioc,  clL),  Lehmann 
yLrkri.  d.  fkytiolog.  Chintie,  i.  161)  also  foond  tbe  eicreCioD  of  urea  increaa«  after 
tnkipKtca;  Bocker,  en  the  other  hand  (AjcMt.  f.  wias.  Heilk.  1863,  i.  S),  fband  it 
diminiahnd.  FonJiar  and  more  extended  expenat«nta  are  reqntrpd  to  decide  vfapthor 
tbe  Qt«  of  Ira  ad'eleralea  or  rclnrda  the  change  of  tiiaue  in  the  orgnoism.  (See  Knapp'a 
CitMitcit  Tecknohgit,  1848,  iu  84.) 

TBAX.  Tcctotia  graudit. — The  irood  of  thia  tree,  which  gmwa  in  tbr  South  of 
India  and  other  tropical  coootries,  frequantlj  eibibita  crack*  sod  cavittea  of  con- 
aiderable  sitPDt,  liscii  with  a  white  crjitalliae  depoiil,  coniiatiug  chieflj  of  hydro- 
calcic  ottbophuaphace,  Ca'HPO'.H'O,  witb  about  ll'4peT  cent,  ammooio-mngneeian 
phocphatc.     (Ab<-I,  Chem.  Soc.  Qn.  J.  XT.  91.) 

TKAX*.     Seo  SuuiDs  Flcids  (p.  230). 

TBOTZXZTS.  A  bmwn  miseral,  anppoaed  to  be  a  hjdmled  f^rrona  aulphatp, 
OCcnniDg  at  Scbwarvnberg  in  Saxon;,  and  at  Brinnsdorffin  the  ETxgfbicve,  in  nnall 
pjT'aiBi'^  ^"^  acicular  dystala,  and  maanTe.  Hardneea  —  I '6  to  2.  It  ia  raaiJj 
■olable  in  wst«r,  and  attmcta  mMstiue  readilj.    (Dana,  ii.  gSS.) 

TStriVMA.     See  Teak. 

TMSl'a.  (Voo  Bibia,  Chem.  Untjsnucb.  iiber  die  Knochen  d.  Zahna,  1B44. 
FiJmy,  Ann.  Ch.  Phya,  [S]  iliii.  47-— Hoppe,  Viroh.  Areh.  v.  170;  hit.  18.)— 
— The  typical  mamnulian  tooth  conaistB  nf  cUntinf,  mamtl,  and  ctmeM,  or  erutlm 
jirfi  1 11  Under  the  microacope,  a  thin  aection  of  dentine  preeeuta  the  appeaiBDce  of  > 
■nmbv  of  flue  tnbnlea,  following  a  wavy  but  npHrly  panillal  conrae  fram  the  poJp- 
•sTily  towajdn  the  eiterinr  of  tbe  tooth  ;  theae  tubulca  giTa  off  minute  btanchea  tTom 
thair  ndra,  and,  aa  they  approach  the  periphery,  rapidly  subdivide.  Enamal  aeems  to 
1m  made  up  of  short  prismntia  fitirei,  while  cement  diflbn  fpjta  bone  chiefly  in  the 
ftbaeoce  of  HaTersian  canala.  Among  the  diSereat  kinds  of  animals,  Tei;  great 
vaiiationa  is  tbe  anangemimt  and  celatire  pmpottion  of  these  three  coDatituenla  Br« 
«faa(Trab1e,  and  the  t«etli  of  anma  of  the  lower  Tertabrata  present  apecial  modiRcationa 
of  tissue  known  by  the  oames  of  vtaodattine,  &c.  &«. 

E!ach  of  tbeie  ointal  tisaaee  consiets,  like  bone,  of  certuD  inorganio  matters  united 
(ia  a  definite  ratio,  there  ii  renaon  to  betieTe)  with  an  oi^nic  basis.  In  ctTiKKt  the 
npnic  baaia  ia  identical  with  that  of  bone.  The  greater  part  of  the  organic  matter 
af  dentine  ia  atao  reaolTed  by  prolonged  boilins  into  gelatin,  but  tbe  proper  walb  of 
tha  dentinal  tubulea  appeara  to  be  compoaea  of  a  material  which  cannot  be  to 
MsolTod.  The  organic  basis  of  the  enamel  does  not  yield  gelatin,  but  uema  rather 
to  ba  allied  to  llie  rhamical  basis  of  epithelium. 

Tha  proportion  of  inorganic  to  organic  material,  and  the  composition  of  tbe  former, 
will  readily  h«  seen  from  the  following  analyses.  Zsleaky  (Hoppe-Seyler,  Uuter- 
SDch.  i.  p.  41)  found  in  the  aah  of  the  enamel  of  foasil  rhinoceroa- tooth  '£92  per  cenL 


iU6 


TEETH. 


ComjMtratiw  Analytu  of  Teeth  and  parts  of  2MI  qf  fforioui  Animaia,    (Yob  Bibrk) 


1 

Phot- 

\ 

1 

pbateof 
calcium 

C«ltK>- 

Pboi- 

Tool 

Talal 

and 

Datn  of 

pbate  of 

Salta. 

inorga- 
nic 
matter. 

Fat. 

orfMic 

fluoride 
or  cal- 

calcium. 

magne- 
aium. 

aMUtr. 

Enamel: 

cium. 

i 

1 

Woman,  molar   . 

.  (27)» 

81-63 

8-88 

2-66 

•97 

94  03 

iraoe 

5-97 

Man,  molar 

.  (28) 

89-82 

4-37 

1-34 

•88 

96-41 

•20 

S  69  \ 

Wolf,  molar 

.  (21) 

87-82 

1-21 

110 

-83 

90-96 

9iH 

Fox,  molar 

.  (24) 

88-24 

1-72 

120 

•75 

91-91 

8-09 

Lion,  canine 

.  (26) 

83-33 

2-94 

3-70 

•64 

90-61 

939 

Bear,  canine 

•  (26) 

84-38 

2-20 

6-01 

•77 

9336 

6-64 

Seal,  canme 

.  (17) 

86-60 

1-94 

100 

.63 

89-17 

10-83 

Horse,  molar 

.(11) 

89-01 

119 

1-96 

•60 

92-76 

•19 

7-2d  1 

Ox,  incisor 

.   (6) 

83-77 

7-00 

1-32 

•61 

92-70 

•07 

7-30  1 

Dentine : 

Woman,  molar  . 

.(27) 

67*64 

7-97 

2-49 

100 

7900 

•68 

21-00 

Man,  molar 

.  (28) 

66-72 

3-36 

1-08 

.83 

71-99 

•40 

2b-0I 

Wolf,  molar 

.  (21) 

68-81 

104 

•97 

•80 

71-62 

•73 

2838 

Fox,  molar 

.  (24) 

71-84 

-90 

•99 

•78 

7461 

-40 

2649 

Lion,  canine 

.(26) 
.  (26) 

60-03 

3.00 

4-21 

•77 

6801 

-42 

31-99 

Bear,  canine 

64-88 

1-34 

6-40 

-80 

73-42 

-82 

26  58. 

Seal,  canine 

.  (17) 

68-46 

1-09 

•97 

•78 

71-30 

-43 

28-70 

Elephant  ( Indian),  tu8k(  14) 

38-48 

6-63 

12-01 

•70 

66-82 

•24 

48-18 

t»         • 

.  (16) 

46'48 

3-86 

7-84 

•77 

68  96 

•84 

41-U5 

Dolphin     . 

.  (16) 

66-37 

1-84 

1-36 

•99 

70-66 

82 

29-44  1 

Boar,  task. 

.(13) 

60-00 

2-61 

6-43 

•43 

69-37 

•13 

30-83  1 

Horse,  molar 

.  (10) 

61-28 

608 

1-76 

•74 

69-85 

•88 

30-14' 

Ox,  incisor 

.    (6) 

68-33 

7-39 

•97 

•76 

67-44 

•62 

sim; 

Goat,  incisor 

.    (3) 

6304 

2-83 

1-70 

•93 

68-60 

•60 

81-60' 

Stag,  molar        • 

.    (2) 

63-61 

3-99 

372 

•68 

71-80 

•80 

28-20 

Crocodile  . 

.(29) 

63-47 

633 

10-76 

136 

7191 

•77 

28-09' 

1 

Crusta  Petroea  : 

1 
1 

Dolphin     .        • 

.(16) 

69-42 

1*79 

147 

•93 

78-61 

•66 

28-39 

Ox,  incisor 

.    (6) 

68*00 

7-22 

•99 

•73 

66-94 

•96 

33-06 

Crocodile  . 

• 

63-39 

6-29 

9-99 

142 

7109 

•76 

28-91: 

Whole  teeth: 

Saw-fish    . 

.(SO) 

61-99 

8-64 

1-70 

1-81 

6914 

1-88 

3(^86 

Pike  . 

.(31) 

63-98 

2-64 

•73 

•97 

68-22 

118 

8178 

Black  fish . 

.(32) 

69-94 

9-01 

200 

1-77 

7272 

248 

27« 

Plaice 

.(S3) 

67-20 

1-34 

•88 

182    61-24 

•09 

38-78 

• 

The  flguref  1 

D  parentl 

beaea  are  Von  Bib 

ra'a  numbera. 

1 
1 

Silica, 

Pho«o 

Fluo- 

Carbo- 

Sol- 

Pboe- 
phate 

of  mag. 

nesium. 

iron, 
ahi. 

Orf»-  ; 

pbateof 

ride  of 

nate  of 

pbateof 

chkfSlB 
of  cald- 

•icH*.; 

calcium. 

calcium. 

calcium. 

calcium. 

ataM».l 

1 

Foeea  teeth: 

ttm,&c. 

1 

Rhinoceros  tichorhinus :      | 

Upper  molar : 

Enamel     • 

•         • 

8311 

4*14 

7-66 

•95 

•78 

•M 

l-Vt 

Dentine     . 

a                 • 

64-66 

3-09 

12-80 

•        • 

•80 

6-68 

2803 

Elf  phas  primigeniuB,  molar . 

62-83 

416 

14-99 

•        • 

211 

•82 

16-61  > 

»i                »» 

n        • 

68-43 

3-72 

15-46 

9             • 

134 

1-91 

9-14' 

Cave  Bear,  molar 

.          . 

64-03 

2-61 

1-46 

•              • 

8-26 

•80 

23-43! 

Fish,  acrodue 

•            1 

•     . 

9  -01) 
8  -01 J 

1-80 

•             • 

•62 

6-60 

817 

Fijih  from  chalk 

.     . 

9-11 

•             • 

•46 

14-89 

•54 

(I^)j 
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A  resin  found  in  fossil  pino-stems  in  the  bogs  of  Holtegaaid  in 
Denmark.  It  cnrstallises  in  large  prisms,  melting  at  46^,  insolable  in  water,  slightly 
•olnble  in  alcohol,  yery  soluble  in  ether.  It  distils  without  alteration  near  the  boiling- 
point  of  mercury.  Chlorine  converts  it  into  a  crystalline  substance.  Nitric  acid 
transforms  it  into  oxalic  acid  and  a  brown,  resin,  apparently  containing  nitrogen.  It 
gave,  as  the  mean  of  four  analyses,  87*17  percent-,  carbon  and  12*84  hydrogen,  agreeing 
approximately  with  the  formula  9iC*H'.    (Forch hammer,  Ann.  Ch.  Pharm.  xli.  39.) 


VMMULM8XX  or  TWOUMBCIW,  A  product  formed,  according  to  Rochleder  (J.  pr. 
Chem.  Ixxxrii  22),  by  the  action  of  aqueous  acids  or  alkalis  on  argyraBsoin,  aphrodae- 
•cin,  and  escinic  acid,  constituents  of  the  cotyledons  of  horse-chestnut  seeds  (iii.  172). 

TBUntTTBSZV.  A  product  of  the  decomposition  of  orsellinic  ether  (iv.  236), 
formed,  according  to  Kane  (Ann.  Ch.  Pharm.  xxxix.  36),  when  the  ether  dissolved  in 
hot  water  is  exposed  to  the  air  for  several  months ;  it  is  probably  a  mixture,  chiefly 
ermsisting  of  orcin  and  erythmmannite. 

Syn.  witb  Corunduk  (ii.  86). 

See  Amtl,  Tsllxtbibb  op  (i.  206). 

See  Tellurrtm,  Oxmss  amd  Oxtobn-aciimi  of. 

See  Ethtl,  Tklluridb  op  (ii  660). 

JkCX2>.    H*Te.    See  Htdhoobk,  Tklluridb  of  (iii.  204). 

See  Tellurium,  Oxidbs  ako  Oxtobm-acids  of. 

See  Tblluridbs. 

Native  tellurous  oxide. 

See  Tblluridbs. 


TBS. 


and  TBIAinUi Y  JISATB8.  Compounds  analogous  to  the 
■nlphides  and  sulphydrates,  and  to  the  selenides  and  selenhydrates.  The  tellurides 
b4»long  to  the  dass  of  metallie  alloys :  those  of  bismuth,  gold,  lead,  and  silver  are 
found  native ;  the  others  may  be  obtained  by  fusing  the  respective  metals  with  tellu- 
rium,  or  (in  the  wet  way)  by  precipitating  solutions  of  the  metals  with  tellurhydric  acid 
or  an  alkaline  tellurhydrate.  The  tellurides  of  potassium  and  sodium  are  prepared  by 
heating  powdered  tellurium  with  an  alkaline  carbonate  containing  finely-divided 
ehanoal — ^black  flux,  for  instance.  The  access  of  air  to  the  mass  must  be  prevented 
till  it  is  quite  cold,  on  account  of  its  highly  pyrophoric  nature.  It  may  then  be  ex- 
hausted with  water,  in  which  the  alkaline  tellurides  dissolve,  being  probably  converted 
into  telluriiydrates.  They  may  also  be  formed  by  passing  tellurhydnc  acid  gas  through 
■olutions  of  caustic  alkali.  Tellurhydrate  solutions  have  a  portwine-colour,  and  de- 
posit tellurium  on  exposure  to  the  air. 

TMtaiide  of  BiBmutl&.~This  alloy  occurs  native  in  several  localities,  forming 
the  mineral  called  Telluric  Bismuth,  Tetradymite,  or  BamiU.  Some  specimens  contain 
only  bismuth  and  tellurium,  but  generally  the  tellurium  is  partly  replaced  by  sulphur 
and  sdenium.  It  forms  crystals  bclon^ng  to  the  hexagonal  system,  namely  acute 
ifaombohedrons,  having  the  angles  of  the  terminal  edges  «»  66°  40',  combined  (accord- 
ing to  Haidinger)  with  the  basal  face  oR,  and  aggregated  in  cruciform  groups  of 
four  individuals.  It  cleaves  perfectly  parallel  to  the  base,  and  thin  laminae  are  more 
or  leas  flexible,  also  somewhat  elastic  The  mineral  likewise  occurs  in  granulo-lami- 
nar  maaaeo.  Hardness  ■*  1  to  2.  Specific  gravity  ■*  7*2  to  7*9.  Before  the  blow- 
pipe it  melts  with  tolerable  facility,  coating  the  charcoal  with  a  yellow  and  white 
oepooit,  the  reaction  varying  in  character  according  to  the  proportion  of  sulphur  or 
idlenium  prosent.    It  dissolves  in  nitric  and  in  sulphuric  acid. 

The  variations  in  composition  of  this  mineral  will  be  seen  from  the  following 
inalyaea*: — 


Vir 

Klnia. 
nth. 

Georgia. 

N.  Carolina. 

Cumberland 

G« 

Genth. 

Jackion. 

Genth. 

Rammeliberg. 

Bismnih 
Tellurium 
Solpbnr 
SeUninm 

68-0 
48-2 

•    • 
■    • 

63-8 
470 

•    • 
trace 

61-6 
49-8 

•     • 

46-1 
0-3 

•         • 

60-8 
48-2 

.     . 
trace 

60-97 
47-26 

.    . 
trace 

791 
18-0 

•         • 

1-2 

61-3 

83-8 

6-2 

trace 

84-33 
6-78 
6-43 

101-2  Il00'8 

1 

101-3 

•         • 

990 

98-22 

98-3 

100-3 

97-49 

•  Berselint,  Pogg.  Ann.  i.  271— Dam  our,  Ann.  Ch.  Phyi.  [3]  xiii.  372 — Genth,  Sill.  Am.  J» 
rn  xvl  81:  zi&.  l&.-nflruschauer  J.  pr.  Ch^m.  x\r.  45— Jackson,  Sill.  Am.  J.  [i]  tI.  10S| 
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fkhouUKau  in  Hungmiy. 

Pilsen  in 
Hungary. 
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Webrle. 

Barseliut. 

Hrusduaer. 

Wehrle. 

DsDioor. 

Bismuth      •        •        • 
Tellurium    •        • 
Sulphur       •        •        • 
Seleuium     •        •        • 

600 

84-6 

4-8 

•    • 

58-3 

360 

4-8 

•     • 

59-2 

86-8 

4-6 

•     • 

611 

29-7 

2*8 

•     • 

791 
16*9 

8*n 

1-6  { 

78-4 
15-6 

4-6 

99-4 

98-6 

99-6 

931 

99-6 

98-5 

The  great  variatious  iu  the  proportion  of  tellurium  to  bismuth,  and  the  fact  thattbe 
crystalfine  forms  of  the  mineral  and  its  two  constituents  belong  to  the  same  systfm 
(bismuth,  rhombohedral ;  tellurium,  hexagonal),  lead  to  the  conclusion  that  it  is  nu  & 
definite  compound,  but  an  isomorphous  mixture  of  tellurium  and  bismuth.  It  must 
be  observed,  however,  that  many  of  the  analyses — namely,  those  by  Oenth  of  th« 
specimens  from  Virginia  and  Georgia,  which  contain  no. sulphur  and  little  nr  no 
selenium — agree  nearly  with  the  formula  Bi^e*  (requiring  59*9  percent,  bismuth, sad 
48*1  tellurium) ;  and  that  those  by  Berzelius,  Wehrle,  and  Hruschauer  may  be  ivpr»* 
sented  approximately  by  Bi'Te*S. 

Telluride  of  €k>ld  and  BilTer.    See  Stlvanitx  (p.  647). 

TeUuride  of  Bydroflren.    See  Htdbooen,  Tbllvbidb  of  (iii.  204). 

TeUurido  of  Xioad,  PbTe.  AltaiU,  Cubic  DeUurHm.—ThJM  miiMnl 
occurs  in  the  mine  of  Savodinskoi,  near  Bamaotd  in  the  Altai,  usuallr  maashra,  with 
cubic  cleavage,  rarely  in  cubic  crystals.  It  has  a  metallic  lustre  and  tin-white  cdoar, 
like  that  of  native  antimony.  Hardness  -»  3  to  3*5.  Specific  gravity  ■■  8*159. 
Sectile.  Before  the  blowpipe  it  volatilises  in  the  reducing  flame,  leavinff  onlva  mioato 
bead  of  silver,  and  colours  the  flame  blue.  It  is  soluble  in  nitric  acid.  It  eontaiBs 
38*37  per  cent  tellurium,  60*36  lead,  and  1*28  silver  (G-.  Rose,  Pogg.  Ann.  xviii.  68), 
and  is  therefore  PbTe  (38*3  tellurium,  and  61*7  lead),  mixed  with  a  email  quantity  of 
silver-telluride. 

TeUuride  of  Sllwer,  Ag^e.    Heasite.    Peizite,    BUelluret  of  SUtfer. — Oeean  ia 

the  Savodinskoi  mine  in  the  Altai,  at  Nagyag  in  Transylvania,  and  at  Retzbanyf  ii 
Hungary,  in  coarse-grained  masses  and  granular,  with  metalUc  lustre,  lead-gny  « 
steel-grey  colour,  and  slightly  malleable.  Hardness  «  2  to  3*5.  Specific  grsrily  > 
8*3  to  8*9.  Before  the  blowpipe  on  charcoal,  it  melts  to  a  black  globule,  which  m 
cooling,  after  being  subjected  to  the  action  of  the  reducing  fisme,  exhibits  poisti  v 
dendrites  of  silver  on  its  surface.  Heated  in  a  tube,  it  melts,  and  coloun  the  glw 
yellow.     Fused  with  carbonate  of  sodium,  it  yields  a  ^obule  of  pure  silver. 

Analyses: — a,  b.  Frrim  the  Savodinskoi  mine  (G.  Rose,  Pogg.  Ann.  xriiL  6IV~ 
c.  From  Nagyag  (Petz,  Vnd,  Ivii.  470).— c^,  e.  From  Retcbanya  (Rammeltber^ 
Mineralchemie^  p.  15):  d.  massive  ;  e,  granular  with  green  coating;  after  dedaedoa df 
15*25  per  cent,  insoluble  matter: 

Tellurium    .         36*96  36**89  3776 

Silver  .         .         62*42  62*32  61*56 

Gold    ....  .        .  0*69 

Iron     .        .          0*24  0*50 


60-28 


r. 
64*5 


99*62 


99*71 


10000 
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The  formula  Ag^e  requires  37*27  per  cent,  tellurium,  and  62*78  silTer. 

Tellnridee,  Oiyaiilo.    See  Amtl,  Ethtl,  Methyl,  TxixuaiDn  or  (l  SM; 

ii.  550  ;  iii.  992). 

The  alcoholic  tellurides  obtained  by  Wohler  have  the  composition  R*Te.— Cahoirs 
has  lately  shown  (Compt.  rend.  Ix.  20,  1147 ;  Jahresb.  1865.  p.  447),that  tflQahdeof 
methyl  unites  directly  with  iodide  of  methyl,  forming  a  crystalline  compound,  (CH*)*!*!. 
sparingly  soluble  in  water,  easily  soluble  in  alcohol.  This  iodide,  trpat#d  with  osidf  of 
Filver,  yields  an  alkaline  product,  which,  when  neutralised  withhydit)chloner~''  ' — 
with  piatinic  chloride,  an  orange-coloured  double  salt,  2(CH')*TeCLPt'»Cl'. 

Telluride  of  ethyl  unites  iu  like  manner  with  iodide  of  ethyl,  forming  the 
(C'H*)'TeI ;  and  corresponding  compounds  are  formed  by  the  eolpliides  and 
of  ethyl  and  methyl  with  the  iodides  of  those  nuUclee. 

TSZiXiI]rszTB8.    See  Tkllubium,  Oxidbs  Aim  OxTonv-AiaDS  ov. 
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l^/mbol,  Te.    Aiomie  Weight,  128.      Vapour-densitv,  olw.   at 
IZWP  -  9  00;  calc  (1  vol.)  -  886. 

This  element,  though  decidedly  metallic,  must  be  classed  as  a  member  of  the 
snlphur  family,  as  it  approximates  very  closely  in  its  chemical  characters  to  snlphnr, 
and  still  more  to  selenium.  It  was  first  identified  as  a  distinct  metal  by  Klaproth, 
in  1798,  who  gave  it  the  name  ''tellurium,*'  from  Uilus,  the  mythological  name  of  the 
earth. 

Tellurinm  is  one  of  the  rarer  elements,  being  found  in  a  few  localities  only,  chiefly 
in  Hungary  and  Transylvania,  in  the  silver  mine  of  Savodinskoi  in  the  Altai,  and 
in  the  State  of  Virginia.  It  occurs  native  in  a  state  of  considerable  purity:  a 
specimen  from  Nagyag  was  found  by  Petz  to  contain  97'22  per  cent  tellurium  and 
2*78  gold ;  and  Klaproth  found  in  a  specimen  from  the  Maria  Loretto  mine,  near 
Zitlathna  in  Huugary,  92*53  tellurium,  0*26  gold,  and  7*20  iron.  Tlie  principal 
ores  of  tellurium  are  the  tellnrides  of  bismuth,  lead,  gold,  and  silver,  already  described 
(iv.  1 ;  V.  707,  708). 

PreparaHon. — ^Tellurium  is  separated  firom  its  ores  by  processes  analogous  to  those 
which  yield  seleniu  m  (p.  221).— I.  Native  telluride  of  bismuth,  fr^d  as  far  as 
poMJUe  from  its  matrix,  and  made  into  a  paste  with  pearlash  and  oil,  is  graduully 
raised  in  a  covered  crucible  to  a  full  white  heat ;  and  the  fused  mass  when  cold  is 
treated  with  boiling  water,  which  extracts  telluride  of  potassium,  forming  a  portwine- 
coloured  solution,  from  which  the  tellurium  is  deposited  in  metallic  scales,  by  passing 
a  <*nrTent  of  air  through  it,  or  by  mere  exposure  to  the  air.— 2.  Finely  pulverised 
foliated  tellurium,  or  nagyagite  (iv.  1 ),  freed  from  siilphides  of  lead  and  antimony  by 
repeated  boiling  with  hydrochloric  acid,  and  washing  with  water,  is  heated  with 
strong  nitric  acid,  whereby  tellurous  acid  is  obtained  in  solution.  This  is  evaporated 
to  dryness,  and  the  residue,  after  solution  in  hydrochloric  add,  is  reduced  by  a 
coirent  of  sulphurous  acid  gas.    For  further  details,  see  Gmelin's  Handbook,  iv.  393. 

iVopsritev.— Tellurium  is  a  tin-white,  shining,  brittle  metal,  having  a  great  tendency 
to  crystallise.  The  crystals  belong  to  the  hexagonal  system.  Native  tellurium  occurs 
in  riiombohedralcr}sta]s,  isomorphous  with  thase  of  antimony,  arsenic,  and  bismuth,  and 
exhibiting  the  faces  R,  with  those  of  derived  rhomboliedrons ;  also  oR  and  odR. 
Length  of  principal  axis,  for  R  —  1*3298;  angle  R  :  R  in  the  terminal  edges  =  86^ 
6T.  The  opposite  rhombohedrons  +R  and  —  R  likewise  occur  together,  forming  a 
hexagonal  pyramid  (in  combination  with  odP  and  oP),  in  which  the  angle  P  :  P  in 
the  terminal  edges  »  ISO^' 28*;  in  the  lateral  edges  «=  113^52'.  Cleavage  perfect 
parallel  to  ooR;  in  traces  parallel  to  oR.  According  to  H.  Rose,  tellurium  sepa- 
rates from  a  solution  of  potassium-telluride,  by  spontaneous  decomposition,  in  six-sided 
prisms  with  rhombohedral  summits. 

Tellurium  conducts  heat  and  electricity,  though  not  very  readily.  Its  specific  gravity 
is  6*1  to  6*33 ;  hardness  of  the  native  metal  «  2  to  2*6.  It  melts  at  about  SOO^', 
Tolatilises  at  a  higher  temperature,  and  condenses  in  crystalline  needles,  or  in  drops. 
It  may  be  purified  by  distillation  in  a  current  of  hydrogen.  Its  vapour-density,  as 
determined  by  Devi  lie  and  Troost  (Jahrebb.  1863,  p.  17),  is  9*00  at  1390^  and 
9*08  at  1439^.    The  vapour  has  a  greenish-yellow  colour,  like  that  of  chlorine-gas. 

Tellurium,  when  strongly  heated  in  the  air,  takes  fire,  bums  with  a  lively  blue 
flame  edged  with  green,  producing  white  fiunes  of  tellurous  acid,  and  emitting  a  pecu- 
liar odour,  often  partly  due  to  the  presence  of  traces  of  selenium.  (Respecting  the 
spectrum  of  its  fianie,  see  J.  Werther,  J.  pr.  Chem.  Ixxxviii.  180;  Jahreeb.  1868, 
o.  235). — Tellurium,  like  sulphur  and  selenium,  dissolves  to  a  slight  extent  in  cold 
strong  sulphuric  acid,  and  is  precipitated  unchanged  on  dilution  with  water ;  but 
when  heated  with  strong  sulphuric  acid,  it  is  oxidised  and  dissolved  as  tellurous  oxide, 
while  sulphurous  anhydride  is  evolved  as  gas. — By  strong  nitric  acid,  it  is  quickly 
converted  into  tellurous  acid. — Hydrochloric  acid  nas  no  action  upon  it ;  but  with 
nUromwriatie  acid,  it  yields  tellurous  mixed  with  telluric  acid. — By  fusion  with  Mli- 
M^,  it  yields  tellurate  of  potassium.—  Strong  potash-Uy  dissolves  tellurinm  at  the 
boiling  heatv  forming  a  red  liquid  containing  telluride  and  tellurite  of  potassium.  On 
cooling,  or  on  dilution  with  water,  however,  the  red  colour  disappears,  and  tellurium  is 
inpanSed,  in  consequence  of  the  reducing  action  exerted  by  the  potassium  on  the 
tcUnrouB  acid : 

2Krre  +  K^TeO*     -     3K«0   +  Te«. 

Tollurium,  fhsed  with  carbonate  ofpotasBtum,  likewise  yields  a  mixture  of  tellurida 
lod  tellurite. 

Tellurium,  in  ita  chemical  relations,  bears  a  very  close  analogy  to  sulphur  and  sele- 
nium. It  forms  two  oxides — namely,  tellurous  oxide,  TeO*,  and  telluric  oxide, 
TeC — which,  in  combination  with  water  and  with  metallic  bases,  yield  acids  and  salts 
analogous  to  those  formed  by  the  corresponding  oxides  of  sulphur  and  selenium. — 
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With  hydrogen^  it  forms  a  gaseouB  compouod,  HrTe,  nnalogoiiB  to  salphjdrK  aod 
selenhydric  acids.     It  unites  also  with  the  alcohol-radicleSt  methyl,  eth^  and  imjl, 
forming  compounds  represented  by  the  general  formula  RHI'e,  which  are  diatoiiie 
radicles,  analogous  to  the  selonides  of  the  alcohol-radicles. — With  chlorine  it  fonns  a 
tetrachloride,  TeCl\  analogoas  to  SeCl\  and  a  dichloride,  TeCl',  to  which  tlurr 
does  not  appear  to  be  any  definite  analogue  among  the  sulpbur-  and  aeJeoiom-coiD- 
pounds  (pp.  223,  533) ;  and  similar  compounds  with  firomine  and  iodine.  The  inorgMiic 
compounds  of  tellurium  have  been  studied  chiefly  by  Berzelius ;  the  oiganic  oompoands 
by  Wohler. 

TSXilbirRZVMv  AZilbOTS  Or.    See  TnxuaiDEB  (p.  707). 

TmUbUSZUBK,  BaOMZBBS  Or.  The  dibromide,  TeBr*,  is  produced  by 
distilling  the  tetrabromide  with  finely  pulverised  tellurium,  and  pMnet  over  as  t 
violet  vapour,  which  condenses  to  slender,  black,  needle-shaped  crystals.  It  meiti 
easily,  and  is  decomposed  by  water  with  formation  of  tellurous  acid.     (Berielius.) 

The  tetrabromide^  TeBr*,  may  be  prepared  by  adding  finelv  divided  tellurium, 
with  frequent  agitation,  to  bromine  contained  in  a  tube  cooled  with  ice,  and  distilliug 
off  the  excess  of  bromine  after  all  the  tellurium  is  dissolved  (Berzelius).  Aoconiioe 
to  V.  Huuer  (J.  pr.  Chem.  Izxiii.  98),  it  is  more  easily  prepared  by  covering  smaU 
pi«H:es  of  tellurium  with  hydrobromic  acid  in  a  flask,  then  adding  bromine,  and  lesTiog 
the  flask  closed  till  all  the  bromine  has  disappeared,  the  action  being  assisted  by 
shaking  the  flask  from  time  to  time.  The  ruby-coloured  solution  thus  obtained  yieldi 
the  dry  compound  by  evaporation  over  the  water-bath. 

Tetrabromide  of  tellurium  forms  a  compact  red-yellow  mass,  which  melts  at  a  gentle 
heat  to  a  dark-red  transparent  liquid,  and  solidifies  in  the  crystalline  form  on  oxUing. 
It  may  be  sublimed  without  decomposition  in  pale-yellow  needles.  It  dissolves  witbovt 
alteration  in  a  small  quantity  of  water,  forming  a  yellow  solution,  which  beo(HDcs 
colourless  on  dilution,  the  tetrabromide  l>oing  thereby  resolved  into  hydiobromie  sDd 
tellurous  acids.  The  yellow  solution  evaporated  over  the  water- bath  depouts  th« 
hydrated  tetrabromide  in  ruby-coloured  crystals. 

Tetrabromide  of  tellurium  forms  cinnabar-red  compounds  with  the  bromides  of  tlM 
alkali-metals. — The  potassium-saH^  2KBr.TeBr\ 311^0,  was  first  obtained  1^  Benelini, 
by  evaporating  a  mixed  solution  of  the  component  salts.  According  to  t.  Hauer,  it  it 
better  prepared  by  mixing  1  at.  finely  pulverised  tellurium  with  2  aL  bromide  d 
potassium  in  a  flask,  and  adding  water  till  the  bromide  is  completely  dissolved;  thes 
adding  bromine  by  small  portions,  with  frequent  agitation,  and  learing  the  flask 
closed  till  all  the  bromine  has  disappeared.  On  warming  the  resulting  dark-nd  tolv- 
tion,  to  expel  the  excess  of  bromine,  decanting  it  from^  a  yellowish  deposit  whidi 
forms,  and  leaving  \t  to  cool,  the  double  salt  separates  in  dark-red,  opaque,  skiiUBg 
crystals,  which  effloresce  su()crficially  in  dry  air.  It  is  slightly  soluble  in  otjd,  eacilj 
in  hot  water.  When  heated,  it  gives  off  its  water  of  crystallisation  withoat  meltiog. 
The  anhydrous  salt,  which  is  orange-yellow,  decomposes  at  a  higher  teroperatim, 
giving  off  tetrabromido  of  tellurium. 

TEIiliURlUM,  CB&0&ZBB8  OT,    The  dichloride,  TeCl*,  is  fomad  bj 

distilling  a  mixture  of  equal  parts  of  finely  divided  tellurium  and  the  tetnefakndt 
(Berzelius),  or  by  passing  clilorine  slowly  over  strongly  heated  telloriiun  or  ssti?* 
telluride  of  silver.  It  may  be  freed  from  admixed  tetrachloride  by  fractional  dktiiW 
tion  (U.  Ro»eV  It  is  a  black  amorphous  mass,  having  an  earthy  fhMtnre;  achs 
easily  to  a  black  liquid,  and  is  much  more  volatile  than  the  tetrachlf^de.  Its  T^xjor 
is  purple  when  mixed  with  air;  yellow  when  pure.  When  exposed  to  the  iir.it 
absorbs  moisture,  but  does  not  fume.  When  mixed  with  water,  it  becomes  mXkj 
from  formation  of  tellurous  acid.  Hydrochloric  acid  decomposes  it,  separating  half 
the  tollunum  in  the  metallic  ntate,  and  dissolving  the  other  half  as  telloroos  add.  Tki 
dichloride  may  be  fused  in  all  proportions  with  metallic  tellurium,  or  with  the  tstxt- 
chloride. 

Tetrachloride  of  Tellurium,  TeCl^  is  obtained  by  gently  heating  tellnriimiit 
stream  of  chlorine-gas,  till  a  dark -yellow  liquid  is  produced.  This  liquid  tonii  jiUov 
on  cooling,  and  crystallises  to  a  white  mass  at  the  moment  of  solidiilcatigB.  TW 
tetrachloride  melts  easily  to  a  yellow  liquid,  turning  red  near  its  boiling-point:  it  n 
not  very  volatile,  but  forms  a  dark -yellow  vapour  when  strongly  heated.  It  it  Ten 
deliquescent,  and  is  decomposed  by  cold  WHt^-r,  with  separation  of  a  basic  sslt  asd 
tellurous  acid.  Boiling  water  dit^solves  it,  the  solution  on  cooling  depoeitiog  ciyiNili 
of  tellurous  acid.     Dilute  hydrochloric  acid  dissolves  it  without  alteration. 

By  mixing  a  solution  of  the  tetrachloride  with  chloride  of  amnumium  or  dUMb  ef 
potassium,  double  salts  are  formed,  which  crystallise  in  lemon-yellow  ociabedraos.— A 
compound  of  the  tHrachloride  with  chloride  of  aluminium,  2AlCl*.TeCl\  is  obtstsed. 
according  to  R.  Weber  (J.  pr.  Chem.  Ixxvi.  313),  by  melting  the  two  chlorides  to* 
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ffrtlier,  and  ezpelliiig  any  excess  of  aluminium-chloride  that  may  be  present  by  gentle 
itPHting.  This  double  chloride  is  a  yellowish-white,  easily  fusible  mass,  very  soluble 
in  dilate  sulphoric  acid.  When  heated  nearly  to  its  boiling-point,  which  is  very  high, 
it  is  partially  decomposed,  leaving  a  residue  richer  in  tellurium. 

Tetrachloride  of  tellurium  quietly  absorbs  ammania'ffas  at  ordinary  tempera tures, 
swelling  up,  and  changing  to  a  greenish-yellow  mass  of  the  compound  4NH^TeCl\ 
This  comp^nnd  is  permanent  in  the  air,  but  is  decomposed  by  water  into  tellurous 
arid  and  sal-ammoniac.  When  heated,  it  gives  off  sal-ammoniac,  hydrochloric  acid,  and 
nitrogen-gas,  while  tellurium  is  separated.  (Espenschied,  J.  pr.  Chem.  Izzx. 
480.) 

TSXAUSZVMv  BBTBCTXOV  AITB  BSTXBIATZOV  OT,     1.  Blowj^ipt 
rt'irrtiona. — All  compounds  of  tellurium  are  easily  reduced  on  charcoal  in  the  inner 
fi  <inc,  the  reduced  metal  being  volatilised,  and  forming  a  white  deposit  of  tellurous 
oxide  on  the  charcoaL    With  borax  and  microcosmie  salt,  tellurous  oxide  gives  a  clear 
colourless  bead,  which,  when  heated  on  charcoal,  is  rendered  grey  and  opaque  by  the 
rKluced  metal.    The  oxides  of  b  i  s  m  u  t  h  and  antimony,  when  reduced  on  charcoal 
iu  the  inner  flame,  also  give  white  incrustations,  which  may  be  confounded  with  tellu- 
rous oxide.    Antimonious  oxide,  however,  when  heated  in  the  inner  flame,  gives  a 
bluish  tinge,  whereas  tellurous  oxide  imparts  a  fine  green  colour  to  the  outer  flame. 
Horenver  telluroos  oxide,  when  heated  in  a  tube  open  at  both  ends,  volatilises  entirely, 
forming,  on  the  cool  part  of  the  tube,  a  white  sublimate,  which,  bv  careful  heating,  may 
be  fused  to  colourless  drops.    Antimonious  oxide,  on  the  other  hand,  is  only  partially 
volatilised,  being  partly  converted  into  the  non-volatile  oxide,  SbO' ;  the  sublimate 
may  be  driven  from  one  part  of  the  tube  to  another  by  heat,  but  does  not  fuse  into 
drops.     Bismuth-oxide  similarly  treated  gives  scarcely  any  sublimate,  but  melts  to  a 
dark-brown  liquid,  which  becomes  pale-yellow  on  cooling,  and  corrodes  the    glass. 
From  selenium,  which  it  resembles  more  closely  than  any  other  element,  tellurium 
is  distinguished  by  the  odours  emitted  when  the  compounds  of  the  two  elements  are 
heated  on  charcoal  before  the  blowpipe,  pure  tellurium  emitting  only  a  slightly  acid 
odour,  whereas  selenium  emits  a  powerful  odour  of  decayed  horse-radish:  traces  of 
selenium    existing  in  tellurium-compounds  are  easily  detected  in  this  manner  (p. 
224). 

2.  Reactions  in  Solution. — All  native  tellurium-compounds  are  insoluble  in 
water,  but  soluble  in  nitric  acid.    Among  the  artificially  prepared  compounds,  the 
tellurites  of  the  alkali-metals,  and  alro  the  tellurates  (in  the  tiydrated  state)  are  easily 
•oinble  in  water ;  the  tellurites  and  tellurates  of  the  other  metals  are  iusoluble  or  spar- 
ingly soluble  in  ¥rater,  but  for  the  most  part  soluble  in  hydrochloric  acid.    The  tellu- 
rides  of  the  alkali-metals  are  also  soluble  in  water,  and  their  solutions,  when  exposed 
til  the  air,  decompose  quickly,  with  separation  of  metallic  tellurium.    Tellurous 
mcid  (bydrated  tellurous  oxide)  dissolves  easily  in  acids  ;  the  solution  in  nitric  acid 
graduflklly  deposits  anhydrous  telluric  oxide.  In  solutions  not  containing  too  great  an  ex- 
cels of  acid,  especially  m  the  hydrochloric  acid  solution,  water  throws  down  a  precipitate 
of  tellurous  acio.  The  hydrochloric  acid  solution  of  tellurous  oxide  is  yellow.  Telluric 
acid  is  distinguished  from  tellurous  acid  by  its  greater  solubility  in  water.     The  salts 
of  the  two  adds  are  distinguished  from  one  another  by  the  fact  that  the  tellurates,  when 
heated  with  hydrochloric  acid,  give  off  chlorine,  which  is  not  the  case  with  the  tellu- 
ritee.     Moreover,  the  solutions  of  tellurates  in  hydrochloric  acid  are  colourless,  and  are 
not  precipitated  by  water  like  those  of  the  tellurites,  even  when  there  is  but  httle  free 
hydrochloric  acid  present. 

Sul^ydric  acid  produces  immediately,  in  acid  solutions  of  tellurous  oxide,  a  brown 
precipitate  of  tellunum-sulphide,  easily  soluble  in  sulphide  of  ammonium  ;  in  acid  solu- 
tions of  telluric  oxide,  the  same  precipitate  is  formed  after  the  liquid  has  stood  for 
•ome  time  in  a  closed  vessel,  and  in  a  warm  place.  The  colour  of  this  precipitate  dis- 
tinguishes it  from  all  other  metallic  sulphides  which  are  soluble  m  sulphide  of 
amrooninm  (that  of  selenium  is  reddi&h-y«^llow)  except  stannous  sulphide  ;  but  nolutions 
of  stannons  salts  are  easily  distinguished  from  those  of  tellurium-salts  by  their  re- 
BtTtion  with  chloride  of  gold,  tellurium-solutions  not  forming  with  this  reagent  any 
precipitate  resembling  the  purple  of  Cassius ;  moreover,  solutions  of  tellurous  oxide 
yield,  with  ammonia  and  alkaline  carbonates,  a  white  precipitate  easily  soluble  in 
excess  of  the  alkaline  reagent,  whereas  the  precipitates  formed  in  like  manner  with 
stannous  salts  are  insoluble  in  excess.  Solutions  of  telluric  oxide  give  no  precipitate 
with  alkalis. 

Sm^pkuTouM  acid  and  alkaJinr  sufphites  produce,  in  acid  solutions  of  tellurous  or  telluric 
oxides,  after  some  time  in  the  cold,  or  immediately  on  heating,  a  black  precipitate  of 
metallic  tellurium.  A  similar  precipitate  is  formed  bv  solution  of  stannous  cnloriae  and  by 
metallic  eime.  The  precipitate  of  selenium  forme<i  by  the  same  reagent*  in  a  solution 
of  eelenioiu  acid  b  xed.    The  precipitated  tellurium  may  also  be  distinguished  from 
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0eleniam  hv  its  reaction  with  solution  of  potassium^anide^  which  diasolisM  Mlentmn 
but  not  tellurium ;  further  by  its  behaviour  before  the  blowpipe  (p.  711) ;  and  lastly, 
hv  dissolving  the  precipitate  in  nitric  acid,  nitromuriatic  acid,  or  a  miztore  of  hydx^ 
cblonc  acid  and  potassium-chloiate,  neutralising  the  solution,  after  complete  oxidation, 
with  carbonate  of  sodium,  evaporatinff  to  dryness,  fusing  the  residue  at  a  moderats 
heat  with  nitre,  dissolving  the  product  in  water,  acidulating  with  nitric  acid,  and 
adding  chloride  of  barium.  Selenate  of  barium  is  then  precipitated,  whereas  tellurats 
of  barium  remains  in  solution. 

3.  Estimation  and  Separation. — Tellurium  is  mostly  estimated  in  the  metallic 
state.  If  it  is  present  in  solution  in  the  form  of  tellurous  add,  as  is  always  the  caae 
when  tellurium-ores  are  treated  with  nitric  acid,  it  is  best  precipitated  bv  ndpfutrou 
acid  or  an  alkaline  sulphite.  The  tellurium  thereby  separated  is  collected  on  a 
weighed  filter,  carefully  dried  at  a  gentle  beat,  and  weighed.  If  the  tellurous  arid  is 
combined  with  bases  in  such  proportion  that  the  solution  does  not  exhibit  an  add 
reaction,  it  must  be  mixed  with  hydrochloric  acid  in  sufficient  quantity  to  redissol?s 
the  precipitate  of  tellurous  add  formed  at  first.  It  is  best  also  to  concentrate  the 
liquid  as  much  as  possible  before  adding  the  reducing  agent,  as  the  tellurium  is  then 
separated  more  quickly  and  completely  than  from  a  more  dilute  solution.  The  solu* 
tion  thus  preparod  is  to  be  heated  in  a  flask,  but  not  to  the  boiling-point,  and  the 
solution  of  alkaline  sulphite  gradually  added :  the  tellurium  is  then  predpitated  as  a 
black  bulky  powder.  Nitric  acid,  if  present,  may  vitiate  the  result  by  reoxidising  part 
of  the  reduc<?i  tellurium :  it  should  therefore  be  previously  removed  by  warming  the 
liquid  with  hydrochloric  add.  If  the  tellurium  is  present  as  telluric  add.  the  latter 
must  first  be  reduced  to  tellurous  add  by  heating  the  solution  with  hydroc^oric  add 
as  long  as  chlorine  continues  to  escape. 

The  method  of  reduction  by  sulphurous  acid  or  alkaline  sulphites,  serves  to  sepante 
tellurium  from  the  tellurites  and  tellurates  of  the  alkali-metals,  and  of  other  metals 
which  are  not  precipitated  by  sulphydric  acid.  If  the  quantity  of  alkali-metal  is 
to  be  likewise  estimated,  the  reduction  must  of  course  be  effected  by  sulphita  of  am^ 
monium  or  free  sulphurous  acid ;  in  the  latter  case,  the  solution  must  be  digested  for 
some  days  with  excess  of  aqueous  sulphurous  add,  in  a  closed  vessel  placed  in  a  warn 
situation.  The  separation  of  tellurium  from  the  tellurites  and  tellurates  of  thest 
metaJs  may  also  be  effected  by  predpitation  with  sulphtfdrie  acid.  As  the  predpitated 
tellurium-sulphide  is  generally  mixed  with  free  sulphur,  it  must  be  digested,  whue  sdll 
moist,  with  nitromuriatic  add,  or  better,  with  hydrochloric  add  and  potassium- 
chlorate,  and  the  tellurium  precipitated  from  the  filtered  solution  by  an  alkaline 
sulphite,  as  above.  Telluric  acid  must  first  be  reduced  to  tellurous  acid  by  heating 
witn  hydrochloric  add. 

From  the  tellurites  and  tellurates  of  metals  which  are  precipitated  by  sulphydrie 
add,  and  form  sulphides  insoluble  in  sulphide  of  ammonium,  tellurium  may  be  sepa^ 
rated  by  supersaturating  the  solution  with  ammonia,  and  digesting  it  at  a  very  gentle  hc«t 
with  excess  of  ammoniuTn-sidphide.  The  sulphide  of  tellurium  then  remains  dissolved, 
and  may  be  predpitated  from  the  filtered  solution  by  acetic  or  very  dilute  hydrochloric 
acid,  oxidised  as  above  with  nitromuriatic  add,  &c.,  and  the  tellurium  predpitated  by 
an  alkaline  sulphite.  The  same  method  may  be  used  for  separating  tellurium  from 
iron,  cobalt,  nickel,  zinc,  and  manganese.  It  is,  however,  not  so  advantageous  in  any 
case  as  the  precipitation  with  alkaline  sulphites,  because  it  is  difficult  to  rasore  th« 
complete  solution  of  the  tellurium-sulphide  in  sulphide  of  ammonium. 

From  all  metals  which  form  non-volatile  chlorides,  tellurium  may  be  separated  by 
igniting  the  compound  in  a  stream  of  chlorine^  whereby  it  is  volatilised  as  dichlorid^ 
or  tetrachloride,  according  to  the  rapidity  of  the  stream  of  gas.  The  volatilised 
chloride  is  passed  into  water  addulated  with  hydrochloric  acid,  in  which  the  teti»- 
chloride  of  tellurium  dissolves  completely,  the  dichloride  with  separation  of  tellnrinm. 
The  tellurium  is  then  reduced  from  the  solution  by  an  alkaline  sulphite. 

Another  method  of  separation,  applicable  in  most  cases,  is  to  fuse  the  compound 
with  3  pts.  dry  sodium-carbonate  and  3  pts.  sulphur  in  a  covered  crudUe,  and  digest 
the  mass  when  cold  with  water.  The  met^tls  combined  with  the  tellurium  then 
remain  as  insoluble  sulphides,  while  the  tellurium  dissolves  as  sulphotellurite  of 
sodium.  From  this  solution  the  tellurium-sulphide  may  be  predpitated  by  %  dilate 
acid,  and  treated  as  above  for  the  determination  of  the  tellurium. 

From  antimony,  arsenic,  and  tin,  tellurium  may  be  separated  by  predpitation 
with  alkaline  tulphiies. 

From  selenium  and  sulphur  it  is  separated  by  ftision  with  potaMniim^^ifaMid$^  in 
the  manner  already  describea  under  SBLBNim  (p.  225). 

4.  Atomic  Weight  of  Tellurium. — Berselius  (Fogg.  Ann.  xx:viii.  392)  deter> 
mined  the  atomic  weight  of  tellurium  by  asoertjuning  the  increase  of  weight  of  th« 
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BfCi]  when  conrcrtod  into  tellarons  oxide  bj  ozidatioii  with  nitrie  add.    In  three 


1*2725  grma.      1*5716  gnns.     2-88126  grms.  teUniinm 
jieMed  1-5895     ,,         1-9365     „         8-6000     „    TeO«; 

vhenoeTe  «  128-41  128*29  128*27, 

or,  M  A  mcAO  result,  128*34.  BeneUns,  howerer,  gives  the  preference  to  the  second 
•od  tiiiid  experiments,  which  give  Te  »  128. 

Von  Han^  r  (Wien.  Akad.  Ber.  xxr.  135),  by  precipitating  bromide  of  tellarinm  snd 
pobusiiun,  2KBr.TeBr',  with  nitrate  of  silver,  obtained,  as  a  mean  of  five  closely  agree* 
ug  simrimeiita,  69*924  ^  cent,  bromine;  whence  (if  Ag  »  108*1,  Br  «  80, 
£  m  19*2),  tbe  atomic  weight  of  tellnrium  is  fonnd  to  be  128*06. 

Paioas  (Ann.  Oh.  Pharm.  cxiii.  30),  from  experiments  not  yet  published  in  detail, 
eoodades  that  Te  »  129. 

TSIAinURnCv  niVmUBB  0F«  Te*. — ^Prodnced  by  dissolving  tellurons 
Olid*  in  l^ydroflnoric  acid.  The  solution  evaporated  over  the  water-baUi  leaves  a 
eobiirlMB  s}rnip,  which  on  cooling  deposits  milk-white  nodules,  probably  an  oxy- 
flooride. 

TBUVBXVMf  ZOBZliaS  OT,  The  di-iodide,  TeP,  is  produced  bv  gently 
hrtCtn^  uUorium  with  iodine.  Tbe  excess  of  iodine  then  volatilises,  leaving  the  com- 
poud  ID  shining  black  flnrstalline  flocks.  It  is  easilv  ftisible,  and  gives  off  iodine 
vbefi  stTDDgly  heated.    Vniter  has  no  action  upon  it.    (Berzelius.) 

T^t  tttra^iodide,  Tel*,  obtained  by  digesting  finely  pulverised  tellurous  oxide 
vitb  hrdriodic  acid,  forms  soft  black  granules,  which  stain  tbe  fingers.  It  is  very 
mtablt,  and  molts,  with  evolution  of  iodine,  when  heated.  With  boiling  water  it 
foma  a  dark-brown  solution,  while  a  ^y-brown  oxyiodide  remains  undissolved.  The 
tKn-iodide  diaeolvee  in  hydriodic  acid,  and  the  solution,  when  evaporated,  deposits 
otIuvImb  metallic-ahining  prisms,  probably  a  compound  of  the  tetra-iodide  with  hydri- 
odic add. 

By  satuiatsng  the  solution  of  the  tetra-iodide  in  hydriodic  acid  with  an  alkali, 
dooblf  iodides  are  obtained,  which  separate^  by  spontaneous  evaporation,  in  iron-grey 
ttntallieally  lustrous  ciTst^. 

Thfihtxiodide^  TeP,  is  perhaps  contained  in  the  brown  solution  of  telluric  oxide 
IB  kydriodic  acid. 

TWBLLXmxvm^  OXZBaS  AVB  OarrOXV-AOZns  or.  Tellurium  forms 
two  oxides,  TeO*  and  TeO*,  iriiich  unite  with  bases  forming  salts  analogous  to  the 
ftlphitce  and  solphateft. 

TsOBrottS  OsSda  or  ABliydiide«  TeO. — This  oxide  is  produced  when  tollurium 
bmt  in  the  air.  It  may  also  be  obtained  by  exposing  the  corresponding  hydrate 
(t«Q«tms  acid)  to  a  gentle  heat,  and  separates  £N>m  the  aqueous  s«>lution  of  the  hydrate 
vko  heated  to  40'' .  The  same  change  takes  place  spontaneously,  though  more  rapidly 
«B  th*  application  of  beat,  in  the  nitric  acid  solution  of  tellurous  acid :  in  this  case 
tba  deposit  of  tellurous  oxide  is  much  more  abundant,  and,  if  slowly  produced,  is 
diitiaetly  erystjdUne,  showing  here  and  there  well-defined  octahedrons.  The  mine- 
xaleillcd  tellurite  or  telluric  ochre,  occurring  at  Facebay,  near  Zaiathna  in 
Tkiasylvania,  in  small  greyish-yellow  s^erules,  imbedded  in  quarts  together  with 
ttUariom,  exhibits,  acco^ng  to  Pets  (Fogg.  Ann.  Ivii,  478),  the  reaction  df  tcllu- 
lOQ*  oxide  before  the  blownipe. 

Telloroas  oxide  is  slightly  soluble  in  water,  but  has  no  action  upon  litmus.  It  is 
teiUe  and  volatile.  The  fused  oxide  is  a  transparent  deep  yellow  liquid,  which  soljtlifies 
ooeoolisg  to  a  white  highly  crystalline  mass.  When  fused  with  alkaline  hydrates  or 
svbonatea,  it  forms  tellurites. 

Tbllubous  Htdbatb  or  Tbllvrovs  Acid,  H«TeC)*  —  H«O.TeO*. — This 
sad  is  best  obtained  by  decomposing  tetrachloride  of  tellurium  with  water : 

TeCl«  -¥  3H*0     -     4HC1  -i-  H«TeO«. 

It  may  be  prepared  firom  tellurite  of  potassium  or  sodium,  by  adding  nitric  acid  till 
ft  distinct  add  reaction  is  produced ;  also  by  dissolving  tellurium  in  dilute  nitric  acid 
ef  specific  grarity  1  -25,  and  pouring  the  solution,  aft^  the  lapse  of  not  more  than  a 
fw  niootee,  into  an  excess  of  water.  If  the  precipitation  oe  delayed  for  a  longw 
tiB^  the  anhydrous  oxide  is  thrown  down  insteaa  of  toe  hyirate. 

Telluroos  add,  prepared  by  either  of  these  processes,  is  a  somewhat  bulky  predpi- 
tat««  which,  when  dried  over  oil  of  vitriol,  forms  a  light  white  earthy  powder,  having 
a  bitter  metallic  taste.  It  is  slightly  soluble  in  water,  especially  when  recently  pre- 
cipitated.    It  dissolves  both  in  adds  and  in  alkalis. 

Ths  solutions  of  tellurous  hydrate  in  adds  are  all  stable^  with  the  exception  of  the 
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nitric  acid  solntioii,  which,  as  already  obaerred,  deposita  telluric  oxide.  They  do  sot, 
hcwever,  yield  definite  salts  on  evaporation,  excepting  the  phosphoric  acid  sohHoo, 
which  deposits  a  white  powder,  and  the  oxalic  acia  solntion,  which  deposits  aystaUine 
grnins,  soluble  without  decomposition  in  water. — A  sulphate  of  teUuriwn^  (IV'SH)'), 
is  formed  by  gently  heating  finely  pulverised  tellurium  with  oU  of  vitrioL  (See  fioL* 
PHATBS,  p.  614.) 

The  solution  of  tellurous  hydrate  in  hydrochloric  acid  is  decomposed  by  water ^  if  not 
very  stzongly  acid,  depositing  tellurous  hydrate. — Alkalit  and  tdkaUne  carbonatet  also 
form  a  white  precipitate  of  tellurous  hydrate,  salnUe  in  eaoefls  of  the  alkaline  reMgent 
— Chloride  o/barmm  forms  a  white  prao|itat6,  insoluble  in  ammonia. — The  reactioni 
with  eulphvdric  add,  milfiide  of  amrnomum^  eulphuroue  add,  alkaline  eufyhUtt^ 
^immmmm mimiia,  and  «tfie,  have  been  already  described;  also  the  blowpipe-reactions 
of  tellurous  oxide  (p.  711). 

Tbllubitbs. — ^Tellurous  acid  forms,  with  the  aUtali-^netale,  neutral  and  acid  salts 
analogous  to  the  sulphites  and  selenites ;  also  hyperacid  salts ;  viz. : 

Neutnd  Tellurites,  M«TeO»  =  M»O.TeO«. 
Add  „  MHTeO",  or  MK).HK).2TeO« 

Hyperacid     „         ^^e^|.  ^  M«0.3H«0.4TcO«. 

There  are  also  anhydrous  ditellurites  of  alkali-metal,  such  as  K*0.2TeO*,  or  KTeO*. 
TeO'. — With  the  alkaline  earth-metaU^  teUurous  acid  forms  anhydrous  mono-, 
di-,  and  tetrartellorites,  represented  by  the  formulae,  ITO.TeO*.  ]irO.2Te0*,  sad 
M''0.4TeO^ — With  the  heavy  metale  it  appears  to  form  only  neutral  salts. 

The  tellurites  of  alkali-metal  are  formea  by  direct  combination,  either  in  the  diy  or 
in  the  wet  way ;  the  rest  either  by  fusing  tellurous  oxide  with  the  respective  bases,  or 
by  precipitation.  The  neutral  and  acid  tellurites  of  alkali-metal  are  soluble  in  water ;  the 
tellurites  of  the  alkaline  earth-metals  are  slightly  soluble ;  and  those  of  the  earth-metals 
and  heavy  metals  are  insoluble.  Most  tellurites  are  soluble  in  hydrochloric  add. 
The  solutions  are  yellow,  and  do  not  give  off  chlorine  when  heated,  a  character  by 
which  the  tellurites  are  distinguished  from  the  telluratea.  If  the  quantity  of  hjdn>> 
chloric  acid  present  in  these  solutions  is  not  very  great,  they  deposit  ti^Uurous  add  on 
dilution  with  water ;  this  precipitation  is,  however,  prevented  bv  the  presence  uf  tsr^ 
taric  acid.  Tellurites  are  mostly  fusible,  and  solidify  to  a  crystalline  mass  on  cooling ; 
the  hyperacid  tellurites  of  alkali-metal  form  colourless  glasses  after  fusion.  Most 
tellurites,  when  ignited  with  charcoal  and  potash,  yield  tellurite  of  potassium,  which 
dissolves  with  port  wine-colour  in  water. 

Tellurite  of  Aluminium  is  a  white  flocculent  precipitate. 

Tellurite  of  Ammonium. — A  solution  of  tellurous  acid  in  ammonia  gires  off 
ammonia  by  evaporation,  eren  at  a  very  gentle  heat,  and  yields  a  precipitate  of 
tellurous  acid. — According  to  Fluckiger  (Jahresb.  1862,  p.  173),  tellurite  <^  ammo- 
nium is  produced  by  heating  tellurium  with  aqueous  ammonia  in  sealed  tubes.—  Tbs 
hi/prradd  salt,  (NH*)='0.4TeO«.4H'0,  or  (NH*)HTeO«.H«TeO».3jH«0.  is  formed  by 
dissolving  tellurous  acid  or  tetrachloride  of  tellurium  in  warm  aqueous  ammonia,  sm 
separates,  on  adding  a  little  sal-ammoniac  to  the  cooled  solution,  as  a  heavy  whits 
granular  precipitate ;  a  further  quantity  may  be  precipitated  from  the  filtrate  by  alcohol 
It  is  resolved  by  heat  into  ammonia,  water,  ana  tellurous  oxide.    (Berselins.) 

Tellurites  of  Barium,-^'^\ie  neutral  salt,  Ba''TeO*  -  Ba^O.TeO*,  is  produced 
by  fusing  1  at.  tellurous  oxide  with  1  at.  barium-carbonate,  and  solidifies,  on  cooling 
to  a  colourless  crystalline  mass ;  by  double  decomposition  it  is  obtained  as  a  whits, 
bulky,  fiocculent  precipitate.  It  is  sptiringly  soluble  in  water,  the  solution  when 
exposed  to  the  air  depositing  carbonate  and  tetratellurite  of  barium. 

The  tetraidlurite^BarOAH^O*  =  Ba'TeO*.3TeO*,  prepared  by  fusing  4  at  telluroM 
oxide  with  1  at.  barium-carbonate,  solidifies  to  a  transparent  colourless  glass.  It  ts 
also  produced  by  mixing  the  aqueous  solution  of  the  neutral  salt  with  very  diluts 
nitric  acid,  and  then  separates  in  bulky  fiakes. 

Tellurite  of  Cadmium  is  a  white  gelatinous  precipitate,  which  dries  up  to  abrittlt 
mass,  having  a  conchoidal  fracture.  It  dissolves  in  hydrochloric  and  in  nitric  acid. 
Ammouia  added  to  these  solutions,  throws  down  cadmium-oxide ;  sulphydric  acid  and 
enlphide  of  ammonium  produce  in  the  cold  a  brown-red  precipitate  of  cadmioffl-sul- 
photellurite.    (Oppenheim.) 

Tellu  rites  of  Calcium. — The  neutral  salt,  CaTeO»,  produced  by  heating  I  at  telhi- 
rous  oxide  with  1  at.  lime,  forms  a  white  mass,  which  remains  solid  at  the  melting- 
point  of  silver.  By  precipitation,  it  is  obtained  in  white  fiocks,  slighUy  soluUe 
m  cold,  mors  soluble  in  hot  water.— The  dUtl/urite,  Ca''0.2TeO*  «  Ca'T>0*.TfO% 
inelts  only  at  a  white  heat,  and  st^lidifics  on  cooling  to  an  opaque  nuib^,  cunMsting 
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of  micicaoUB  Males. — The  UtraUUurite,  Ca''0.4TeO'  «■  Ca'TeO'.3TfO*,  fuMB  mom 
vMiljr.  giving  off  fumes  of  telluroiuf  oxide,  and  likewise  solidifies  in  micaceous  scales. 
(Berielius.) 

TfH%Tii9  of  Chromium  is  a  grey-green  precipitate,  soluble  in  excess  of  the 
chrumic  salt. 

Tellurite  of  CohttltiM^ dark-purple  precipitate. 

Telturite  of  Copper,  obtained  by  precipitation,  is  a  siskin-green  powder,  inso- 
lublt*  in  water;  when  heated,  it  gives  off  water  and  turns  black,  molts  easily,  mid 
solidifies  to  a  black  mass,  haying  a  conchoidal  fmeture,  and  yieJdiDg  a  grey-brc>wn 
|H)wder.  Before  the  blowpipe,  it  is  reduced  to  a  pale- red  mass  of  coppcr-teUande.  It 
may  be  fused  with  1  at.  cupric  oxide,  to  a  black  mass  having  an  earthy  fracture. 
(BerseliuB.) 

Tetluritetof  Iron. — Th^  ferric  salt  is  a  yellow  flocculent  precipitate. — Tlio 
femms  salt  is  greyish-yellow. 

Telluriti's  of  Lead. — The  neutral  salt,  Pb'TeO*,  obtained  by  double  df-trom- 
poftition  with  neutral  acetate  of  lead,  is  a  white  precipibito,  which  when  hejite<l  givos 
off  water,  turns  yellow,  and  then  melts  to  a  tninslucent  mass.  It  dis^olrrs  n^mlily  in 
acid^,  and  is  eiisilv  reduced  before  the  blowpipe  on  charcoal  to  telluride  of  lead.— A 
hasir  Ifad-stiU  is  producetl,  as  a  translucent  bulky  precipitate,  on  mixing  tellurite  of 
potassium  with  basic  acetate  of  lead. 

Tellurites  of  Lithium.— The  neutral  salt,  LirToO*  =  Li'O.TeO*,  obtained  by 
fusion,  solidifies  to  a  crystalline  or  tumefied  mass,  acconliiig  to  the  rate  of  cooling. — 
The  dittiiurite,  Li'0.2TeO^,  prepared  like  the  corresponding  potassium-salt,  is  easily 
fusible,  and  solidifies  to  a  crystalline  mass  on  cooling.  Cold  water  decomposes  it 
into  mono-  and  tetra-tellurite.  Boiling  water  dissolves  it,  and  the  solution  on  cooling 
deposits  the  tetrat'.lluritc,  Li'0.4TeO',  in  milk-white  granules.     (Berzelius.) 

Tellurites  ofMagnesiu  m. — The  neutral  salt,  Mg^TeO',  obtained  by  precipitation, 
i^  much  more  soluble  than  the  otlior  alkaline-earthy  tellurites.  Its  solution  is  decom- 
pused  by  atmospheric  carbonic  a<-id  into  carbonate  and  tetratellurito  of  magnesium, 
which  separates  in  white  flocks.    (Berzelius.) 

Tellurite  of  Manganese  is  precipitated  in  white  flocks  having  a  reddish  tinge. 

Tellurites  of  Mercury. — The  mt-rcuric  salt  is  a  white  precipitate. — The  mrr- 
eurouM  salt  is  di^k-yellow,  gradually  turning  brown,  and  is  converted  into  mercuric 
■alt  on  exposure  to  the  air. 

Tellurite  of  Nickel  is  a  pale-green  flocculent  precipitate. 

Tellurites  of  Potassium.— The  neutral  or  monotellurite,  KleO*  =  KH).TeO«, 
and  the  ditdlurite,  K^TeO^.TeO*  =  K-0.2TeO^  are  obtained  by  fusing  tellurons 
oxide  with  carbonate  of  potassium  in  the  requisite  proportions.  The  numotellurite 
melts  at  a  red  heat,  and  solidifles  on  cooling  to  a  network  of  rather  large  regular 
crystals.  It  is  slowly  dissolved  by  cold,  more  quickly  by  boiling  water;  the  solution 
has  an  alkaline  taste  and  reaction,  and  is  decomposed  by  the  carbonic  acid  of 
the  air. 

The  diteilurite  melts,  somewhat  below  a  red  heat,  to  yellow  liquid,  which  solidifles 
on  eooling  to  a  colourless,  transparent,  crystalline  mass.  Boiling  water  dissolves  it 
completely,  and  the  solution  on  cooling  deposits  the  tetratellurito  as  a  granular 
precipitate. 

The  tetratellurite,  or  hyperacid  tellurite  of  potassium,  K*0.4TeO«.4H«0  -  2(KHTeO». 
H"TaO*).HK),  is  preparea  by  boiling  tellurons  arid  for  some  time  with  carbonate  of 
potaasinm,  and  filtering  at  the  boiling  heat.  The  solution,  on  cooling,  deposits  the 
mater  part  of  the  salt  in  nacreous  grains,  which  appear  under  the  microscope  as  six- 
mded  pnsms  and  tables.  It  is  decomposed  by  cold  water  into  mono-  and  di-tellurite, 
which  dissolve,  and  tellurons  acid,  which  separates  as  a  gelatinous  precipitate.  The 
di7  salt  when  heated  gives  off  its  water  with  strong  intumescence,  leaving  the 
annydroiis  salt,  E'0.4TeO*,  which  melts  at  commencing  redness,  and  solidifies  to  a 
colourless  glass  on  cooling.    (B erz e li u s.) 

Tellurite  of  Silver,  Ag'TeO*,  is  a  white  precipitate,  soluble  in  ammonia  (Ber- 
zelins).  When  native  telluride  of  silver  is  dissolved  in  nitric  acid,  the  solution  deposits, 
after  a  whils^  small,  adamantine,  acuminated,  quadratic  prisms,  insoluble  in  water,  and 
containing  more  than  1  at  TeO'  to  1  at.  Ag^O.    {G.  Rose.) 

Tellurites  of  Sodiu  wi.— The  neutral  salt,  Na*TeO» «  Na'O.TeO*,  obtained  like  the 
earreaponding  potassium-salt,  forms  regular  crystals  when  slowly  cooled,  but  swells  up 
considerably  on  rapid  cooling.     It  dissolves  slowly  but  completely  in  cold  water,  more 

Jnickly  in  hot  water,  but  does  not  crystallise  out  on  cooling.     Alcohol  throws  down 
ram  the  solution  a  concentrated  liquid,  which,  after  a  few  days,  yields  hirge  trans- 
IMirent  crystaLi  of  a  hydiated  salt.— The  diteilurite,  Na'TeO'.TeO'  »  Na'0.2T60', 
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obtauDed  by  fajBion,  like  the  corresponding  pota88iam-Balt»  melts  eanly,  md  op 
tallises  on  ixwling.    It  is  decomposed  by  water,  like  the  potafldiim«salt. — ^Tbe  Utn 
tellurite  or  hyperacid  sdU,  Na'0.4TeO<.5H<0,  or  NaHTeOMlTeCHH),  Mmntei&oB 
the  boiling  solution  of  the  preceding  salt,  by  slow  cooling,  in  nacreooB  aadet  and  tlu 
six-sided    tables ;    in    other   respects    it  resembles  the  hyperacid    potassiiim'nh. 
^Berzelius.) 

Tellurite  of  Strontium  (neutral)  is  prepared  like  the  barinm-nlt,  vhiek  it 
resembles. 

The  Tellurites  of  Thorinum^  F^^r turn, and Ztrco»ttfm are  whiteprecipiutia 

Tellurite  of  Uranium^  obtained  by  precipitation  with  a  oranic  salt,  u  a pik 
lemon-yellow  powdej*. 

Tellurite  of  Zinc  \s  a  white  flocculent  precipitate. 

Tellmie  OxidOf  TeO'.  —This  oxide  is  obtained  by  heating  the  hTdrate  to  \ 
temperature  below  redness.  It  forms  an  orange-yellow  mass,  inaolable  in  wotic, 
either  hot  or  cold,  in  cold  hydrochloric  and  hot  nitric  acid,  and  in  solutions  of  csudc 
alkali.     When  strongly  heated,  it  gives  off  oxygen,  and  leaves  tallnroos  oside  ai  i 

white  earthy  powder. 

Telluric  Acid,  H'TeO^  «  H  O.TeO*.— The  potassium-salt  of  this  add  ii 
obtained  by  fusing  tellurium  or  tellurous  oxide  with  nitrate  of  potassiimL  Tin 
solution  of  this  sut  decomposed  by  a  salt  of  barium,  yields  a  precipitate  of  bsrivB* 
tellurate,  £rom  which,  by  decomposition  with  sulphuric  add,  telluric  add  may  be  mk 
free. 

Telluric  acid  crystallises'  from  its  solution,  in  flue  hexagonal  hydmted  pnaaa 
fontaining  H^Te0^2H'0,  mostly  forming  twins.  This  hydrate  has  a  metallic  r»tbff 
than  an  acid  taste,  and  reddens  litmus  slightly.  It  dissolves  slowly,  but  to  a  foi* 
r<iderable  amount  in  cold  water,  freely  in  boiling  water.  It  loses  its  water  of  czrsal- 
lisation  at  a  little  above  100^.  The  remaining  acid,  H^eO^  is  nearlr  insolable  ii 
cold  water,  but  dissolves  on  boiling,  forming  a  solution  from  which  tLs  oyrtilliM 
hydrate  may  be  again  obtained. 

Tkllurates. — Telluric  acid  forms  with  the  alkali-metals,  neutral,  add,  ui 
hyperacid  salts,  represented  by  the  formulas,  M*TeO*,  MHTeO\  and  MHTeO'.HTfO'. 
respectively ;  also  anhydrous  di-  and  tetra-tellurites.  With  the  other  metals  it  font 
chiefly  neutral  salts.  The  neutral  and  acid  tellurates  of  alkali-metal  are  ewljr 
Koluble  in  water,  the  anhydrous  di-  and  tetra-tellurites  sparingly  soluble.  Umk 
the  other  tellurates  are  insoluble  or  sparingly  soluble,  and  are  obtained  by  }» 
dpitation. 

Most  tellurates  dissolve  readily  in  cold  hydrochloric  add.  The  solutiooi  aiv  boC 
yellow,  like  those  of  the  tellurites,  and  will  bear  any  amount  of  dilution  witboit  pi»- 
cipitation.  On  boiling  they  give  off  chlorine,  turn  yellow,  and  become  predpitsbb  bt 
water,  owing  to  the  formation  of  tellurous  acid.  The  acidulated  soiiitioiu  i 
tellurates  and  telluric  acid  are  decomposed,  like  those  of  the  tellurites,  but  noc  rtrr 
readily,  by  sulphydric  acid,  with  precipitation  of  a  sulphide ;  and  bj  tuipkuntui  4,rW 
and  other  reducing  agents,  with  precipitation  of  tellurium,  though  somewhat  ibwlj, 
and  frequently  only  on  the  application  of  heat.  Hence,  in  analysing  teUmatsi  br 
reduction,  they  should  always  be  previously  reduced  to  tellurites  bj  boiliBf  stB 
hydrochloric  acid.  Tellurates  when  heatM  to  redness  give  off  oxygen,  and  sis  redml 
to  tellurites.  Heated  with  charcoal  and  alkaline  carbonate,  or  before  the  blovppe  oi 
platinum,  they  behave  like  tellurites. 

Tellurate  of  Aluminium  is  obtained  by  double  deoompositioii  as  a  whits  p» 
dpitate,  soluble  in  excess  of  the  aluminium-salt. 

Tellurates  of  Ammonium. — The  neutral  salt,  (NH*)'TeO*,  is  pRpsitd  If 
mixing  a  boiling  solution  of  the  neutral  potassium-salt  with  aal-ammoniae  aad  a  fiib 
ammonia,  and  separates  on  cooling  in  granular  crystals,  easily  soluble  in  water,  wfi^ 
ingly  soluble  in  solution  of  ammonia  or  sal-ammoniac. — ^Ths  rfi/sTfarilt,  (KH*)TiO*. 
TeO*  »  (NH«)'0.2TeO',  is  precipitated,  on  mixing  a  saturated  solntioii  otthssei 
sodium-salt  with  sal-ammoniac,  as  a  gelatinous  mass,  only  slightly  sohibls  ib  vim. 
When  boiled  with  water  in  open  vessels,  it  gives  off  ammonia;  but  when  lisitsd  vick 
water  in  sealed  tubes,  it  partly  melts  to  a  white  mass,  which  solidifies  on  eoolia^  isi 
partly  dissolves  in  the  water,  the  solution  on  cooling  depositing  fins  aystalliBs  pom 
[?ofthe  acid  salt].— The  tetrateUurite,  (im*)*TeO\^TeO*  -  (NH«^.4TeO",ii  ob- 
tained, by  decomposing  the  hyperacid  sodium-salt  with  sal-amnaoiae,  as  a  ^Dfii 
flocculent  precipitate ;  it  likewise  separates  from  the  solutioii  of  the  neotial  tsh  bj 
evaporation  at  ordinary  temperatures,  or  at  a  gentle  heat.  It  dissolTSS  with  difieal^ 
in  water,  and  is  nearly  insoluble  in  alcohol.     (Berselius.) 

Tflluratfs  of  Barium.  — These  salts  are  obtained  by  preeipitation.— Tlie  wnt^ 
salt,  BaTeO\3H'0,  sepamtes  as  a  bulky  precipitate,  which  soqd  sinks  do«v,isd 
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fgtoM  t  vliite  poviiar  when  dry.  It  gives  off  water  at  200^,  diMoIyes  Bparinglj  in 
oM.  mm  «W7  in  boiling  water.— The  acid  salt,  BarE\TeO*y.2IPO,  is  arbnll^ 
beea]Mt  maas,  moce  solnble  in  water  than  the  nautml  salt. — The  anhydrous  tetratsUu- 
ntt,  Bft'O.iTeO*,  is  a  balky  mass,  more  soluble  in  water  than  either  of  the  preceding 
[ti  it  rcallj  aohjilit>QS  ?].  It  turns  yellow  when  heated,  but  becomes  white  again  on 
{txihsf.    iBersalins.) 

Ttilurats  0/  Cadmium^  OdTeO*.  is  obtained,  as  an  amorphous  white  precipi- 
uto,  OD  mmog  the  neutral  solutions  of  cadmium -nitrate  and  a  tellurate  of  aUuui' 
DtoL    (Oppenheim.) 

Ttliuratis  of  Calcium,  GaTeOS  is  precipitated  in  white  non-odierent  flocks, 
»iIabU  in  hot  water.    (Berselius.) 

Ttllurats  of  Chromium  forms  ffrer-green  flocks,  reddish  bj  transmitted  light; 
:t  disMlrcs  in  excess  of  the  chromic  sut,  by  which  it  is  pncipitated. 
ttllmrats  qf  Cobalt  is  precipitated  in  bluish-red  bulky  flakes. 

Ttlluratss  rf  Coppsr, — The  neutral  salt  is  a  celandine-green  precipitate ;  the 
ttiittU'm  sooMwhat  lifter. 

Tiliuratssof  iron, — ^The  ferrio  salt  separates  as  a  pale-yellow  flocculent 
pnapitate,  solnble  in  excess  of  the  precij^itating  ferric  salt. — The  ferrous  mU  is  a 
niifie  {fftetpitate^  quickly  changing  colour  in  the  air  like  other  ferrous  salts. 

Titluratss  0/  Lead. — Obtained  by  precipitation.— The  neutral  salt,  FhlieO*  » 
I^'OTeO*,  is  a  white  precipitate,  somewnat  soluble  in  water.— The  ditelluraie,  Pb^O. 
^TvO",  it  somewhat  more  soluble.— The  tstratsUurate,  Pb^CiTeO',  turns  yellow  when 
bftML  but  become*  white  again  on  cooling :  it  is  moderately  soluble  in  water. — ^A 
ham  kod^sslt  separates,  as  a  white  bulky  precipitate  insoluble  in  water,  on  mixing 
th»totetioB  of  a  neutral  tellurate  of  alkali-metal  with  basic  acetate  of  lead  (Berse- 
Wtty-^knitratO'tellurateof  lead  \B  formed  (according  to  Oppenheim)  on 
■inog  a  sobtion  of  lead-nitrate  with  free  telluric  acid ;  it  is  a  white  powder. 

J$Uu  rates  of  Lit  hi  u  m, — ^Prepared  like  the  corresponding  potassium-salts.  The 
sedni  and  acid  salts  dnr  up  to  gummy  masses. — ^The  hyperaM  salt  is  also  a  gummy 
BSM, which  is  eouTerted  at  101^  into  a  white  insoluble  powder;  atas^  higher 
MBptiature,  it  giT«0  off  water  and  turns  yellow.    (Berselius.) 

Tttlnrate*  of  Magnesium. — Th^se  salts,  being  much  more  soluble  in  water 
thM  the  tellurates  of  the  other  alkaline  earth-metals,  must  be  precipitated  from  very 
eaneentnted  solutions. — ^The  neutral  and  acid  salts  are  white  flocculent  precipitates. 
(Btrselias.) 

Tillurats  of  Manganese  separates  in  white  flocks,  haying  a  faint  reddish  tinge. 

Tttiuratss  of  Mercury. — The  mercuric  salt  is  precipitated  in  bulky  white 
la^— The  mercmvus  salt  is  a  dark  yellowish-brown  precipitate. — ^A  mercurous 
ntrsMsUuraU  is  produced  (according  to  Oppenheim)  by  adding  ft%e  telluric  acid 
10  i  eoocentrated  solution  of  mercurous  nitrate.  It  forms  at  flrst  a  white  curdy  pre- 
optAte,  but  acquires  a  fiunt  yellow  colour  on  exposure  to  the  air. 

Ttliurate  of  Nickel  is  precipitated  in  pale-greenish  flocks. 

Tellurates  of  Potassium, — These  salts  are  prepared  by  dissolving  the  required 
Msatitics  of  telluric  acid  ahd  potassium-carbonate  m  hot  water. — The  neutral  salt, 
&TeO'.^H*0,  may  also  be  prepared  by  supersaturating  crystallised  telluricaoid,  or  its 
coBCSDtiatsd  aqueous  solution,  with  caustic  potash.  It  is  yeiy  slightly  soluble  in  water 
coetaiaiog  potash,  and  separates  therefrom  as  a  soft  |;ummy  ooagulum.  It  dissolves 
•ovtmisg  the  liquid,  and  separates  by  slow  cooling  in  needle-shaped  crystals,  which 
vbta  h«ated  give  off  water,  and  cake  to^^ether  in  a  white  mass.  According  to  Handl 
(Jshmb.  1861,  p  26fl),  it  forms  rhombic  crystals  of  prismatic  character,  isomorphous 
with  those  of  neutral  potassium-snli^te,  and  exhibiting  the  combination  oo^2  .  P  . 
•Poft .  »toD  .  Angle  0Df2  :  odP2  -  690  11';  P  :  odPod  -  128®  42';  P  :  P 
fu  the  terminal  edge«)  -  122^  86'  and  132<=*  IB*.  When  exposed  to  the  air,  they 
\eeaaa  ooist^  without  deliquescing,  and  are  converted  into  a  mixture  of  add  tellurate 
lod  evbooate  of  potassium.  On  mixing  the  solution  of  th<»  salt  with  a  stronger  acid. 
It  d«posits  add  or  hyperadd  tellurate  of  potassium,  according  to  the  quantity  of  acid 
•diled  (Berselius).— The  acid  salt,  2KHTe0^3H'0,  is  sparingly  soluble  in  cold, 
Bsch  more  soluble  in  hot  water,  and  separates  i'rom  the  hot  eolution  by  slow  cooling, 
(i  flae  vooQy  crystallisations.  On  evaporating  the  aqueous  solution  over  a  water-bath, 
it  maiaiiis  as  a  white  saline  mass,  gummy  on  the  edges.  It  has  an  alkaline  reaction, 
•id  a  metallic,  somewhat  alkaline  taste.  When  heated,  it  gives  off  its  water,  and 
t&ns  yellow  even  far  below  redness.  Water  decomposes  the  yellow  mass,  dissolving 
intiil  tellujate  of  potassium,  and  leaving  yellow  tetratellurate  (Berselius). — The 
^xfersdd  salt,  2(KHTeO^H'TeO«).HK),  is  a  loose  white  powder,  somewhat  soluble  in 
•stsr.   It  givea  off  the  greater  part  of  its  water  at  a  gentle  heat,  retaining  however  a 
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small  quantity  till  it  turns  yellow ;  at  a  higher  temperature,  it  is  reduced  to  telluritf». 
By  repeated  crystallisation  from  its  aqueous  solution,  it  is  partially  decompoaed,  the 
crystals  becoming  mixed  with  those  of  the  acid  salt,  while  free  teUuric  neid  remaiDs 
in  the  mother-liquor  (Berzelius). — ^The  anhydrous  trtraUUuraU,  E^O.iTeC,  may 
be  obtained  by  heating  the  acid  tellurate  to  a  temperature  below  redness,  whereupon 
it  breaks  un  into  water,  which  is  evolved  ;  neutral  tellurate  of  potassium,  which  may 
be  dissolved  out ;  and  the  anhydrous  tetratelhirate,  which  remains  undissolved  as  ayellow 
mass,  insoluble  in  hydrochloric  acid  and  in  nitric  add,  except  after  prolonged  boiling. 
Its  formation  is  represented  by  the  equation : 

6KHTeO*     -     2K«T0«   +  K«TeO*.8TeO»  +   SH»0. 

Tellurat4s  of  Silver, — ^Telluric  add  forms  a  neutral  salt,  two  add  salts,  and  two 
basic  salts  of  silver.  The  neutral  and  add  salts  are  obtained  by  double  decomnosition 
with  concentrated  solutions  of  silver-nitrate  and  neutral  tellurate  of  alkali-metaL — ^Tbe 
neutral  salt,  AgTeO*,  Ib  a  dark-yellow  powder,  whidi  is  resolved  by  water,  especially 
at  the  boiline  neat,  into  a  soluble  add  and  an  insoluble  basic  salt.  Its  ammoniaetl 
solution  is  colourless. — A  nftrato-tellurate  of  silver  separates  immediately,  an  adding 
telluric  acid  to  a  concentrated  solution  of  silver-nitrate,  as  a  colourless  crystalline  prp- 
dpitate,  which  turns  slightly  yellow  in  contact  with  tbe  air,  and  brown  when  mois- 
tened with  ammonia.  Hydrochloric  add  decomposes  it,  with  separation  of  silver- 
chloride  (O  p  p  e  n  h  e  i  m).  —  The  ditellurate  and  UtrateUuraie  of  silver  are  reddiah-yellow 
flocculent  precipitates. 

The  tribasie  salt,  SAg'O.TeO*  »  2AgH).Ag^eO\  is  produced  on  mixing  the  am- 
moniacal  solutions  of  the  neutral  salt  and  silver-nitrate,  and  remains  on  evaporation 
as  a  black-brown  saline  mass. — The  same  compound  separatps  as  a  reiddish-yeUow 
precipitate,  quiddy  turning  brown,  on  mixing  a  very  dilute  solution  of  silver-nitrtte 
with  add  tellurate  of'  potaasixmi. — ^The  ses^^asic  salt,  3Ag'0.2TeO',  remains  as  an 
anhydrous  Uver-ooloured  powder,  on  boiling  the  neutol  salt  with  water.  (Be r se- 
ll us.) 

Telluraies  of  Sodium, — ^These  salts  resemble  the  corresponding  potaasiom-aaln, 
and  are  prepared  in  like  manner. 

Tellurate  of  Strontium  is  prepared  like  the  fialdnm-salt,  which  it  resembles. 

Tellurate  of  Tkorinum  is  a  white  pulverulent  predpitate,  insoluble  in  excess 
of  the  thorinum-salt. 

Uranic  tellurate  is  a  pale-yellow  powder. 

Tellurates  of  Yttrium, — The  neutral  tellurate  and  ditdlurate  are  obtained  by 
predpitating  the  neutral  and  add  tellurates  of  potassium  with  an  yttrium-salt. 
Telluraieof  Zirconium,  obtained  by  double  decomposition,  is  a  white  powdflr. 

TBlilblTRIirBCv  SBIiXVZBB  OV.  Tellurium  and  selenium  may  be  fused  to- 
gether in  all  proportions,  the  combination  being  attended  with  evolution  of  beat.  The 
product  is  an  iron-grey  brittle  masa,  which  has  a  crystalline  fracture,  melts  below  a 
red  heat,  boils  at  a  higher  temperature,  and  may  be  volatilised  without  decomposition 
if  excluded  from  the  air.  When  heated  in  contact  with  the  air,  it  yields  colourleais 
drops,  possibly  consisting  of  a  selenate  of  tellurium.    (Berzelius.) 

Ta^nnuUMv  SVZiVBZSatf  or.  Tellurium  forms  two  sulphides  eom- 
sponding  to  the  dxides. 

Tellurous  Sulphide,  TeS',  is  formed  by  the  action  of  sulphydric  add  on  a 
tellurous  salt,  or  on  the  addified  solution  of  a  tellurite  (p.  711);  also  by  exposing  the 
solution  of  a  sulphotellurite  of  alkali-metal  to  the  air.  It  is  a  dark-brown  or  black 
substance,  which  softens  at  a  moderate  heat,  and  acquires  a  semi-metallic  lustfe  ob 
cooling.    When  strongly  heated  it  evolves  sulphur. 

Tellurous  sulphide  combines  with  the  sulphides  of  basylous  metals,  formix^  the 
sulphotellurites,  aJl  of  which  appear  to  contain  3  at.  basylous  sulphide  to 
1  at  tellurous  sulphide,  being  represented  by  the  general  formula  SM^.TeS*  => 

The  sulphotellurites  of  the  alkali-metals  and  of  magnesium  are  most  readily  pre. 
pared  by  saturating  the  aqueous  solutions  of  the  corresponding  tellurites  with 
sulphydric  acid  gas.  The  solid  anhydrous  sulphotellurites  of  alkali-metal  have  a 
brownish-vellmr  colour ;  those  which  contain  water  of  crystallisation  are  pale-yellow ; 
they  diBsolve  easily  and  with  pale-yellow  colour  in  water ;  less  easily  in  alcohol,  with 
separation  of  tellurous  sulphide.  Ajcids  added  to  the  solutions  throw  down  tellurous 
sulphide.  In  the  dry  state  these  salts  may  be  ignited  in  dose  vessels  without  decom- 
position, and  at  ordinary  temperatures  they  remain  unaltered  fi>r  a  considerable  time 
in  contact  with  the  air;  but  their  solutions  decompose  quickly  in  contact  with  the  air, 
with  fbmation  of  alkaline  hyposulphite,  and  separation  of  tellurotis  sulphida. — Tbi$ 
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Mwmummm-aalt,  8(NH*)PS.T<^,  ctystallifles  by  eyaponition  in  a  yacnum  orer  potash,  in 
pale-yellow  four-aided  prisma,  which  give  off  sulphide  of  ammonium  in  contact  with  the 
sir. — ^The  potagnum-salt,  SK'S.TaS*,  sepaiates  by  evaporation  in  a  vacuum,  in  pale- 
yellow  prisms,  easily  mdting  to  a  black  liquid,  which  solidifies  to  a  brown-yellow 
OMM  still  soluble  in  water.  In  contact  with  the  air,  the  salt  decomposes  and  turns 
bluck. — The  todium-Btdt  forms  an  amorphous  pale-yellow  mass,  which  decomposes 
qmddy  in  contact  with  the  air. — ^The  lithium-iolt  exhibits  similar  characters. — The 
magnesium'Saft,  which  may  be  prepared  as  above,  or  by  precipitating  the  barium-salt 
with  majpiesium-sulphate,  and  evaporating  the  filtratd  in  a  vacuum,  forms  a  pale- 
yellow  crystalline  mass,  soluble  in  water  and  in  alcohol. 

The  sulphntf'lluntcs  of  the  alkaline  earth-metaU  are  prepared  by  boiling  the  corre- 
■ponding  metallic  sulphides  with  tellurous  sulphide  and  water. — The  banunt'Salt 
■epantes,  on  evaporating  the  filtrate  in  a  vacuum,  in  large,  transparent,  pale-vollow, 
oUiquely  truncated,  four-sided  prisms.  It  is  tolerably  permanent  in  the  air,  and 
dissolves  very  slowly  in  water. — ^The  strontium-sali  forms  a  pale-yellow  muss, 
tolerably  permanent  in  the  air,  and  soluble  in  water. — ^The  ealcium-aaft  is  a  yellow 
ammphons  masM,  somewhat  soluble  in  water. 

The  sulphotellurites  of  the  heavv  metala  are  insoluble  in  water,  and  are  obtained  by 
pieripitation. — The  cadmium'  and  cerium-salts  are  brown-yellow  precipitates,  which 
cndnally  become  darker  in  colour.  — The /«rrur  sa^t  forms  dark-brown,  easily  fusible 
Socks  ;  the  ferrous  salt  is  a  black  precipitate. — The  gold-salt  (auric),  AuS'.TeS',  is 
deposited,  after  some  days,  in  black  flocks,  from  a  mixture  of  auric  chloride  and 
potaaeium-ralphotellurite. — The  lead-salt  is  a  brown  precipitate,  which  turns  black  on 
diying. — The  mrrcurous  salt,  3Hg*S.TcS',  is  a  dark-brown  precipitate,  which  when 
hflated  gives  off  mercury,  and  is  converted  into  a  yellow-brown  mass  of  the  mrrcuric 
Mf^  S^S.TeS*.— The  platinic  salt,  3PtS*.2TeS^  separates  after  some  days,  from  a 
Biiztare  of  platiuic  chloride  and  potassium-sulphotellurite,  in  translucent  dark-blue 
flocks,  which  appear  black  when  dry. — ^The  silver-salt,  S/Vg'S.TeS',  is  a  bulky  black 
precipitate,  which  when  dry  acquires  metallic  lustre  by  trituration. — The  einc-salt, 
|2kiS.Te8*,  is  a  light-yellow  precipitate  which  gradually  turns  brown. 

Telluric  Sulphide,  TeS*. — This  compound  is  produced  by  saturating  a  solution 
of  teQnrio  acid  with  sulphydric  acid  gas,  and  gradually  separates  on  leaving  tlie  liquid 
to  itaelf  in  a  closed  vessel  placed  in  a  warm  situation,  covering  the  sides  of  the  vessel 
with  a  blackish-grey,  metallically  lustrous  coating,  which  may  be  rubbed  off  in  spangles. 
It  unites  with  basylous  metallic  sulphides,  forming  the  sulphotellurates,  which, 
Wwever,  have  been  but  little  investigated.   (Berz e  1  i u s.) 

Su^^katefhtrate  of  Pi4assium  is  obtained  by  saturating  a  solution  of  potassium- 
toUnzste  with  sulphydric  acid  gas.  After  the  liquid  has  been  filtered  from  the  resulting 
bbek  precipitate  of  telluric  sulphide,  which  does  not  redissolve  on  adding  potash  and 
again  passing  sulphydric  acid  gas  into  the  liquid,  the  filtrate  may  be  concentrated  by 
Mling  without  decomposition.  The  liquid  then  acquires  a  red  colour,  and  deposits 
snlpbotel lurate  of  potassium  as  a  light-yellow  granulo-crystalline  mass.  (Oppenheim, 
J.  w.  Chem.  Ixxi.  279.) 

StUnhf/tellurate  of  Sodium  is  prepared  like  the  potassium-salt.  On  adding  soda-ley 
after  Uie  precipitate  of  telluric  ^pnide  has  settled  down,  and  again  passing  sulphydric 
acid  gas  into  the  liquid,  the  precipitate  quickly  redissolves ;  and  on  evaporating  the 
solntion  nearly  to  dryness,  the  sulphotellurate  of  sodium  separates,  in  needle-shaped 
acyatals  of  a  sulphur-yellow  colour.   (Oppenheim.) 

See  MxTHTL,  Tblluridb  of,  iii.  992. 


Salts  formed  by  dissolving  tellurous  hydrate  in  acids 
(p.  718). 

See  HxAT  (iii.  18). 

ro.    The  softening  of  steel,  cast-iron,  and  other  metals  liy  ignition 
and  slow  cooling. 

TSMFJUnr-On.  Oil  of  Pine-eones.  Tannensapfenol. — An  oil  isomeric  with, 
and  very  similar  to,  oil  of  turpentine,  obtained  by  distillation  of  the  cones  of  Pinus 
Pmmilio,  Hnk.  (P.  Mughus,  Scop.),  and  in  some  parts  of  Switzerland  from  the  cones  of 
the  silver-llr  (Abies  Picea.  Pinus  Picea  L.  Abies  vectinata.  Doc).  When  recently  pre- 
pared by  distillation  with  water,  it  is  colourless,  nut  becomes  greenish-yellow  on  expo- 
snrf  to  the  air.  It  has  a  balsamic  odour,  like  that  of  lemon-oil ;  a  specific  gravity  of 
0*862  at  12**;  begins  to  boil  at  166^;  but  the  greater  part,  distils  over  between  173^ 
aad  177**,  the  boiling-point  ultimately  rising  to  200®.  By  repeated  rectification  a 
cunphene,  C"H**,  is  obtained,  having  a  specific  gravity  of  0-856  at  6°,  and  boiling 
amsUntl^  at  172®.   (Fliickiger,  Jahresh.  1856,  p.  642.) 

Templin-oil  agrees  with  oil  of  turpentine  in  solubility  and  refracting  power.    In  a 
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column  100  millimetres  long,  it  turoB  the  pkne  of  pokrisfttioii  86^  to  the  left  for  Ui« 
transition-tint,  and  66^  for  the  red  ray :  the  oil  obtained  from  it  bj  rectification  bdov 
ITS^*  tarns  the  plane  of  poUrisation  92^  to  the  left  for  the  tmnsition-tinL  (Berthe- 
lot,  J.  Phann.  [8],  xzix.  38.) 

Templin-oil  resinisee  quickly  on  exposure  to  the  air,  and  turns  add,  with  fonnatioa 
of  ozone.  When  mixed  with  j^  toL  nitric  acid  and  4  vol.  alcohol,  it  forms  tenia  or 
hydrate  of  turpentine,  more  quickly  on  addition  of  1^  toL  water.  It  absorbs  hydro- 
chloric acid  gas,  but  without  forming  a  crysrallisable  camphor.  When  the  oil,  satan- 
ted  with  hydrodiloric  acid  gas,  is  treated  with  fuming  nitric  acid,  a  crystalline  com- 
pound, C'*H**.HC],  is  formed,  having  a  rotatory  power  of  -  23°.  When  templin-oil  is 
mixed  with  one-ihird  of  its  weight  of  absolute  alcohol,  and  then  saturated  with  hjdnH 
chloric  acid  ^asi  the  liquid  solidifies  to  a  magma  of  the  camphoroidal  compound, 
C**H**.2HC1,  insoluble  in  water  and  in  cold  alcohol,  but  easily  soluble  in  hot  alcohol, 
from  which  solution  it  crystallises  in  laminae.  It  dissolves  in  Tolatile  and  fixed  oils  in 
nitric  acid  and  in  sulphuric  acid,  melts  at  65^,  and  solidifies  to  a  radio-crystalline  miu 
on  ooolins,  but  is  not  volatile  without  decomposition. 

The  oil  obtained  from  the  young  branches  and  needles  of  Pinus  Pumilio  (iv.  649)  is 
probably  identical  with  tempUn-ou. 

VMM  M  AM  TIT Jk  An  arsenical  frihl-ore  from  the  Cornish  mines,  particularly  new 
Bedruthand  St.Day,  occurring  in  well-defined,  monometric,  tetrahedral  crystals,  isomoN 
phous  with  tetrahedrite,  and  exhibiting  imperfect  dodecahedral  cleavage.  Hardness  m 
3*6  to  4.  Specific  gravity  »  4*4  to  4*9.  Lustre  metallic.  Colour,  bla(£ish  li^-grey  to 
iron-black;  streak,  dark  reddish-grey.  Fracture  uneven.  Before  the  blowpipe  it 
emits  copious  arsenical  fumes,  and  finally  melts  to  a  black  scoria,  which  acts  upon  the 
magnet 
Analyses:  aby  Waekernagel;  6by  Rammelsberg  (Aftn^roiicA^fms,  p.  88): 
8.  At.  Cu.  Fe. 

o.  26-88  20*63  48*68  8*09     -     9918 

6.26-61  19*08  61*62  1*96     -     99*21 

These  analyses  may  be  represented  by  the  formula  (Cu' ;  Fe'7B>2As^,  diileient  hem 
that  of  arsenical  tetrahedrite— namely,  4M'1S.As'S'. 

TMMOMlTMm  Native  cupric  oxide,  occurring,  aooordinff  to  Semmola  (BqIL 
g^l.  xiii.  206),  in  the  cracks  and  pores  of  Vesuvian  kva,  above  Torre  del  Greco,  forminf 
very  thin  hexagonal  plates,  scales,  and  earthy  particles,  having  a  dark  steel-grey 
colour,  and  metallic  to  dull  lustre.    Thin  laooinse  exhibit  a  brown  translucence. 

TBVXBOITB.  Orthosilicate  of  manganese,  Mn"SiO\  from  SpartA,  New  Jersey. 
(See  Siuc^Tis,  p.  264.) 

VMMMMOmXAm  The  leaves  of  Tephroiia  apoUmea  (Dec),  a  leguminous  plant  in- 
digenous in  Upper  £gy^,  are  very  much  like  those  of  Caatia  oUmaa,  and  are  said  to 
occur  in  oommeroe  as  Folia  tenna  halipefma,  (Nees  v.  Esenbeck,  J.  Pharm*  [31 
vi.  186.) 

lOSTXiXO  AOZll.    Syn.  with  Ptbotebbbio  Aod)  (iv.  776). 

lTOXATB.    Ferruginous  lithomarge,  from  the  coal-beds  near  ZwidLau,  i& 
Saxony. 

LTO«A.TSXTa.    Syn.  with  Glauber's  salt 

and  axaziFM.  Metals  supposed  to  exist,  together  with  yttrium, 
in  the  gadolinite  of  Ttterby,  in  Sweden.  Mosander  in  1843  (Ann.  Oh.  Phann. 
zlviii.  220)  examined  the  crude  yttria  obtained  from  gadolinite,  by  the  process  of 
Berselins  (see  Tttbium),  and  concluded  that  it  was  a  mixture  of  three  earths  of 
different  basic  power.  The  most  basic  of  these— which  was  first  precipitated  from  the 
solution  of  the  earth  in  hydrochloric  add  by  ammonia — he  designated  as  erbia,  the 
next  as  t  erbia,  retaining  the  name  of  yttria  for  the  least  basic  A  more  oomplete 
sepatation  is  effected  by  fractional  precipitation  with  an  acid  oxalate  For  this  pur^ 
pose,  the  crude  yttria  is  dissolved  in  excess  of  hydrochloric  add,  and  'Jie  liquid  is  added 
by  drops  to  a  solution  of  acid  potassiuransxalate,  as  long  as  thi*  resulting  predpitaie 
redissolves  on  agitation.  The  crystalline  precipitate,  chiefly  consisting  of  erbium- 
oxalate,  which  then  separates  after  some  hours,  is  collected  on  a  filter ;  and  the  filtrate 
is  padually  niixed  with  more  potassium-oxalate,  which  throws  down  a  fresh  pre- 
dpitate  containing  a  larger  proportion  of  terbium,  while  the  la^t  predpitat«e  oontain 
scarcely  anything  but  yttrium.  The  first  precipitates  are  almost  always  reddish ;  the 
last  are  colourless.  0^  the  other  hand,  when  a  mixture  of  the  oxalates  of  arbinm. 
terbium,  and  yttrium  is  digested  with  dilute  sulphuric  acid,  the  yttrium-salt  is  chiefly 
diMolved  at  first,  then  the  terbium,  and  lastly  the  erbinm-salt  (Mosander). 
The  metals  erbium  and  terbium  have  not  been  isolated.    The  characters  of  erbivm* 
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oside  or  erbia,  and  of  one  or  two  erbiom-aalts,  as  determiued  by  Moaander,  ha^e  been 
alveadj  deeeribed  (iL  497);  erbia  is  especially  distingnished  by  being  yellow  after 
ignitioD  in  the  air,  and  beecwning  colourless  by  ignition  in  hydrogen. 

The  eharseters  of  terbinm-ozide  or  terbia  are  not  described  hj  Mosander;  but  its 
■alts  are  described  as  having  a  saccharine  and  astringent  taste.  In  the  sc^d  state, 
tfaey  exhibit  an  ametfayst-colonr,  but  not  of  constant  tint  or  intensity. — ^The  mUraU  is  a 
na^-red,  crystalline,  deliquescent  mass,  and  its  solution  becomes  coloured  during 
•fi^ioration,  eren  before  any  separation  of  crystals  takes  place. — ^The  duipkaU  forms 
oystala,  which  are  larger  than  those  of  yttrixun-sulphate,  and  effloresce  at  about  60^, 
cmmbling  to  a  white  powder.    (Mosander.) 

Subeequent  inreetigations  by  different  chemists  hare,  howcTer,  thrown  considerable 
doubt  on  the  existence  of  terbium.  Berlininl  860,*  in  applying  the  preceding  method 
of  aeparation  on  a  larger  scale,  obtained  only  erbia  and  yttna,  Sie  intermediate  preci- 
pitates being  always  resolvable,  by  repeated  fractional  precipitation,  into  the  ozalatea 
of  erbium  and  yttrium.  He  was  also  unable  to  obtain  tlie  sullphate  efflorescing  at  60^, 
'Which  Moaander  describes  as  distinguishing  terbium  from  erbium. 

8bular  results  have  been  obtained  by  Popp  (Ann.  Ch.  Pharm.  ezxzi.  179),  who 
Boteorer  finds  that  the  absorption-spectrum  of  an  erbium-solution  exhibits  certain 
bsttda,  ideotical  with  those  of  didjrmium  (ii.  322) ;  and  that  on  passing  chlorine  throng 
tha  solation  of  an  erbium-salt  mixed  with  sodium-acetate,  and  heated  to  the  boiling- 
point,  the  peculiar  yellow  precipitate  characteristic  of  cerium  (L  831)  is  obtained. 
Bsnee  Popp  concludes  that  the  supposed  earths,  erbia  and  terbia,  are  nothing  but 
yttiia  contaminated  with  the  oxiaes  of  the  cerium-metals.  His  experiments  can- 
BOt,  kowerer,  be  considered  as  disproving  the  existence  of  erbium,  inasmuch  as 
■iztarea  of  erbium-salts  with  those  of  cerium  and  didymium  might  exhibit  the 
cliaiacters  abore  mentioned;  but  Popp's  results  a^rree  with  those  of  Berlui,  in 
fsadiag  to  show  that  Mosander^s  terbia  is  really  a  mixture  of  erbia  and  yttria ;  and 
liiia  conclusion  is  further  corroborated  by  the  recent  experiments  of  Bahrand 
Bun  a  en  (Ann.  Ch.  Pharm.  cxxxrii.  1).    Ijiese  ehemists  separate  erbia  and  yttria  as 

The  preeipitate  formed  by  oxalic  add,  in  the  solution  obtained  by  heating  gadolinite 
with  hydrocldoric  acid,  contains  the  oxsiates  of  erbium  and  yttrium,  besides  those  of 
caldim,  cerium,  lanthanum,  and  didymium,  with  traces  of  man^anons  oxalate  and 
^Uaa.  niese  oralates  are  converted  into  nitrates ;  the  solution  is  treated  with  sul- 
pfaate  of  potassium,  with  the  usual  precautions  (i  831),  to  separate  the  cerium-metals ; 
Iha  cfbium  and  yttrium,  which  still  remain  in  solution,  are  again  precipitated  by  oxalic 
M&l;  the  oiTa1af4W  are  ignited ;  and  the  residual  oxides,  siter  being  careAilly  freed 
'  i  admixed  potassium-carbonate  by  boiling  with  water,  are  dissolved  in  nitnc  acid, 
again  i«ecipitated  from  the  add  solution  by  oxalic  add,  this  series  of  operations 
_  repeated  till  the  solution  of  the  mixed  esrths  in  nitric  add,  when  examined  in 
Iha  spectral  apparatus,  no  longer  exhibits  the  absorption-bands  characteristic  of 
didymium.  The  last  portions  of  caldum  and  magnesium  are  separated  b^  predpi- 
tatnig  the  add  solution  of  the  mixed  earths  with  ammonia,  the  calcium  and 
■aonedum  then  remaining  in  solution ;  the  predpitate  is  dissolved  in  nitric  add ; 
aM  the  solution,  now  containing  nothing  but  erbia  and  yttria,  is  predpitated  by 
oalicadd. 

To  separate  the  erbia  and  yttria,  the  oxalates  are  converted  into  nitrates ;  the  solu 
tioo  is  evaporated  in  a  platinum-dish,  till  the  first  bobbles  of  nitrous  add  make  their 
appearsnffe ;  and  the  dish  is  quickly  cooled  by  pladng  it  in  cold  water,  whcxenpon  the 
viaeid  mass  solidifies  to  an  extremely  brittle  glass.  On  dissolving  the  mass  in  a  quan- 
tity of  warm  water  just  suffident  to  prevent  the  solution  from  becoming  turbid  on  boil- 
iss;^  nitrate  of  erbium,  still  containing  yttrium,  separates  on  slow  cooUng  in  needles, 
«&eh  most  be  separated  from  the  mother*liquor  by  decantation,  and  quickly  rinsed 
vift  water  containinff  about  3  percent  of  nitric  add.    This  mother-liquor,  treated  in  a 
amilar  manner,  yields  a  second  crop  of  crystals  of  erbium-nitrate  containing  yttrium; 
tha  aioChsr-liquor  of  these  yields  a  third  crop,  and  so  on,  the  proportion  of  yttrium- 
ta/ttwJUb  in  the  suooesdve  crops  of   crystals   continually  increasing.     By  mixing  a 
osrtain  number  of  the  earlier  and  comparatively  pure  crops  of  crystals,  and  treating  them 
\m%  amilar  manner,  products  are  obtained  of  still  greater  purity ;  and  by  repeating  this 
mod»  of  treatment  several  times,  nitrate  of  erbium  is  ultimately  obtained  containing  no 
BMUgeciable  quantity  of  yttrium. 

Fore  erbia,  obtained  by  ignition  of  the  nitrate  or  oxalate,  has  a  faint  rose-red  colour 
[act  yellow,  as  stated  by  Mosander).  It  does  not  melt  at  the  strongest  white  heat,  but 
Iggregatea  to  a  spongy  mass,  glowing  with  an  intense  green  ught,  which,  when 
moiiiied  by  the  spectroscope,  e^bits  a  continuous  spectrum  intersected  by  a  number 
9i  liright  bands.    Solutions  of  erbiom-salts,  on  the  other  hand,  give  an  absorption- 

■  ForbaadUiiger  vcd  de  Skandinaviike  NaiurfnrekerM  attende  Mode  i  KjubraluTen,  1860,  p.  44S. 
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Bpeetnunezhibithig  dark  bands,  and  tkepoiiUt  o/mturimmm  intmdtif  ofiht  U^U  htnit 
in  tie  emittum'tptetrum  <^gUiwmg  erbia  oomcide  eacaottf  impomtim  wUk  H»  fomU  tf 
greatest  darkneu  in  the  oMorpHan-epectrum,  The  potitaon  of  these  baada  la  totally 
different  from  thoee  in  the  emission-  and  absonvtion-spectiu  of  didyninni ;  in  fiict,  there 
is  not  a  single  line  of  the  erbium-spectnun  wnieh  oorresponds  with  that  of  didjmiiiiL 
(Bahr  and  Ban  sen.)* 

Erbia  is  a  protoxide,  Eb'O,  containing  87*6  per  cent  erbinm  and  12*4  oxygen;  it 
does  not  unite  directly  with  water.  It  dissolves  slowly  but  oomi^etely  in  warm  hydro* 
chloric,  nitric,  and  snlphnric  acids.  The  erbium-salta  have  a  rose-red  colour,  deepv  ia 
the  hydrated  than  in  tne  anhydroos  state ;  they  have  an  acid  reaction  and  sweet  astrii- 
cent  taste. — If  Urate  of  £^n6ittm,  obtained  as  abore  described,  is  a  basic  salt,  £K'(^0*f. 
Kb^CSHK),  cxystallising  in  small  imperfectly-defined  needles,  having  a  l*ght  rose- 
colour,  permanent  in  the  air,  giving  off  their  crystallisation-water  at  a  modarate  heel, 
and  being  converted  into  erbia  at  a  red  heat  without  change  of  form.  It  dissoltet 
with  difficulty  in  nitric  add,  and  is  decompoeed  by  water  into  nitric  add  and  a  geUtiaoos 
hyperbasic  salt^The  9U^>hate,  3£b'SO*.8HK),  isomorphous  with  the  sulphates  of 
yttrium  and  didymium,  forms  liffht  rose-coloured  crystals,  which  give  off  their  water  of 
crystallisation  when  heated,  and  recover  it  with  great  rise  of  temperature  when  mois- 
tened with  water.  The  hydrated  salt  dissolves  very  slowly  in  water,  the  anhydroos 
salt  very  quiddy,  a  character  exhibited  also  by  the  sulphates  of  the  cerium-metals.  It 
is  paitiaUy  decomposed  by  ignition. — The  oMUate^  O£b''0*.HK),  is  predpitatsd  from 
boiling  add  solutions  of  erbium-salts  as  a  light  rose-coloured,  heavy,  aaady  powder* 
which  may  be  easily  washed  by  deoantation,  amd  does  not  give  off  ita  water  tall  heated 
nearly  to  the  temperature  at  which  it  decompoaes. 

The  mother-liqiiors  from  the  several  crystallisations  of  erbium-nitrate  cootsio 
nitrate  of  yttrium,  together  with  a  certain  quantity  of  the  erbium-salt  and  the  nitntes 
of  the  cenum-metttls,  which  have  not  gone  down  with  the  nitrate  of  rabium  in  the 
successive  ciystallisationa,  but  have  accumulated  in  the  mother-liquors.  To  obtain  a 
pure  yttrium-salt,  therefore,  the  cerium-metals  must,  in  the  first  place,  be  removed  by 
repeated  treatment  with  sulphate  of  potassium,  till  the  remaining  solution,  whea 
examined  by  the  spectroscope,  shows  no  trace  of  the  didymixun-lines.  The  sulphate 
of  yttrium  thus  &r  purified,  but  still  containing  erbium,  is  next  reconverted  into 
nitrate;  the  solution  of  this  salt  is  evaporated;  the  residue  heated  nearly  to  redoeis; 
and  the  resulting  mixture  of  the  oxidee  and  hy^rbadc  nitrates  of  yttrium  and 
erbium  is  treated  with  cold  water,  wherebv  a  solution  is  obtained,  containing  nitrite 
of  yttrium  with  less  erbium-salt  than  before,  and  a  residue  rich  in  erbium ;  and  by 
repeatbg  this  treatment  several  times,  a  nitrate  of  yttrium  is  at  length  obtained, 
which  exhibits  no  trace  of  an  absoiption-spectmm,  and  when  ignited  leaves  pare 
colourless  yttria.    (See  Yttbiuu,) 

The  result  of  the  whole  series  of  operations  is,  therefore,  to  separate  the  erode  yttria 
obtained  from  gadoliaite  into  two  earths,  yttria  and  erbia,  without  any  indieatioa  of  aa 
earth  (the  so-called  terbia)  of  intermediate  basidtj. 

On  the  other  hand,  Belafontaine  (Ann.  Ch.  Pborm.  czxxiv.  99 ;  Jahresb.  1664k 
p.  196;  Bull.  Soc.  Ohim.  [18661  i.  168)  still  maintiiinB  the  separate  existence  of  erbia 
and  terbia.  He  finds  that  the  first  predpitates  thrown  down  bv  add  potossic 
oxalate  (as  in  Mosander's  method),  fh>m  a  solution  of  crude  yttria,  yield,  on  ignition,  a 
yellow  residue ;  and  if  this  be  redissolved,  and  suligected  several  times  to  the  same 
treatment,  an  earth  is  obtained  of  oontinuallj  deeper  ydlow  colour,  and  condstrng 
mainly  of  erbia,  with  comparatively  small  quantities  of  terbia  and  ^rttria;  from  wfaici 
It  may  be  farther  purified  by  dissolving  it  in  nitric  acid,  evaporating  to  dryneaa,  re- 
dissolving  in  water,  saturating  the  neutral  solution  in  the  cold  witli  pulverissd 
potassic  sulphate,  and  washine  the  resulting  j>rsctpitate  (condsting  of  erbio-potaasie 
sulphate)  with  a  saturated  scMution  of  potaadc  sulphate,  which  dissolves  the  double 
sulphates  of  the  other  two  metals.  Tlie  erbio-potassic  salt  dissolves  easily  in  hot 
water,  and  the  solution,  treated  with  potash,  yields  erbium-hydrate,  which  may  be 
redissolved,  and  completdy  purified  from  terbium  and  yttrium  by  repetition  of  the 
same  treatment. 

Anhydrous  erbia,  thus  obtained,  has  a  yellow  colour  of  various  depths,  but  becomes 
white  by  ignition  in  hydrogen.  The  hydrate  is  white,  absorbs  carbonic  add  from  the 
air,  and  when  heated  to  redness,  leaves  the  anhydrous  oxide  in  dense  hard  lamps  of  a 
deep  orange-yellow  colour.  Its  solutions  are  colourless,  or  sometimes  have  a  hlat 
rose-colour,  and  do  not  exhibit  any  absorption-speotnim. 

Terbia,  die  separation  of  which  from  yttria  is  not  specially  described,  is  (acoording 
to  Belafontaine)  an  earth  of  a  pale  rose-colour,  ana  does  not  become  colourless  by 
ignitioa  in  hydrogen.    It  dissolves  easily  in  acida,  fbimi&g  rose-eoloioed  solutions, 

•  The  paper  Sbove  relbn^  to  is  aeeompinied  by  esaetdUfraoM  or  tlM  erbiam- and  didymlua-epccfcra 
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vM  fMd  aa  abeorpHon-Bpeetnim.  Bebibntaiue  is  of  dpinion  that  the  earth  de- 
KfjM  bj  Baht  wad  canseD  aa  trbU,  ia  really  terbta,  the  true  erbia,  which  is  first 
unawmid  by  onlie  acid  from  the  eolution  of  the  mixed  earths,  ha^nng,  as  above 
iMDCioBfd,  a  jelloir  (not  a  roee)  colour,  and  not  producing  an  absorption-spectrum. 
Bikraad  fiiiasi&«  on  the  oontnurjr,  are  of  opinion  that  the  yellow  colour  and  oth<v 
p^miimM^m  of  BeUfontaine's  srbia  are  to  be  attributed  to  imperfect  separation  of  the 


Q.  Ihrebamide.'-TlaB  oani' 


twAtt  e^eroaenta  are  periiaps  required,  to  afford  a  perfectly  satisfitetory  answer  to 
ibi  mwrion  irh  nthnr  mid  n  yttna  is  amizture  of  three  earths  or  of  only  two ;  but,  for  the 
mrot,  the  Ttiy  earefolly  conducted  experiments  of  Bahr  and  Bunsen  must  be  regarded 
M  thfoviag  great  doubt  on  the  existence  of  the  third  of  these  earths — the  soncalled 
tirte.  The  &ct  which  tells  most  strongly  in  fiiTour  of  the  opposite  view,  is  that 
I^iifntaiBe's  tcrbia  exhibits  an  absorption-spectrum,  whereas  his  erbia  does  not ;  but 
tb  ibsBiiptions  hitherto  given  of  his  methods  of  aeparation  are  not  sufllciently  precise 
tt  laabis  IS  to  judge  of  their  efficient. 

ieeofdii^  to  Delafontaine,  the  atomic  weight  of  yttrium  is  74*4  (yttria  « 
TO) ;  that  eC  erbium  is  higher,  and  that  of  terbium  higher  still.  He  further  regards 
itM|mbahIe  thatgadolinite  contains  a  fourth  metal,  whose  salts  have  an  absorption- 
ifHlnB  paftly  eorreaponding  with  Uiat  of  didymium. 

iMOfdag  to  Bahr  and  Bunsen,  the  atomic  weight  of  yttrium  is  61*7>  and  that 

>    C^»«NO»    -  (C'HWr 

H 

pModitprodneed,  by  heating  terebic  arid  in  ammooia-gaa  to  140^-160^,  as  a  sublimate, 
ihMb  disntres  slightly  in  cold,  easily  in  hot  water  and  alcohoL  The  aolutiona  are 
Mtnl  to  Htmoa,  uid  do  not  decompose  oarbonatea.  Terebamic  add  dissolves  easily 
ii  esHtae  aDcalia,  and  ia  separated  from  the  solution  by  acids  in  its  original  state. 
-IW hiimmmif,  C>'H«!Ba'17*0*^flK),  is  easily  soluble  in  water,  and  dries  up  on 
mpontioo  to  a  gum :  it  is  preripitated  in  the  eiyvtalline  state  by  alcohol,  and  forms, 
ifttfdfjfaig,  a  looae  web  of  microeeopic  needles  having  a  silky  lustre.  (Handw.  d. 
fin.  ^6.) 

■k    See  the  preceding  article. 
An  optically  inactive  isomer  of  turpentine-oil  (q.  v.). 
Syn.  with  Camfhkkbb  (i.  724). 
Syn.  with  Tbbhbxo  Aom. 

One  of  the  isomers  of  turpentine-oil  obtained  by  the  decom- 
BMMs  of  the  I^ydrochlorate,  C**H**.HC1,  or  the  hydrobromate,  C>«H>«HBr.  It  ahM> 
fnai  the  chief  portion  of  the  turpentine  of  Pinu$  mantima,  (See  Txthpsmtiiik  Oil.) 
tmMJMMTMbXC  AOXB.  C"H>*0«.  (J.  Personne,  Ann.  Ch.  Pharm.  c.  253.)— 
Tkkadd  is  obtained  by  paaaing  the  vapour  of  fused  turpentine-hydrate  over  soda- 
faae  hMted  to  400^,  and  treating  the  resulting  mass  with  hydrochloric  add ;  the 
nacdcB  ia  attended  with  the  evolution  of  huge  quantities  of  marsh-gaa  and  hydrogen : 

C>»H«D*     -     (7»H»"0»  +  2CH*  +  ff. 

His  add  is  white,  has  a  faint  odour  resembling  that  of  the  goat^  is  heavier  than 
tsUr,  malta  at  90^,  and  dietila  with  partial  decompodtion  at  2^0^.  It  ia  insoluble  in 
ttli,  bat  solabile  in  boiling  water,  and  separates,  on  cooling,  as  a  powder  condsting  of 
■nB  aeedle  shaped  ezystals ;  it  ia  vety  soluble  in  alcohol  and  in  ether.  By  snblima- 
rifli.  if  njrralliarfl  in  small  apanglea,  apparently  having  the  form  of  oblique  priams. 
hi  t^eur  ia  acrid,  and  attacfca  the  nose  strongly. 

Todwatilie  add  is  monobadc — ^Its  calcmm'Salt,  fbrmed  by  treating  the  add  with 
loM,  aTStalliaea  in  small  dlky  needles,  reaemblinjg^  sulphate  of  quinine^ — The  lead" 
mk  k  unoTstallisable,  and  resembles  gnm-arabie. — ^The  nheAsalt,  CH'AgO*,  is 
ilid|t]v  aohibla  in  boiling  water,  and  cryitolliaea  on  cooling. 

With  alcohol^  terebentilie  add  eaaily  fwma  an  ether  having  the  odour  of  pears  and 

WMMMMMtrnWO  JLOBB.  An  add  produced,  according  to  Cailliot  (Ann.  Ch. 
FIja  [1],  zzi.  SI ),  together  with  terephthalic  add,  by  the  action  <^  nitric  acid 
oa  tiiiMiii—  nil  It  is  separated  from  tne  terephthalic  add  by  boilinff  water  or  cold 
«feahaL  sad  oystallises  ttcm.  the  aqueous  solution,  on  cooling,  in  small  diining  needles 
nad  to  have  the  coimpodtion  O^ffO*.  It  volatilises  easily  with  the  vapour  of  boiling 
eatir.  Bidts  at  169°,  boils  at  a  much  higher  temperature,  but  sublimes  at  100°  when 
biCed  ia  omo  veaaels.  Its  ether  has  an  agreeable  odour  of  anise,  and  boils  at  130^. 
Tb  Bftalbe  tearvbeosatee  are  about  as  soluble  in  water  as  the  benzoates. 

.  CH'*0«  =  ^^'^J^^' 1 0*.— A  product  of  the  action  of  nitric 

3  a2 
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ocid  upon  turpentine-oil,  discoTered  by  Bromeis  (Ann.  Ch.  Fharin.  zxzrii  297),  vho 
CHlled  it  iurpentmie  acid ;  farther  examined  by  Rabonrdin  (J.  Pfaarm.  [8]»  tl  186), 
who  designated  it  as  tetAUie  or  ter^henie add;  by  Cailliot  (L.  Inatitot  1849,n.86S), 
and  lastly  by  Sranberg  and  Eckmann  (J.  pr.  Chem.  Izri.  220). 

To  prepare  it^  oil  of  turpentine  is  heated  with  four  or  five  times  ita  weight  of  nitiie 
acid  diluted  with  an  equal  bulk  of  water,  as  long  as  red  fumes  are  erolre^  whereby  % 
reddish-yellow  brittle  rosin  and  a  yellow  acid  liquid  are  obtained.  This  liqmd, 
eTaporatod  to  a  syrup,  and  diluted  with  a  laige  quantity  of  water,  deposits  a  wfaitub- 
yellow  precipitate,  having  the  oonsistenoe  of  pitch;  and  the  watery  liquid  sepaisted 
therefrom  yields  erystalhne  terebic  acid.    (Sran b erg  and  Eek man n.) 

Terebio  acid  crystallises  (aoooiding  to  Bromeie)  in  tolerably  regular  farms, 
appearing  under  the  microscope  as  four-sided  prisms  with  oblique  terminal  fisoss,  sod 
exhibiting  an  extraordinary  lustre  on  their  lateral  £Mes.  It  has  a  purely  add  tsits, 
dissolres  slightly  in  cold,  more  readily  in  boiling  water,  easily  in  alc^ol  and  ethiv.  It 
is  not  decomposed  by  nitric  acid  at  the  boiling  heat,  but  sulphuric  add  diais  iL  Tht 
acid  melts  at  200^  without  loss  of  weight ;  Imt  at  a  higher  temperature  it  begins  to 
boil,  and  is  resolred  into  carbonic  anhydride  and  pyroterebio  add :  C*H**0^  «  00* 

Terebates. — ^Terebic  add  is  dibasic.  It  decomposes  carbonates,  forming  add  salts, 
C'H*MO«  and  0>«Hi'M"0*,  which  hare  an  add  reaction,  but  do  not  excct  any  fortbt^ 
action  upon  carbonates.  In  contact  with  metallic  oxides  and  hydrates,  however,  the 
acid  forms  neutral  salts,  G^*M*0<  and  CrH^n'O*.  It  resembles  salicylic  add  a 
forming  add  more  readily  than  neutral  salts.  It  also  forms  add  ethen,  wfakh  set 
with  baises  like  a  monobasic  add. 

The  neutral  terebates  all  contain  water  of  erystaUisation,  and  retMn  at  least  one 
atom  of  it  until  heated  to  a  temperature  at  iHiidi  they  decompose.  Wbradehjdnted 
as  far  as  possible  without  decompodtion,  they  hare  the  composition  CHVO*JSK). 
Hence  they  are  regarded  br  Cailliot  as  salts  of  a  peculiar  add,  0^**0*,  whidi  he 
calls  diaterebic  acid.  But,  as  they  yield  terebic  add  when  decomposed  by  addi, 
this  supposition  does  not  appear  to  rest  on  veiy  good  grounds. 

Terebatet  of  Ammonium. — ^The  neutral  »aU  is  deliquescent  and  uncrrstallisable. 
— ^The  acid  mUt,  C'il*(NH*)0*,  forms  yezy  soluble  prisms ;  which  gi?e  off  their  anunoiua, 
slowly  at  ordinary  temperatures,  quickly  at  100^. 

Terebat$8  of  Barium,— Tht  neutral  aali,  2(rH*Ba'0\6H*0,  obtained  by  sddiw 
baiTta-water  to  a  solution  of  the  add  salt»  and  precipitating  the  excess  of  baiytawit£ 
carbonic  acid,  dries  up  to  a  gummy  mass,  which  gives  off  2  at.  water  at  140^,  leaTmg 
the  salt  2CH*Ba"0\8H*0.  This  hydrate,  which  appears  also  to  be  predpitated  bj 
alcohol  from  the  aqueous  solution,  deliquesces  on  exposure  to  the  air,  and  then  yima 
crystals  of  another  hydrate,  C'H*Ba''0\3H'0  (Cailliot).— The  add  AoftMi-M^. 
CHfli«Ba-0».2H'0,  or  C*H»Ca''0*.CH'»0«.2HK),  obtained  by  treating  the  aqueous  sdd 
with  carbonate  of  barium,  is  precipitated  from  its  syrupy  solution  by  aleohd  hi 
needles  (Cailliot);  according  to  Svan berg  and  Eckmann,  it  is  nnaystallisahls. 
A  more  dilute  solution  mixed  with  alcohol  slowly  deposits  nodules  of  the  neutral  salt, 
while  free  terebic  add  remains  in  solution. 

The  neutral  calcium-ealt  separates,  by  spontaneous  evsporation  of  its  solutioDi 
in  microscopic  tables,  containing  20'H*Ca''0^.6H^ ;  but  on  boiling  the  aolution,  it  is 
deposited  in  small  ciystals  containing  CH*Ca!'0\J3H), 

Terebates  of  Lead,— Tht  neutral  ealt,  8C'H*Fb''OV2HK),  fonna  oystaUins 
nodules,  which  are  insoluble  in  cold  water,  and  are  decomposed  by  boiling  water,  with 
formation  of  a  bade  salt.— A  bade  kad-aaU,  2CH"Pb'0«^b'HH)<.3HK>,  is  also  nt- 
cipitated  on  evaporating  a  solution  of  1  at  lead-oxide  in  1  at.  terebic  add. — Cailnot 
likewise  describee  a  sut  containing  2C^'Pb'0^6HK),  which  he  calls  msteierrbaie  of 
lead,  representing  it  as  2PftO.C»«J5?»0»».— The  add  kad-eaU,  C'*H'*Pb''O».H«0  = 
C'H«Pb^O«.C'H>*0«.HK),  is  obtained  by  saturating  the  aqueous  add  with  litljuu^ 
taking  care  that  the  latter  is  not  added  in  «xoes8,  and  crystallises  from  Um  l]qui4 
evaporated  to  a  83rrup,  in  small  white  groups  of  crystals  resembling  cauliflower-heads. 

Tht  acid petaseium-ealt,  2C'H*K0«.H^0,  obtoined  by  dissolving  oarbonate  of 
potassium  in  an  equivalent  quantity  of  the  add,  and  ev^jorating  to  a  syrup,  fonns 
very  soluble  crystals,  which  give  off  their  water  at  100®. — ^The  aeid  eodium^ealU 
2C'H*NaOMI'0,  prepared  like  tkt  preceding,  also  gires  off  its  water  at  100^. 

Silver-aalts.—Tht  neutral  so/^,  CH*Ag*0*.HK>,  obtained  by  precipitating  a 
solution  of  the  neutral  barium-salt  with  nitrate  of  silver,  is  uncrystallisable  (Syan- 
berg  and  Eckmann).  According  to  Cailliot,  it  dissolves  ^<<'7*^%1^  ^  boPing 
water,  and  sepanites  therefrom  in  needles. — The  add  dlvfr»mUt^  C^H^AgU*,  obtained 
by  predpitating  the  add  ammonium-  or  barium-salt  with  nitrate  of  silver,  then  evapo- 
rating, and  leaving  the  solution  to  cool  slowly  fonub  beautiful  shining  prisma. 
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[O  BTSSBS*    Ttorebie  acid,  as  already  obserred,  forms  acid  ethers, 

vfaich  react  like  monobasic  acids ;  they  are  prepared  by  the  direct  action  of  terebic 

C'H«0«) 
acid  on  the  sereral  Blcohoh.^Etkyl'^ereine  acid,  C'H'(C*H*)0«  -       C*HHO*,  is 

Hi 
an  oil,  having  a  bnming  bnt  not  add  taste,  sparingly  soluble  in  iratar,  and  not  apable 
of  being  distilled  withoat  decomposition.    Its  salts  hare  but  little  stability,  and  are 
resolTed  by  the  slightest  heat  into  metallic  terebate,  ethyl-terebic  acid,  and  alcohol,  e.g. : 

C»«H»«Ba'(Cra*)«0»  +  EH)     =     Cm^BaTO*  +  C«H«0  -i-   [C'H»(C«H»)0^. 

The  metJ^He  and  amplie  ethers  resemble  the  ethylie  ether  in  composition  and  in 
properties.    (Cailliot,  ^.ci^.) 

CO  AOIB.    Syn.  with  Tbbsbic  Acid. 

An  isomer  of  turpentineH)il  (^.o.)* 

ITSIO  or  TBSacST&IO  ACZB.  C«H*0*.  An  acid  said  by  CaiUiot 
to  be  contained,  together  with  oxalic,  terephthalic,  terebensic,  and  turpentinic  adds,  in 
the  wateiT  liquid  obtained  by  oxidising  turpentine-oil  with  nitric  add  dilnted  with  an 
•qml  bulk  of  water. 

VMMMMTTMm    A  mineral  from  Antwerp,  in  New  York,  of  specific  gravity  2*63, 
Mgaided  by  Dana  (ii.  208)  as  an  altered  form  of  seapolite. 

L    See  TsBMPBTKiLLic  Ajodbs  (p.  726). 


O  ACZB.    (m*0*  -  ^^^*^^il|0«.      Insolinic     Acid.-' A 

modnct  of  the  oxidation  of  tiirpentineH)il  and  other  hydrocarbons  and  of  certain  alde- 
hydes. It  was  discovered  by  CaiUiot  (Ann.  Ch.  Phys.  [3],  xxi.  28),  who  obtained  it 
bj  the  action  of  nitric  add  on  turpentine-oil,  and  more  completely  examined  by  Be  la 
Sue  and  Hngo  MuUer  (Ann.  Oh.  Pharm.  cxxi.  86).  Hofmann  {ibid,  xcvii.  197), 
hj  oxidising  cnminic  add,  cuminic  aldehyde,  and  cmnene  with  chromic  add,  obtainecl 
ft  dibadc  acid,  which  he  celled  insolinic  acid,  and  represented  by  the  formula  C*H*0*, 
bvt,  aeeofding  to  De  la  Rue  and  Muller,  this  acid  is  identical  with  terephthalic 
ftdd.  Aooor£ng  to  Schwanert  (ibid,  cxxxil  257),  terephthalic  acid  is  pnxiuced  by 
tlio  aedon  of  nitric  add  upon  several  volatile  oils :  cymene,  turpentine-oil,  lemon-oil, 
thjmene^  and  caieput-oil,  oxidised  with  nitric  acid,  yield  terophthalic  and  camphretic 
ftods ;  enmin-CHi  yields  terephthalic  but  no  camphretic  add ;  camphor,  wormwood-oil, 
Imneol,  and  peppermint-oil  yield  camphretic  but  no  terephthalic  add ;  thymol  does 
■ot  yield  either  of  these  addb ;  thyme-oil  or  thymene  yields,  together  with  terephtha- 
He  add,  an  oil  having  the  composition  of  Hofmann*s  insolinic  acid.  De  la  Rue  and 
Xtller  {Hid,  cxx.  839 ;  cxxi.  86)  have  obtained  terephthalic  add,  together  with  other 
aeids,  by  the  action  of  dilute  nitric  acid  on  rectified  coal-tar  oil  (a  mixture  of  toluene, 
^leoe,  and  pseudocumene),  and  on  the  liquid  hydrocarbons  of  Burmese  naphtha ;  they 
lad  also  that  it  is  always  produced  in  the  preparation  of  toluylic  acid  from  cymene,  and 
in  the  treatment  of  that  hydrocarbon  with  fuming  nitric  acid  for  the  production  of 
Bitrotohiylic  add,  the  result  being  the  same  whether  the  cymene  has  been  obtained  from 
Soman  cumin-oil  or  from  camphor.  According  toBeilstein  (ibid,  cxxxiii.  32 ;  cxxxvii. 
901),  xylene  oxidised  with  dilute  nitric  add  yields  only  toluylic  acid :  CH'*  •»•  0*  s 
G^*0*  •!•  H'O;  but  when  treated  with  sulphuric  acid  and  potassic  dichromate,  it  yields, 
lij  ftirther  oxidation,  terephthalic  acid,  which  indeed  is  likewise  produced  by  the  direct 
tnatment  of  toluylic  add  with  the  same  oxidising  mixture. 

H^jmration. — 1.  From  TurperUine-oU.— The  oil  is  treated,  in  a  retort,  with  a  large 
eBBcees  of  nitric  acid  diluted  with  an  equal  bulk  of  water,  as  long  as  red  fames  continue 
to  eeoape.  The  add  mother-liquor  thus  obtained  is  separated  from  the  resin,  and  the 
ssadiie  is  treated  with  cold  water,  which  again  leaves  an.  orange-yellow  resin,  contain- 
ing terepAithalic  and  terebendc  adds.  The  latter  may  be  removed  by  solution  in  cold 
aleohcd  and  boiling  water ;  the  terephthalic  acid  is  then  dissolved  in  ammonia ;  and 
tlie  lesnlting  ammonium-salt,  after  beins  purified  by  repeated  crystallisation,  and  boil- 
ing with  animal  charcoal,  is  decomposed  by  a  mineral  acid. 

8.  From  dumnie  Acid,  Cuminic  Aldehyde,  Xylene,  &e. — One  part  of  cmninio 
add  is  eohobated  for  about  twelve  hours  with  1  pt.  of  diclux>mate  of  potassium, 
•  pts.  of  strong  sulphuric  acid,  and  12  pts.  of  water.  Terephthalic  acid  is  then 
faaad  floating  on  the  green  liquid,  after  cooling,  as  a  white  flour-like  powder, 
and  the  liqmd  retains  in  suspension  a  greenish  half-frised  mass,  consisting  of 
dirooie  teiephthalate.  The  liquid  is  now  to  be  filtered,  the  insoluble  matter  washed 
with  water  to  remove  the  soluble  chromium-salt,  and  the  residue  boiled  with 
ammonia,  which  dissolves  terephthalic  acid,  leaving  chromic  oxide  undissolved. 
The  ammoniacal  solution  saturated  with  hydrochloric  add  yields  a  white  powder. 
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which,  when  tepettadlj  boiled  with  water,  or  heated  with  boiling  alcohol  (to  imbo?» 
adhering  oominic  add),  constitates  pore  terephthalic  acid  (H  of  man  n).  In  a  milir 
manner  terephthalio  acid  may  be  prepared  fiom  Boman  cumin-oU,  which  is  a  mixture 
of  cuminic  aldehyde  and  cymene.  Beilatein  preparea  it  by  boiling  lOOgrma.  xyleae 
for  eereral  days  with  400  grma.  potaaainm-dichromate  and  650  grma.  oil  of  Titriol 
diluted  with  twice  its  wei^t  of  water, — then  filtering,  disaolTing  the  residne  in  carbo- 
nate of  sodium,  diluting  with  a  large  quantity  of  water,  and  precipitating  with  hydr^ 
chloric  add. 

Propertiei. — Terephthalic  add  is  a  white,  tasteless,  oystalline  powder,  not  peccep- 
tibly  soluble  in  water,  alcohol,  ether,  chloroform,  or  acetic  add.  When  warmed  with 
strong  sulphuric  add,  it  dissdres  in  considerable  quantity,  without  fbrmation  of  a 
sulphoterephthalic  add,  and  is  separated  in  its  original  state  on  addition  of  water. 
When  heated,  it  sublimes  without  previous  ftimon,  forming  an  indistinctly  erystallioe 
sublimate,  which  has  the  same  composition  and  properties  as  the  oriffinftl  add :  tereph- 
thalic  add  is  not  therefore^  like  its  isomer,  phthatic  acid,  resolved  by  heal  into  water  and 
the  anhydride.  When  heated  with  potash,  it  is  resolved,  like  phthalic  add,  into  ben- 
lene  and  ca]4x>nic  anhydride  (De  la  Rue  and  M&l  ler).  Hofinann's  insolinic  add 
melts  at  a  very  high  tempezature,  its  melting^  and  boiling-points  nearly  coindding, 
When  distiUed,  it  partly  sublimes  unaltend,  while  the  rest  is  deoomposed,  with 
formation  of  benzoic  add  and  bensene,  carbonic  anhydride  being  evolTed,  and  a  oarbo- 
naceouB  residue  remaining  in  the  retort.* 

Terephthalates. — ^Terephthalic  add  dissolves  in  alkalis,  neutralidng  them  ooo- 
pletely,  and  is  predpitated  ftom  its  salts  by  phthalic  add.  Although  dibasic,  it  does 
not  form  any  double  salts,  and  shows  but  Uttle  tendeney  to  form  acid  sails.  Nearly 
all  the  terephthalates  are  soluble  and  crystallisable,  and  so  inflammable  that  thej 
mav  be  set  on  fire  by  a  spark  from  flint  Mid  steel,  and  bum  away  slowly  like  tindfft, 
emitting  the  chaiaoteristic  odour  of  bensene.  Terephthalic  add  forms  acid  and  neotnl 
ethers  (p.  727). 

TerepkthakUe  of  Ammoniumf  C^X^H*)^)*,  crystallises,  by  slow  •vmpoiratioa,  in 
small  czTstals  having  a  strong  lustre  (Beil stein). — The  barimm-mltt  CH*Ba'0*. 
4HK),  obtained  by  mixinff  the  concentrated  solution  of  the  ammonivm-eah  with 
chloride  of  barium,  ciystulises  from  water  in  ooncentrioaUy-grouped  tablets,  whidi 
become  anhydrous  at  160^,  and  dissolve  in  866  pts.  water  at  6^. — ^Tbe  ctdeiiim-taU, 
C*H«Ca"0^8H*0,  prepared  in  like  manner,  dissolves  in  1218  pts.  water  at  0^^  (Beil- 
stein). — ^The  aUvtr-mlt^  G^H^AgH)*,  separates  as  a  curdy  predpitate  on  mixing  the 
solution  of  the  smmonium-salt  with  nitrate  of  silver.    (De  la  Rue  and  M filler.) 

Vltrotereplithallo  Ael4,  C*H*(NO')0\  is  formed  by  the  action  0{  a  mixture  of 
fuming  sulphuric  and  nitric  acids  on  terephthalic  acid,  and  separates  finom  water  io 
cauliflower-like  affgregates.  It  dissolves  easily  in  hot  alcohol,  forms  weU-cirstaUised 
metallic  salts,  anocrystallisable  ethers,  which  dissolve  easily  in  alcohol  and  melt  at 
low  temperatures.  By  reducing  agents  it  is  converted  into  oxyterephthalamic  or 
amidoterephthalic  add  (i^fra).    (I) e  la  Rue  and  Huller.) 

OxTTBRKPHTHAUC  AoiD,  C*H*0*,  is  producsd  by  the  action  of  nitrous  add  on  oxy- 
terephthalamic add.  It  forms  well-crystallised  salts,  less  soluble  th&n  the  corre- 
sponding terephthalates.    (De  la  Rue  and  Hiiller.) 

TSU»BTBAU[0  IMffTl»»«,  1.  Tirtj^hthaUmide,  C*H«NK>*  - 
N^.H*.(C*HK)')'',  produced  b^  the  action  of  ammonia  on  terephUialio  chloride,  is  a 
white  amorphous  body,  not  dissolved  by  any  solution. — 2.  Nitroterepkikaf amide, 
C*H'(NO')KK)',  formed  by  the  action  of  filming  nitric  arid  on  tCTephrhalamide,  om> 
tallises  in  fine  prisms. — 8.  Terephtkalvl-nitrile,  CH*N*,  is  obtainad  by  tnating 
terephthalamide  with  jdiosphoric  anhydride,  distilling  over  as  a  liquid,  which  solidifies 
in  the  neck  of  the  retort  It  forms  fine  prismatic  crystala,  colourless  and  scentlese^  in- 
soluble in  water  and  in  bensene,  eadly  soluble  in  cold  alcohol.  When  boiled  with 
caustic  alkalis,  it  is  gradually  converted  into  ammonia  and  terephthalic  add. 

4.  09yUr$phihalam%e  Aeid,  CH'NO*  -  (G*H>OTVo»^'  AmidoUr$pktha- 

lie  Aeid^  C'H*(NH*)0*,  is  produced  b^  the  action  of  redudng  agents  on  nitrotereph- 
thalic  add.  It  crystallises  in  thin  pnsms,  and  often  in  mosslike  groups  of  cnrstals^ 
sparingly  scJuble  in  cold  water,  ether,  alcohol,  and  chlorofbrm.  It  uaitea  both  with 
acids  and  with  bases ;  the  solutions  of  the  latter  compounds  are  highly  flnoresoML 
The  ethers  of  oxyterephthalamic  add  are  formed  by  the  action  of  reducing  agnts 
on  those  of  nitroterephthalic  add. — ^The  etk^  tthir  forms  laige  crystals  resembling 

•  The  pbysleal  ehanctcn  of  losoUnk  aeid  are  the  wmm  m  thote  of  Ccr«Bhth«lic  mM  ;  hoc  the 
anmlyiet  of  tb«  add  and  of  iu  aalu  afree  ▼ory  nearly  with  tb«  numbora  raifdred  tqr  HofasMi'a  lei^ 
HBula  C*H«0<,  and  dUfcr  conalderably  from  thoae  required  by  ibe  formula  of  lerephibalk  add. 
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nrnnic  nitrate ;  its  solntions  are  stroaely  fluoreseent.    Oxyterephthalamic  acid  is  cod- 
Tertt-d  by  nitrous  acid  into  oxyterephuialic  add. 


TaSBPBTBAXiZC  OS&OBZlia,  C^H)Kn>,  is  prodneed,  together  with  j^os- 
phoric  ozychloride,  by  the  action  of  phosphoric  pentacnloride  on  terephthalic  acid  at 
40^.  It  forms  beantiful  crystals,  inodorous  at  ordinary  temperatures,  but  smelling 
when  heated  lilce  benioic  chloride,  which  it  resembles  in  its  reactions.  (Be  la  Bn« 
And  Mil  Her.) 


iltEO  jn*JUUI8.  Terephthalic  acid  forms  both  neutral  and  acid 
ethers.  The  neutral  ethers  are  formed  by  the  action  of  terephthalic  chloride  upon 
alcohols,  or  by  that  of  alcoholic  iodidos  on  the  silver-  or  potassium-salt  of  terephthalic 
acid. — ^The  acid  ethers  are  usually  formed  in  small  quantity,  together  with  the  neutral 
ethers,  by  the  action  of  alcoholic  iodides  on  terephtbalate  of  silver.  They  are  well- 
marked  monobasic  acids,  and  form  salts  insoluble  in  alcohoL 

Neutral  Amj/lic  Tertphthalate,  C«Il«(C*H'0*O*,  forms  pearly  scales,  which  melt  at 
the  heat  of  the  hand.— The  neutral  eikpfic  ether,  C*H«(C*H*)*0\  forms  long  prismatic 
crystals  resembling  urea,  and  easily  soluble  in  alcohol  (De  la  Bne  and  Muller). 
It  melts  at  44°,  solidifies  at  29^,  is  insoluble  in  water,  but  dissolves  easily  in  alcohol 
and  ether  (Beil stein).— The  neutraJ  methylic  ether,  C*H«(CH>)K)\  forms  beautiful 
flat  prismatic  crystals,  several  inches  long,  which  melt  at  a  temperature  above  100^,  and 
■abbme  without  decomposition.  It  dissolves  easily  in  warm,  less  easily  in  cold  alcohol 
(Da  la  Rue  and  Miiller).  According  to  Beilstein.  it  melts  at  140°,  and  solidifies 
■gain  at  130°.— The  neutrai  phenylic  ether,  C*H«(C*H*)H)\  is  white,  crystalline,  and 
malts  at  a  temperature  above  100^.    (Be  la  Bue  and  Miiller.) 

lSVX-WXT&I&B*    See  Tkbkththalic  Ajcidbs  (p.  726). 

[OVB.  Syn.  with  TBioPiAmruLnmn.  (See  Opunic  Aod,  Amidm 
ap,  iv.  206.) 

See  TuKFKimKR-oiLy  Htdbatbs  of. 


ro&.  (     Hydrates  of  turpentine-oil  (q.  ».). 

Syn.  with  Catschtj  (i.  816). 

A  ferruginous  day,  occurring  near  Siena,  in  Italy,  in 

thick  brownish-yellow  masses,  often  light-yellow  in  the  middle,  and  yielding  a 
greenish-yellow  powder.  It  has  a  specific  gravity  of  3'46,  a  conchoidal  fhicture,  and 
adheres  strongly  to  the  tongue.  According  to  Bowney,  it  contains  76'3  per  cent. 
iSKrie  oxide,  9*6  alumina,  11*1  silica,  and  13*0  water,  besides  email  quantities  of  lime 
and  magnesia.  When  burnt,  it  becomes  brown-red,  and  yields  a  dark-red  powder.  It 
is  used  as  a  pigment,  both  in  its  natural  state,  tLarawsiena,  and,  after  ignition,  as  burnt 


VO&XATA  TJkMVJkMK,    A  name  of  potassium-acetate.     Sodium* 
acetate  is  sometimes  called  Terra  fol.  tart,  cryetaUieabilis, 

Syn.  with  Catechu. 

Lemnian  earth  (iii.  670). 

Obsolete  name  of  bole. 

Obsolete  name  of  magnesia. 

A  name  applied  by  Bergemann  to  the  diamond,  at  a  time 
when  its  real  nature  was  not  known. 

TBBXJL  FOJIJIBAOSA.    An  old  name  of  baryta.     Terra  panderoea  ealiia, 
old  name  of  barium-chloride. 

See  Umbeb. 

rBHilB.    One  of  the  three  elementary  earths  assumed  by 
Beeher,  and  supposed  to  be  especially  abundant  in  siliceous  minerals. 

Syn.  with  Afofhtllitb  (i.  361). 

nUETBS*  A  name  applied  to  the  native  anenides  of  cobalt, 
■maltine  and  skutterudito,  both  of  which  crystallise  in  the  monometric  or  tesseral 
system  (i.  1041). 

Syn.  with  Axbitk.    (See  Fklspab,  ii.  621.) 

r«    See  Cbtstaixoobapht  (ii.  121,  144). 

A  prefix  applied  to  compounds  containing  4  at.  of  a  chlorous  element 
to  I  at.  of  a  basyluus  element:  e.ff.,  tetiachluride  of  tin,  SnCl^;  albo  to  substitution- 


728 


TETRACLASITE— TETRAHEDBITE. 


compounds,  in  which  4  at  hydrogen  are  replaced  bj  a  ladide,  simple  or  oompooad: 
t.g.,  tetrachloroqoinone,  tetramethylammoniiuii,  &e. 

Syn.  with  ScAFoun  (p.  203). 

or  TSTmABaOATTlN  C*«H* ;  alK>  called  Ifyru^^—The 
fourteenth  term  of  the  ai^ries  of  alcohol-radicles,  0^^*K—T>tradecyUc  hydride, 
G'^H"*,  is  one  of  the  constitnents  of  American  petroleum :  it  boils  between  236^  and 
240^,  and  is  concerted  by  chlorine  into  the  corresponding  chloride,  C'^H^CL — Tetra- 
decyUe  or  MyrMc  Jlcokol,  or  Method  C**H^,  is  one  of  the  constituents  of  sper- 
maceti (iii.  1072). 

NatiTe  tellnride  of  bismuth  (p.  707). 

Fakl'Cre,  Grey  Copper^  FakUre^  K^ferfaklert,  Panabate, 
— Varieties :  PolytdUe,  WeiMsgUHgers  or  Silber/ailers;  Sehwarj^^iltigerg  and  Grott- 
gUHgerz  ;  Spaniolite  or  QuscJmlber/akUrr, 

The  name  tetrahedrite,  or  fahl-ore,  is  applied  to  a  group  of  isomorphous  minerali, 
crystallising  jk  hemihedral  forms  of  the  monometric  or  regular  sjrstem,  and  oonsisUog 
of  mixtures  of  sulphur-salts  (sulphantimonites  and  sulphaisenites),  in  which  the 
sulphur  of  the  base  is  to  that  of  the  add,  for  the  most  part,  as  4  :  S.    The  genertl 

formuk  of  the  group  is,  therefore,  /^^t^(<»  Sb^'A^l^'  *^  symbol  M 
denoting  Cu  (cuprotum)  and  Ag,  and  N"  denoting  Fe,  8n,  and  Hg  (i-  200). 
The  forms  of  most  frequent  oceurrenoe  aye  the  regular  tetrahedron,  -  (Jig,  190,  ii. 

202  O 

{fy,  706),  and  the  oombinatioiis   *!•  ^    •  o»0« 

O       .  202,^ ,       O         202 


230),  the  triakis-tetrahedron 
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(/y.l97,ii.281),+  2 

«»0(/y.798),  ^-^  . 

Fig.  706. 


odO  (fy.  203,  ii.  232),  +  r  .  +  tr.  (^.797),  +  j  -   4-  "^ 
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2' 


andotheis. 


Fig,  IV!. 


Twin-OTstals  occur,  with  octahedral  eomposition-fiice.     Clearage  octahedrsl  in 
traces.    The  mineral  also  oocnn  granular  to  impalpable,  and  compact.    Hardness  « 
Fig.  798.  3  to  4*5.    Specific  grari^  »  4*6  to  611.    Lnstie 

metaric.  Colour  between  steel-grey  and  iron-black. 
Streak  generally  the  same  as  the  colour.  Opaoue,  or 
subtranslucent  in  Tery  thin  splinters,  with  aierry- 
red  transmitted  colour.  Fracture  subconohoidal,  un- 
even.   Rather  brittle. 

Before  the  blowpipe,  it  gives  oflTfhmes  of  antimony 
and  sometimes  of  arsenic,  then  melts,  and  after 
roaatinff  leaves  a  globule  of  cop^r.  When  pulverised, 
it  dissolves  with  little  residue  in  nitric  acid,  forming 
a  brownish-green  solntioo. 

The  best  mode  of  analysing  tetrahedrite  is  that  ol 
H.  Boss,  which  consists  in  heating  the  mineral  in  a 
stream  of  chlorine;  the  metals  are  therebv  converted 
into  chlorides,  some  of  which  are  volatile,  while  othen  are  fixed,  a  divuion  whi^ 
greatly  ftcilitates  the  ftirther  separation  (p.  637). 

Analv$es: — 1,  2.  H.  Rose  (Pogg.  Ann.  xv.  676). — 3.  Svanberg(Kongl.  Vetensk. 
Acad.  rorhL  iv.  86). — 4.  Rammelsberg  (Mtneralchtmie^  p.  87). — 6,  6,  7.  H.  Rose, 
{foe.eU.)—%.  Oenth(8ill.  Am.  J.  xvi.  83).- 9.  Scheidhauer  (Pogg.  Ann.  Iviii 
161).— 10.  Yon  Hauer  (Jahrb.  Geolog.  Reichs.  1862,  p.  98):— 
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t,        tb,         AfcC^M^SB.A|c.      Hg- 
i  CiMrtM .    .    .  M'73   »U     .    .     94*48   2*37    5-ft6     4*97    ..    •  100^ 
1  Ffv^tfff  •    •    •   St'17    »€*«I     .    .     14*81    ftIM   0^   1119    .    .    ^  9987 

^'iCSS^I      W^   M-n  trace  S9-91    1*91    8^     atl9    .    .    PbO*04,  Co9'49fMifM  I*?? 

4  Mitrttft  .  .  94*80  98*56  .    .  90*47  9*89  9-99  IP-a  .    .  Pb8*78  «  100*00. 

LUmA     .  .  .  9877  99*94  988  97*98  0^  7^  0^  .    .  «  99*34 

%,  Oiiiiiff  .  .  .  9m  18  M  7*91  98*89  4*89  9*76  9*97  ..  «  9871 

7.  AlMO      .  .  .  98*89  19*48  10*19  40«)  4'68  9-89  Q-OO  .    .  qotfU  0-41  m  99*44 

*■  ^OwSm   **|  ■•'^  ^"^   "*••  **^   '*"  **•    *•■*   .    .    -  1» 

I  9i'94    18*48     »M  95*90  4*90   1-01    trae«     7*89  qovte  979  »  97*86 

j  94*97   98^46  tract  90*58   1^46  ..     0*00    16*69  «  90^ 

Vagi  of  di«M  ADmlysM  a^p«e  nearly  with  the  general  fonnnla  ahore  ghren. 

Wbn  the  mineral  contains  much  silver,  it  is  c^ed  PolytdUe,  SStber/ahl-ore,  or 
Wtimiltfiffers.  A  Tarietv  of  this  mineral,  which  occurs  massiTe  and  ilne-grantilar,  of 
^ttaie  gravity  6*438  and  6*465,  at  the  **  Hoflfbung  Gottes"  mine,  near  Freibeig.  oon- 
tuBi  1$  to  88  p«r  cent  lead,  together  with  22*68  8,  22*89  8b,  5*92—6*78  Ag,  8*72— 
S«l  Fe,  816— 67  Zn,  0*19—0*32  Cn  -  100.  In  this  mineral  the  snlphnr-ratio  for 
th«  baies  and  acids  is8  :  2;  but  it  may  be  regarded  as  tetrahedrite,  if  some  of  the  bases 
•lenckooedas  impurities. 

la  ore  from  mine  Altar,  near  Coqnimbo,  was  found  Inr  Field  (Chem.  Soa  Qn.  J.  ir. 
m)  to  eootain  80*86  per  cent.  8,  8*91  As,  20*28  Sb,  86*72  Cn,  7*26  Zn,  1*23  Fe, 
^074  Ig.  aad  0*008  An.  It  is  sdt,  of  ^[easy  appearanoe,  greenish-grey,  slightly 
iiddish,  and  yields  a  bright-red  powder.  I)omeyko  considers  it  impure,  containing 
bliadf ,  pyrites,  and  galena.  Ettling  obserres  that  it  is  analogous  in  constitution  rather 
Id  Marmte  than  to  t^rahedrite,  corresponding  to  the  formula  4lPS.(8b' ;  As')8*. 

JfiUomU,  or  AjUmiU,  from  WermUnd,  Sweden,  has  a  steel-grey  colour,  and  black 
cmk ;  hardoesa  «  8 ;  spedflc  gravity  ■■  4*87.  It  gives  the  formula  TUPS. 
(8b»;  A8«)8». 

AmdmU  is  a  nassive  ore  from  the  Anniviersthal  in  the  Yalais,  containing  (after 
Mndion  of  9*4  per  cent  of  quarts)  26*22  per  cent.  8,  12*10  As,  9*71  8b,  6*46  Bi, 
99-86  Cb,  4*16  Fe,  2*22  Zn  -  99*21,  which  agrees  nearly  with  the  formuht  8M*S. 
(8b^;  As";  Bi*]8' ;  but  the  mineral  does  not  appear  to  have  been  completely  examined. 
KtBBgott  (  uebinieki,  1856,  p.  120)  regaros  it  as  an  impure  tetraMrita. 

2\siisafi'f4,  which  is  a  sulpharsenite  of  copper  and  iron,  isomorphous  with  tetrahedrite, 
ii  by  some  miiMralogists  regarded  as  a  variety  of  the  latter ;  but  its  connNMition 
dM8  not  agrea  with  the  formuht  iWQJiM*8^,  but  rather  with  7M%.2A8'£P.  (8ee 
IiaaujiTiTii^  p.  720.) 

For  a  fell  diacussiim  of  the  formula  of  tetrahedrite,  see  ScmnuUberg*$  Mineral' 
^Mif  (pp.  90-99). 

Lim  tetrmhedral  oystals  of  tetrahedrite,  having  mostly  a  rough  dull  surface,  are 
feod  m  the  Cofmish  mines  near  8t.  AusteL  More  briUiant  and  highly  modified 
mlsls  oeevr  at  Andreasbeiffin  the  Hars,  Kremnits  in  Hungary,  Freibwg  in  Saxony, 
Xspaik  ia  Ttmnsylraaia,  and  DiUenberg  in  Nassau.    (Dana,  ii.  82.) 

^^^iff  f^'mmmim0^nrm  m.mmmmtvmnnm.      gee   HiBCUBT-BASM,    AmMOWTACAT.     (iii 

tirv 

N(CH^^~Most  of  the  compounds  of  this 


lost  have  been  already  clescribed  (iiL  999).  8tahlschmidt  (Fogs.  Ann.  cxix.  421 ; 
him^  1808,  p.  403),  hj  treating  tri-iodide  of  nitrogen,  or  tri-iodamide,  NI*,  *  with 
sa  ssMSB  of  methyue  iodide,  has  obtained  penta-iodide  of  tetramethyl- 
ssimoaivBy  together  with  iodoform : 

aNP  +  9COT    «    2N(CH»)*P  +  CHP  +  2HL 

His  bfowB  lioiiid  resulting  ftom  the  reaction,  is  almost  wholly  soluble  in  boiling 
sbsotsta  alcohol;  the  solution,  on  cooling,  deposits  green  crystals  of  the  pentaiodide; 
Md  the  Mothsr-liquor,  on  further  evaporation,  yields  iodoform. — If  the  liquid  con- 
taMfrMamiiKNiia,protoiodideof  tetramethylammoniumis  likewise  formed, 
aad  nttas  with  the  iodofotm,  producing  the  crystalline  compound,  C*H'*NI'  «- 
HfOTyLlCHP. 

The  pesBtaiodide  of  tetramethylammonium  easily  gires  up  4  at.  of  its  iodine  to 
tftahs  and  redueiB^  apeiits.  With  at^ueous  potasli,  it  forms  a  yellow  solution,  which 
Mstains  tha  protoiodide,  tooether  with  iodide  and  iodate  of  potassium,  and,  when 
iNstsd  with  aods,  again  yields  the  pentaiodide. 

*  tfciMtcliwidt  Audi  thjit  wImb  m  sotutloii  of  Sodln*  In  abaolut*  alcohol,  Mtarated  at  ordinary  trm- 
!•  ailsod  with  8  or  4  toU.  of  ttrong  aoueotu  ammonia,  tha  retohioc  pradoiuta,  after 
■         ""    '     fftr 


■afhvaalrinf  wtthooM  watar,  has  (hecompothioDof  trl-lodamlda,  NP  ;  butffthaioditta. 
k«n  ha  arfsod  vHh  S  or  8  volt,  of  a  Mturated  lolaUoo  of  ammonia  In  ahaohite  alcohol,  the  pradpU 
flftvbaSnc  voUwaabed  with  absolute  alcohol,  conalaU  of  di-lodaml da,  NUP. 
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On  mixing  a  warm,  eatmnted,  alooiholie  solution  of  the  pentaiodide  with  aqawoi 
ammonia,  or  heating  the  polvenaed  oomponnd  with  strong  aqneona  ammonia,  or 
mixing  an  alcoholic  aolation  of  iodine  with  iodide  of  tetramethylammonimii  and 
ammonia, «  brown-black  or  dark-green  exploiiye  compound  is  formed,  oonsivting  of  a 
compound  of  tri-iodide  of  tetramethylammoniom  with  di-iodamide:  C*H*^^  « 
N(CH"VI^NHI^  or  less  probably  of  di-iodide  of  tetmmethylammonium  and  tri- 
iodamide,  N(CH*)^*.NP.  This  compound  may  be  dried  without  decomposition,  if  the 
drying  be  carefully  conducted ;  b«i  it  explodes  easily  when  touched  with  a  (bather;  ct 
with  oil  of  Titriol,  or  when  heated  above  100^.  It  is  ineoh^»le  in  water  and  in  dilute 
alcohol ;  but  hot  absolute  alcohol  dissolTes  it,  apparently  with  deeomposition,  sad 
formation  of  tetramethTlammontmn-pentaiodide.— ^^i^Yite  of  ntner  remores  aU  the 
iodine  in  the  form  of  siiTer-iodide.  The  compound  is  decomposed  by  boiling  ooiaiiiU 
Uy,  with  fiormation  of  a  small  quaatt^  of  iodoform.  ^Hth  $ulpkydrie  aeid  it  dseom- 
poses  in  the  manner  shown  by  the  equation: 

C«H«N1»  +  8HW  -  N(CH^*I  +  HH*I  +  SHI  +  8». 

^fdroehkrie  aeid  also  decomposes  it,  with  separation  of  iodine.  (Stahlschmidt) 

TBTAAJUrrM  llf-MV A I  MJBanL  When  1  toL  ethylenic  bftmiide  is  heated 
with  2  Tols.  methylio  sulphide  to  100^  the  two  bodies  gradually  unite  into  a  oyitel- 
line  mass,  consisting  of  tetramethyl-ethylene-sulphobromide,  OE>^i9  m 

(C^* r  (Br* '  ^^^  dissolTss  easQy  in  water,  and  separates  therefrom,  by  erapontka 

in  aTaeuum,  in  well-defined  OTStala.  This  compound  dissolres  in  all  proportaonsafliat 
water,  1«>8  freely  in  alcohol,  not  at  all  in  ether,  and  is  precipitated  by  ether  frmn  the 
alcoholic  solution,  in  white  prismsw  When  treated  with  a  silyer^alt,  it  forms,  togriher 
with  bromide  of  silyer;  a  crystallisable  Tery  deliquescent  compound.  With  reoendy 
precipitated  silver-oxide,  it  yields  a  caustic  alkaline  solution,  oontaiaing  the  oxida 
(CU')*(C*H<)SK).  The  deUquesoent  hydroehlorate  fonns,  with  pU^io  chloride,  the 
double  salt  {CH^)\Cm*ySKi^:Pta*.  (Cahours,  Compt.  i«nd.  Ix.  620, 1147 ;  Jahresb. 
1865,  p.  477.) 


C>«H\NO«)«.— Trinitionaphthalene  (it. 
16),  treated  with  Aiming  nitrio  acid  in  sealed  tubes,  is  converted  into  tetnnitionsnb* 
thalene ;  and  both  nitro-componnds,  when  acted  upon  by  iodide  of  phoephorua,  yidkl 
iodides  of  polyatomic  bases,  analogous  to  iodide  of  picrammonium  (iy.  640).  (Latte- 
mann  andD'Ajuiar,  BulL  Soc  Chim.  1864, 1  481.) 


in 
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»B08»SAiao  A01B8.    (Gladstone,  Fmc  Boy.  Soe.  xr.  61i.>^ 
Theee  are  amic  adds  derived  from  tetraphoephoric  add,  V*ILK>^*  (toe  add  of  Fleit- 

mann  and  Hennebere*spho9hates,iv.687),  and  produced  by  the  action  of  watsroQ 
the  compounds  of  phosrnoric  oxychloride  with  ammonia.* — Tetrai^kfiipkatetrvmio  mU, 

P«(NH*)«HH)*,  or  ^1 Q^,  is  a  solid  stoUe  body,  insoluble  in  alcohol,  but  soluUe  in 

water,  and  combining  readily  with  bases,  the  amount  of  repUioeable  hydrogen  appear 
ing  to  vary  from  1  to  6  atomSk 

Triammmi^0d  Tktntphotpkodiamid  And,  P«(NH*)>(NH«)*HO"  -         H^ 

(NH«)» 

a  visdd  liquid,  iAsohibld  in  alcohol,  but  very  soluble  in  water.  It  forms  a  liqud 
eoinponnd  with  ammonia,  but  metallic  salts  appear  to  break  it  up  into  a  variety  of 
bodies*  By  the  action  of  heat,  boiling  water,  strouff  acids,  or  alkaline  carbonates,  it 
may  be  converted  into  tetraphosphotetramie  add.  Among  tht  bodies  formed  from  it 
when  heated  alone,  is  a  white  substance,  insoluble  or  nearly  so  in  cold  wster,  and 
having  the  same  oompositioii  as  ammonium-metephosphate,  FNHH)*;  thb  sub^anoe 
is  at  once  transformed,  by  hot  water  or  dilute  adds,  into  pyiopbosphodiamie  add. 

THraphotphopentazotie  Aeid^  P'N'H'O',  is  formed  when  o^rchloride  of  phosphor os 
is  folly  saturated  with  ammonia,  and  the  resulting  mass  is  heated  to  about  280^  and 
washed  with  cold  water.  It  is  an  insoluble  body  capable  of  decomposing  metallic 
salts,  and  contains  1  at.  of  hvdrogen  replaceable  by  potassium  «r  ««»witiT^^. 
When  treated  with  slightly  addulatod  nitrate  of  silver,  it  vields  a  tetraaotic  sslt, 
P^N^H^Ag^O';  which,  when  decomposed  by  minersl  adds,  yields  tetia{^osphotetrsmJe 
acid  and  other  compounds.  [For  the  discnsdoo  of  the  rational  formaUs  af  all  these 
compounds,  see  the  original  paper  above  cited.] 

TBTRAVB081PB ATBS«  This  name  may  be  applied  to  one  of  the  dasses  of 
phosphates  discovered  by  Fldtmann  and  Henneberg,  namely  JICPH)**  (iv.  687). 

•  Phocpbork  oxjrchloflde  ablorbt  etther  1  or  4  moleculet  of  finnoota,  fonntac  wkiteioNdi,  preteMr 
rmiBtttinjr  of  Ml>amnionlae,  nrfxcd,  la  the  oaa  cue,  with  P(N^)CI*0,  aad  tn  ihe  eftber  vtta 
r(NU<}H:nO.    (GUdttone.) 


TETRAXniONIC  ACID— TETBYL.  731 


[ODZVannnbXVXO  AOZB.  C'*H*.4H*S0«.— An  acid 
formed,  togotber  with  triBalphodiphenjleiiie  acid,  C"H*.8H'S0^,  by  beating  sulph^ 
of  diusobenxidine  (Utiasodiphenyl)  witb  ationg  Bulpburic  acid  (iv.  413). 


lTBZOVZO  AOXS.    See  Sulfkub,  OxTanir-Acms  of  (p.  641). 

C*'H«N«.    Bjn,  witb  DusoBiMirDnfB  (iv.  412). 

laavsoita     C*«H*N*.     Syn.  with  Duio- 
brnzidinb-Anilikb  (ir.  418). 


TBTmAXODlvaavnzmBB.   N<H*(C*'H^«)>*.— A  oompoond  prodneed  by 
the  action  of  aqneona  ammonia  on  perbromide  of  diacobensidine  (iy.  412). 


Syn.  with  triphyline.    (See  Pbospe^tbs,  iT.  072.) 
Syn.  with  Tetrtlbo. 

rznx.  N(C*H*)^  MostofthecomponndBofthiabaM 
have  been  abready  described  (ii.  561).— A  ekloriodide,  N(C>H*)«Cl4:,  ia  produced  1^ 
aiiding  aqutoua  protochloride  of  iodine  to  a  solution  of  chloride  of  tetntbylammoniimi 
in  dilat«  hydrochloric  acid.  On  gently  heating  the  liquid,  and  learing  it  to  stand,  the 
chluriodide  is  deposited  in  lurge  fern-leaf  crystals,  belonging  to  the  regular  systeuL 
It  ia  more  soluble  in  dilute  hydrochloric  acid  tluun  in  water,  which  latter  oaasea 
decomposition.  The  solution  reacts  like  protochloride  of  iodine.  (W.  A.  Tilde  n, 
Chem.  Soc.  J.  xix.  146.) 

The  following  compounds  of  tetrethylammonium  with  metallic  adds  hava  been 
•juunined  by  AL  Classen  (J.  pr.  Chem.  zdii  446 ;  Jahresb.  1864, p.  420): 

Tungstate,  (e»H*N)»0.2W0«    ....  deliquescent. 

Ifolybdate,  (G*H»N)*0.2MoO«.8HK)  deUquescent. 

fl,. ,^  J  (C»H«'N)«0.6SnO».H«0  (  j  insoluble  quadnUe 

s"*""*^  j(C«H"N)«0.7SnO«.H«Oj         •  j     octahedrons. 

Neutzml  ehromate,  (C*H'*N)K).0rO'  ...  not  crystallisable. 

Dichromate,  (C«H'*N)K).2CrO*.        .        .  prismatic  crystals. 

Araenate,  (C«H"N)H)AaK)»     ....  crystalline. 

Antimonat^  2(C^'*N)*0.SbH)*  deliquescent. 

Moat  of  these  salts  are  obtained  by  treating  the  metallic  acid  with  a  solution  of  the 
Base;  the  ehromate  by  decomposing  ehromate  of  silver  with  hydrate  of  tetrethylammo- 
fliom.  When  heated,  they  yield  ofifensiTe-smelling  products,  the  dichromate  decom- 
posing CKpIosdyely. 

TBTJLIJi,  or  BUTT&.  C^H*.— The  fourth  alcohol-radiclf^  of  the  series  C"H^^>. 
In  the  free  state,  its  molecule  contains  CH",  so  that  it  is  isomeric,  or  perhaps  identi- 
cal (iii.  182),  with  octvlic  hydride,  C*H"JI.  It  was  first  isolated  by  Kolbe  (Chem. 
fioe.  Mem.  iii.  278;  Chem.  Soc.  Qu.  J.  ii.  157)i  who  obtained  it  by  the  electrolysis  of 
valorianie  acid,  and  named  it  Valyl;  Wurti  (Ann.  Ch.  Pharm.  xciii.  112;  xcvi. 
S64)  afterwards  obtained  it  by  the  decomposition  of  tetiylic  iodide,  and  examined  ita 
prooerties  more  fully. 

FreparoHan, — 1.  By  the  action  qf  Potassium  or  Sodium  on  Tetrylie  Iodide. — 100  pta. 
of  tetrylic  iodide  and  18  or  14  pts.  of  sodium,  are  introduced  into  a  flask,  prorided  with 
an  upright  condensing-tube  kept  cool  by  ice-water.  The  action  begins  at  ordinary 
temppsatnrea,  with  evolution  of  heat,  the  sodium  swelling  up,  and  gradually  be- 
*wm«"g  corezvd  with  a  blue  crust.  As  the  action  slackens  it  must  be  accelerated  by 
aztemal  beat,  and  the  liquid  kept  boiling  till  the  blue  colour  of  the  sodium  has  disap- 
peand,  and  the  flask  contains  a  white  mass  of  sodium-iodide  saturated  with  tetryl. 
The  tetiyl  is  then  distilled  from  the  flask,  and  the  distillate  rectified  over  sodium,  till 
the  metal  completely  retains  ita  lustre  in  the  boiling  liquid,  and  is  no  longer  attacked. 
Tlia  portion  which,  in  the  last  rectification,  distils  over  between  105^  and  108^  is  pure 
%tirn.  When  potassium  is  used,  a  oonsidenble  quantity  of  the  tetryl  is  resolved  inta 
toliylic  Iqrdride  and  tetiylene :  C^H**  -  CH**  +  C«H*.    (Wurtz.) 

S.  jy  tfii  EUetrolysis  of  Valeriame  Acid : 

2C^»«0«  -  C«H"  +  2C0«  +  H«. 
— ^When  an  electric  current  of  four  Bunsen's  cells  is  passed  through  a  cold  saturated 
solution  of  potassic  valerate, — hydrogen,  carbonic  anhydride,  and  tettylene  gases  are 
evolved,  and  an  oily  liouid  rises  to  the  surface,  consisting  of  tetryl  and  tetiylic  vale- 
sate.  On  boiling  this  liquid  with  an  alcoholic  solution  of  potash,  valeiate  of  potas- 
iiam  gndnally  separates,  while  the  tetryl  remains  dissolved  in  the  alcoholic  liquid, 
and  may  be  purified  bv  washing  with  water,  drying  over  chloride  of  calcium,  and 
lectification.    (Kolbe.) 

PnjpsrtUs, — ^Tetryl  is  a  colourless  oily  liquid,  having  a  fuint  but  agreeable  odour, 
and  a  slight  taste,  with  burning  aftcrtabte.     Specific   gravity    ^    ir694  at  IflP 
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^Kolbt);  07IS6  at  O©  (Kopp) ;  07067  at  0®  (Wnrta).    Ita  ezpauion-tfodBcient 
(batwars  11<>  and  ST'X  i<»  acooidiiig  to  Kopp: 

(NN)12126<  ^   0H>0000027933(*  -f  0000000016297^. 

It  Mb  at  106^  (Kolbe) ;  at  lOS*^^'  (Wurts) ;  at  lOO®  under  a  barometric  pretmra 
af  TiiwwJKopp),  and  diatilfl  oompletely  wiUioot  deoompoaitioii.    VapouMleiuntj 

-  4^3  (Kolbe);  4-070  (Wnrts);  407  and  8S8  (Or.  Williama);  Uie  calculated 
falM  (C4>«  -  2  TDk.)  ia  8*95. 

Tiatrfl  ia  raaolable  in  water,  bot  mixea  in  all  proportiona  with  alcohol  and  ether. 
Monacif  the  tetiyl-€ontpo«ida  can  be  directly  prepared  from  it — Ckhrine  ^nd  bromin$ 
act  ^on  it^  bnt  fonn  anba^totioB-prodiicta. — With  pmtackloride  of  antimony  it  yieldi 
hjdioefalork  acid  and  eUorinatea  prodncta  not  ^et  examined. — Pentadloride  of 
fkomkanu  ia  daco»|>oaed  by  it  only  after  long  boilinp^,  with  formataon  of  triddoride 
of  pboaphoraa,  chlorinated  tctzyl,  and  hydrodiloricacid.  When  the  yapoura  of  iodine 
and  tatzyl  ate  paaard  together  orar  ntmgyjiaimum  heated  in  a  tnbe  to  300^,  a  large 
^[■andty  of  hydiiodie  aod  ia  formed,  together  with  a  small  quantity  of  an  iodiaed 
ofjganie  aobatanee,  probably  a  anbatitiition-prodnet. — Hydrochloric  add  haa  no  adioD 
uoa  tetiyl,  either  at  ordinary  temperatuiea,  or  at  a  temperature  near  that  di  boiling 
aO.    (Warts.) 

Tailed  forma  oompoonda  with  other  aloobol-iBdielea. 

Tetry  1-ethy  1,  C'H*«  -  C«H*.0*H%  obtained  by  the  action  of  eodimn  on  a  &iz- 
tore  of  tetrylic  and  e^^ie  iodides,  has  been  already  deacribed  (ii.  525). 

Tetryl-amyl,  C*H*  «  C^IP.O^H",  la  pr^iazed  by  decomposinff  a  miztnre  of 
tetrylic  and  amyUc  iodides  with  sodium,  in  the  manner  aeacribed  fofc  ue  prepantioo 
of  tetryL  The  sreater  part  of  the  resulting  liquid  distils  over  between  180"  and  140^, 
and,  by  repeated  fractional  distillation,  pure  tetzyl-aai^  is  obtained  aa  a  colooriess  liquid, 
boiling  at  132^,  baring  a  specific  granty  of  0*724  at  0^.  VuNMiz^danaity  »  4*46  (calc 

-  4-42).    (WurtaJ 

Tetryl-hexyl.C*«H»  -  C«H*.C*H»,  is  obtained  by  the  electrolTaia  of  a  miztim 
of  CBoanthylata  and  Talerate  of  potassium.  The  oily  liquid,  which  co&ecta  on  the  sor- 
fooe  of  the  aoueous  solutiMi,  is  a  mixture  of  aereral  l^moearbons ;  and  when  sulneeted 
to  fractional  oistillation,  ^elds,  between  100^  and  140^,  a  liquid  containing  tetzyl-nfsyl, 
iHiich,  when  further  rectified,  boils  between  156^  and  160^,  and  exhibfts  a  Tapooi^ 
density  of  4*917  (calc  «  4*907) ;  but  it  haa  not  been  obtained  pure. 

TBTRfX,  AOSTATBS  OV.  C*H*K>*.— There  are  two  ethers  hariag  this 
composition,  the  one  oorresponding  with  primary,  the  other  witb  secondary  tetiylje 
Hlcohol  (tf|/ra). 

Vrvmary   TeiryUe  Acetate,  C«H'.C>HH)*    -    ^^?|o,  is  produced  by  distiUiog 

equivalent  quantities  of  dry  acetate  and  tetiylsulphate  of  potassium,  or  by  heating 
normal  tetnrlic  iodide  with  a  sli^t  excess  of  silyer-acetate  in  a  glass  tube,  and 
distilling  off  the  resulting  liquid.  The  distillate  is  purified  by  washing  with  a  dilnta 
solution  of  sodio  carbonate,  then  dried  over  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  of  agreeable  odour,  specific  giavi^  «  0*8844  at  16^,  and  boiling  at 
114^.  Vapour-density  a  4*073;  calc  a  4*017.  fiy  prolonged  boiling  with  potash, 
it  is  resolved  into  acetic  acid  and  normal  tetrylic  aloohoL  (Wurtz,  Ann.  Ch.  Pharm. 
xciii.  121.) 

Secondary  Thtrylie  Acetate  is  produced,  together  with  tetxylene,  by  heating  secondaiy 
tetrylic  iodide  (obtained  from  erythromannite,  p.  736),  with  acetate  of  silver  in  sealed 
tubes.  On  distilling  off  the  tetrylene,  the  seconoary  tetiylic  iodide  remains,  and  ma;  be 
purified  like  the  normal  ether.  It  is  a  colourless  liquid,  boiling  at  lll^to  113^, 
and  having  a  strong,  agreeable,  aromatic  odour,  but  not  fruity,  like  the  ^mary  acetat«. 
(DeLuynes,  Jabresb.  1864,  p.  501.) 

TUl'ltlJi  A&OOBO&8.  C«H>«0.~In  the  article  "  BmxmoAxt  amd  Txmixt 
Alcohols  "  (p.  216),  it  is  observed  that  there  are  three  poaaible  tetryl  or  butyl  akoholii, 
vspreseuted  by  the  following  formula : — 

/CH*CH»CH«  fCHH3H«  /CH» 

H  C. 

OH 


C 


H  ^^ 


OH 


CH» 

CH» 

I  OH 


Primary.  Seooodary.  Tettiery. 

An  alcohol  bavins  the  composition  0^**0,  ia  produced,  together  with  ethylie  and 
amylic  alcohob,  in  l£e  fermentation  of  sugar,  and  is  found  in  the  Ibsel-oil  obtained  from 
mangold-wunsel,  and  sometimes  in  that  obtained  from  potatoes.  Thia,  which  was  dis- 
oovand  by  Wurti  in  1852  (Ckmipt.  rend.  xxxv.  210 ;  Ann*  Oh.  Pharm.  xriii.  107% 
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•ad  it  disdngaidifid  m  tetiylicor  butylic  alcohol  of  fermentAtion,  is  a  primary  alcohol. 
Another  primiiiy  tetiyl  alcohol  has  been  obtained  by  Sc  hoy  en  (Ann.  Ch.  Pharm. 
GZJJL  233),  by  heating  chloride  of  tetiyl  prepared  from  ethyl  (p.  734)  with  acetate  of 
potassium  and  glacial  acetic  acid,  whereby  it  is  converted  into  tet^lic  acetate,  and 
diatillinff  this  compound  ether  with  baryta-water.  Respecting  the  difference  of  struc- 
ture of  Uiese  two  lAcohols  see  the  SuppLnoDfTAL  Volumx. 

A  secondary  tetxylic  alcohol  is  produced  by  distilling  the  iodide  or  the  acetate  of 
tetryl  obtained  from  erythromannite,  with  potash. 

«.  Tetrylie  Alcohol  of  Fermentation,  C*H'»0  -  ^*h  |o.    Hydrate  of  7V- 

ir^n  (Wurts,  loe.  cU.) — ^This  alcohol  was  first  obtained  from  potato-fusel-oil,  in 
irbich,  however,  it  is  not  always  present.  It  is  best  prepared  by  subjecting  the  fusel- 
oil  obtained  in  the  rectification  of  mangold-wurzel  moliuses  to  fractional  distillation, 
the  portions  which  distH  over  between  80<'  and  105'',  lOd"*  and  115^  116^  and  125^ 
being  collected  apart.  The  first  portion  is  washed  with  water,  and  the  separated  oily 
layer  repeatedly  rectified,  the  portion  which  passes  over  at  104°  being  each  time 
eollected  apart.  The  latter  is  mixed  with  the  portion  which  distilled  over  between 
\W^  and  116°,  and  with  that  part  of  the  hist  fraction  (between  116<>and  126°)  which, 
when  the  latter  was  repeatedly  rectified,  passed  over  below  116®.  The  whole  of  tiie 
distillates  ubtain«Hl  between  106^  and  116°  are  then  mixed  topper,  and  boiled  for 
forty-eight  hoars  with  a  concentrated  solution  of  caustic  potash,  in  such  a  manner  that 
the  vapours  may  be  condensed  and  allowed  to  run  back  again.  The  impure  tetzylie 
akxkhof  is  then  distilled  over;  separated  from  the  water  which  passed  over  with  it ; 
afterwards  mixed  with  half  its  weight  of  quicklime,  to  dehydrate  it  more  completely,  and 
distilled  off  after  standing  for  twenty-four  hours ;  this  distillate  is  repeatedly  rectified 
and  the  portion  which  passes  over  between  108®  and  110®  is  collected  apart:  if  the 
boiling-point  remains  within  these  limits  during  the  distillation,  the  tetrylio  alcohol 
thus  obtained  is  very  nearly  pure.  The  process  of  rectification  may  be  considerably 
abridged  by  interposing  between  the  fiask  and  the  condensing  apparatus  an  upright 
tube  with  two  bulbs,  and  having  a  thermometer  inserted  into  its  upper  part ;  the  lees 
▼olatile  portions  then  condense  on  the  sides  of  the  tube,  and  run  back  into  the  flask, 
whereby  the  separation  of  the  more  volatile  portions  is  greatly  &eilitated.    (Wurts.) 

For  complete  purification,  the  tetiylic  alcohol  is  converted  into  iodide  of  tetryl, 
which  boils  at  121®,  and  is  easily  separated,  by  fractional  distillation,  from  iodide  of 
ethyl  boiling  at  74®,  and  iodide  of  amyl  at  146® ;  the  iodide  of  tetiyl  is  converted  into 
acetate  by  treating  it  with  acetate  of  silver ;  the  acetate  of  tetryl  decomposed  by  con- 
linned  boiling  wiUi  strong  solution  of  potash,  the  vapours  beinff  condensed  and  made 
to  mn  back ;  and  the  tetiylic  alcohol  thereby  separated,  is  aeecanted  and  rectified 
orer  caustic  baryta. 

J*roptrties. — Tetrylic  alcohol  is  a  transparent  colourless  liquid,  more  mobile  than 
amylic  alcohol,  and  having  an  odour  similar  to  that  of  the  latter,  but  less  pungent  and 
more  vinous.  It  does  not  turn  the  plane  of  polarisation  of  light.  Specific  gravity  » 
0-8032  at  18-6®.    Boiling-point  -  110°.  Vapour-density,  ols.  »  2-689;  calc  =  2-665 

Tetrylic  alcohol  dissolves  in  10}  times  its  weight  of  water  at  18®,  and  is  precipitated 
therefrom,  as  an  oily  layer,  on  addition  of  chloride  of  calcium,  chloride  of  sodium,  or 
any  other  easily  soluble  salt  It  dissolves  chloride  of  calcium,  forming  a  crystallisable 
compound ;  also  recently  fused  chloride  of  zinc,  forming  a  syrupy  liquid. 

Ikcvmpoeitione. — 1.  Tetrylic  alcohol  takes  fire  on  the  approach  of  a  bumins  body. 
And  bams  with  a  bright  flame. — 2.  Potaesium  decomposes  it,  with  evolution  of  nydro- 
gen,  forming  tetrylate  of  potassium,  C*H*KO. — 3.  Ctmetic  potash,  in  a  state  of  fusion, 
converts  it  into  butyric  acid,  with  evolution  of  hydro^n,  and  formation  of  a  butvrate. 
When  dropt  upon  eoda-lime  heated  to  260°,  it  is  likewise  decomposed,  with  evolution  of 
hydrogen,  ana  formation  of  a  butyrate. — 4.  Hydrochloric  acid  heated  in  a  sealed  tube 
with  tetrylic  alcohol,  converts  it  into  chloride  of  tetr  rl  (p.  724). — 5.  Pentachloride 
and  oxyehloride  ofvhaephorue  likewise  convert  it  into  cnlonde  of  tetirl. — 6.  Bromine 
and  pkoephcrue,  added  alternately  in  small  portions,  convert  tetrylic  alcohol  into 
bromide  of  tetryl,  with  evolution  of  hydrobromic  acid  (p.  734). — 7.  Similarly,  iodine 
and  phosphorus  give  rise  to  the  formation  of  iodide  of  tetryl  (p.  736). — 8.  Oil  of 
vitriol  acts  violently  on  tetiylic  alcohol,  the  mixture  becoming  very  hot  and  strongly 
coloured,  while  sulphurous  acid  is  evolved,  and  an  oilv  layer  separates  out,  consiHting 
chiefly  of  hydrocarbons  ]^«lymeric  with  tetrylene.  When  the  alcohol  is  rapidly  mixed 
with  excess  of  oil  of  vitnol,  great  heat  is  produced,  and  gas  is  given  off  in  small  quan- 
tity, which  may,  however,  be  increat^ed  by  external  heating ;  it  consists  chiefly  of 
tetrylene,  together  with  sulphurous  and  carbonic  anhydrides.  When  tetrylic  alcohol  is 
padually  mixed  with  an  equal  volume  of  oil  of  vitriol,  and  the  vessel  kept  cool,  tetryl- 
snlphuric  acid  is  produced. — 9.  Tetrylic  nlcohol  heated  with  excesH  of  cine-chloride  \:i 
decomposed,  with  formation  of  tetrykiie,  hydride  of  tetryl,  and  other  Ichs  volatile 
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lijdroeBrboni. — 10.  With  chloride  ^f  e^amogmt^  tetijHc  alcohol  fomifl  dilondA  of  t«tijl 
and  tetzylie  nrethaae : 

2C*H>«0  +  CNCl    -    Crara  +  C»H»»NO«. 

If  the  tetiylic  alcohol,  as  is  geneially  the  case,  contains  a  little  water,  carbonate  of 
tetiyl  and  sal-ammoniac  are  formed  at  the  same  time : 

2CH'«0  +  CNCl  +   HH)     -    (C»H»)HX)«  +  NH*a 

(E.  Hermann,  Ann.  Ch.  Fharm.  xcr.  256). — 11.  Tetrjlic alcohol  obtained  by  fenneo- 
tntion  yields,  by  distillation  with  tfuXjkwnc  aaid  and  potastic  dichromaie,  s  mixture  of 
butyric  and  propionic  acids  with  the  ootxesponding  aldehydes  (Michael  son,  Jahresb. 
1864,  p.  336).  The  alcohol  obtained  by  Schoyen  &om  teUylic  chloride,  as  aboTe 
mentioned,  also  yields  butyric  acid  when  subjected  to  the  same  treatment. 

Secondary  Tetrylie  Alcohol.  (D n  L n y n e s,  Ann.  Ch. Pharm. cxxriii. 330, 
i^^^^'i  274;  Jahresb.  1863,  p.  603 ;  1864,  p.  601.)- This  alcohol  is  produced  bv  the 
action  of  moist  silrer-oxide  on  the  secondaiy  tet^lic  iodide  obtainea  by  the  action  <^ 
bydriodic  acid  on  erythromannite  (ii.  606).  or,  better,  by  heating  the  secondair  tettylie 
acetate  obtained  by  decomposing  this  iodide  with  acetate  of  sUver  to  100^  tor  thirty 
hours.  The  alcohol  then  separates  as  an  oily  layer  on  the  suriiM»  of  the  liquid,  and 
may  be  purified  by  drying  with  carbonate  of  potassium,  and  rectification,  finally  otot 
lumps  of  sodium.  It  is  a  colourless  liquid,  having  a  strong  odour  and  burning  tasta, 
a  specific  gravity  of  0*86  at  0^  and  boiling  at  96^—98®  (about  10^  lower  than  the 
normal  alcohol).  It  mixes  in  all  proportions  with  alcohol  and  eiker ;  dissolves  also  in 
VHiter^  and  is  precipitated  from  the  solution  by  carbonate  of  potassium;  it  dissolves 
chloride  of  cdtciutn.  It  absorbs  hudriodio  (uid,  forming  secondaiy  tetrylie  iodide, 
identical  with  that  produced  by  the  action  of  hydriodic  acid  on  erythromannite.  ~ 
With  bromine  it  forms  a  heavy  liquid,  which  strongly  attacks  the  eyes^  and  varies  in 
boiling-point  from  llO^*  to  168^ 

Secondary  tetrylie  alcohol,  when  heated  for  some  houzs  to  260^,  is  for  the  most  pari 
resolved  into  water  and  tetiylene.  The  corresponding  iodide  gives  off  tetrylene  wnen 
distilled  with  alcoholic  potash.  These  secondly  tetzyl-oomptmnds,  therefoie,  like  the 
/3-hexyl-compounds  (iii.  162),  with  which  they  are  homologous,  thow  a  great  tendency 
to  give  up  their  olefine.  In  this  respect  they  appear  to  react  more  like  eomponnds  of 
tetiylene  than  of  tetxyl,  and  as  such  they  are,  in  £sct,  regarded  by  De  Lnynss,— the 

alcohol  as  C«H«.HH)  or  C*H»  |  ^q  ;  the  iodide  as  C<H«.HL    But  the  property  of 

^widily  giving  up  the  olefine  does  not  afibrd  a  decisive  argument  in  fsTour  of  this  view, 
inasmuim  as  the  same  property  is  poaseesed,  though  in  a  lees  marked  degzeei,  by  the 
primary  alcohols  C^H'^+H),  all  of  which,  when  treated  with  oil  oif  vitriol  or  other 
strong  dehydrating  agents,  are  resolved  into  water  and  the  olefine. 

TSTRTXi,  amOMXBB  OV •  C«H*Br.  ( W  u  r  t  s,  Ann.  Ch.  Pharm.  xeiii.  1 14.)— 
Prepared  by  the  action  of  bromine  and  phosphorus  on  primary  tetryUc  alcohol.  A  few 
drops  of  bromine  are  added  to  the  alcohol ;  a  small  piece  of  phosphoffus  thrown  m,  the 
liquid  being  kept  cool  and  shaken  till  the  colour  of  the  bromine  is  destroyed ;  the 
addition  of  bromine  and  phosphorus  then  repeated ;  and  so  on  continually,  till  vapoun 
of  hydrobrcnnic  acid  are  abundantly  evolved,  and  a  quantity  of  bromine  has  been  added 
at  least  equal  to  that  of  the  tetrylie  alcohol.  The  liquid  is  then  didtilled  at  a  tempera- 
ture not  exceeding  100^,  and  the  resulting  vapours  are  passed  into  a  fiask  contaioing 
water,  which  dissolves  the  hydrobromic  add,  while  the  impure  bromide  of  tetryl  collects 
at  the  bottom,  llie  latter  is  washed  with  water,  dried  with  a  little  chloride  of  calcium, 
and  rectified :  that  which  passes  over  at  89®  iw  pure  bromide  of  tetryl. 

It  is  an  ofly  liquid,  having  an  ethereal  odour,  and  boiling  at  89®.  Specifie  gravity 
-  1*274  at  Ifio.    Vapour-density,  obs.  »  4*720;  calo.  «  4*749. 

Potassium  decomposes  bromide  of  tetryl,  slowly  at  ordinary  temperatures,  but  vio- 
lently when  heated.  When  the  two  substances  are  heated  together  in  a  sealed 
tnbe,  decomposition  begins  as  soon  as  the  potassium  melts,  a  large  quantity  of  gas 
(probably  tetrylene  and  tetrylie  hydride)  bemg  evolved,  and  the  tube  expkxung  inth 
violence. — Ammonia  acts  slowly  on  bromide  of  tetzyl  at  ordinaiy  temperatures, 
forming  hydrobromate  of  tetrylamine.    (W  urts.) 

tfX,  OAMMOMATM  O'.    See  Cmmbokw  Bisnu  (L  801). 

ITXi,   CW&OBUMI   OV.    C*H^L    (Wurts^    Ann.  C9l    Phaim.  xeiii. 
lis.) 

Prepared:  1.  By  the  action  of  hydroehhnie  add  on  tetiyHe  alooboL  When  the 
alcohol  is  saturated  with  hydrochloric  acid  gas,  and  the  Uquid  sealed  up  in  a  glsM 
tnbe  is  heated  in  the  water-bath,  a  large  quantity  of  chloride  ot  tetiyl  is  prodnoed, 
•nd  may  be  obtained  pure  by  washing  the  product  with  water,  distilling,  and  separaling 
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iwpertioA  which  gom  orer  botween  70^  and  76^. — ^3.  By  the  actaon  of  pentoehloride 
« osjchloffide  of  pboipbonia  on  tetrjlic  alooboL  The  alcohol  is  placed  in  a  flask 
mth  a  Ismg  neck,  wtiich  must  be  kept  very  ax^  and  the  chloride  of  phoaphoroa  added 
I7  tmmil  pofftioiia.  Violent  action  takes  place,  attended  with  great  evolution  of  heat, 
tad  the  pcntachloride  is  ooDTerted  into  ozychloride,  which  then  acta  on  the  last  por- 
beos  of  tetryUe  alcohol.  The  ozychbride  may  alao  be  used  from  the  beginning 
imiead  of  the  pentaehloiide,  in  which  case  the  action  is  less  violent.  In  other  case, 
ihi  eoaiaota  of  the  flaak  must  be  left  to  stand  for  24  hours,  and  then  distilled,  the 
paftioa  which  paaaes  over  below  100^  being  collected  apart;  this  portion  is  then 
TiAH  with  water,  dried  over  chloride  of  caUTinm,  and  lectifled,  ooUscting  separately 
the  poitioD  which  distils  over  at  70°.-^.  By  the  aotioa  of  chlorine  on  tetzylio  hydride. 
(Feloftaeaad  Cahoura.) 

4.  By  djatilling  amylic  alcohol  with  calde  hypodilorifte  (180  grms.  anivlic  alcohol 
with  1«600  grms.  bleaching  powder,  and  2,500  grms.  water).  The  oily  distillate 
jiiUa,  after  fractionation,  about  20  grms.  of  a  liquid  boiling  between  02^  and  64® ;  and 
m  cnating  this  with  oil  of  vitriol,  and  afterwards  with  potash  (to  remove  ehloiol6nn)» 
nft  teCrylic  chloride  is  obtained^  (I*.  Gerhard,  Ann.  Ch.  Phaim.  onii.  868; 
Jahnab.  1862,  p.  409.) 

Chkvida  of  tKryl  is  a  liquid  lighter  than  water,  and  having  an  ethereal  odom; 
fseafliag  also  that  of  chlorine:  specific  gravity  »  0*88  (0-erhard).  Boiling^nt 
shoot  70^.  It  is  lamdly  decomposed  by  potassinni,  with  rise  of  temperatore  and 
efdition  of  gas  (Wurts]^  Chloriua  converts  it  into  trichloride  of  carbon. 
(Oerhard.) 

OWJkMXnm  OV.    See  GTAinDBS  (ii.  272). 

TM  or.    See  FoBMXc  BrHSBS  (ii.  695). 

m  or.    Normal  tetryltc  alcohol,  0«]P.H.O  (p.  782). 

•BZliaor.  O^H**  -  C«H*.H.— This  compound,  discovered  by 
Wurts  (Ann.  Ch.  Pharm.  xeiii.  112^  is  oroduced,  together  with  tetxylene,  by  heatinf 
trtrjlie  ucoliol  with  excesa  of  linc-chloriae.  When  uie  gaseous  mixture  thus  evolved 
m  fiSBiei!,  flzst  throu^  a  tube  surrounded  with  ice  and  inclined  upwards,  to  condense 
the  Imb  volatile  hydrocarbons  formed  at  the  same  time,  and  allow  them  to  flow  back  again 
— theo  throogh  a  tube  surrounded  with  a  freezing  mixture,  a  very  volatile,  mobile, 
eolovriesB  liquid  condenses  in  this  tube,  and  on  being  removed  from  the  freering  mix* 
icklv  evaporates,  yielding  a  mixture  of  about  equal  volumes  of  tetrylene  and 
fayoride.  The  tetiylene  may  be  absorbed  by  a  coke-ball  saturated  with 
B  anhydride,  and  teloylic  hydride  then  remains  nearly  pure, 
lie  hydride  is  one  of  the  constituents  of  American  petroleum,  being  found, 
seeord&g  to  Felon ze  and  Cahonrs  (Ann.  Ch.  Fhys.  [4],  i.  5),  in  the  most  volatile 
Mctiea  dT  the  oil,  boiling  between  5^  and  10^.  Ronalds  (Chem.  80c  J.  xviii.  64), 
tay  sdtgecting  the  portion  iHiich  distilled  between  0^  and  4^  (containing  tetrylie 
hydride  with  smaller  quantities  of  tritylic  and  ethylic  hydrides),  to  fractional  distiUa- 
tiea,  and  fftlloflting  the  distillate  in  a  well-Gooled  receiver,  obtained  the  tetrylie  hydride 
in  a  stata  of  parity.  It  is  a  very  mobile  liquid,  having  a  sweetish  odour,  a  spedflo 
gmvi^  of  0*60  at  €9^  and  vi^ur-density  1-  2-11  (calc  —  2*006).  It  bums  with  a 
jellow,  fkintly  luminous  flame,  is  insoluble  in  water,  but  dissolves  in  alcohol  and  in 
ether.  Alcohol  of  98  per  cent  abaorbe  11  or  12  times  its  volume  of  the  vapour.  When 
1  voL  of  the  vuxyor  is  mixed  with  2  vols,  chlorine-gas,  chloride  of  tetryl  condenses, 
and  S  vols,  hydrochloric  add  gas  are  produced. — ^The  portion  of  American  petroleum 
disrilling  between  6^  and  8°  is  a  mixture  of  tebylie  and  amylie  hydrides. 
(Eon  aid  a.) 

TBTBT&i  lOllIBas  OV.  a.  Primary  Utrj/fic  iodide,  C^H*.I,  is  produced  by 
theartion  of  phosphorus  and  iodine  on  fermentation  tetrylie  alcohoL  1*6  pt.  iodine 
is  added  to  1  pC  tetrylie  alcohol  in  a  vosmI  surrounded  with  cold  water,  and  a 
qoaoCtty  of  phosphorus  (equal  to  about  ^  of  the  iodine)  added  in  successire  small 
pottiooa,  the  mixture  being  heated  towards  the  end  of  the  process.  The  dark 
•eloiir  of  the  liquid  then  nMnally  changes  to  brownish-yelYow,  whilst  hydriodic  acid 
te  abnndantly  evolved,  wfaieh,  together  with  a  small  quantity  of  tetiylic  iodide  that 
passes  over  with  it,  is  received  in  a  small  quantity  of  cold  water.  As  soon  as  the 
triimft*^  produced  by  Uie  iodine  has  disappeared,  and  the  liqxdd  is  in  fvM  ebullition, 
it  is  left  to  eool,  and  that  which  remains  in  the  distillation-vessel  is  washed,  first  with 
the  aaneoQS  Iqrdriodieacid  previously  collected— whereby  a  small  quantity  of  undecom* 
posM  tetiyKe  alcohol  is  dissolved — and  then  with  pure  water ;  it  is  then  dehydrated 
with  ehlonde  of  oJcium,  and  fr«ed  from  the  still  remaining  portion  of  tetrvlic  alcohol, 
hj  trsating  it  whQe  warm  with  pulverised  iodide  of  phosphorus,  till  the  latter  crystal- 
Ums  oat  on  cooling.  The  liquid  is  then  distilled,  and  the  distillate  is  washed  with  wat«r, 
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dehydrated  over  chloride  of  caleinm,  and  rectified,  the  portion  which  pttset  onr 
between  118^  and  122^  being  collected. 

Tetrylio  iodide  is  colonrlesi  when  reoentlj  prefMred,  but  soon  tonis  brown  bj  ex* 
poture  to  light.  It  refracts  light  strongly ;  boils  at  121^;  but  n^ien  a  mixUire  of 
wnter  and  iodide  of  tetijl  is  distilled,  the  thennometer,  at  the  beginning  of  the  distil- 
lution,  when  the  tetrylic  iodide  chiefly  passes  over,  indicates  only  88^  to  89^.  8pee^ 
gravity  -  1  fiOiat  l»^    Vaponr-density  »  6-217  (calc  -  6-844). 

Tetiylie  iodide  bume  with  difficulty,  and  only  in  contact  with  a  burning  body;  the 
combustion  is  attended  with  evolution  of  iodine-vapours.  It  is  but  sUnny  attadsd 
by  a^woua  potash^  even  when  boiled  therewith  for  some  time ;  but  aleokoiic  potaA 
decomposes  it,  with  formation  of  tetrylio  alcohol  and  iodide  of  potaashim. — Imaimm 
decomposes  iodide  of  tetryl,  yielding  tetrrl  and  iodide  of  potassiuin. — With  <0^>ystf 
ofj)otassiumt  C^H*EO,  it  forms  tetrylic  ether  and  iodide  of  potassium  (p.  786)^>'With 
axuie  of  sUver,  it  forms  tetrylic  ether  and  iodide  of  silver. — ^V^th  tUmr-aaUi  (e^,  tht 
carbonate,  sulphate,  acetate,  &c)  it  forms  iodide  of  silver  and  a  eompound  ethtr  («/. 
carbonate,  sulphate,  acetate,  ae.)  of  tet^  A  solution  of  nitrate  of  silver  is  iaune- 
diately  precipitated  by  iodide  of  tetiyL    (Wurta.) 

/3.  Secondary  Tetrylic  /w^u^,  perhaps  (C«H*)'jj^.    (DeLuynes,  Jahresb.  1862, 

p.  479  :  1863,  p.  503;  1864,  p.  498}.--This  compound  is  produced  by  the  actioa  of 
nydriodic  acid  on  erythromannite  (ii.  506) : 

C*WO*  +  7HI  -  C*H»I  +  4HK)  +  8P. 

Thirty  grms.  of  perfectly  dry  (fused)  erythromannite  are  slowly  distilled  with  850  to 
400  grms.  of  fuming  hydriodic  acid,  of  specific  gravity  1'99.  As  soon  as  the  liquid 
boils,  the  tetrylic  iodide  distils  over,  together  with  undecomposed  hydriodic  add*  It  ia 
purified  by  washing  with  potash-ley,  then  with  water,  driea  over  <^oride  of  caloia, 
and  rectified.  With  weaker  acid  (of  specific  gravity  1*70,  for  example),  a  gnsBiih 
product  is  obtained,  which  decomposes  psrtiallv  during  rectification,  and  is  bMt  pan- 
ned by  a  second  distillation  with  hydriodic  acid. — 2.  By  the  action  of  hydiiodie  acid 
gas  on  secondary  tetrylic  alcohol,  &c 

Secondary  tetrylio  iodide,  when  recently  prepared,  is  colourless,  and  has  an  agzteable 
ethereal  odour.  Its  specific  gravity  is  1*632  at  0^  1*600  at  20^  and  1*584  at  80^.  It  boilt 
at  about  118^  Vapour-density  »  6*597  at  20";  =  6-517  at  24^  It  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether.  When  exposed  to  light  at  a  somewhat  high  tern- 
pemture,  it  becomes  coloured. — CA^M^ne  decomposes  it,  separating  iodine,  and  roirmiiig 
an  aromatic  liquid,  which  boils  at  120<'  (probably  C«H*d').— With  hromim  k  gives 
off  iodine,  and  yields  bromide  of  tetrylene,  C^H'Br'. 

TBTRTXi,  VXTRATS  OV.  C^H'NO'.  (Wurtz,  Ann.  Ch.  Fhann.  xdii.  1M.)~ 
Prepared  by  mixing  tetrylic  iodide  with  a  small  quantity  of  fiiised  urea,  and  a  slight 
excess  of  fused  silver-nitrate.  The  reaction  takes  place  immediately,  aooompaaifld  by 
so  much  heat  that  part  of  the  product  distils  over;  the  rest  must  be  afterwars 
volatilised,  by  heating  the  mixture  to  140^ — 1 50^.  The  distillate  is  purified  by  wishiag 
with  slightly  alkaline  water,  drying  with  chhunde  of  calcium,  and  rectilleatioa. 

TBTRTX,  OZXDS  OV.  C^>*0  »  (C«H*)*0.  (Wurtz,  Ann.  Ch.  Fhana. 
xciii.  117.) — Produced :  1.  By  the  action  of  tetrylic  iodide  on  tetrylate  of  polassiuiB. 
The  prodtict  thus  obtained  is,  however,  difficult  to  purify  firom  tetrylic  alcohol,  ss  the 
boiling-points  of  the  two  liquids  differ  but  little  from  each  other.— 2.  A  purer  prodoet 
is  obtained  by  the  action  of  tetrylic  iodide  on  oxide  of  silver. 

EtkyUUirylio  ether,  (C*H*XO*H*)0,  is  produced  by  the  action  of  eth^Iic  iodide  od 
tetrylate  of  potassium.  It  is  a  colourless  fragrant  liquid,  having  a  specific  gravity  of 
0-7507. 

TaT&YXt  SV&VBATa  or.    See  Sitlphurxc  Ethseb  (p.  629). 

TSTRTA,  SVXinTBmATa  or.  C«H*<8  -  C«H*.H.S.  TV^rwM*  orButylk 
Mercaptan.  (K  Her  maun,  Ann.  Ch.  Pharm.  xcv.  256 ;  Chem.  Soc.  Qu.  J.  viii.  t7i,y- 
Produced  by  distilling,  at  the  heat  of  the  water-bath,  a  mixture  of  aqueous  snlphydnte 
of  potassium  and  concentrated  aqueous  tetiylsulphate  of  potasnnm,  the  product  being 
received  in  a  well-cooled  fiask : 

C^H'KSO*  +  KHS  «  C*H»«8  +  K«80*. 

The  oily  liquid  which  condenses  is  decanted,  placed  in  contact  with  chloride  cfcalciom, 
and  distilled,  the  portion  which  passes  over  between  85^  and  90^  being  collected 
apart. 

Tetrylic  mercaptan  is  a  colourless  very  mobile  liquid,  having  the  peculiar  dissgree^ 
able  odour  which  characterises  the  merciu>tans.  ^)ecific  gravity  »  0*848  at  11*^. 
Vapour-density  =  3*10.    Boils  at  88^.    It  has  no  action  on  vegetable  coloun,  is  voy 
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■ptringly  soluble  in  water,  but  freely  in  alcohol  and  ether ;  it  dissolyes  sulphur  and 
iodine.  It  is  very  inflHmmable,  and  bums  with  a  pale-blue  flame. — Dilute  nitric 
mM  acts  yeiy  strongly  upon  it^  forming  an  oily  liquid  which  floats  on  the  surface. 

Potastium  decomposes  tetiylic  mercaptan,  with  evolution  of  hydrogen,  and  formation 
of  a  white  granular  tetiylmereaptide  of  potassium,  OIPKS.  Tetrylic  mercaptan  is 
also  decomposed  by  seyend  metallic  oxides,  or  by  the  solutions  of  their  salts,  forming 
tftiylmercaptides :  e.g.  with  mercuric  oxide : 

2C*H»»S  +  H^O     =     C"H»«Hg'T3»  +  H«0. 

The  merenry-compound  thus  obtained  forms  white  nacreous  scales,  which  are 
unctuous  to  the  touch,  and  very  fusible.  It  is  decomposed  by  sulphydric  acid,  with 
Ibrmation  of  mercuric  sulphide  and  tetrylic  alcohol. — The  kai^ompound,  CH'^Pb^S', 
is  a  yellow  crystalline  precipitate,  formed  on  evaporating  an  alcoholic  solution  of 
tetiylic  mercaptan  into  acetate  of  lead. — The  cupric  and  auric  salts  are  white  precipi- 


C«H"N  -  NJI«.C*H».  Butylamine,  (Wurtz,  Ann.  Ch. 
Pharm.  zciii.  124.) — This  base,  produced  by  the  action  of  potash  on  cyanate  or  cyanu- 
xata  of  tetryl,  is  metameric  with  diethylamine,  N.H.(C^H*)',  ethyl-dimethylamine, 
N.C^H*.(CH«)«,  and  methyl-tritylamine,  N.H.CH«.C*H'.  Petinine,  a  yoktUe  base 
obtained  by  Anderson  from  the  most  volatile  portion  of  bone-oil,  is  also  isomeric,  or 
perhaps  identical,  with  tetrylamine. 

To  prepare  tetrylamine,  2  pts.  of  potassic  tetiylsulphate  are  distilled  with  1  pt.  of 
xrcently  prepared  and  perfectly  dr^  potassic  cyanate ;  the  pasty  mixture  of  tetrylic 
cyanate  and  C3ranurate,  which  distils  over,  is  dissolved  in  alcohol ;  and  the  solution  is 
boiled  with  fra^^ents  of  caustic  potash.  Carbonate  of  potassium  is  then  formed,  and 
tetzylamine  distils  over,  and  is  condensed  in  a  small  quantity  of  cold  water  acidulated 
with  hydrochloric  acid.  The  boiling  is  continued  till  the  residue  fuses  completely, 
aod  no  longer  gives  off  alkaline  vapours.  The  resulting  solution  of  hydrochlorate  of 
tetrylamine  is  evsporated  to  drjmess ;  and  the  residual  salt,  freed  b^  fusion  from  the 
water  which  it  retains,  is  pulverised  when  cold,  and  rapidly  mixed  with  an  equal  weight 
of  quicklime.  This  mixture  is  then  introduced  into  a  tube  of  hard  glass,  which  must 
be  filled  withrit  to  about  f6m*-fifths ;  the  upper  part  of  the  tube  is  filled  with  fragments 
of  caustic  baryta ;  a  gas-delivery  tube,  bent  at  right-angles,  is  adapted  to  the  larger 
tube,  and  made  to  pass  into  a  small  flask  surrounded  with  ice ;  and  the  tube  is  cart>- 
folly  heated  in  a  combustion-furnace,  from  the  closed  end  onwards.  The  evolved 
tttrylamine  is  then  completely  dehydrated  by  the  caustic  baryta,  and  condenses  iu  a 
cooled  flask. 

Tetrylamine  is  a  transparent  colourless  liquid,  having  a  strongly  ammoniacal  and 
■omewhat  aromatic  odour,  and  producing  dense  white  fumes  with  hydrochloric  acid. 
It  boils  at  69® — 70^  (petinine  at  about  70*6°).  It  dissolves  in  all  proportions  of  water, 
aloc^ol,  and  ether ;  the  aqueous  solution  smells  like  the  pure  base,  and  is  very  caustic ; 
when  concentrated  it  is  somewhat  viscid. 

Salts  of  Tetrylamin  e. — Most  metallic  solutions  are  precipitated  by  tetrylamine  in 
the  same  manner  as  by  ammonia.— The  zinc,  cadmium,  and  copper  precipitates  dissolve 
in  flOLcess  of  the  reagent ;  gelatinous  alumina  likewise  dissolves  in  excess  of  tetrylamine ; 
the  precipitates  formed  in  solutions  of  chromium,  nickel,  and  cobalt,  are  insoluble  in 
excess  of  tetrylamine. — ^With  nitrate  of  silver,  tetrylamine  forms  a  tawny  yellow 
precipitate,  easily  soluble  in  excess.  Gelatinous  silica  dissolves  in  tetrylamine, 
and  remains  in  the  pulverulent  and  amorphous  state  when  the  solution  is  evaporated. 

Hydrochlorate  of  Tetrylamine,  C*H"N.HC1,  crystallises  in  deliquescent  needles, 
which  melt  below  100® ;  when  exposed  to  the  air,  it  gives  off  thick  white  fumes,  and 
volatilises  without  residue. — The  cJUoroaurate,  (2C*H*'N.HCI).AuCl*,  crystallises  on 
oraporation  in  rectangular  plates  of  a  pale-yeUow  colour,  melting  and  changing  to 
orange-yellow  at  100«.— The  chloroplatinate,  2(C*H»'NJlCl).PtCl\  crystallises  by 
evaporation  in  beautiful  orange-yellow  laminae,  soluble  in  water  and  in  alcohoL 

VaVJftlJflSMB.  C«H*.  Butylene,  Butyrene,  Biitene,  Valylene,  Ditetryl.^ThiB 
hydrocarbon  was  discovered,  in  1825,  by  Faraday  (Phil.  Trans.  1825,  p.  440),  who 
obtained  it  by  compressing  the  illuminating  gas  produced  by  the  destructive  distilla- 
tion of  fixed  oils.  Some  years  later,  Kolbe  (Ann.  Ch.  Pharm.  Ixix.  269)  obtained  it 
bj  the  electrolysis  of  valerianic  acid  ;  and  Wurtz  (Ann.  Ch.  Pharm.  xciii.  107)  has 
shown  that  it  is  a  frequent  product  of  the  decomposition  of  tetryl-compounds,  being 
frrmed  especially  in  Uie  dehydration  of  tetrylic  alcohol  by  strong  sulphuric  acid  or 
chloride  of  zinc,  and  as  a  secondary  product  of  the  action  of  potassium  or  silver-oxide 
on  tetrylic  iodide,  part  of  the  tetryl  thereby  set  free  being  resolved  into  tetrylene  and 
tetrylic  hydride  (p.  736) ;  it  is  formed  also,  in  small  quantity,  in  the  decomposition 
of  amylic  alcohol  at  a  red  heat.  Lastly,  De  Luynes  (Compt^  rend.  Ivi.  1175;  Ann. 
Ch.  Phys.  [41,  ii  355;  Jahresb.  1863,  p.  504;  1864,  p.  600)  has  shown  that  it  is 
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produced  by  decompoeing  isototrylic  iodide  (p.  786)  with  aleoboUe  poUsb  or  attUte 
of  Bilrer,  isotetrylic  aoetate  being  alao  piodaoed  in  the  latter  caae. 

Preparation, — 1.  From  Oil^as. — ^Faraday  obtained  telzylene  br  aalgeeting  the 
illnminating  gaSy  which  was  prepared  in  London  eome  years  ago  by  deoompoaing  fixed 
oils  at  a  moderate  red  beat,  to  a  pressnre  of  30  atmospheres.  1,000  cubic  feet  of  the 
gas  thus  treated  yielded  about  4  litres  of  so-caUed  emnyreumattc  oils,  consisting  d^efly 
of  tetrylene  and  benzene.  As  the  former  of  these  hydrocarbons  boils  below  0^,  it  may 
be  separated,  in  great  part,  by  gradually  warming  toe  mixture  to  88^  in  a  suitable 
distillatory  apparatus  connected  with  a  receiver  cooled  to  — 18** ;  and  by  sul^ecting  the 
difttillate  several  times  to  the  same  treatment,  but  each  time  at  a  lower  tempenoure, 
the  tetrylene  may  be  obtained  nearly  pure. 

Tetrylene  is  also  formed  by  subjecting  acetate  of  sodium  or  oleate  of  calcium,  mxifA 
with  soda-lime,  or  butyrate  of  banum,  or  by  itself,  to  destivedve  distillation  ;  also  by 
heating  glucose  with  soda-lime ;  in  each  case,  however,  the  tetrylene  is  accompanied 
by  a  large  quantity  of  tritylene,  amylene,  and  other  hydrocarbons.  The  gases  thus 
evolved  are  fixed  by  passing  them  through  bromine,  whereby  they  are  all  converted  into 
bromides ;  and  from  the  mixture  thus  obtained,  the  bromide  of  tetrylene  may  be  sepa- 
ratisd  by  fractional  distillation.    (Berthelot,  Ann.  Ch.  Pharm.  cviii.  200.) 

2.  From  Valerianic  Acid. — ^A  concentrated  solution  of  potassic  valerate  is  suljectid 
to  the  action  of  an  electric  current  with  platinum  electrodes.  Tetrylene  is  then  evolved 
at  the  positive  pole,  together  with  tetrvl  and  carbonic  anhydride,  while  the  gas  evolved 
at  the  negative  pole  consists  wholly  oi  hydrogen ;  and  if  a  porous  diaphragm  be  inters 
posed  between  the  two  electrodes,  the  tetrylene  will  pass  ofl^  mixed  only  with  tetiyl 
and  carbonic  anhydride.  To  separate  it,  the  gaseous  mixture  is  passed,  first  throng  a 
tube  surrounded  with  a  frigoriflc  mixture,  ana  through  alcohol,  to  condense  and  abaorb 
the  tetryl ;  then  through  water,  to  take  up  the  alcohol ;  aad  lastly  through  strong 
potash-le]r  and  over  soud  potash,  to  absorb  the  carbonic  acid  and  water.  Ae  tetn- 
lene  obtained  by  this  process  is  merely  a  secondary  product,  probably  liormed  by 
oxidation  of  a  portion  of  the  tetiyl,  which  is  the  immeidiate  pffoduct  of  the  elediolytie 
action  (p.  781): 

C^»i  +  O     -     2C«H«  +  WO. 

Tetryl.  TMrjIene. 

8.  From  letrylie  AleokoL — When  this  alcohol  is  quickly  mixed  with  ezoeM  of  sul- 
phuric acid,  the  mixture  gently  beated,  and  the  evolved  gas  freed  firom  sulphurous  and 
carbonic  acids  by  absorption  with  potash,  tetrylene  is  obtained  nearly  pure,  being 
contaminated  only  with  a  small  quantity  of  a  hydrocarbon  of  higher  atomic  weight. — 
When  tetrylic  alcohol  is  heated  with  excess  of  sine-chloride,  nearly  pure  tetrylene  is 
evolved  at  first,  afterwards  a  mixture  of  tetrylene  and  tetrylic  hydride. 

4.  From  Erythromannitt. — This  substance  is  distilled  with  hydriodic  acid,  as  already 
deecribed  ^p.  736),  and  the  resulting  isotetiylic  iodide  (or  tetrylenic  hydriodate)  is 
treated  with  alcoholic  potash,  or,  better,  with  acetate  of  silver.  The  isotetrylic  iodide 
is  poured  upon  an  equal  weight  of  silver-acetate,  contained  in  strong  ^lass  tub4% 
which  can  be  quickly  sealed ;  and  after  the  violent  reaction  which  immediately  takes 
place  is  over,  the  tubes  are  cooled  in  a  mixture  of  ice  and  salt.  On  opening  them,  and 
exposing  them  to  a  gentle  heat,  gradually  raised  to  40°  or  50^,  the  whole  of  the  tetry* 
lene  is  given  off,  and  mav  either  be  collected  as  gas,  or  condensed  in  a  U-tnbe  eooled 
to  a  low  temperature.  Isotetrylic  acetate  (p.  784)  remains  behind  in  the  tubes.  (De 
Luynes.) 

Properties, — Tetrylene  at  ~  18**  is  a  colourless  mobile  oil,  having  an  ethereal  but 
peculiar  and  penetrating  odour.  At  the  temperature  of  a  mixture  of  ether  and  solid 
carbonic  anhydride,  it  scmdifies  to  a  white  erystalline  mass,  which  liquefies  again  as  soon 
HS  it  is  taken  out  of  the  freering  mixture  (De  Luynes).  The  liquid  boils  below  U^ 
(Faraday);  at  -i-So  (De  Luynes).  The  tension  of  its  vapour  at  -t-  16^  is  equal 
to  4  atmospheres  ^Faraday).  Vapour-density  »  1*933  (Ko lb e);  calc.  *  1940. 
The  gas  bums  witn  a  red,  blue-edged,  very  smoky  flame.  It  is  sparingly  absorbed  by 
tpoisr,  easily  by  aieokoi^  and  still  more  by  tiher:  the  alcoholic  solution  gives  up  the 
gas,  with  effervescence,  on  dilution  with  water;  so  likewise  does  the  ethcml  solution 
when  diluted,  first  with  alcohol,  then  with  water.  It  dissolves  easily  in  gUtcial  acMe 
aeid^  and  completely  in  strong  suipkurie  acid,  without  formation  of  sulphnroos  acid, 
producing  a  yellow  liquid,  from  which  water  separates  a  light  fragrant  oil  (De 
Luynes);  according  to  Faraday,  the  product  of  this  reaction  is  a  conjugated  acid 
[?  homologous  with  ethionic  or  isiethionic  acid],  which  forms  peculiar  salts.  The  gas 
IS  likewise  absorbed  by  oils,  both  fixed  and  volatile,  oHve-oU  taking  up  about  six  times 
its  own  volume.  It  unites  with  ehtorine  (Faraday;  Kolbe),  and  bromime  (Hof- 
mann),  forming  oily  products. — Aqueous  hydriodic  acid,  saturated  at  0^,  quickly 
absorbs  tetnrlene-gas,  forming  isotetrylic  iodide  or  tetirlenie  hydriodate,  C*H*I, 
identical  with  that  ptodueed  by  the  action  of  hydriodic  acid  on  erytw>maiuut«.  (De 
Luynes.) 


TETRTLENE-DIAMTNE -TETRTLENTC  CHLORIDE.    739 

TaTRTXJnra-DXABmn.     C^H»N«  -  N«](^^/.-A  baae  produced  by 

the  actioa  of  nascent  hydrogen  (erolTod  from  tin  and  hydrochloric  acid)  upon  cyaoide 
of  ethylene:  C«H*C«N*  +  H«  «  C«H'»N«.  It  boUs  abore  140°,  and  its  chloro- 
platinate  contains  39-46  per  cent,  platinum,  agreeing  with  the  formula  C^H'*N*.H'C1'. 
FtCl*.    (T.  Fairley,  Chem.  Soc.  J.  xTii.  862.) 

TSTRTX^no    AOSTATB.     C»H»«0*  -  ^^^^iijo'.— Prepared  by  dis- 

tilling  bromide  of  tetrylene  with  acetate  of  silver.  The  distillate  is  purified  by 
repeatedly  rectifying  the  portion  which  distils  above  140°,  over  dry  acetate  of  silver, 
snd  finally  by  itself,  the  portion  which  passes  over  above  190^  being  collected  apart. 
Acetate  of  tetrvlene  is  a  colourless  oily  liquid,  inodorous  in  the  cold,  but  smelling 
•lightly  of  acetic  acid  when  warmed.  Itboils  at  about  200^,  is  insoluble  in  water,  but 
dissolves  readily  in  alcohol  and  in  ether.  It  is  easily  decomposed  by  alkalis,  with 
reparation  of  tetiylenic  alcohol.     (W  arts.) 

TBTSTXAMZO  AXiCOBOXta    C«H'«0«  »  (^^^^[[o^  TOryl- or  Butyt-glffcol, 

(Wnrts,  Ann.  Ch.  Phys.  [3],  Ivi.  412.) — ^A  diatomic  alcohol,  homologous  with  ordi- 
nnry  glycol,  and  produced  in  like  manner,  by  heating  tetrvlenic  acetate  with  potash. 
It  18  a  colourless,  viscid,  inodorous  liquid,  having  a  mild  aromatic  taste.  Specific 
gravity  =  1-048  atO®.  Boiling-point  =  183°— 184°.  Vapour  density,  obs.  «  3-19; 
ealc.    »    8*12.     It  dissolves  in  all  proportions  of  watrty  alcohol^  and  ether. 

Tetrylenic  alcohol  is  easily  oxidised  by  nitric  acid ;  when  heated  with  dilute  nitric 
acid,  it  yields  oxalic  acid.  When  dilute  nitric  acid  is  cautiously  poured  upon  the 
aqneous  solution  of  the  alcohol,  so  that  the  two  liquids  may  mix  and  react  slowly, 
butylactic  acid,  or  oxybutyric  acid,  C^HK)*  (i.  688),  is  formed,  together  with  another 
acid,  whose  calcium-salt  is  insoluble  in  water  (the  silver-salt  of  the  latter  yielded 
9*2  p«>r  cent,  carbon  and  1*1  hydrogen). — Tetrylenic  alcohol,  heated  with  hydrate  of 
potassium  or  sodium,  is  decomposed,  with  evolution  of  hydrogen,  but  not  so  readily  as 
ordinary  glycoL  Oxalic  acid  appears  to  be  formed  in  this  reaction.  Succinic  acid  is 
sot  found  among  the  products  of  oxidation,  either  by  nitric  acid  or  by  hydrate  of  po- 
taimium. 

Tetzrlenic  alcohol  heated  with  hydriodic  acid,  is  converted  into  tetrylie  iodide,  the 
^ycol  being  firait  reduced  to  tetrylie  alcohol,  according  to  the  equation : 

C«H"0«  +  2HI     -     C*H«»0  +  H«0  +  P, 

and  the  tetrylie  alcohol  converted  into  tetrylie  iodide  by  the  farther  action  of  the 
hydriodic  acid.     (Wurtz,  Ann.  Ch.  Phys.  [3],  Ixiii.  124.) 

T WM I  Jbzmc  B&OBKZBS,  C^E'Er*,  is  formed  on  mixing  tetzylene-gas 
with  bromine- vapour,  also  (according  toDe  Luynes)  hj  the  action  of  bromine  on 
iwtetijlic  iodide,  C*H*I,  the  reaction  being  attended  with  evolution  of  iodine  and 
hydrobromic  acid.  It  is  an  oily  liquid,  boiling  at  158^  (Wurtz ;  De  Luynes),  and, 
according  to  Cahours  (Compt.  rend.  xlvi.  244),  is  resolved,  by  heating  with  alcoholic 
ammonia,  into  bromide  of  ammonium  and  bromotetrylene,  C*H'Br. 

■1" JVrii  I  JUnrzc  OB&OBZIIB.  C*H"C1'. — Produced  by  the  direct  combination 
of  chlorine  and  tetrylene  gases  in  diffused  daylight,  the  tetrylene  being  kept  in 


The  oily  product,  after  being  freed  from  hydrochloric  acid,  by  washing  it,  first  with 
xerj  weak  potash,  then  with  pure  water,  is  dried  over  chloride  of  calcium,  and  distilled, 
the  portion  which  passes  over  below  1 30^  being  collected  apart ;  and  this  ^rtion  is 
■nbgected  several  times  to  fractional  distillation,  till  an  oil  is  obtained,  boiling  con- 
stantly at  126°  (Faraday ;  Kolbe).  The  same  compound  is  probably  formed  by 
the  a<^n  of  chlorine  on  isotetrylic  iodide  (p.  736),  the  liquid  thus  obtained  boiling  at 
ISO®.    ^De  Lnynes.) 

Chloride  of  tetrvlene  is  a  colourless  oil,  having  an  agreeable  sweetish  odour,  like 
that  of  Datdi  Uquxl,  and  a  burning  taste.  Specific  gravity  —  1*112  at  28°.  Boiling- 
point  »  123°.  Vapour-density  •«  4*426 (Kolbe);  by  calculation,  4*39.  It  is  insoluble 
in  water,  bat  mixes  with  alcohol  and  ether.  It  bums  brightly  in  the  fiame  of  a  spirit- 
lanip  emitting  smoke  mixe(}  with  vapours  of  hydrochloric  acid.  It  is  decomposed 
by  heating  with  alcoholic  potash,  yielding  chloride  of  potassium  and  a  volatile  oily 
bqaid,  probably  consisting  of  chloroti'trylene,  C^H'Cl. 

The  less  volatile  portions  of  liquid,  boiling  above  130°,  which  remain  behind  in  the 
rrctifieatioD  of  tetrylenic  chloride,  are  probably  also  substitution-products,  formed 
■imoltaneously  with  the  tetiylenic  chloride.  The  same  bodies  are  obtained  when 
dtloride  of  tetiylene  is  exposed  to  sunshine  in  contact  with  excess  of  chlorine.    A 

(0 
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Tiscid  mass  is  then  formed,  which  still  contains  hjdzogenated  prodnetf,  aad  dost  not 
yield  any  crystals  of  trichloride  of  carbon.     (Faraday.) 

Tetrylene-gas  is  likewise  absorbed  in  larse  quantity  by  pentachloride  of  antimony ; 
and  on  distilling  the  product,  a  chlorinated  oil  is  obtained,  haying  the  composition 
C«H'Cl»,orC*H'Cl.Cl«. 

TBTRT&-0&TOO&.    Syn.  with  TnBTUDnc  Alcohol. 

TaraTZAr-TmiAIKnra.    G«H"N*   «»   N*U^^/.— Atriatomie  bMepro- 

ducKi  by  the  action  of  nascent  hydrogen  (erolred  by  the  action  of  tin  on  hydrocUorio 
acid)  upon  cyanoform : 

CH.C«N»  +  H»     -     C*H«"N». 

It  boils  at  a  temperature  above  150^,  and  forms  a  platinum-salt  containing  2(0^1*1^. 
3HCl).3PtCl*.    (Fair lie,  Chem.Soc  J.  xvL  862.) 

TSTSTXr^BirAWTBTXte  C^H*.C'H"0.  TeiryUmanthol,  Butyt-mmaUh^ 
Butyl-buttfrone,    (See  Bvttbonb,  i.  698.) 

U  C«H'.H.SO«.  SeeSi7LPHUBicKTKBB8(p.629). 

C*fl».HA     TetrylmercapUm  (p.  736). 

The  herb  of  several  species  belonging  to  this  genus,  formerly  usfd 
in  medicine,  contains  a  peculiar,  resinous,  bitter  principle.  T,  PoUum  is  said  to  be 
used  in  Greece  as  a  remedy  against  the  bites  of  serpents.  (Landerer,  Buchn. 
Kepert.  xcii.  246). 

TXUTJU08B  (from  rtvrXoWt  beet). — A  kind  of  sugar,  resembling  glucose,  said  to 
exist,  under  certain  circumstances,  in  the  juice  of  beet  Acoordiug  toMichaelis 
(J.  pr.  Chem.  Ixxiv.  397)»  the  sugar,  sometimes  optically  inadave,  sometimes  IsTorota- 
tory,  produced  from  the  cane-sugar  of  beet,  especially  when  the  juice  is  odd,  is  different 
from  ordinary  inverted  sugar  (p.  465). 

TBXAXiZTS.  A  name  applied  by  R.  Hermann  (J.  pr.  Chem.  Ixzxii.  868)  to 
native  magnesium-hydrate,  Mg^'O',  occurring  at  Woods  Mine,  Texas,  lAncaster 
County,  Pennsylvania,  in  monodinic  forms  homoeomorphous  with  epidote,  i^iereas 
the  ordinary  form  of  magnesium-hydrate  (brucite),  is  rhombohedral ;  but*  according  to 
Auerbac  h'  s  observations  of  the  polarising  properties  of  the  so-called  texalite  ciystals, 
they  also  belong  to  the  hexagonal  system.     (Jahresb.  1861,  p.  979.) 

TBXASZTB.  Ni''C0*.2Ni'^*0\  Syn.  with  £iauiMJ>-NiCKKU  (See  CASBOKATn, 
i.  789.) 


LOBTOVa.    One  of  the  comoounds,  or  rather  mixtures,  obtained,  icoording 

to  Zeis e,  by  the  action  of  ammonia  and  sulphur  on  acetone  (i.  28). 

TBAXiZTa.  A  name  applied  by  B.  Owen  (Sill.  Am.  J.  xiii.  420),  to  an  altered 
soapstone  &om  the  north  snore  of  Lake  Superior,  which  he  supposed  to  contain  a 
peculiar  earth,  thalia  ;  this  however,  according  to  Smith  (ibid.  xn.  95),  and  Genth 
{ibid.  xvii.  130),  was  merely  impure  magnesia. 

TH AXZiBZOOBIVf  or  B AlAXXOOBIV.  A  product  of  the  action  of  chlonne> 
water  on  sulphate  of  quinine  (p.  18). 

Syn,  with  Epidotb. 

Atomic  weight,  204  ;  Symbol,  TL — ^An  element  discovered  by 
Crookes,  in  1861,  in  a  seleniferous  deposit  from  the  sulphuric  acid  manufitctoiT  in 
Tilkerode,  in  the  Harz.  In  the  distillation  of  some  impure  selenium  prepared  nom 
this  deposit,  a  considerable  roiridue  was  left,  which  was  at  first  supposed  to  contain 
tellurium,  till  spectrum-analysis  showed  that  a  new  element  was  present,  whose  spec- 
trum consisted  of  a  single  sharp  and  brilliant  green  line  (hence  the  name  thallium,  mm 
$aW6sy  a  green  bud).  This  element  was  at  first  suspecteid  to  be  a  metalloid,  but  further 
examination  proved  it  to  be  a  true  metal.  It  was  first  obtained,  in  a  distinct  metallic 
form,  by  Crookes,  towards  the  end  of  the  year  1861,  and  soon  afterwards  by  Lamy, 
whose  experiments  appear  to  have  been  made  without  previous  knowledge  of  Crookes's 
results.*  It  has  since  been  made  the  subject  of  numerous  researches,  and  a  grest 
number  of  its  compounds  have  been  prepared  and  carefully  examined.  A  fall  aocoooi 
of  the  results  obtained  down  to  January  1864,  together  with  a  list  of  memoirs,  is 
given  by  Crookes,  in  the  Journal  of  the  Chemical  8(Zietyt  voL  xvii.  p.  112.  The  most 
important  papers  on  thallinm  and  its  compounds,  pubUshed  since  that  date,  are  the 
following : — 

On  the  Extraction  of  7%a2M»ffi.—Sehr otter,  Wien.  Akad.  Bar.  xlviii.  [2],  7S4.~ 

*  RiMpectiig  the  controvflrqr  about  the  prtorttj  of  the  dltcorery  of  the  aeUllk  oiture  ol  thaUium, 
M«  Jmhresb.  L  Cbem.  186S,  p.  177. 
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O.  Wert  her,  J.  pr.  Gbem.  zci.  886. — Strong,  Zeitschr.  f.  Chem.  1865,  p.  106.— 
Buna  en,  Ann.  Ch.  Fharm.  ezxziii.  108. — Willm,  Add.  Ch.  Phys.  [4],  v.  6. 

Orwtciime  forma  of  Thallium-Mlts.'^W,  H.  Miller,  Proc.  Roy.  Soc.  xiv.  555. 

&dubUUy  of  7%allium-salts.—C rookeB,  Chem.  News.  x.  27. 

CkhrUUa  of  TTkaUium, — Werther,  J-  pr>  Chem.  xci.  385. — Nicklis,  Cqmpt. 
nod.  Iviii.  637. — ^Hebberlinff.  Ann.  Ch.  Fharm.  cxzxiv.  11. — Willm,  loc,  cit. 

Bromidts  and  Iodides  of  InaUium. — Werther,  loe.  dt. — Willm,^.  ci^. — On  the 
Brwnides  also,  Willm,  Bull.  Soc  Chim.  1864.  ii.  89.— Nicklis,  loc,  cit. 

Fluorides  of  Thallium. — ^Enhlmann,  Compt.  rend.  Iviii.  1037. — Bnchner,  J.  pr. 
Chem.  zcri.  404. 

Oxides  and  Oxygen-salts  of  ThaUimn. — (Schonbein,  J-  pr.  Chem.  zciii.  35.^ 
Worther,  loc,  cit, — Kuhlmann,  loc.  cit. — Strecker,  Ann.  Ch.  Pharm.  cxzxr.  207. 
— Willm, ^.  cit.:  also.  Bull.  Soc.  Chim.  1866,  ii.  165.— 0»  the  Phosphates  of  Thal- 
lium, Lamy,  Ann.  Ch.  Phvs.  [4],  v.  410. 

The  memoir  of  Willm,  above  referred  to,  contains  a  summary  of  the  results  relating 
to  thallium  and  its  compounds  down  to  1865.  (See  also  Jahresb.  f.  Chemie,  1864,  pp. 
246—257;  1865,  pp.  242—256.) 

Sources. — As  sulpnide,  thallium  is  very  widely  distributed  as  a  constituent  of  iron- 
and  copper-pyrites.  Amongst  those  ores  in  which  it  occurs  most  abundantly  (although 
in  these  cases  it  does  not  constitute  more  than  from  the  100,000th  to  the  4,000th  bulk 
of  the  orel  may  be  mentioned  iron-pyrites  from  Theux  near  Spa  in  Belgium,  from 
Namur,  Pnilipville,  Alais,  the  South  of  Spain,  France,  Ireland,  Cornwall,  Cumberland, 
and  different  parts  of  North  and  South  America ;  in  copper-pyrites  from  Spain,  as  well 
ma  in  erode  sulphur  prepared  from  this  ore;  in  blende  and  calamine  from  Theux;  in 
blende,  calamine,  metallic  zinc,  sulphide  of  cadmium,  metallic  cadmium,  and  cake-sul- 
phur from  Nouvelle-Montagne ;  in  native  sulphur  from  Lipari  and  Spain  ;  in  bismuth, 
meicniy,  and  antimony  ores,  as  well  as  in  the  manufactured  products  from  these 
minerals  (frequently  in  so-called  pure  medicinal  preparations  of  these  metals);  in 
eommercial  selenium  and  tellurium  (probably  as  setenide  and  telluride). 

Thallium  is  likewise  frequently  present  in  copper  and  in  commercial  salts  of  that 
mataL  In  Spain  a  very  impure  copper  is  prepared  by  allowing  copper- pyrites  to 
ondiae  in  the  air,  washing  out  the  resulting  sulphate  of  copper,  and  placing  scrap- 
iron  in  the  liquid,  which  causes  the  copper  to  precipitate  in  the  powdery  state.  The 
metal  is  then  collected  together,  dried,  strongly  compressed,  and  heated  to  the  melting- 
point.  It  is  brought  over  to  this  country  in  the  form  of  rectangular  cakes,  weighing 
abont  20  lbs.  each.  The  sulphide  of  thallium,  oxidising  to  sulphate  along  wit^  the 
■nlphide  of  copper,  is  washed  out  by  the  water,  and  precipitated  with  Uie  copper 
by  the  iron.    The  two  metals  readily  alloy  together. 

Thallium  is  also  present  in  tolerable  quantity  in  Icpidolite  from  Moravia,  and  in 
mica  from  Zinnwald  (Schrotter).  It  has  likewise  been  found  in  the  deliquescent 
**Sel-a-61ace"  from  the  mother-liquors  of  the  saltworks  at  Nauheim.  This  consists 
of  a  mixture  of  the  chlorides  of  magnesium,  potassium,  and  sodium,  with  relatively 
considerable  quantities  of  rubidium-  and  caesium-chlorides,  and  sensible  traces  of 
thallium-chloride.    (Bottger.) 

Many  samples  of  commercial  sulphuric  acid  and  yellow  hydrochloric  acid  contain 
thallium.  The  source  in  these  cases  is  evidently  the  pyrites  used  in  the  sulphuric  acid 
works. 

Prfparation. — o.  From  Iron  Pyrites. — ^Tho  pyrites  from  the  Soci^ti  Anonyme  de 
Bochenx  et  d'Oneux,  Theux,  contains  about  1  pt.  of  thallium  in  4,000.  Two  tons  of 
this  ore  were  worked  in  the  following  manner : — 

The  pyrites,  broken  up  into  pieces  of  the  size  of  a  walnut,  is  distilled  in  hexagonal 
cast-iron  pipes,  closed  at  one  end,  and  arranged  in  a  reverberatory  furnace.  Conical 
•heet-iron  tubes  are  luted  on  to  the  open  ends,  and  the  retorts  are  kept  at  a  bright- 
i«d  heat  for  about  four  hours.  At  the  end  of  the  opc*ration,  the  receivers  are 
foand  to  contain  from  14  lbs.  to  17  lbs.  of  dark-green  or  grey-coloured  sulphur  for 
every  100  lbs.  of  ore  used.  The  whole  of  the  thallium  originally  in  the  pyrites  is 
fooBa  in  this  sulphur.  The  sulphur  may  bo  dissolved  out  by  means  of  CHrl>onic 
dimilphide,  which  leaves  the  sulphide  of  thallium  bf'hind  ;  or  it  may  be  extracted  by 
boiling  with  caustic  soda.  The  former  plan  occasions  l^^ss  loss  of  thallium,  but,  owing 
to  the  inconvenience  of  working  with  large  bulks  of  of  carbonic  disulphide  the  soda 
procpss  is  preferable.  12  lbs.  of  caustic  soda,  18  lbs.  of  the  thailiferous  sidphur,  and 
1^  gallon  of  water,  are  boiled  together  till  the  sulphur  has  disappeared ;  6  gallons  of 
water  are  added;  and  the  clear  liquid,  when  cool,  is  decanted  from  a  voluminous  black 
precipitate,  which  has  been  separated  from  the  Hulphur.  The  precipitate  is  then 
collected  on  a  calico  filter  and  washed.  It  contains  the  greater  portion  of  the  thallium 
in  the  form  of  sulphide,  together  with  iron,  coppw,  mercury,  zinc,  &c.  Some  thallium, 
liuweveri  ia  diifaolved  in  the  alkaliiie  liquid  and  lost.    The  black  precipitate  ia  then 
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diMolTftd  in  hot  dilate  siilphiirie  add,  to  idnch  a  HttU  nitrio  add  Is  add«d»  and  tiia 
liquid  is  diluted  with  water  and  filtered.  Hydrodiloric  add  and  sutehite  of  aodiiiBi 
will  now  throw  down  the  neaiir  insoluble  white  protodilaride  of  thAlfimn,  whidi  is  to 
be  filtered  off  and  washed.    (Crookes.) 

0.  From  Snlpkur  or  Pyritet  in  the  Wet  Way. — The  material  is  dissoH<fd  in  nitm- 
muriatic  add,  until  nothing  but  brigbt-jellow  sulphur  is  left;  water  is  Umq 
added,  and  the  filtrate  is  evaporated  with  sulphuric  add,  until  it  is  nearij  ^, 
and  sulphuric  Tapoura  are  copiously  eTolved.  The  residue  is  dissolTed  in  a  large 
excess  <Mf  hot  water,  and  .carbonate  of  sodium  is  added  to  alkaline  reaction,  and  then 
cyanide  of  potassium  (free  from  sulphide  of  potassium).  The  liquid  is  then  heated 
gently  for  some  time,  and  filtered.  The  precipitate  contains  the  whole  of  the  U>ad 
(and  bismuth)  which  may  be  present,  as  carbonates,  whilst  the  thallium  remains  in 
solution.    A  current  of  sulphuretted  hydrogen  being  now  passed  through  the  liquid, 

Srecipitatee  all  the  thallium,  whilst  the  copper,  antimony,  tin,  and  arsenic  remain 
issolred.  The  precipitated  sulphide  is  filtered  off.  washed,  and  dissolred  in  dilate 
sulphuric  add,  and  the  thallium  is  predpitated  as  chloride,  by  means  of  bydroehlorie 
acid.    (Crookes.) 

7.  From  the  Flue-dust  of  Pyritct-humers, — ^This  is  by  &r  the  moet  economical 
source  of  thallium  at  present  known.  In  burning  thalliferouB  p^tes  fbr  the  purpose 
of  manu&cturinff  sulpnuric  add,  the  thallium  oxidises  together  with  the  sulphur,  and  it 
driven  off  by  Sie  heat.  If  the  passage  leading  from  the  burners  to  the  leaden 
chambers  is  only  a  few  feet  Ions,  the  greater  portion  of  the  thalliam  escapes  oondensa- 
tion,  and  volatilises  into  the  leaden  chambers ;  it  there  meets  with  aqueous  vapour, 
sulphurous  and  sulphuric  adds,  and  becomes  converted  into  thallious  sulphate.  This 
being  readily  soluble,  both  in  water  and  dilute  sulphuric  acid,  and  not  being  r^dneed 
by  contact  with  the  leaden  sides,  remains  in  solution,  and  accompanies  the  sulphurie 
acid  in  its  subsequent  stages  of  concentration,  &c.  I^  on  the  other  hand,  the  passan 
connecting  the  burners  and  chambers  is  10  or  15  ^or  more)  feet  in  length,  nearly  the 
whole  of  the  thallium  is  condenspd,  together  with  a  considerable  number  of  other 
bodies  which  constitute  *' fiue-dust," — namely  mercury,  copper,  arsenic,  antimoaj, 
iron,  zinc,  cadmium,  bismuth,  lime,  and  selenium,  together  with  ammonia,  sulphuric, 
nitric,  and  hydrochloric  acids.  The  amount  of  thallium  in  these  fine-depodts  is  v^ 
various,  seldom  amounting  to  as  much  as  ^  per  cent,  although  in  some  as  much  as 
8  per  cent,  has  been  found. 

The  following  is  the  plan  adopted  by  Crookes  for  extracting  the  metal  ttom  this 
dust  on  the  large  scale : — The  dust  is  first  mixed  in  wooden  tubs  with  an  equal  weight 
of  boiling  water,  and  is  well  stirred ;  during  this  operation  a  considerable  quantity  of 
nitrous  add  is  evolved;  after  which  the  mixture  is  allowed  to  rest  for  24  hours  for 
the  undissolved  reddue  to  depodt.  The  liquid  is  then  syphoned  off,  and  the  residue 
is  washed,  and  afterwards  treated  with  a  fresh  quantity  of  boiling;  water.  The  oollectfd 
liquors,  which  have  been  s}'phoned  off  from  the  deposit,  are  allowed  to  cool,  predpi- 
tated by  the  addition  of  a  considerable  excess  of  strong  hydrochloric  add,  and  us 
predpitate,  connsting  of  very  impure  chloride  of  thallium,  is  allowed  to  sabdde.  The 
chloride  obtained  in  this  way  is  then  well  washed  on  a  calico  filter,  and  afterwards 
squeezed  dry.  Three  tons  of  the  dust  yielded  68  pounds  of  this  xoiigh  chloride 
(Crookes).    For  the  further  treatment  see  below. 

Werther  boils  the  fiue-dust  repeatedlv  with  carbonate  of  sodium;  predpitatee  the 
filtrate  with  excess  of  ammonium-sulphiae ;  converts  the  precipitate  into  sulphate  bj 
boiling  it  with  sulphuric  acid,  with  addition  of  a  little  nitric  add ;  precipitates  the 
ammoniacal  solution  of  the  latter  with  iodide  of  potassium ;  and  reduces  the  iodide  of 
thallium  by  ftision  with  cyanide  of  potassium. 

8.  From  Commercial  Hydrochloric  Acid, — Many  samples  of  yellow  hydrodUorifi  add 
contain  thallium.  It  may  be  separated  by  neutralising  with  ammonia,  and  adding 
sulphide  of  ammoniunL  The  black  precipitate  contains  the  thalliam,  toffether  with 
iron  and  some  other  metallic  impurities  of  the  acid.  It  is  to  be  dissolved  m  sulphuric 
acid,  and  the  thallium  precipitated  by  hydrochloric  add  as  protochloride. 

The  crude  protochloride  of  thallium  obtained  by  either  of  the  above  methods  is  added, 
by  small  portions  at  a  time  to  half  its  weight  of  hot  oil'of  vitriol  in  a  porcelain  or 
platinum  cBsh,  the  mixture  being  constantly  stirred,  and  the  heat  contmned  till  the 
whole  of  the  hydrochloric  add  and  the  greater  portion  of  the  excess  of  snlphurie 
add  are  driven  off.  The  fused  add  sulphate  is  now  to  be  dissolved  in  an  exortx 
of  water,  and  an  abundant  stream  of  sulpnuretted  hydrogen  passed  through  the  solu- 
tion. The  predpitate,  which  may  contain  arsenic,  antimony,  bismuth,  leaid,  meivury, 
and  silver,  is  separated  by  filtration,  and  the  filtrate  is  boiled  till  all  free  snlpbvdrio  add  is 
removed.  The  liquid  is  now  to  be  rendered  alkaline  with  ammonia*  and  boiled*,  the 
predpitate  of  inA  and  alumina,  which  generally  appears  in  this  pUos^  is  filu^red  gff ; 
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ponadi  at  &  time,  a  Qitu  pltcod  id  tlie  inh,  and  mUr  ponrafl  orer  to  eortt  Oit  nA, 
Heut  u  upplied,  and.  in  the  couru  of  a  few  houn,  tbs  wbole  of  tlw  tiiallinm  vill  be 
ifduced  Id  tba  lUte  of  ,■  metallic  nnagp.  which  Kadilj  aeparabn  from  the  pUto  o( 
zinc  on  alight  agitation.  Tbs  liquid  is  ponred  off.  the  line  mnored,  uid  tbt  ipongj 
thaUiam  muhtd  ureral  timw.  It  is  than  atrongl;  compreiaad  between  tha  Biigai\ 
and  preaeired  nndet  water  until  it  is  read;  for  foaion.  In  thit  maonar  npwaidi  of  a 
hum^vdweight  of  metallic  thalliam  ma;  be  radneed  intheconrBeof  twenty-fiiiiihixin. 
(Crook  ea.) 

The  metal  ie  readilj  ohtained  in  the  mharent  form  b;  fiuing  tbe  iponge.  Thii  it 
moat  eonTenieiitl;  performed  ander  cyanide  of  potaaeinm  on  Ibe  amaU  scale,  uil 
onder  coal^aa  when  working  with  large  qaantitiea.  In  the  former  caae.  the  aponge. 
attongt;  compreaeed  aad  quite  dry,  in  broken  into  small  pieces,  which  are  drupt  one 
hy  one  into  cyanide  of  potaaaium  fnaed  in  a  porcelain  crucible.  The;  instantij  melt, 
forming  a  brilliant  metallic  bnUoa  at  the  bottom.  When  cold,  th«  cjanida  of  potu. 
eium  ma;  be  disaolved  in  water,  when  the  thalhno  ''*  '  *  "'  "~  '"" '  '  '' 
irrwular  lump,  owing  to  ita  remaining  liquid  and  c 
BoIidiSed. 

On  tlie  large  acale,  the  fusion  ia  beat  effected  in 

over  a  gaa-bumer,   and  a  tube   in  arranged   so      .      .     .  .    

gas  ma;  flow  into  the  upper  part  of  the  crucible.  I^mpe  of  the  compreeasd  ^oan 
are  then  introdaced,  one  after  tlie  othrr  aa  Uie;  melt,  until  (be  crvcible  ia  tul 
of  metsl.  It  ia  then  atirred  ap  ¥rith  aa  iron  rod,  and  the  thalliam  ma;  either  be 
ponred  into  water  aod  obtained  in  H  granulated  form,  or  cast  into  an  ingot.  Thlnjv 
fbrt;  fusions  luiTe  been  performed  in  the  same  crucible  without  tbe  iron  hejng  acted 
upon  in  the  least  b;  the  melted  thallium.    (Crookea.) 

According  to  Willm,  pun  thallium  is  best  obtained  b;  headng  the  axaUteina 
glasa  tube,  the  metal  tben  remaining  in  the  fused  stale. 

Propertiet. — Thallium  ia  ■  perfect  metal,  with  high  metallic  lustre.  In  eoloar  it 
most  resemble*  cadmium,  not  being  so  brilliantl;  white  as  silrer.  hut  free  bom  th* 
blue  tinge  of  lead.  The  true  colour  can  scarcel;  be  seen  b;  catling  or  imphig  the 
surface,  aa  it  tamishea  loo  qnicklj.  It  is  beat  ubserred  bj  Bcmping  tbe  me^  UBder 
water,  or  b;  fuaing  it  in  hydrogen,  and  allowing  the  melted  globuloto  flowawa;  traa 
the  dross.  When  fbaed  under  coal-gai,  the  liquid  metal  in  the  enwible  can  haidl;  be 
distinguiahed  from  mercnr;.  It  lakee  a  ver;  nigh  poliah  bj  friction  with  appniBiale 
matenala,  under  water.  Thallium  tamiahes  at  ordinal;  tempetattme,  qm^ly  be- 
ooming  coated  witb  a  Qlm,  which  almoet  entire!;  protects  it  fnmi  ttiither  action  of  lbs 
air.     The  apeciflc  gravity  of  thullium  Tari«  according  to  tbe  treatment  it  has  under- 

Gne,  A  lump  melted  and  slowly  cooled  under  cyanide  of  potasaitun  was  fmnd  to 
TB  a  density  of  ll'Sl,  increasing  h;  strong  presanre  to  11-88.  Whsn  xputtid 
into  wire,  a  portion  waa  found  to  haTe  a  danaity  as  high  aa  11  "Bl.  Lamy  girea  it  ■■ 
ll'SS.  I>e  la  Rire  atatea  it  to  be  11-86  after  fosion,  and  ll-BO  after  being dnminto 
wire.  Thallium  i*  the  soAest  known  metal  admitting  of  free  BXposure  to  Uie  air.  Tha 
fln gee-nail,  and  erenapiece  of  lead,  scrstab  it  readily.  It  mar^  pepeT  like  plumbegu, 
forming  a  atreak.  blue  at  Bret,  (hen  turning  yellow,  and  in  a  day  or  two  fading  neaii; 
out.  Sulphide  of  ammonium  or  sulphuretted  hydrogen  will  at  an;  time  (emnmil; 
restore  the  dark  streak.  Thallium  haa  leas  tenacity  than  lead,  and  does  not  Meoow 
brittle  at  any  temperatitra  between  —  1 8°  C,  (0"  F.)  and  its  melting-point.  Ittt  rary 
malleable,  and  can  be  hammered  into  foil  aa  thin  aa  tissoe-paper ;  its  haidnees  is  not 
sensibly  increased  by  hammering.  It  can  be  drawn  into  wire  only  with  difficulty,  hot  it 
is  squeeced  into  wire  rery  readily,  by  the  process  technically  known  aa  "  squiitiBg.' 
Tballium-wire  is  almost  deroid  of  elasticity,  retaining  an;  form  into  which  it  ii  beat, 
with  scarcely  a  tendency  to  spring  to  ita  original  pontjon.  When  flrst  prepared,  the 
wire  appears  amorphou^  aod  will  remain  so  if  kept  at  the  ordinar;  tempeiatm  in 
carbonic  anb;dride,  or  in  petroleum  free  from  air.    In  mta  it  gndualh  becemei 

...ii; ibling  the  motrJ  of  tinplate ;  this  eflect  is  immediately  prodund  wb« 

ingot,  or  plate,  tarnished  or  dean,  is  boiled  in  water. 
Tei7  crystalline  metal,  and  crackles  almost  as  much  as  tin  when  bmt. 
un<u  of  it  are  ftised,  and  allowed  to  cool  alowly,  and  the  int^riiir 
nred  off  from  that  which  baa  aolidifled,  well-deflned  crystali.  in  om^ 
ilike  forms,  are  produced.  The  melting-point  of  thaUium  ii  iVfi, 
imy ;  2939°  according  to  Crookea,  who  det«rmined  it  b;  fiuing 
a  of  the  pure  metal.  Thnllinm  does  not  become  past;  before  melting; 
deiably  before  complete  fusion,  and  eoDtrada  stronst;  on  cooling. 
9  metal  weld  togetber  under  strong  pressure  at  the  ardinai;  tsmpM*> 
Uling  the  steel  die  with  scrapa  and  cuttings,  the;  may  be  Mdilj 
■olid  rod,  appanntlj  as  trnaciims  as  when  obtained  l^  Aunon. 

ic  property  of  thallium  ia  tbe  intense  green  colour  which  tba 
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metals,  forming  a  readily  soluble  and  highly  alkaline  protoxide,  a  Mliible  and  alkaliM 
carbonate,  an  insoluble  chloroplatinate.  and  a  thallio-alominic  anlphata,  nmilar  m 
form  and  composition   to   common  potash-alum.    In  moat  rea^ecta,  boverer,  it  ii 
more  nearly  albed  to  the  heavy  metals,  especially  to  lead,  which  it  reaemblea  ekwely 
in  appearance,  density,  melting-point,  specific  heat,  and  electric  coodnctiTity.    Ita 
relationship  to  the  heavy  metals  is  further  shown  by  its  high  atomic  wei^ ;  the 
complexity  of  its  photographic  spectrum,  which  oontrasta  atronglT  with  the  nnipliaty 
of  those  of  the  alkali-metals  (Miller)  ;  the  highly  poisonoua  character  of  its  com- 
pounds ;  its  easy  reduction  from  solution  by  zinc ;  the  production  of  a  brown  in*>- 
fuble  p4>roxide  by  electrolytic  action  (p.  753);  the  complete  or  nearly  complete  wnAjk- 
liility  of  its  sulphide,  phosphide,  iodide,  bromide,  chloride,  chromate,  ana  phosphate. 
Thallium  differs  also  essentially  from  the  alkali-metala  in  the  alight  affinity  of  i'J 
protoxide  for  water,  this  oxide  not  only  being  non-deliqneacent,  but  remaining  in  \h^ 
anhydrouB  state  when  its  aqueous  solution  is  evaporated  at  ordinary  temperatunrv  in 
a  vacuum  over  oil  of  vitriol.    The  argument  in  favour  of  its  relationship  to  the  alkali- 
iiu'tabt,  derived  from  the  formation  of  a  thallium-alum,  can  ro  longer  be  considered 
valid,  now  that  a  silver-alum  of  similar  form  and  composition  haa  been  ahown  to 
exist  (p.  580). 

TSA^^mCf  AX&OT8  OF*  These  compounds  have  not  been  much  studied. 
When  thallium  is  projected  into  a  crucible  containing  melted  cop  per,  it  boila,  and  m 
great  part  volatilises,  some  however  uniting  with  the  copper.  By  repeated  additions  d 
thallium,  a  hard,  brittle,  white  alloy  may  be  formed.  With  a  still  smaller  qnantitT  of 
thallium,  the  mixture  is  gold-coloured ;  and  with  95  per  cent,  of  copper,  it  Ibnu* 
hard  button,  flattening  somewhat  under  the  hammer,  but  soon  cracking  at  the  edieu. 
In  small  quantities,  thallium  appears  to  diminish  the  malleability  and  doctilitrnf 
copper.  Copper  prepared  in  Spam,  by  the  cementation-procese  already  described,  it^ 
quently  contains  considerable  quantities  of  thallium,  which  may  perhaps  aecoont  k^ 
ita  pre-eminently  bad  quality. — With  lead,  thallium  melta readily,  forming  ansIK 
able  alloy. — With  mercury  it  unites  easily,  forming  a  solid  ciyatalline  amalgais.— 
IM  a  t  i  n  u  m  and  thallium  unite,  with  incandescence.  When  a  piece  of  metallic thaUim  it 
placed  on  a  platinum-wire  loop,  and  held  in  the  flame  of  a  spirit-lamp,  the  two  maals 
ra})idly  melt  t<^cther,  becoming  nearly  white  hot,  and  evolving  abundant  fmnn  vi 
thallium  ;  the  resulting  alloy  is  highly  crystalline,  veiy  hard,  and  almost  as  brittle  a* 
phiHs.  The  most  convenient  way  of  obtaining  the  green  light  of  thalliom  is  to  aUoj  ■ 
platinum-wire  loop  in  this  manner.  When  this  loop  is  introduced  into  a  spirit-knipL 
or  heated  before  the  blowpipe,  a  green  tint  of  extraordinary  splendour  is  commnii- 
cated  to  the  flame. — An  alloy  of  thallium  and  tin  is  easily  obtained  Inr  fnsioo  md^r 
cyanide  of  potassium,  or  coal-gas.  With  6  per  cent,  of  thallium,  the  alloy  is  perfMlT 
malleable. 

TKA&XJnTM, BSOimBBS OF.  TheprotobromidetOt  nailiousbromitle^ 

TlBr,  is  formiKi  by  adding;  thallium  to  bromme,  or  by  double  decomposition.  It  fnmn 
a  very  pale-yellow  precipitate,  funible  below  redness,  and  is  intermraiate  in  solnbilitr 
bftweeu  the  chloride  and  iodide  (Lamy).  According  to  Willm  (Bull.  8oc.  Cliim.  IW*. 
ii.  89),  it  is  nearly  insoluble  in  cold,  and  very  sligntly  soluble  in  boiling  water.  la 
contact  with  bromine  and  a  small  quantity  of  water,  it  gradually  dissolves,  with  nm 
of  temperature,  to  a  liquid,  which,  when  evaporated  in  a  vacuum,  solidifies  to  a  pa* 
gent,  yellow,  deliquescent,  crystalline  mans  of  impure  tribromide,  or  tkallic  br^ 
tnide,  TlBr*  (containing  rather  less  bromine  than  that  required  by  the  fonnnla).  Oi 
mixing  the  aqueous  solution  of  the  tribromide  with  the  protohromide,  or  satyjectingitto 
partial  reduction,  the  hot  liouid  yields  long,  siskin-yeUow,  shining  needles.  appf|ani{ 
under  the  microscope  as  quadratic  prisms,  and  consisting  of  the  dibromide^  Tl'Br'  « 
TIBr.TlBr*.  They  are  decomposed  by  water  into  a  protohromide  whidi  smntM, 
a  tribromide  whidi  remains  dissolved,  and  a  tesquibromide^  Tl*Br*  «  TlBrfjTIBr, 
which  crprstallises  in  translucent,  orange-red,  six-sided  lamine.  This  last  oompoaad 
is  likewise  decomposed  by  treatment  with  water,  with  separatioD  of  proCobromidtL 
(Willm.) 

The  tribromide  forms,  with  brovtide  of  ammonium^  a  double  salt,  NH*Br.'nBr".4in^, 
crystallising  in  long,  yellow,  transparent  needles,  which  easily  giveoflT  their  water  in  » 
vacuum.  A  concentrated  alcoholic  solution  of  the  tribromide  mixed  with  amMoak, 
yii'hls  a  white  precipitate  of  the  compound  TlBr".3NH*,  which  qoicklr  turns  yelljw, 
and  is  easily  decomposed  by  water,  with  separation  of  black  sesquiozide  of  tkalKiB. 
(Willm.) 

A  compound  of  thaUic  bromide  with  ethylic  oxide,  2TlBr«.8(CTP)H),  is  p9odae«d  by 
adding  bromine  to  anhydrous  ether  in  which  metallic  thallium  or  the  proCobrooide  ii 
suspended.  This  compound  dissolves  in  bromide  of  ammonium,  yielding  the  d«iN* 
salt  NII*Br».TlBr»,  with  2  at.  and  3  at,  water,  the  former  hydrate  crrstairuiag  is 
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iliomlxuJal  or  axHnded  tables,  the  second  in  needles ;  both  melt  in  their  water  of 
ciTBtallisation  below  100<^.    (NickUs,  Compt  rend.  Iviii.  687.) 

TKAlAXinKv  OBliOBIBBB  OF*  Thallium  forms  fbnr  chlorides  analogous 
to  the  bromides : — 

Protoeklorideof  Thallium,  or  Thallious  CA/ort<;f,TlCl.— Metallic  thallium 
is  attacked  at  ordinary  temperatures  bj  chlorine ;  when  heated  in  the  gas,  it  bums 
and  forms  a  yellow  liquid,  which  solidifies  on  cooling  to  a  pale-yellow  or  white  cr^'s- 
talline  mass.  If  excess  of  chlorine  has  been  present,  the  product  consiBts  almost 
entirely  of  higher  chlorides ;  but  in  presence  of  an  excess  of  thallium,  the  white  pro- 
tochloride  is  the  only  compound  formed.  Boiling  hydrochloric  acid  attacks  thallium 
bat  aUnrly,  the  action  soon  ceasing,  owing  to  the  formation  of  a  layer  of  difficultly 
•olttble  chloride  of  thallimn.  When  h3rdrochloric  acid,  or  a  soluble  chloride,  is  added 
to  a  solution  of  thallious  oxid*  or  a  thallious  salt,  a  white  curdy  precipitate  of  proto- 
ehloride  is  thrown  down,  scarcely  to  be  distinguished  at  first  sight  from  chloride  of 
silrer.  When  boiled  in  water,  it  dissolves  like  chloride  of  lead,  and  sepii rates  again 
on  cooling ;  the  crystals,  however,  are  much  smaller  and  less  brilliant  than  thuse  of 
chloride  at  lead.  Protochloride  of  thallium  is  also  precipitated  when  sulphurous  acid 
or  an  alkaline  sulphite  is  added  to  one  of  the  higher  chlorides. 

One  part  of  the  protochloride  dissolves  in  283*4  pts.  of  water  at  16*5^,  and  in  52*5 
pCa.  of  Doiling  water.  It  is  insoluble  in  alcohol,  and  scarcely,  if  at  all,  more  soluble 
in  aqueous  ammonia,  C3ranide  of  potassium,  or  hydrochloric  acid,  than  in  water. 
When  boiled  in  nitric  or  nitromuriatic  acid,  it  is  converted  into  a  higher  chloride.  It 
vukj  be  heated  to  260°  without  loss  of  weight ;  at  a  slight  increase  of  heat,  it  suddenly 
melts  to  a  thin  brown  liquid,  white  vapours  being  simultaneously  evolved.  On  cooling, 
it  solidifies  to  a  white,  shining,  crystalline,  somewhat  flexible  mass.  The  specific 
sravity  «f  the  fused  chloride  is  7*02  (La my).  The  fused  lump  is  reduced  to  the  metal- 
ne  state  by  line  and  dilute  acid,  like  fused  chloride  of  silver.  According  to  Lamy, 
chloride  of  tJiallinm  is  unalterable  by  light;  but  according  to  Crookes,  it  undergoes 
a  considerable  darkening  when  exposed  either  to  sunlight  or  diffused  daylight. 

Protochloride  of  thallium  forms  double  salts  with  trichloride  of  gold  and  tetrachloride 
of  platinum. — ^The  chloroaurate  separates  from  the  hot  aqn«oiis  solution  containing  a 
■light  excess  of  auric  chloride,  in  brilliant  gold-coloured  crystals ;  it  is  slightly  soluble 
in  water,  and  when  ignited  leaves  an  aUoy  of  gold  and  thallium. — The  cMoropfatinate, 
2nCLPtCl\  is  precipitated  as  a  pale-yellow  crystalline  powder,  very  sparingly  soluble 
in  water,  much  less  so  than  the  corresponding  potassium-,  rubidium-,  or  csraium-salts 
(o.v.),  1  pL  of  it  requiring  for  solution  16,585  pts.  water  at  15*5°,  and  1,948  pts.  at  100°. 
(Crookes.) 

80squichloride of  Thallium,  TVKJl*  or  TI<C1«=T1CP.3T1C1.— This  compound  is 
pcodnced  by  dissolving  thallium  or  the  protochloride  in  nitromuriatic  acid,  and  separates 
oo  coolins  in  yellow  crystalline  scales.  It  may  also  be  prepared  by  heating  the  tri- 
chloride till  it  melts,  and  no  longer  gives  off  chlorine  (p.  748).  [Werther  obtained  by 
these  processes  only  variable  mixtures  of  the  protochloride  and  trichloride ;  but  other 
expenmenters  have  obtained  a  definite  product.]  The  sesqui chloride,  when  heated. 
Melts  below  redness,  forming  a  dark-brown  liquid,  which  solidifies  to  a  lighter- 
eoloared  mass.  It  is  soluble  in  380*1  times  its  weight  of  water  at  15*5°,  and  in 
d2^  pts.  of  boiling  water.  Pure  water  produces  a  slight  decomposition  into  sesqui- 
adde  and  protochloride,  which,  however,  may  be  prevented  by  the  addition  of  a  drop 
of  nitric  or  hydrochloric  acid.  When  slowly  crystallised  from  slightly  aciilulaU'tl 
boiling  water,  it  separates  in  brilliant  orange-yellow  hexagonal  plates,  consideiably 
daiker  than  when  it  is  obtained  by  more  rapid  crystallisation,  and  preseotinp  the 
closest  resemblance  to  iodide  of  lead.  Sesquichloride  of  thallium  is  also  precipitated 
by  the  cautious  addition  of  sulphite  of  sodium  to  one  of  the  higher  chlorides.  When- 
ever it  separates  from  a  liquid,  it  shows  remarkable  crystalline  characters,  and  when 
jost  precipitated,  produces  a  magnificent  satiny  lustre  in  the  liquid.  Solution  of  ammonia, 
potash,  or  even  thallious  oxide,  added  to  the  sesquichloride,  produces  iuhtant 
oecompoaition  into  sesquioxide  and  protochloride,  according  to  the  following  equation : 

4TVCI*  +  8(NH*)«0     -     T1«0»   +   6Tia  +   6NH*CL 

WImd  pore  dry  ammoniacal  gas  is  passed  over  the  sesquichloride,  heat  being  applied 
with  a  spirit-lamp,  the  salt  fist  assumes  a  deep  orange  tint,  without  fusing,  and  loses 
Its  brilliant^  almost  metallic  lustre.  On  increasing  the  heat,  the  chloride  fuses,  and 
utthe  same  time  sal-smmoniac  vapours  are  abundantly  evolved.  The  melted  com- 
pound froths  up,  and  assumes  a  deeper  tint,  ultimately  becoming  brown,  and  then 
gfadually  paler,  until  there  finally  remains  perfectly  white  protochloride  of  thallium. 

The  reaction  between  ammonia-gas  and  sesquichloride  of  thallium  is  represented  by 
the  following  equation  ; — 
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3T1KJ1*  +  4NH«     -     6T1C1  +  8NH«a  +  N. 

The  BeBquichloride,  heated  in  a  stream  oiaulfhydriBacidgcu^  is  eonvettad  intobUdc 
sulphide  of  thallium,  with  evolution  of  hydrocmorie  add  and  Tolatilisadoo  of  aolphoi. 
Its  aqueous  solution  yields,  with  sulphycbic  add,  a  sUght  red  predpitate,  which  diap. 
pears  on  boiling,  leaving  onl  j  a  small  quanti^  of  st^hur. — Sulpkids  of  ammmm 
or  potaumm  produces  complete  predpitation.  (Hebberling,  Jahreab.  186i, 
p.  260.) 

PlaHnic  chloride  added  to  the  aqueous  solution  throws  down  thallioua  chloropliti* 
nate,  2TlCl.Pt01\  while  thallic  chloride  remains  in  solution.  (Werther,  iML 
p.  246.) 

Dieklorideof  Thallium,  TIH^*  -  TICI'.TICU  is  formed  bj  canfnUj  hMting 
dther  thallium  or  the  protochloride  in  a  slow  cuirent  of  chlorine,  the  resulting  chloride 
being  kept  liquid.  The  dichloride  is  pale-yellow,  rather  hygrometric,  and  deddedlj 
more  fusible  than  the  sesquichloride.  It  is  reduced  to  sesquichloride  by  hm, 
(La  my.) 

Trichloride  of  Thallium,  or  Thallic  Chloride,  TlOl'.— This  compound  is 
formed  by  dissolving  the  trioxide  in  hydrochloric  add,  or  by  acting  upon  thallium  or 
a  lower  diloride  with  a  large  excess  of  chlorine  at  a  gentle  heat  According  to  W  er- 
ther  f  Jahresb.  1864.  p.  247),  it  is  most  easily  prej^ured  bv  treating  thallium  or  Um 
protochloride  with  chlorine-gas  under  water,  till  the  resulting  solution  is  no  longer 
precipitated  by  pladnic  chloride.  The  solution  freed  from  excess  of  chlorine  l^  a 
stream  of  carbonic  anhydride,  and  evaporated  in  a  vacuum,  yields  a  crystalline  nuut 
composed  of  long  colourless  prisms  of  the  hydrated  trichloride,  T1C1'.HK>,  sometimei 
also  long  deliquescent  needles,  containing  2TlCl'.15S[H).  It  melts  easily,  and  deoocD- 
poses  with  loss  of  chlorine,  the  residue  consisting,  according  to  Lamy,  of  the  sesqui- 
chloride; according  to  Werther,  of  mixtnros  of  tiie  trichloride  and  protodUonde. 

Trichloride  of  t£&llium  unites  with  the  chlorides  of  the  alkali-metals,  formingcoloar- 
less  crystallisable  double  salts,  which  easily  decompose  with  separation  of  thallie 
oxide  (Nick  I  is,  J.  Pharm.  [4],  i.  26).— The  ammanium-eaU,  8NH«CI.T1C1>.2H*0,  is 
produced  (with  simultaneous  formation  of  chloride  of  nitrogen)  bv  passing  chloriiit 
into  a  solution  of  thallious  chloride  containing  a  large  quantity  of  sal-ammoniac ;  man 
readily  by  digesting  the  ether-compound  of  thallic  chloride  (infra)  with  sal-ammoDiae; 
it  then  separates  in  large  six-sided  tables,  belonging  to  the  trimetric  system,  tsualj 
soluble  in  water  and  in  alcohol  (NickUs).— The  ^lotosnttm-so/^,  3KCITICL^K), 
errstallises  from  a  mixed  solution  of  the  component  chlorides  in  modified  eabee 
(W illm).— The  cupric  salt,  Cu''CP.2TlCl',  separates  from  the  mixed  solution  of  iu 
constituent  salts,  in  opaque  green  crystals,  simultaneously  with  colourless  transpsrent 
prisms,  which  have  not  been  examined.     (Willm.)  

A  compound  of  thallic  chloride  with  ethjfltc  oxide,  T1C1'.(C^*)K).HC1  -(•  HK),  is 
obtained,  according  to  Nicklis  (Jahresb.  1864,  p.  252),  by  passing  chlorioe  into 
anhydrous  ether,  in  which  metallic  thallium  or  the  protochloride  is  suspended.  Tvo 
layers  of  liquid  are  then  formed,  the  lower  containing  the  ether-compound,  which 
remains  behind  on  evaporating  the  product  at  100°  in  a  stream  of  carbonic  anhydride. 
It  dissolves  in  ether  and  in  water  containing  hydrochloric  add,  decomposes  aJkaline 
carbonates,  and  when  treated  with  an  excess  of  the  latter,  deposits  sesquioxide  of 
thallium.    With  sulphurous  add  it  yields  protochloride  of  thallium. 

TSAXXiXVai,  CTAWXBB  OF.  Obtained  by  mixing  the  concentrated  eolations 
of  potassic  cyanide  and  thallious  carbonate,  or  by  neutralising  thallious  oxide  with 
prussic  add  (Euhlmann) ;  more  easily  by  mixing  strong  solutions  of  potassic  cyanide 
and  thallious  nitrate  (Grookes).  It  separates  in  shining  crystalline  plates,  not  very 
soluble  in  water.  When  heated,  it  decrepitates  and  melts  easily,  and  when  intensely 
heated  on  platinum-foil,  volatilises  without  reduction,  or  alloying  with  the  platinum. 

FerroeO'thaUxous  Cyanide,  qt  Ferrocyamde  of  T%aUium,  predpitated  on  mixing 
ferrocyanide  of  potassium  with  thallious  nitrate,  forms  yellow  cxystals,  slightly  soluble 
in  water. 

TBA&ZiZVaK,  BBTBCTZOir  AVB  BSTlMATXOir  OF.  1 .  Beact\on$  in 
the  Dry  Way, — The  behaviour  of  metallic  thallium  before  the  blowpipe,  and  the 
peculiar  characters  of  its  spectrum,  have  been  already  described  (p.  746).  The  ffreen 
line  Tla  is  alone  sufficient  to  distinguish  thallium  from  all  other  elements.  ThalL'um- 
ealts,  when  ignited,  generally  fuse  below  redness,  and  then  volatilise ;  some  of  them, 
however,  as  the  sulphate  and  phosphate,  will  stand  a  bright-red  heat  without  change ; 
the  chlorides,  on  uie  other  hand,  distil  over  with  vapour  of  water.  On  eharocal 
before  the  blowpipe  they  volatilise,  communicating  an  intense  green  cobor  to  the 
flame. 

2.  ReaotioHB  in  Solution,— a,  Thallious  salts  are  forthe  most  part  colourleti. 
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vnlfM  the  acid  iUolf  is  coloured.  They  are  mostly  soluble  in  water,  neutral  to  test- 
paper,  and  have  a  slight  metallic  taste.  Their  aqueous  solution  is  rapidly  precipitatHl 
in  metallic  crystals  by  zinc,  and  slowly  by  iron. — Phoaphoretted  hydrogen  precipitates  a 
Uack  phosphide. — Suiphydric  acid  added  to  a  solution  of  a  thalliouK  salt  containing  a 
weak  acid,  such  as  carbonic  or  acetic,  separates  the  whole  of  the  metal  in  the  form  of 
a  deep  brown  sulphide ;  from  solutions  of  thallium-salts  of  the  stronger  acids,  such  as 
the  sulphate  or  nitrate,  sulphydric  acid  precipitates  nothing  if  the  acid  is  in  excess, 
and  only  a  small  portion  of  the  metal  if  the  solution  is  neutral. — Sulphide  of  ammo- 
mium  precipitates  thallium-salts  completely,  the  precipitated  sulphide  oeing  insoluble 
in  tolphide  of  ammonium,  in  caustic  alkalis,  their  carbonates  and  cyanides,  and  only 
■li^tly  soluble  in  acetic  acid. — Hydrochloric  acid  and  soluble  chlorides  precipitate  a 
di&ultly  soluble  white  chloride ;  hydrohromic  acid  and  bromides  precipitate  a  white 
nearly  insoluble  bromide;  and  hyariodic  add  and  iodides  precipitate  an  insoluble 
yellow  iodide. — Alkalis,  alkaline  carbonates^  or  bicarbonalts  produce  no  change  in 
thallioas  salts :  phosphate  of  sodium  giresa  white  precipitate,  nearly  insoluble  in  am- 
monia, easily  soluble  in  acids. — Chromate  of  potassium  gives  a  yellow  precipitate  uf 
thallious  chromate,  insoluble  in  cold  nitric  or  sulphuric  acid,  but  turning  oran^e-rfd  on 
boiling  in  the  acid  solution. — JHatinio  chloride  precipitates  a  yery  pale-yellow  insoluble 
double  salt. 

From  these  reactions  it  appears  that,  in  examining  a  mixed  metallic  solution. 
aeeording  to  the  ordinary  method  of  qualitative  analysis  (i.  217),  thallium  will  be 
ikraDd  in  the  precipitate  thrown  down  by  sulphide  of  ammonium,  togeth(*r  with  iron, 
nickel,  manganese,  &c.  From  tliese  metals  it  may  be  easily  separated  by  precipita* 
tion  with  iodide  of  potassium  or  platinic  chloride,  or  by  reduction  to  the  metallic  stats 
with  cine.  According  to  Hebberling,  iodide  of  potassium  is,  next  to  the  speetTiil 
reactions,  the  most  delicate  of  all  tests  for  the  presence  of  thallium,  producing  a  visible 
precipitate  in  a  solution  of  thallious  sulphate,  containing  only  0'0105  pt.  of  the  sidt  in 
lyOOO  pta.  of  the  lionid. 

/I.  Thallic  salts  are  easily  distinguished  from  thallious  salts  by  their  beharionr 
with  alkalis,  and  with  soluble  chlorides  or  bromides.  Their  solutions  give  with 
mmmonia,  and  with  fixed  alkalis  and  their  carbonates^  a  brown  eelatinous  precipitate  of 
thallic  oxide,  containing  the  whole  of  the  thallium.  Hydrochloric  acid  and  soluble 
ekiorides  or  bromides  produce  no  precipitate  in  solutions  of  pure  thallic  salts  ;  but  if  a 
thallious  salt  is  likewi«e  present,  a  precipitate  of  scsquichloride  or  sesquibromide  is 
fcnned.  Oxalic  acid  forms  in  solutions  of  thallic  salts  a  white  pulverulent  precipi- 
tate, phosphoric  acid  a  whit«  gelatinous  precipitate,  and  arsenic  acid  a  yellow  gelati- 
none  precipitate:  these  three  precipitates,  however,  are  sparingly  soluble  only  in 
presence  of  a  large  quantity  of  free  acid,  so  that  they  are  not  always  produced  by  the 
eocresponding  alkaline  salts. — Sulphocyanate  of  potassium  forms  in  acid  solutions  of 
thallic  salts  a  blapk-grey  precipitate,  in  very  sligutly  add  solutions  a  yellow  precipi- 
tate, which  is  dissolved  by  boiling  water,  and  at  the  same  time  reduced  to  a  thallious 
■alt. — Chromate  of  potassium  does  not  precipitate  thallic  salts  (Willm,  Jahresb. 
1866,  p.  255).  According  to  Strecker,  on  the  contrary  {ibid,  p.  253),  chromate  of 
pocaeaium  forms,  in  a  solution  of  thallic  sulphate,  a  yellow  precipitate,  which  turns 
Drown  in  contact  with  water.  Thallic  nitrate  gives  wiUi  ferrocyanide  of  potassium  a 
akkin-green,  with  the  ferrocyanide  a  yellow  precipitate.  A  solution  of  thallic  sul- 
phate or  nitrate,  mixed  with  tartrate  of  sodium,  gives,  with  amTnonia,  a  white  curdy 
prscipitate,  soluble  in  excess  of  ammonia,  to  a  liquid  which  deposits  the  brown  sesqui- 
ozide  on  boiling.  But  when  the  sesquioxide  is  boiled  with  tartaric  acid,  carbonic 
anhydride  and  formic  acid  are  evolved,  and  a  solution  is  formed,  which  deposits  crys- 
tale  of  thallious  tartrate.  The  ammoniacal  solution  of  thallic  oxide  furmed  in 
pieeence  of  tartaric  (or  phosphoric)  acid,  gives  with  sulphide  of  ammonium  or  sulphy- 
mrie  meid,  a  brown  precipitate,  melting  at  the  boiling  heat  to  a  metallically  Instmus 
hall,  which  dissolves  in  hot  dilute  sulphuric  acid,  with  evolution  of  sulphydric  acid 
and  deposition  of  sulphur. — Iodide  of  potassium  added  to  the  same  ammoniacal  solu- 
tion, forms  a  black  precipitate,  which  changes  on  boiling  to  thallious  iodide  mixed 
with  a  small  quantity  of  iodoform.     (S tre c k  er.) 

8.  Estimation  and  Separation. — Thallium,  when  it  occurs  in  solution  as  :i 
thallious  salt,  is  most  conveniently  estimated  as  protoiodide,  TU,  in  which  state 
it  ie  obtained  by  precipitation  with  iodide  of  potassium.  The  precipitate  is  quite 
permanent  in  the  air,  and  at  the  temperature  at  which  it  is  weighed.  It  is  but  very 
■lightly  soluble  in  water,  insoluble  or  nearly  so  in  saline  solutions,  alcohol  of  92  per 
cent.,  and  aqueous  ammonia,  but  perceptibly  soluble  in  water  containing  free  acids  or 
fixed  alkalis.  On  mixing  the  hot  ammoniacal  solution  of  a  thallious  s^t  with  iodide 
cf  potassium,  the  thallious  iodide  separates  immediately  as  a  curdy  precipitate,  which, 
after  standing  for  sereial  hours,  maybe  collected  on  a  weighed  filter,  and  washed  with 


7.>a  THALLIUM:   FLUORIDES. 

ftli*r>hnl.  or.  if  tlus  is  imdmismble,  with  ammonia.  It  Ss  then  dried  at  llfi^,  n4 
w«^g:h«^ :  it  ooatains  49*40  per  cent,  thallinm.  (Q.  Werther,  Zeitachr.  AnaL  Chea. 
iii.  i  ;  Jaiinab.  1864,  p.  712.) 

Thaiiiam  majalaobe  esrimated  in  the  form  of  thallious  sulphate,  bat  not  quit* 
tt.  '•sttcriy  aa  hy  the  method  jast  described.  The  solphate  bean  a  dnll  red  heat  with- 
•>'it  p<^trj»pcibie  Tolatilisation,  bnt  it  is  ▼olatilised  at  a  bright-red  heat.  Thalliam  is 
r.^  jompurCelj  precipitated  firom  solutions  of  thallium-salts  bj  pUUimie  eUoridti 
bur  die  precipitated  chloroplatinate  is  troublemime  to  manage,  as  it  is  Tcry  fb^r 
iiivitibd.  «Qd  is  apt  to  run  through  the  filter  when  washed  with  water  or  with  alooboL 

la  ^oinrinns  of  thallie  salts,  the  thallium  maj  be  estimated  by  reducing  the  tbilfie 
Ok  'Jiailiaos  «ks  with  an  alkaline  sulphite,  and  then  precipitating  with  iodkU  o/potth 
4iuiM  C  r>jokefl\  or,  by  precipitating  the  thallium  with  amtnonia,  as  sesa  uioxid^ 
uui  »iXecting  the  precipitate  on  a  weighed  filter.  The  separation  of  thallious  frw 
tiiiAuie  jaJs  may  be  d&M:ted — at  least  in  the  case  of  the  cUoiides  or  sulphate,— t^ 
disc  prwpitadng  the  sesquiozide  with  ammonia,  and  then  throwing  down  the  r»> 
Titoining  portzoa  of  thallium  from  the  hot  dilute  filtrate  by  iodide  of  potasnu 
^TTZz.-iT:  The  separation  may  also  be  eSeebed  by  platinic  chloride,  whidi  piedfi> 
z^eA  iulj  ±e  tbAllioos  salt. 

rile  3ietiij>i  :f  precipitation  with  iodide  of  potassium  seires  also  to  separate  thallioa 
dHm.  ni-ittT  :ciix^r  netals.  the  solution  being  first  mixed  with  an  alkaline  sulphite  to 
^aiKir*  i^t;  rarnrciop  of  any  thallie  salt  that  may  be  present  to  the  state  of  toallioa 
ssiT.  If  2^c*v  3*  present^  the  iodide  of  potassium  wUl  throw  down  cuprous  as  veil  m 
"nj/ions  jjiriSf :  \*zl  by  treating  the  washed  precipitate  with  ammonia,  in  oootsct  vitk 
TZit'  OTi  ne  s*  per  wQl  be  dissolved  out,  and  the  thallium  will  remain  as  thsfliou 
:iicLie.  "Z^  iez*sKi'jz  of  copper  from  thallium  may  also  be  effected,  though  not  m 
-sa^-;^  ly  7r>«=TCA:±r^  the  copper  with  salphuretted  hydro^n  in  an  acid  solntios. 
rhir  ituod  3ii*«-frt>;  nerriA  also  to  separate  thallium  from  lead  and  silyer.  Hie  pn- 
=ri:2ftr*ii  iB'rrniftis  a=»  s^t,  howerer,  to  cany  down  small  quantities  of  thalfioB- 

-Mil  m  rf  rtaLlTa  often  occur  in  bismuth  minerals  and  preparatiooimsdi 


±«*iir  "^— n.  g^e^aTj  tse  lar^oate.  To  detect  the  thallium,  the  dilate  sdattOBof  thi 
'  ^  Tirirti  wrdi  A  flight  exixss  of  sodium-carbonate,  and  a  small  quantity  of 
L-Tazidi-.  '^lea.  z^utlj  warmed  and  filtered.  If  the  bismnth-compomMl  eoe- 
-2.11^1  :=.7  1  pt.  if  'JLL2im  in  liX^.OOO,  the  addition  of  a  few  drops  of  ammooisB- 
^cjrrLi  iiT  -r'l  jrr^isjx^  k  lirk-brTwn  precipitate  of  thallium-sidphide,  which  mduDy 
'  _-:«i"5  •?^■'?srr.  i=ii  aiij  -••  further  examined  by  the  spectroscopic  method.  Ynm 
nr*>.ai&cr  .t  ji^mon.  Vitr-om  may  be  easily  dissolTed  out  by  digestion  with  ersBidi 
jI  •y-i:ii^tfi-z=i,  Im»o-:cxzI=:cIt  ti^  earbonate  of  sodium.     (Crookes.) 

" «  uTtKr^c  ijnsiurv.  n. — Thallium  may  be  estimated  ▼olumetrically  with  ptrmm' 

yrrct^rr    '*  *  -rzmnm  in  tire  mma  manner  as  iron.     For  this  ptupose  it  must  be  is  tbi 

-if^ue  . ;  -r.n.'iugs  ■*i!i?rdrf.  ^r  of  a  thallioos  oxygen-salt  mixed  with  hydrochloric  acid, 

icii  -£&>  ««..-^r:E  ncfC  3tit  ^."orain  mure  than  1  gnunme  of  thallium  in  500  cc. ;  tfct 

-^mac^xLLiic-Klution  ih'mld  aIso  be  more  dilute  than  for  the  estimation  of  iron.    Tin 

"t'.rac'.s  vf  'nt-  'ser^rtngnnare  may  br-  made  with  pure  iron,  with  thallium,  or  with  a 

— T4.-  u^  sL:    t2e  ilum.  5)r  example);  2  at.  iron  (112  pts.),  correspond  to  1  SL 

^aJiust   'J* ^4  pes.  .  :3asm3ch  xs  the  pcotocfaloride  TlCl  is  converted  by  oxidatioB  ista 

*=f  -rr.'!2^>.r?*ie  T!CI*.  «>  thai  1  at.  thallium  takes  up  the  same  quantity  of  ozjgn 

;*.:•£.  r?jL     r!ir  ^lotion  of  the  thal!x-«s  sah,  diluted  as  above  mentioned,  is  mm 

v;'^  k  :*v  :m»  >x  hTiirwhloric  and  a  frw  drops  of  sulphurous  add,  and  heated  to 

■zv   •  ;1^3{>^i=£  :u 'xc«i  the  laotf :  thai  left  to  cool,  and  mixed  with  the  permanguite. 

■^    ..za.  \Uiixar.  JbT  Pbacm.  1?«.  p^  479;  Jahre«b.  1863,  p.  689.) 

•  1 .  T.'  1 0-  'ir  I  *  n  i .'  ■'  a  •  «.— Lamy,  by  decomposing  the  salphste  vitk 
Asnm.  tai  'sm  "ftVu-^tf**  with  nitzate  of  silver,  obtained  numbers  taniof 
v%-«c«fa  J.'o' '  liBLL  il^-*i .  hhul  iiH-i.  Crookes  found,  as  a  mean  of  five  expsv 
-set.  9k   sp  rtizx-j>w  ]i/ti^.     ^^roier  also  estimates  it  at  somewhat  lower  than  20i 

:j  ••-       .^vnkL  M^- ;  -T  i"'-''"     I^e  sumber  204  is,  however,  generally  adopted. 

nBAAatfBHL  WmtnmMMMM  or.    Thallium   forms   two  fluorides,  Tl?  asd 
I,  .a*->    "^  '  ••"  s-  JOT  sL'.wrr  attacked  by  hydrofluoric  acid.     The  osrboastfl, 
s*^?**-  4M&Ir  n  tile  haL  and  the  solution  deposits  thallious  fluoridu 
*'.:r»Ls<^  r*?ca^  itacmsc  from  an  oblique  rhombic  prism,  with  adamaotios 
.     ^-^  ^t    unrc*:  "ry  lizht.    On  heating  these  crystals,  the  anhTdrons 
.a«fr  »  A  wij:^.  oiystalline,  anhjnirous  mass,  which  blackens  liks 
3  ar'^txr*!,.^  ^^t.    Thallium-fluoride  forms  an  aeid solutiaB, evfs 
_:^   r^^ailivacifL     'Pne  crystellised  compoxmd  decomposes  slowly  on  sxpo- 
r    ..^  ^-rjsc  -^  x^cKiiQCBc  add  (Fr.  Eah  1  man n,  BiuL So&  Chim.  [IM4J, 
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L  57;  Jahresb.  1864,  p.  253).  Willm  (Jahresb.  1865,  p.  244),  bv  dissolTing  car- 
bonateof  thaUiam  in  aqueous  hydrofluoric  acid,  and  evaporating,  obtained  th^lions 
fluoride,  in  hydrated,  very  deliquescent,  six-flided  tables,  which  gave  off  their  water  at 
100°,  with  partial  decomposition.  Acoordine  to  M.  Buchner  (J.  pr.  Chem.  xlvi. 
404),  thallious  fluoride  separates  from  its  solution,  by  slow  evaporation,  in  colourless 
cubo-octahedtons,  having  a  strong  vitreous  lustre.  Itdissolves,  with  alkaline  reaction, 
in  1*25  pt.  water  at  15^,  more  easily  in  boiling  watpr,  sparingly  in  alcohol.  When 
heated,  it  melts,  volatilises,  and  solidiflcs  again  in  the  crystalline  form.  A  solution 
eontainine  excess  of  hvdrufluorie  acid  deposits,  by  evaporation  over  oil  of  vitriol, 
hffdrothaUiotu  flmmde^  ilF.TlF,in  crystals  having  the  same  form  as  those  of  thallious 
fluoride.  This  compound  has  an  acid  reaction,  dissolves  in  an  equal  weight  of  water, 
sod  deeomposes  above  100^  into  hydrofluoric  acid  and  fluoride  of  thallium  (Buchner). 
Knhlmann,  by  treating  carbonate  of  thallium  with  silicofluoric  acid,  obtained  a 
sUieofiuoride  of  thallium,  2TlF.SiF^.2H*0.  It  oystallises  in  cubic  forms,  dissolves 
easily  in  water,  forming  an  acid  solution,  distils  without  decomposition,  and  attacks 
glass  after  some  time  only.  Werther,  by  treating  carbonate  of  thallium  with  hydro- 
floorie  acid  containing  a  larger  quantity  of  silica,  obtained  the  anhydrous  silico« 
fluoride,  2TlF.SiF^,  in  regular  octahedrons,  distorted  so  as  to  resemble  hexagoniil 
pnsms. 

Thallie  Fluoridr,  TIF*,  is  obtained,  by  the  action  of  strong  hydrofluoric  arid  on 
thallic  oxide,  as  a  dark-green  precipitate,  insoluble  in  water  and  in  cold  hydrochloric 
Acid.  When  heated,  it  turns  brown,  melts,  and,  at  a  higher  temperature,  volatilincs, 
|ffobably  as  thallious  fluoride.     ( W  i  II  ro.) 

TKAUUimi,  ZOBZDB8  OF.     The  pro toiodide,  or  Thallious  iodide,  Til, 

ij  formed  by  direct  coral )iuation  of  its  elements,  or  by  double  decomposition.     It  forms 

a  beautifnl  yellow  powder,  rather  darker  than  sulphur,  and  molting,  below  redness,  to 

a  seariet  liquid,  which,  us  the  mass  cools,  remains  scarlet  for  some  time  after  solidiiica- 

tion,  then  changes  to  bright-yellow.     The  dried  precipitate,  when  spread  on  paper  with 

a  little  gnm-water,  undergoes  a  similar  but  opposite  change  to  that  experienct^  by 

mercuric  iodide  when  heated,  the  yellow  surface  when  held  over  a  flame  suddenly 

becoming  scarlet,  and  frequently  remaining  so  for  several  days  after  cooling ;  hard 

ftiction  with  a  glass  rod,  however,  changes  the  scarlet  colour  buck  to  yellow  (Crookes). 

Aoroiding  to  Werther,  thallious  iodide  precipitttted  from  dilute  volutions,  is  lemon- 

T^Uow;  but  when  precipitated  from  hot  concentrated  solutions,  it  is  orange-yellow  at 

flrst,  and  aAerwaros  becomes  lemon-yellow.     When  precipitated  from  a  hot  solution 

of  thallious  acetate,  it  retains  its  orange-yellow  colour,  and  forms  anhydrous  microscopic 

cubes,  or  cubo-octahedrons,  which,  when  heated,  melt  to  a  blai>k  liquid,  and  partially 

sublime.     Thallious  iodide  is  veiy  sparingly  soluble  in  water,  requiring,  according  to 

Crookes,  4,463  pts.  of  water  at  17*2°,  and  842*4  pts.  at  lUO^,  to  dissolve  it ;  accoiding 

to  Hebberling,  1  pt  of  it  dissolves  in  11,670  pts.  of  water  at  16°  to  17^  in  864  pts. 

St  100°,  and  in  18,934  pts.  of  98  per  cent,  alcohol  at  19°;  according  to  Werther,  in 

20,000  pts.  water  at  13-5°,  in  10,000  pts.  at  23*4°,  in  5,400  pts.  at  45^  and  56,330  pts. 

of  85  per  cent  alcohol  at  13*5.     According  to  Crookes,  it  is  somewhat  more  soluble  in 

iqueous  iodide  of  potassium  than  in  pure  water;  according  to  Hebberling,  on  the  con- 

tnuy,  it  is  less  soluble  in  saline  solutions,  especially  in  iodide  of  potassium,  than  in  pure 

water. 

Thallie  Iodide^  TIP. — By  the  action  of  iodine  on  thallium  and  ether,  a  brown 
•olotion  is  formed,  which  gradually  deposits  crystals  of  thallic  iodide,  easily  soluble 
in  ether  containing  iodine.  Tliey  ure  rhombic  prisms,  exhibiting  the  combination 
ooP  .  oof^QO  .  Poo  .  nPoo .  Angle  ooP  :  ooP  (macr.)  =  79®  45' ;  ooP  :  ooPoo  = 
140*»38';  Poo  :  ooPoo    =   160®  35'.     (NickUs.) 

Ammanio-tkallic  iodidf,  3XH*I.TII',  forms  red  rhombic  plates,  which,  when  heated, 
give  off  water  and  iodine  witliont  melting.     (N  i  c  k  1  ^  s.) 

When  1  at.  thallious  iodide  is  treated  with  a  solution  of  2  at  iodine,  in  alcoholie 
Mdide  of  potassium,  the  liquid  deposits,  on  evaporation,  large  ciystals  of  potassio' 
tkailic  iodide,  KI.TIP,  which  are  black  by  reflected,  gam^t-r^  by  transmitted  light, 
and  yield  a  bright-red  powder.  This  compound  is  resolved  at  56° — 60°,  and  more 
etimpletely  at  100®,  into  iodide  of  p)otassiura,  tliallious  iodide,  and  free  iodine;  it  is 
also  decomposed  by  water.     (Willm,  Jahresb.  1864,  p.  251.) 

XH H  liXiIUM,  OaLZBBS  OF.  Thallium  forms  two  oxides — namely,  a  protoxide, 
Tl'O.  and  a  sesquioxide,  Tl'O*.  It  oxidises  in  the  air  almost  as  rapidly  as  an  alkali- 
metal,  the  surface  soon  becoming  covered  with  a  thin  film  of  oxide,  which  protects  the 
metal  from  further  oxidation.  The  superficial  tarnish  consists  of  the  pn)toxi<le  con- 
taining a  minute  quantity  of  the  sesquioxide.  If  the  metal  has  been  oxidised  at  100® 
nuber  more  sesquioxide  is  formed,  and  at  the  melting-point  of  the  metal,  the  protoxide 
which  forms  is  mixed  with  a  lai^e  quantity  of  sesquioxide.    Thallium,  when  meltt-d. 
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behaves  like  lead,  the  oxide  fusing  like  litbargr ;  the  fused  oxide  is  absorbed  by  bona* 
ash,  and  a  silTer-thallinm  alloy  can  be  cupelled  like  silver-lead.  Thallium  does  not  dccom* 
pose  pure  vater,  either  at  the  common  temperature,  or  when  boiling ;  but  at  a  red  heit 
the  vapour  of  water  is  decomposed  by  thallium,  with  formation  of  oxide  and  separttioa 
of  hydroffen,  which  bums  with  a  green  flame.  Alcohol  appears  to  be  decomposed  bj 
the  metal  more  readily  than  water. 

(Respecting  Schonbein's  observations  on  the  reactions  of  thallium  with  ordioirj 
oxygen,  ozone,  and  hydric  peroxide,  see  J;  pr.  Chem.  xdiL  35 ;  BulL  Soc.  Chim.  186i, 
i.  180;  Jahresb.  1864,  p.  170.) 

Protoxide  of  Thallium,  or  Thallious  Oxide,  TIK).— This  oxide  may  bs 
prepared  by  allowing  granulated  thallium  to  oxidise  in  warm  moist  air,  and  thes 
failing  in  distilled  water.  By  repeating  this  operation  two  or  three  times,  a  satantti 
hot  solution  of  the  oxide  is  formmL  Upon  filtering,  the  small  quantity  of  carbonaU 
which  may  have  formed  separates  at  first  in  white  needles,  whilst,  upon  fiutber 
cooling,  the  hydrated  oxide  crystallises  out  in  yellow  needles. 

Anhydrous  protoxide  of  thallium  is  formed  by  exposing  these  yellow  oyttals  b  i 
vacuimi  over  sulphuric  acid ;  it  then  forms  a  reddisn-bla^  mass,  retaining  the  shapi 
of  the  crystals.  When  heated  to  about  the  melting-point  of  the  metal,  it  melts  to  s 
brown  limpid  liquid,  which,  at  a  higher  temperature,  evolves  reddish-brown  vapoot, 
partially  oxidising  at  the  same  time  to  the  seaquioxide.  On  cooling,  the  brown  liquid 
solidifies  to  an  almost  black  crystalline  mass.  The  fiised  oxide  attacks  glass  aad 
porcelain,  removing  the  silica.  Protoxide  of  thallium  is  decomposed  by  hydfosen  at 
a  red  heat,  forming  water  and  metallic  thallium.  The  decomposition,  bowerer,  i« 
never  perfect,  because  the  oxide  melts  and  volatilises.  When  fused  with  sulphur,  it 
forms  sulphide  of  thallium,  and  in  aqueous  solution  it  is  reduced  to  the  metamc  state 
by  zinc,  or  by  the  electric  current 

Hydrated  Oxide  of  Thaliium,  or  ThaUiaus  Hydrate,  T1K).HH)  or  TIHO,  is  prepared 
as  above  described,  or  it  mav  be  obtained,  as  recommended  by  Lamy,  bj  deoomposipg  a 
solution  of  the  sulphate  with  baryta-water,  and  evaporating  the  alkaline  solution  io  s 
vacuum.  This  method,  however,  is  somewhat  tedious,  and  there  is  great  difficulty  ia 
getting  the  oxide  free  from  baryta.  The  best  method  of  obtaining  perfectly  pan> 
thallious  hydrate,  is  to  add  water  to  the  oily  compound  of  oxide  of  thallium  and  sloobol 
(p.  757).  This  at  once  separates  the  hydrate  in  the  form  of  a  bright-yeUow  crystalline 
mass,  which  may  be  separated  from  water  and  alcohol  by  exposure  to  warm  dry  air. 

Thallious  hydrate  forms  pale-yellow,  long,  prismatic  crystals,  which  lose  water,  sod 
become  almost  black  and  anhydrous  by  exposure  to  the  temperature  of  a  waU^bath 
in  air,  or  over  sulphuric  acid  in  a  vacuum  at  tne  common  temperature.  On  the  additioD 
of  water,  the  dark  oxide  immediately  becomes  hydrated  and  yellow.  It  has  a  slight 
tendency  to  absorb  oxygen,  and  after  evaporation  and  re-solution,  it  always  leaves  a 
slight  residue  of  sesquioxide. 

Willm,  by  a  method  which  he  does  not  dewribe,  once  obtained  thallious  hydrate  io 
rather  luge  rhombic  crystals,  containing  TIHO.HK). 

Aqueous  Solution. — Protoxide  of  thaUinm  is  a  powerful  base,  dissolving  readilv  in 
water,  and  forming  a  colourleas  strongly  alkaline  solution.  It  has  a  slight  odour, 
similar  to  that  of  potash,  dissolves  the  skin  and  feels  greasy,  acts  strongly  on  the 
hair  and  nails,  staining  them  a  deep  and  very  permanent  brown  colour.  It  bloss 
litmus-paper,  browns  turmeric-paper,  has  a  metallic  alkaline  taste,  and  neutralise 
acids  per&ctly.  It  eliminates  ammonia  from  chloride  of  ammonium,  and  reacts  with 
hydrochloric  acid,  iodide  of  potassium,  sulphide  of  ammonium,  &c,  in  the  eharactar- 
istic  manner  of  a  thallium-salt.  An  aqueous  solution  of  thallious  oxide  has  a 
greater  similarity  to  potash  than  to  ammonia  in  its  reactions  with  metallis  aalta. 
When  added  to  solutions  of  salts  of  magnesium,  cerium,  manganese,  zinc,  csdmhim, 
lead,  iron  (ferrous  or  ferric),  cobalt,  nickel,  copper,  mercury,  or  silver,  or  to  thallie 
salts,  it  precipitates  the  respective  oxides,  without  redissolving  them  in  excess.  From 
salts  of  aluminium  and  chromium  it  precipitates  the  hydrated  oxides,  and  mtiiy 
redissolves  them  when  in  excess,  forming  with  alumina  a  solution  which  is  not  alterMl 
by  boiling,  but  is  precipitated  by  a  current  of  carbonic  anhydride;  and  with  chrominm 
a  green  solution  precipitated  on  boiling. 

Seaquioxide  of  Thallium,  or  Thallie  Oxidey  TIK)*.  Peroxide  of  ThaUutnu— 
This  oxide  is  always  formed  when  metallic  thallium  is  heated,  or  eren  when  a  solution 
of  the  protoxide  is  evaporated  in  the  air.  When  the  metal  is  burnt  in  oxygen,  the 
product  is  chiefly  sesquioxide.  This  oxide  is  best  prepared  by  adding  potw.  aiO' 
monia  (or  even  protoxide  of  thallium)  to  a  solution  of  a  thalhc  salt,  and  dnring  the 
washed  precipitate  at  about  260^.  It  is  also  formed  when  a  voltaic  current  from  two 
relln  of  Grove's  batteries  is  passed  through  a  solution  of  thallious  sulphate,  platinnm 
tf'rminalA  being  used.  If  the  solution  is  perfectly  neutral,  thallium  slowly  makes  its 
appearance  at  the  negative  pole,  whilst  tae  positive  pole  becomeB  ooftted  with  a  filiD» 
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pTfMBtiog  at  first  the  most  brilliant  oulours  of  thin  plates,  and  gradnally  increaning 
in  thickness  until  it  becomes  a  cake  of  thallie  oxide.  As  the  sulphuric  acid  accumulates 
in  Che  liquid,  the  thallie  oxide  at  first  formed  gradually  dissolves.  If  the  solution  of 
thallious  sulphate  is  rendered  alkaline  by  ammonia,  the  thallie  oxide  is  formed  in 
la.ger  quantity,  scaling  off  and  falling  to  the  bottom  of  the  liquid.    (C  r  ookes.) 

Thallie  oxiae  is  also  precipitaUnl  in  the  anhydrous  state,  on  adding  sodic  hypo- 
chlorite to  a  solution  of  thalhous  chloride  in  sodio  carbonate.    (Strecker.) 

Anhydrous  thallie  oxide  is  a  dark-brown  powder,  fusing  with  difficulty,  and  evolving 
oxygen  at  a  red  heat  whereby  it  is  reduced  to  tJiallious  oxide.  It  is  neutral  to  t<«it- 
paper,  insoluble  in  water  and  in  alkalis,  but  dissolves  readily  in  acids,  forming  hygro- 
metric  and  unstable  salts,  from  the  solutions  of  which  the  sesquioxide  is  completely 
precipitated  by  alkalis.  According  to  W  e  r  t  h  e  r,  the  sesquioxide  is  partially  reduced 
to  prutoxide  in  drying. 

ThaUickjfdrate,^^0;B.^O  «  Tl'^0*,  is  obtained  bv  drying  the  precipitated  sesqui- 
oxide at  100^.  It  forms  a  brown  powder,  a  shade  lighter  than  the  anhydrous  oxide. 
Deoxidising  a^nts,  such  as  sulohurous  or  oxalic  acid,  convert  it  into  a  thallious  salt ; 
partial  reliction  also  takes  place  on  evaporating  ita  solution  in  hydrochloric  add. 
(Wepther.) 

TKAlAHnCv  Onoav-SA&TS  or.  Both  the  oxides  of  thallium  dissolve 
readily  in  acids,  forming  definite  ciystalliaable  salts,  soluble  in  water;  there  are  also 
a  few  insoluble  thallium-salts,  which  are  obtained  by  double  decomposition.  The 
flenenl  characters,  both  of  the  thallious  and  of  the  thallie  salts,  have  been  already 
deferib6d(p.  749). 

a.  Tkaaious  Salts. 

AciTATi,  CHTIO*. — This  salt  is  obtained,  in  white  silky  needles,  by  dissolving 
thalliooa  earbonate  in  a  slight  excess  of  strong  acetic  acid,  evaporating,  fusing  the 
veaidiMb  dissolving  it  in  water,  and  again  evaporating.  It  begins  to  decompose  at  171^» 
diasUves  easily  in  water  and  in  ^eohol,  and  deliqueeces  in  moist  air.  Prom  its 
■olntion,  the  thallium  is  immediately  and  completely  precipitated  by  sulphydric  add 
(Crookes).     It  crystallises  from  alcohol  in  siuy  needles.    (Kuhlmann.) 

Abbbhatis. — Dihydro-thaUums  arienaU^  TlH'AsO^  is  obtained  by  boiling  thallie 
ozida  with  arsenious  acid  and  water,  and  crvstallises  from  the  concentrated  solution 
in  hard  shining  needles,  unalterable  at  150r.  It  dissolves  readily  in  water,  and  the 
aolntion,  on  admtion  of  ammonia,  solidifies  to  a  magma  of  slender  crystals,  consisting 
aftheeriOatfiMMsal^,  Tl'AsO'.    (Willm.) 

Bbmsoati. — Crystallises  in  pearly  plates,  and  is  not  volatile.    (Kuhlmann.) 

BoBATB. — Boric  add  added  to  a  solution  of  thallious  carbonate,  or  borax  added  ta 
the  snlidiate,  throws  down  a  white  granular  precipitate  of  thallious  borate,  insoluble 
b  an  eausesB  of  the  predpitant,  and  in  cold  duute  sulphuric  acid ;  soluble  in  boiling 


Bbomati,  TlBrO*.— Resembles  the  iodate. 

Cabbobatb,  T1*C0'. — The  fikn  of  oxide  which  forms  upon  the  surface  of  metallic 
thallinni,  when  exposed  to  the  air,  gradually  absorbs  carbonic  acid,  and  becomes  oon- 
fiSfCed  into  earbonate,  which  frequently  appears  in  the  form  of  crystalline  needles.  A 
WttPiat^  aqueous  solution  of  thallious  oxide  absorbs  carbonic  acid  rapidly,  and 
dapcMita  the  carbonate  in  ciystals.  Thallious  carbonate  may  be  prepared  in  quantity 
hj  allowing  granulated  thallium,  slightly  moistened  with  water,  to  oxidise  in  a  warm 
stUMMpiiere.  Upon  boiling  out  with  water  containing  an  excess  of  ammonium- 
caffbooate,  and  filtering,  thallious  carbonate  is  deposit^,  as  the  solution  cools,  in 
jellowiah  crystals  which  may  be  rendered  colourless  by  reciystallisation. 

Thallions  earbonate  crystallises  in  groups  of  prisms,  exhibiting  faces  compris^  in 
le  flooe,  and  apparently  belonging  to  the  trimetric  system.  Observed  faces  ooP  <x>, 
»P,  odP2.  ooI^.  Angle  ooP»  :  ooP  -  128©  32'  ;  ooPoe  :  oof2  »  147*^  63'; 
»^OD  :  »^  -  mo  3';  ooP  :  ooP  -r  102°  66'.  The  crystals  appear  to  be 
pins  with  the  combination-face  ooP  ;  they  deave  parallel  to  the  same  face  (W.  H. 
Miller,  Proe.  Boy.  Soc.  xiv.  666). — The  crystals  are  brilliant,  highly  refractive,  and 
Tsty  heavy,  resembling  those  of  a  lead-salt.  The  salt  is  anhydrous ;  its  taste  is 
BtikUy  eanstic  and  somewhat  metallic,  remaining  on  the  tongue  for  a  considerable 
tivie.  When  heated,  it  melts  much  below  redness  to  a  dear  liquid,  which  solidifies  to 
a  dark-grey  crystalline  mass.  It  may  be  kept  fused  for  a  considerable  time  without 
decomposition  or  loss  of  weight,  but,  when  heated  to  dull  redness,  evolves  white 
vapours  and  bubbles  of  pas.  The  specific  gravity  of  the  fused  salt  is  7'06  (La my). 
It  is  not  very  soluble  m  cold  water;  100  pts.  of  water  dissolve  402  pts.  at  16*6^ 
11*7  pts.  at  60^  and  27'2r  pts.  at  the  boiling-point  The  specific  gravity  of  a  cold 
Vol..  V.  3  C 


754  THALLIUM:  OXYGEN-SALTS. 

saturated  solution  is  1*0377  (CrookeB).  The  solutioo  fau  a  di^itly  cratif, 
metallic  taste  and  alkaline  reaction,  which  is  not  completely  wnwned  hj  tvpeiataiv 
tion  with  carbonic  acid.    (Crook^s ;  compare  Wertner,  Jshrseb.  1864,  p.  S49.) 

Chloaate.  TICIO'. — ^Prepared  by dissolying thallium  in  chloric  acid,  orbynixiBi 
the  saturated  solutions  of  potassium-chlorate  and  thallious  nitrate.  It  is  ^oiicgiT 
soluble  in  water,  and  crystallises  in  long  anhydrous  needles.  Its  solution,  wbs 
heated,  turns  yellow,  and  gives  off  oxygen -compounds  of  chlorine ;  and  the  liqjcid, 
evaporated  to  a  syrup,  deposits  small,  brilliant,  colourless  crystals,  which  are  instunlj 
decomposed  by  water,  alcohol,  or  ammonia,  with  formation  of  brown  thallie  ouk 
(Crookes.) 

G  H&OMATRS.— TheneK^ro/  salt,  TlCrO*  or TlK).Ci^,  is  a  pale-yellow  prcGpititi; 
obtained  by  adding  yellow  chromate  of  potassium  to  a  neutral  solution  of  a  thsDwa 
salt,  rendered  slightly  alkaline  by  ammonia.  It  is  very  sparingly  soluble  in  waiff.— 
The  dichromaie,  Tr0.2Cr*0»  =  2TlCrO^Cr»0*,  is  obtained  as  an  orange-jeUow  use- 
pitAt4^,  on  adding  dichromate  of  potassium  to  a  neutral  thallious  salt  (Cruokeftl 
According  to  Willm,  it  is  deposited,  in  microscopic  orange-yollow  eiTatals, frost 
solution  of  the  neutral  salt  in  boiling  dilute  sulphuric  acid. 

By  boiling  either  of  the  preceding  salts  with  moderately  strong  nitric  acid,  a  soli* 
tion  is  obtained,  which  on  cooling  deposits  dnnabar-colourea  erystak,  probably  emiKit* 
ing  of  the  trichromats,  Tl*0.3Cr*0>,  or  TlCrO«.Cr«0».  They  are  very  sparingly  sohUi 
in  water,  100  pts.  of  water  dissolving  only  0*0864  pts.  at  16'6^,  and  0'2279plaa 
100°  (Crookes).— A  sesquiehrimate,  2Tm.9CtK^ or  4TiCrO^.Ci^O»,  me^antm hm 
a  solution  of  the  neutral  salt  in  moderately  concentrated  sulphuric  acid.     (Willn.) 

All  the  chromates  of  thallium  are  decomposed  by  strong  hydrochloric  sod,  wA 
evolution  of  chlorine,  and  formation  of  soluble  chromic  and  thallioos  chlorides:  cs 
treating  them  with  hydrochloric  acid  and  alcohol,  the  whole  of  the  thallinai  issepuited 
as  insoluble  protochloride,  while  chromic  chloride  passes  into  the  s<JatioiL  Msksa 
of  sodium  likewise  separates  the  whole  of  the  thallium  as  protochloride.   (Croekea) 

Citrate,  C*Hn?l*0'.— Very  deliquescent ;  crystallises  with  difficulty;  sslnUc  a 
alcohol.    (Kuhlmann.) 

Ctanatb. — Precipitated  on  mixing  the  alcoholic  solutions  of  potassiaai-mBili 
and  thallious  acetate,  in  small  brilliant  plates,  rery  soluble  in  water,  sli^it^  aohbii 
in  alcohoL    (Kuhlmann.) 

FoBMATK,  CHTIO'. — Prepared  by  dissolving  the  carbonate  in  fonaic  add.  It  ii 
very  soluble  in  water,  and  melts,  without  decomposition,'  below  I(K>^.  (Eskl- 
mann.) 

Htposulphatb  orDiTHiONATB,  Tl'SPO*. — Very  soluble  in  water,  fnn  wUeb 
it  separates  in  vitreous  tabular  crystals,  probably  isomorphons  with  the  eomspesdi^ 
potassium-salt.     (Werther.) 

E.YFoavi.vKiTE.—8odiO'tkalliotu  hyposulphite,  SNa'S'O^.CTl'S'O^,  obUissd  If 
dissolving  thallious  chloride  in  a  boiling  solution  of  sodic  hyposulphite,  rrjitillisM  w 
long,  silky,  interlaced  needles,  containing  10  at  water;  or  from  a  small  qasattlfrf 
water  in  small  grains,  the  quantity  of  crystallisation-water  in  wfaidi  has  Ml  hm 
determined.  At  a  red  heat  it  is  resolved  into  sulphide  and  sulphato  of  asdii^  mi 
fused,  brightly  glowing  sulphide  of  thallium.     (Werther.) 

Iodatx,  TlIO*. — Precipitated,  on  mixing  iodide  of  potaesitiBi  with  nitials ef  Al- 
lium, as  a  white  powder,  slightly  soluble  in  cold,  m<»e  easily  in  wana  wHv.  (Ort^ 
tinger.) 

Malatb. — ^Deliquescent;  crystallises  with  difficulty ;  melts  below  100*.    (Iikl* 

mann.) 

MoLTBDATx,  TlllfoO*,  or  Tl^O.MoK)*.— Obtained  by  doable  dccompositiaB  viA 
molybdate  of  sodium  and  nitrate  of  thallium,  and  separates  in  nacreoas  seslts,  vM 
dissolve  sparingly  in  pure,  easily  in  ammoniaoU  water.  (Oettinrei;  Zsitsefar.  CL 
Pharm.  1864,  p.  440.) 

NiTKATB,  TINO'.— Crystallises  from  a  solution  of  thalliam  ia  aitric  sod.  is  M 
white  needles,  which  melt  at  205*^,  with  separation  of  a  small  qnantity  of  thalfie  oi^ 
The  salt  thus  purified  gives  no  precipitate  with  ammonia.  It  haa  a  wptaBt  gssvi^if 
6'8,  is  insoluble  in  aloohoL  but  soluble  in  wat<a>,  the  saturated  solatioB  coatsiniif  ft 


Angle  ooPoo  :  Poo    -   141°  61-9';    ootto  :  o»P  -  117«8T:f» 

Ik 


w  i-z  .  2- .  jiin.  Angle  ooroo  :  roo  »  141"  dl»;  oorto  :  o»F  —  117^37: 
:  Poo  (macr.)  «  76°  16';  P  :  P  (brach.)  «-  136®  13';  P :  P  (maer.)  -  ST  I; 
P:  P  (basal)   =    llO^"  6'.     No  distinct  clearage.    The  indfK  of  le&Mlioe.  lof 
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brightMt  part  of  the  spectram,  in  the  plane  of  the  basal  principal  section,  and  for  the 
lay  polarised  in  this  plane,  is  about  1*817.    (W.  H.  Miller.) 

OxALATis,  CTIH)*  and  CHTIO*.— Already  described  nnder  Oxalic  Acid  (iv. 
265).—Cmprieo-thaUum9  oxalate,  G*Cu7ri*0".2HK),  crystallises  from  a  solution  of 
cupric  carbonate  in  add  tballions  oxalate,  or  firom  a  mixed  solution  of  cupric  oxalate 
ana  neutral  thallious  oxalate,  in  slender  flattened  needles ;  it  is  partly  decomposed  by 
xeaystallisation.    (Willm.) 

Phsmats,  OH'TIO. — ^Precipitated  as  a  crystalline  powder,  on  mixing  a  thallioun 
•alt  with  phenic  acid.  It  is  sparingly  soluble  in  cold  water,  and  crystallisos  from  hot 
water  in  beautiful  slender  needles;  melts  without  decompoeition  (F.  Kuhlmann, 
Jnn^  Bull.  Soc.  Ghim.  [1864],  i.  830). — The  phenyUtilphamaie,  or  sulphanilate,  is  deli- 
quescent, slightly  soluble  in  alcohol,  insoluble  in  ether,  and  crystallisea  very  easily 
from  a  mixture  of  water,  alcohol,  and  ether. 

Pmosphatss  (Lamy,  Ann.  Gh.  Phys.  [4],  y.  410). — The  phosphates  of  thallium 
Ibrm  a  series  nearly  as  complete  as  those  of  the  alkali-metals,  which  they  also  resem« 
ble  in  their  behariour  when  heated.  They  are  all  colourless,  nearly  all  easily  soluble 
in  water,  and  insoluble  in  alcohol  Their  concentrated  aqueous  solutions  yield,  with 
nitric  add,  a  predpitate  of  thallious  nitrate,  and  with  caustic  alkalis  (but  not  with 
aJkalinn  carbonates^  or  eren  with  caustic  alkalis  in  presence  of  carbonates),  a  precipi- 
tate of  sparingly  soluble  trithallious  orthophosphate. 

M$tapho»pkate,  TIPO*. — ^This  salt  exists  in  two  different  modifications.  The 
first  remains  on  ignitins  monothallious  orthophosphate,  (TIH'PO^),  as  a  vitreous 
opaiine  mass,  Tery  slighUy  soluble  in  water ;  its  solution  does  not  predpitate  albumin 
dmctlj,  but  onl^  ^Iter  addition  of  orthophosphoric  acid.  The  second  modification  is 
obtained  by  igniting  ammonio-thallious  orthophosphate,  as  an  easily  soluble  glass, 
whose  solution  is  strongly  add,  yields  no  crystals,  but  predpitates  albumin  imme- 
diatalj.  It  is  also  produoed  by  fusing  the  insoluble  modification  with  a  few  drops  of 
orthophosphoric  add. 

Ortkopkogpkates, — The  monothallioua  salt,  T1H?0\  is  formed  on  mixing  the 
dithallious  salt  with  a  quantity  of  phosphoric  add  sufficient  to  give  it  an  add  reactioiL 
It  oyatallises  from  a  soluti<m  concentrated  by  evaporation,  in  nacreous  laminie,  easily 
K^nUa  in  water,  insoluble  in  alcohol.  It  melts  without  alteration  at  190°,  and  is 
eonyeited,  at  a  stronger  heat,  first  into  acid  pyrophosphate,  then,  at  a  red  heat,  into 
netaphosphate. 

The  dUkaUUms  salt,  Tl'HPO*,  is  produced  by  neutralising  dilute  phosphoric  acid,  at 
the  boiling  haatk  with  carbonate  of  thallium.  The  solution  evaporated  to  a  syrup 
first  deposits  erystalB  of  the  anhydrous  salt,  then  other  cr^tals  containing  2T11LP0^. 
HK). — CI.  This  hydrate,  on  account  of  its  easy  solubility,  is  difficult  to  obtain  in  well- 
defined  ciTStals.  It  melts  at  145*^,  without  loss  of  weieht,  gives  off  its  cr}'8tallipation- 
WMter  with  tumefaction  at  170°  (becoming  also  less  s(Muble),  and  is  converted,  at  4 
dull  red  heat,  into  vitreous  pyrophosphate. — jS.  The  anhydrous  salt,  Tl^HPO^,  is 
caaily  soluble  in  the  warm  concentrate  mother-liquor,  but  veiy  sparingly  in  pure 
WAter,  apparently  suffering  partial  decomposition  at  the  same  time  into  monothallious 
and  tritnallious  orthophosphate. 

Hm  trHkaUiout  or  normal  Bait,  Tl'PO^,  first  obtained  by  Crookes,  is  formed  as  a 
oystalline  predpitate  having  a  silky  lustre,  on  mixing  the  saturated  solutions  of 
octUfuuty  disodic  phosphate  and  thallious  sulphate  (probably  together  with  double 
phonphates  of  sodium  and  thallium,  inasmuch  as  the  liquid,  afVer  precipitation,  exhibits 
an  alkaline  reaction) ;  also,  together  with  ammonio-thallious  phosphate,  on  treating 
the  mono-  or  di-thallious  salt  with  excess  of  ammonia.  By  fusing  I  at  thallious  meta- 
phospbate  with  2  at.  thallious  carbonate,  as  long  as  gas  continues  to  escape,  and 
pooring  out  the  mass  before  it  is  quite  solidified,  trithallious  orthophosphate  is  ob- 
tained, in  needle-shaped  crystals,  one  or  two  centimetres  long.  It  melts,  at  a  red  heat, 
to  a  Tellowish-red  liquid,  which  solidifies  at  10^  to  a  white  crystalline  mass,  of  specific 
gravity  6*89.  It  is  but  sparingly  dissolved  by  water,  even  at  the  boiling  heat. 
Acecnding  to  Crookes,  100  pts.  water  dissolve  0-497  pt.  of  it  at  15*5°,  and  0*6712  pL 
at  lOOO. 

Ammonio-thallioua  orthophosphate  crystallises  from  the  mother-liquor  of  the  trithol- 
Ikras  salt  in  large  transparent  prisms.  When  ignited  it  leaves  thallious  metaphoephate. 

Py^ophoevhatee,—  The  dithallioiu  or  acid  ealt,  Tl^H'PH)',  produced  by  carefully 
heatmff  monothallious  orthophosphate,  is  extremely  soluble  in  water,  and  crystallines 
from  the  acid  solution  m  short  prisms. — The  tetrcUhaUious  or  neutral  salt,  T1*P'0% 
Rmains,  on  strongly  heating  hydrated  dithallious  orthophosphate  (a),  as  a  vitreous 
PIMM  very  soluble  in  water,  and  crystalliseB  from  the  solution  evaporated  to  a  syrup,  in 
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confused  needles,  which  are  decomposed  by  water,  with  separation  d  a  white  prccipi. 
tate.  The  anhydrous  dithallious  orthophosphate  (/9)  yields  the  pyrophosphate  wuh 
different  properties — namely,  as  an  opaque  crystalline  mass,  whose  solution  yields,  hj 
evaporation,  huge  prisms  which  are  likewise  decomposed  by  pure  water.    (La my.) 

P1CBA.TB,  C*H*T1(N0»)*0.— Soluble  in  water,  nearly  insoluble  in  alcohol;  cryital- 
lises,  like  the  potassitmi-salt,  in  yellow  needles,  which  have  a  silky  lustre,  and  deto- 
nate strongly  when  heated.---The  pieramate,  C*HT1(NH»XN0«)H),  is  a  bUck-wd 
crystalline  precipitate,  nearly  insoluble  in  alcohol,  and  separating  from,  boiling  waur 
in  small  regular  crystals,    (r.  Kuhlmann,  Jun.) 

Ra.cbxa.tb  or  Pabatabtba.tb,  C^HfTlH)*. — ^Very  soluble  in  water;  fonu 
groups  of  dystals  apparently  belonging  to  the  dimetric  system.    (Knhlmans.) 

SBLBNA.TB8  sud  Sblbkitbs. — See  pp.  229,  281. 

SULPHA.TBS. — Seep.  614. 

Ta.btba.tbs. — See  p.  680. 

TUNO8TA.TB. — White  powder,  sparingly  soluble  in  water ;  obtained  like  the  moljb- 
date.    (Oettinger.) 

nBA.TB. — Obtained  by  double  decomposition ;  almost  insoluble  10  water.  (Kuhl- 
mann.) 

yA.LBBA.TB,  C*H*T10. — Yety  soluble  in  water  and  in  alcohol;  resemblei  tbi 
acetate.    (Kuhlmann.) 

fi,  7%aUie  Salts. 

AOBTATB,  T1«0«.C*HH)».8HK),  or  Tl"'(C«H«0«)«,2n'nH»0».|H«0.— CrystaUisas  by 
spontaneous  evaporation  of  a  solution  of  tballic  oxide  in  strong  acetic  acid  prepared 
Bt  the  boiling  heat,  in  colourless  plates  belonging  to  the  rhombic  system  (sometioMi 
accompanied  by  small  prismatic  crystals,  prolwbly  of  thallious  acetate).  TbsM 
crystals,  when  exposed  to  the  air,  quickly  turn  brown  on  the  surface ;  and  are  deoom' 
pMed  more  quickly,  at  a  gentle  heat,  into  acetic  acid  and  thallic  oxide,  the  deoamposi* 
tion  being  nearly  complete  at  100^.  The  salt  is  also  immediately  resolved  ioto  its 
constituents  by  water.    (Willm.) 

ABSBNA.TB,  T1''AjbO*.2H'0. — Obtained,  like  the  phosphate,  as  a  lemon-yellow 
gelatinous  precipitate,  soluble  in  hydrochloric  add.  Ammonia  added  to  th^  solutioa 
throws  down,  first  a  bulk^  crystalline  salt,  which  appears  to  differ  from  the  preeeding 
by  its  amount  of  crystallisation-water ;  on  further  addition,  a  yellow  dithallic  salt,  sad 
finally  a  brown  precipitate.    (W  i  1 1  m.) 

N1TBA.TB,  T1'^(K0')',  separates  from  a  concentrated  solution,  in  eolourieee  well- 
deflned  crystals  containing  3  at.  water  (Strecker),  4  at.  (Willm).  Ite  salt 
decomposes  at  100^,  with  separation  of  brown  thallic  oxide. 

OxA.LA.TK,  CfflK)'*. — Obtained  (mixed  with  thallious  salt)  as  a  white  oyrtallioe 
powder,  nearly  insoluble  in  water,  by  heating  thallic  oxide  with  aqueous  oxalic  acid 
or  by  precipitating  a  solution  of  a  thallic  salt  with  oxalic  add.    (W  illm.) 

Ammonio-thallic  oxalate,  C'T1"(NH«)0'.8HK),  is  formed,  on  mixing  thallie  sulphate 
with  ammonium-oxalate,  as  a  white  predpitate,  quite  insoluble  in  cold  water,  and 
converted,  by  boiling  with  water,  into  thallious  saJt,  with  evobitioo  of  catbonie  aahy* 
dride ;  when  ignited  it  leaves  Aised  metaL    (Strecker.) 

PHOsyHATB,  T1'^0«.2H<0.  Separates,  on  diluting  the  solution  of  the  nitrate  mixed 
with  phosphoric  add,  **  as  a  gelatinous  predpitate,  having  a  cnrs^alline  aspect"  It  is 
insoluble  in  wator,  but  dissolves  in  strong  ni^e  a^  dilute  hydiodilorio  add. 
Ammonia  added  to  the  latter  solution  throws  down  a  green  bade  saH^  TlH)*.2n''T0*. 
6HH) ;  afterwards  brown  thallic  oxide. 

SuLPHATB,  already  described  (p.  614). 

THMXMnnHf  raOSPBSBB  OV«  Phosphoretted  hydroffen  passed  through 
an  ammoniacal  solution  of  thallious  sulphate,  predpitates  phosphide  of  thalliuai,  as  a 
black  insoluble  powder  permanent  in  the  air  at  ordinary  tcmperatnres. 

TKAJUbZVMt  SB&BVXBB  OV.  Tl-Se.— Obtained  as  a  greyish-blade  mass,  by 
Rising  the  two  dements  together  in  equivalent  proportions  (Lamy).  By  pMSfngsdeshy^ 
dric  add  gas  into  a  solution  of  thallious  carbonate,  the  same  compound  is  predpitated 
in  grey  shining  laminae,  which  turn  black  on  drying.  It  melts  at  340®,  and  givee  off 
selenhydric  add  when  treated  with  sulphuric  or  nydrochloric  add.  (Kuhlmann, 
Jahresb.  1864,  p.  253.) 

TKAJ«&mi,  SV&VBZBB  OV.  Tl'S.~This  compound  is  predpitated  from 
ail  thalHons  salts  by  sulphide  of  ammonium,  and  from  the  acetate,  carbonatr,  ^r 
ooolate  by  sulphydric  acid  (incompletdy  also  from  the  nitrate,  sulphate,  or  diloride), 
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in  denM  flocks  of  a  grejish  or  brownish-black  colour.  TIic  precipitAte  oxidises  in 
the  fiir,  and  must  thorefore  be  washed  with  water  containiog  sulphydric  acid.  It 
dissolTes  easily  in  dilate  sulphuric  or  nitric  acid,  but  is  insoluble  in  sulphide  of  am- 
monium and  cyanide  of  potassium.  A  cold  (not  too  dilute)  solution  of  thallious 
■ulphatp  acidulated  with  a  trace  of  sulphuric  acid,  yields,  with  sulphydric  acid,  shining 
black-blue  lamin«e  of  pure  thallium-sulphide,  appearing  under  the  microscope  to  be 
made  up  of  tetrahedrons,  and  more  permanent  than  the  amorphous  sulphide 
(Hebberling).  Thallic  salts  appear  to  be  reduced  to  thallious  sulphide  by  boiling 
with  sulphide  of  ammonium.     Sulphate  of  thallium  projected  into  fused  cyanide  of 

Etassium,  is  reduced  1o  sulphide,  which  then  forms  a  brittle  metallic-looking  mass, 
▼iiig  the  lustre  of  plumbago,  and  fusing  more  r«adily  than  metallic  thallium. 

TKA&&XVBK-Ba«rAaKXBB.  C'H'TINO.— Benzamide  dissolves  freely  in 
ft  hot  aqueous  solution  of  thallious  oxide,  the  excess  ctystallisinff  out  on  cooling ;  and 
on  adding  a  large  excess  of  absolute  alcohol  to  the  filtrate,  thaluum-benzamide  sepa- 
rates in  fine  needles,  soluble,  with  alkaline  reaction,  both  in  hot  and  in  cold  water.  It 
melts  without  decomposition.  When  moderatnly  heated,  it  becomes  dark  at  a  higher 
temperature,  and  erolves  white  infiammable  vapours,  burning  with  a  smoky  greenish 
flame,  and  decomposes  completely  at  a  red  heat,  leaving  fused  oxide  of  thallium. 
Hydrochloric  acid  added  to  the  aqueous  solution,  throws  down  protochloride  of 
thallium,  together  with  benxamide.  (Church  andCrookes,  Chem.  Soc  J.  xvii. 
161.) 

CT A XiTiTUM«aTKaitg«  Tfudlivm-alcohols.  (La my,  Compt.  rend.  Iv.  286; 
Ann.  Ch.  Phys.  [4],  iii.  373;  Jahresb.  1864,  p.  463.) — Compounos  formed  by  the 
action  of  tliailium  upon  alcohols,  analogous  to  those  produced  m  like  manner  by  the 
•Ikali-motals. 

Tkallium-amylate^  C*H'*T10,  is  produced,  thoup;h  slowly,  b^  the  action  of 
thallium  on  amy  lie  alcohol ;  more  readily  by  heating  equivalent  quantities  of  thallium- 
«thjlateand  amylic  alcohol  to  140° — 160°,  whereupon  ethylic  alcohol  passes  over  first, 
then  the  excess  of  amylic  alcohol,  leaving  the  thallium-amylate  in  the  form  of  a 
heavy  oil,  smelling  like  amylic  alcohol,  and  having  a  specific  gravity  of  2*466  to  2'618. 
lu  index  of  refraction  for  the  line  B  is  1*672  at  20^  It  does  not  solidify  at  20"^; 
dissolves  easily  in  amylic,  lees  easily  in  ethytic  alcohol ;  with  chhroform  and  ether ^  it 
behftves  like  the  ethyl-rompound  {infra).  When  heated,  it  first  gives  olT  hydrogen, 
then  amylic  alcohol,  and  leaves  a  mixture  of  metallic  thallium  with  thallious  carbonate 
•ad  valerate.  It  also  decomposes,  but  less  quickly,  in  contact  with  air  or  water.  It 
hums  with  a  white,  moderately  luminous  flame. 

Tkallium-ethylate,  C*H*T10. — Produced,  with  evolution  of  hydrogen,  when 
thallium  and  ethylic  alcohol  are  heated  together  to  100°  in  a  sealed  tube  (Church). 
Lamj  prepares  it  by  suspending  thin  plates  of  thallium  within  an  exhausted  bell-jar, 
over  a  shsalow  dish  containing  absolute  alcohol,  and  passing  pure  oxygen-gas  (free 
flmn  water  and  carbonic  anhydride)  into  the  jar.  At  20° — 26°,  the  thallium  is  ron- 
▼ated,  within  24  hours,  with  simultaneous  fr)rmation  of  water,  into  ethylate  of  thal- 
finm,  which  collects  in  the  dish.  After  being  freed  from  excess  of  alcohol,  by  heating 
to  100°,  it  remains  as  an  oil  of  specific  eravity  3*480 — 3*563,  being,  next  to  mercury, 
the  heaviest  liouid  known.  Its  expansion-coefficient,  between  0°  and  100°,  is  0*072. 
At  —3°  it  solidifies,  with  considerable  contraction  of  volume.  By  prolonged  heating, 
or  by  keeping  in  a  vacuum,  it  sulTers  partial  decomposition,  becoming  brown,  increasing 
m  density  to  3*686,  and  requiring  a  greater  d«gree  of  cold  to  solidify  it  In  refrac* 
tive  and  dispersive  power,  it  exceeds  all  other  liquids,  as  &ihown  by  the  following 
numbars  (determined  for  a  temperature  of  20°) : — 


Refhu;tlTe  power. 

Ditperiive 

f-  -  — 

L<ne  D.       Line  1^. 

pwwvr* 

LineB. 

1-6616 

1*6676      1*7169 

0-0976 

1-6726 

1*7170       1*7678 

0-0968 

1*6140 

1*6330       1*6936 

0*0796 

Thallium-ethylate,  specific  gravity  3-660 
»»  If  n  »        3*612 

Carbonic  disulphide        •        •         •    . 

Thallium-ethylate  dissolves  in  about  6  pts.  of  absolute  alcohol ;  if  the  alcohol  is  not 
qvita  anhydrous,  white  thallious  hydrate  is  deposited.  With  pure  ether  free  from  air. 
It  forma  a  clear  solution ;  with  ether  containing  water,  the  liquid  soon  becomes 
yellowiah  or  brown,  and  deposits  nidio-crystalline  thallious  hydrate,  which  gradually 
tarns  brown.  This  reaction  is  so  delicate,  that  it  may  be  used  as  a  test  for  the  purity 
cf  ether.  Thallium-ethylate  likewise  dissolves  freely  in  chloroform ;  but  the  solution 
aoon  becomes  turbid,  and  deposits  crystallised  protochloride  of  thallium,  together  with 
a  aubstance  which  colours  the  latter  dark- rod,  and  is  very  sensitive  to  light ;  the 
liquid,  which  has  become  strongly  acid,  contains  a  salt  of  formic  acid. 
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Thallium-ethylate,  when  heated,  gives  oflT  hydrogen  dightlj  at  .80°,  TegnUriy 
botweea  170^  and  180°,  alcohol  distilling  over  at  the  same  time,  thallinm  beug  de- 
posited in  shining  laminae,  and  a  strongly  alkaline  residue  being  left  oontaioi]^$  thai- 
Uoos  carbonate  and  acetate.    Above  200°,  carbonic  oxide  and  carbonic  dioxide  an 

Siven  off,  together  with  small  quantities  of  acetone  and  acetic  acid.  Thalliwm-cfhylstt 
ecomposes  when  exposed  to  the  atr,  and  still  more  quickly  in  contact  with  m^, 
yielding  alcohol  and  thallious  hydrate.  On  keeping  it  (beat  under  a  layer  of  abeolnte 
alcohol),  the  sides  of  the  vessel  become  gradually  coated  with  black  thallioos  oxide. 
When  set  on  fire  by  the  flame  of  a  candle,  it  bums  with  a  green,  slightly  lumiaoBf 
flame,  leaving  black  thallic  uxide  and  metallic  thallium. — Potassimm  and  todium 
slowly  separate  metallic  thallium  from  it,  but  it  is  not  decomposed  by  icon,  zinc,  lead, 
or  even  by  the  electric  current. — With  sulphuric  or  hydrocJUiprie  acid,  it  yields  aleoM 
and  a  thallious  salt;  dty  carbonic  dioxide  unites  directly  with  it,  forming  a  white  sulid 
body,  which  is  resolved  by  heat  into  metallic  thallinm  and  empyreumatic  prodorti. 
When  thallium-ethylate  is  suddenly  mixed  with  carbonic  disulpkide^  a  vicdent  aetioB 
takes  place,  resulting  in  the  formation  of  a  black  sulphur-compound ;  but  if  the  thsl* 
lium-ethylate  be  slowly  dropt  into  the  carbonic  disulphide,  a  bulky,  jellowiah,  gelati- 
nous mass  is  formed.     (La my.) 

Thallium-methtflate,  CHTIO,  is  formed,  in  small  quantity  only,  by  the  pfooat 
which  yields  the  ethyl-compound,  but  it  is  very  easily  obtained  by  tieating  rth^ats  or 
araylato  of  thalliimi  with  excess  of  methylic  alcohol.  Considerable  rise  of  temperttvs 
then  takes  place,  and  metbylate  of  thallium  separates  as  a  white  solid  saostaaef, 
which,  by  fusion  and  cooling  under  the  liquid,  may  be  crystallised  in  thick  obliqat 
prisms.  When  quickly  pressed  between  filter-paper,  and  diried  in  a  vacnnm  in  eootict 
with  a  few  lumps  of  sodium,  it  forms  a  white  solid  mass,  alterable  in  contact  with  tlie 
air,  about  five  times  as  heavy  as  water,  slightly  soluble  in  methylic  alcohol  and  xnethn, 
somewhat  more  soluble  in  chloroform.  When  heated,  it  gives  ofF  a  Uutg«  qnaatitj  d 
carbonic  oxide,  together  with  hydrogen  and  methylic  alcohol ;  and  when  set  on  fre,  it 
burns  with  a  flame  strongly  tinged  with  green. 

On  thaUium^phenylate,  see  p.  765 ;  on  the  compounds  of  thallious  chloride  BMidhromOr 
with  ethers f  pp.  747,  748. 

TBAXiZiZIJBK-CIZiASS.  By  substituting  thallinm  fbr  lead,  or  fbr  potaasiiim,  is 
the  preparation  of  flint-glass,  glasses  are  obtained  of  great  density  and  refraetii^  pov«r. 
By  fusing  together  300  pts.  of  sand,  200  of  minium,  and  333  carbonate  of  »hini»«  • 
perfectly  homogeneous  glass  was  obtained,  having  an  agreeable  yellow  tint,  and  thj 
brilliant.  Its  density  was  4'233,  and  its  index  of  refraction  (for  the  yellow  ray)  1*71 : 
it  is  therefore  denser  and  more  refractive  than  any  glass  hitherto  known.  By  aherioK 
the  proportions  of  thallium,  glasses  have  been  obtained,  vaxying  in  denei^  tnmk  4*224 
to  5-025,  and  having  indices  of  refraction  ranging  from  1'71  to  1*966.  (Lamy,  BsIL 
Soc.  Chim.  [1866],  i.  164.) 

TBA&XiXUaK-TKZAamrB.  NTl*^*.— Thallic  oxide  diMoWea  in  M]-an> 
niac  at  the  boiling  heat,  and  the  cold  concentrated  solution  yields  with  •»"i«^«"^  a 
heavy  white  precipitate,  consisting  of  TlCl'.ZKR*,  or  prohahlj  kydroehlorais  ijf  thd- 
lium-trianUne,  N*T1'*H*.3HC1.  It  is  decomposed  by  water,  yielding  thallic  aids  sad 
sal-ammoniac : 

2(T1C1V3NH«)  +   3H«0     -     T1«0«  +   «NH*CL 
When  heated  in  a  sealed  tube,  it  is  resolved  into  ammonia,  an  ammoninm-ealt,  sad  i 
chloride  of  thallium,  probably  TPCl'.    Its  solution  in  hydrochloric  acid  yields  cibie 
or  octahedral  crystals  of  the  double  salt,  3NH*C1.T1CI*.     (Willm,  JahzwL  1861, 
p.  251 ;  1864,  p.  251.) 

TBAXi&OCBZiORB.  A  name  applied  by  Knop  and  Schnederinano(lBB. 
Ch.  Pharm.  Ivi.  147,  154)  to  the  green  colouring-matter  of  lichens,  which  thcjrqgud 
as  different  from  ordinary  chlorophylL 

TKAmAJrszra.     Syn.  with  BiTTBB  Spab  (L  600). 

TBBBAZWa.  C>*H'>NO>.  Paramorphine.  (P  el  1  e  t  i  e  r,  J.  Fhami.  zxL  M9.- 
Couerbe,  Ann.  Ch.  Phys.  [2],  lix.  155.— ^ane,  Ann.  Ch.  Pharm.  xix.  9.— Aad#r- 
son,  ibid.  Ixxxvi.  179.) — An  organic  base  existing  in  opium.  It  was  diaoorsrsd  is 
1835  by  Pelletier,  who  obtained  it  by  treating  the  extract  of  opinm  with  milk  of  Has 
in  excess,  washing  the  calcareous  precipitate  with  water,  and  j^w^^wtt^ng  i^  sftrr 
drying,  with  boiling  alcohol.  The  alcoholic  solution  leaves  on  evapocatiai  a  iwdvw 
from  which  thebaine  may  be  dissolved  out  by  ether. 

Anderson  obtains  thebaine  from  the  muther-liquors  of  the  pcepaiaiKvi  of  nsraoliBa 
The  alcoholic  liquor  from  which  the  first  strongly-coloured  crystals  of  naxooCias  half 
been  deposited,  yields  by  evaporation,  an  amorphous  residue  eonsisting  of  a  1si|es 
quantity  of  resin,  a  little  narcotine,  and  all  the  thobuine  contained  in  the  ogam,  IVii 
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cnidue  is  treated  with  boiling  dilute  acetic  acid,  which  disaolves  the  alkaloids,  together 
with  a  small  quantity  of  resin ;  and  on  adding  basic  acetate  of  lead  to  this  solution,  in 
•officieot  quantity  to  render  it  distinctly  alkaline,  all  the  narcotine  and  resin  are  pre- 
eipitaiml,  while  the  thebaine  remains  in  solution.  The  liquid  is  filtered ;  the  excess 
of  lead  removed  by  sulphuric  add ;  the  thebaine  contained  in  the  filtered  liquid  is 
in«cipitated  by  ammonia ;  this  precipitate,  after  being  washed,  is  dissolved  in  boiling 
alcohol,  and  tbe  solution  is  treated  with  animal  charcoal.  It  then,  on  cooling,  deposits 
thebaine  in  shining  scales,  which  may  be  purified  by  recrystallisation. 

Thebaine  oystulises  firom  solution  in  alcohol  or  ether,  in  square  scales  having  a 
•Qveiy  lustre.  Its  taste  is  acrid  and  styptic  rather  than  bitter.  It  is  extremely 
poisonous ;  Magendie  foujid  that  6  centigTammes  of  it  injected  into  the  jugular  vein  of 
a  dog  produced  tetanic  convulsions,  quickly  followed  by  death.  Thebaine  is  insoluble 
in  water,  very  soluble  in  alcohol  and  ether,  especially  when  warm,  insoluble  in  aqueous 
potash  and  ammonia ;  it  dissolves  rapidly  in  acids.  It  contains,  according  to  the  mean 
of  closely-agreeing  analyses  by  Kane  and  Anderscm,  78*10  per  cent  carbon,  6*96 
hydrogen,  and,  according  to  Anderson,  4  43  per  cent,  nitrogen.  The  formula 
C'*H**NO\  requires  78*31  per  cent  carbon,  6*7^  hydrogen,  4*60  nitrogen,  and  16*44 
ooLYgen. 

^Diebaine  melts  at  12*6^,  and  decomposes  at  higher  temperatures.  It  is  coloured 
deep  red  by  strong  sulphuric  aeid.  According  to  Dragendorff  (Jahresb.  1864,  p. 
728),  salphurio  acid,  whether  pitre  or  containing  nitric  add,  colours  it  deep  red  to 
orange,  gradually  changins  to  olive-green  at  160*^.  Sulphuric  add  of  spedflc  gravity 
1'3  dissolves  it  m  the  cciLa;  but  the  solution,  when  gently  heated,  depotdts  a  resinous 
■ufaatanee,  which  dissolves  slowly  on  boiling  with  water,  and  is  deposited  on  cooling  in 
mlcroBCopic,  slightly  soluble  crystals,  apparently  a  product  of  decomposition  (Ander- 
son).— Concentrated  nitric  acid  acts  stronely  on  thebaine,  even  in  the  cold,  giving  oft 
led  vapours,  and  forming  a  solution,  which,  when  mixed  with  potash,  becomes  dark- 
eolonred  and  gives  off  a  volatile  alkali. — ^Thebaine  also  dissolves  easily  in  kydroehhrie 
meid ;  the  solution  becomes  dark-coloured  when  evaporated,  and  leaves  a  resinous 
leeidue  no  longer  ^uite  soluble  in  water. — Chlorine  and  bromine  act  strongly  on  the* 
l)aine,  forming  resinous  products. 

Thebaine-salts  do  not  crystallise  from  aqueous  solution. 

The  hydrochlorate,  C'*H"lfO*.HCl.H*0,  is  obtained  by  mixing  thebaine  with  a 
■mall  quantity  of  strong  alcohol,  and  adding  alcoholic  hydrochloric  add  till  complete 
solution  is  eflected,  avoiding  an  excess  of  add;  it  then  separates  on  standing  in 
zhombic  ciTStals.  It  is  very  soluble  in  water,  the  solution  resinising  on  evaporation ; 
stightly  soluble  in  alcohol,  and  insoluble  in  ether. — The  chhroaurate  is  an  orange-red 
pnctpitate,  which  melts  to  a  resinous  mass  at  100^. — The  chforomereuraU  is  a  white 
cnrstalline  predpitate,  obtained  with  hydrochlorate  of  thebaine  and  mercuric  chloride; 
with  firee  thebaine  a  bulky  predpitate  is  obtained,  which,  as  well  as  the  crystalline 
oredpitate,  is  of  variable  composition.— The  chloroplatinate,  2(C**H"N0*.Hdl).PtCP. 
2H'0,  is  precipitated  on  adding  platinic  chloride  to  hydrochlorate  of  thebaine.  It  is 
■lightly  soluble  in  boiling  water,  the  solution  depositing  a  salt^  which  appears  to  be  a 
piroduct  of  deeompodtion. 

The  sulphate  is  obtained  by  adding  sulphuric  add  to  an  ethereal  solution  of  the- 
baine, paitly  in  the  crystalline  state,  partly  as  a  resin,  which  becomes  crystalline  on 
standing. 

TBXBOXJLCTZO  ACZD.  This  name  is  applied,  by  T.  and  H.  Smith,  to  an  add, 
isomeric  or  identical  with  lactic  add,  discovered  by  them  in  the  mother-liquors  of 
morphine.  To  prepare  it,  the  mother-liquor  of  morphia,  after  having  been  freed  from 
all  oiganic  bases  by  precipitation  with  an  alkali,  is  digested  with  oxide  of  lead ;  the 
evaporated  liquid  is  mixed  with  a  large  quantity  of  alcohol  and  sulphuric  add ;  and  the 
solution  filtered  from  the  predpitated  sulphates,  and  saturated  with  milk  of  lime,  is 
evaporated  to  a  syrup ;  this,  alter  some  time,  solidifies  to  a  crystalline  mass  of  caldo 
thebolactate.    Turkey  opium  yields  about  2  per  cent,  of  this  salt. 

Hiebolaetie  acid  appears,  firom  an  analysis  of  the  silver-salt  by  Dr.  Stenhous  e,  to 
have  exactly  the  same  percentage  composition  as  lactic  add ;  but  (according  to  T.  and 
H.  Sm  i  tb)  its  oopper-  and  morphine-salts  differ  in  crystalline  character  f^m  the 
eorresponding  lactates,  and  the  behaviour  of  ferric  thebolactate  with  ammonia  is  different 
fktym  tJiat  of  ferric  Uctate.  (Pharm.  J.  Trans.  [2],  vii.  60 ;  also  private  communication 
from  Messrs.  T.  and  H.  Smi  th.) 

Til  Ml  W.  Syn.  with  Caffbinb  (i.  707).— According  to  Attfield  (Fharm.  J. 
Trans.  [2]  vi.  467),  the  nuts  of  the  kola-tree  (Cb/^  acuminata),  which  in  the  fresh 
state  are  used  in  the  western  part  of  Central  Africa  as  food  and  medidne^  contain 
tbdne,  the  dried  nuts  yielding  aibout  2  per  cent. 

TMaiOTBBRMZV.    Syn.  with  Bareoim  (I  600). 


reo 


TdENARDITE— XnEOBROMINE. 

Native  anhydrous   sulphate  of  sodium.     (See  SolphitkI 


p.  610.) 

TBaWABO'S  BXiini.    A  blue  colour  prepared  by  igniting  a  mixture  of  cobalt 
phosphate  9r  arsenate  and  alumina.    (See  Phosphatbs,  iy.  600.) 


See  Caclo  (i.  700).— The  ash  of  several  parts  of  the  eacao- 
tree,  from  the  plantations  of  Manado,  in  Celebes,  has  benn  examined  by  Boat  van 
Ton  n  in  gen  (K^p.  Chim.  app.  ii.  261),  with  the  following  results : 


Aah  per  cent  of  the  dried  substance  (?  at  100^) 
Composition  of  the  ash : 

plllCa      •••k4«a* 

Sulphuric  anhydride  •  .  •  •  • 
Chlorine  •••••.. 
Phosphoric  anhydride  .  •  .  .  • 
Lime   .*•••••• 

Magnesia 

Carbonate  of  calcium  •  *  •  .  . 
Carbonate  of  sodium    •        »        •        •        • 


Bark. 

Lmtm. 

mn. 

8.^ 

12-86 

14*68 

18*84 

8*87 

84-60 

4266 

trace 

099 

4*86 

10*22 

3*60 

4-80 

0-68 

0*26 

0*80 

9*46 

2301 

6-21 

7*14 

38*18 

11-66 

14*38 

3*76 

1-94 

4-66 

619 

3-21 

traee 

10-68 

20*18 

69*70 

44-44 

trace 

tiaoe 

8*66 

7-83 

98-88 

99*08 

96-27 

9818 

C^"N«0*.  (Woskresensky,  Ann.  Ol  Pharm.  1^1841], 
xii.  126. — Olasson,  ibid,  Ixi.  336. — ^Keller,  i^.xcii.  71. — ^Rochleder,  ibtd,  txu 
9  ;  Ipxxix.  124. — Streeker,  Urid.  exviii.  161.) — ^An  organic  base  existing  ia  cacao- 
beans.  To  prepare  it,  the  beuis  are  treated  with  water  for  some  time  at  the  beat  of  the 
water-bath ;  the  solution  is  strained  through  linen,  and  carefully  precipitated  by  nee- 
tral  acetate  of  lead ;  the  precipitate,  which  is  abundant,  is  separated  by  filtxmtioo ; 
and  the  filtered  liquid  is  freed  from  excess  of  lead  by  sulphuretted  hydrogen.  The 
filtrate  then  yields  by  evaporation  a  brown  residue,  which  is  boiled  with  aloobol,  and 
filtered  at  the  boiling  heat ;  the  liquid,  on  cooling,  deposits  a  reddiah-white  cryatalline 
powder,  which  is  obtained  colourless  by  repeated  ovstallisation  (Woskresensky; 
01  as  son).  Keller  heats  the  theobromine,  obtained  as  above,  between  two  wat4»- 
glasses,  whereby  a  small  quantity  of  charcoal  is  separated,  and  a  dassUng  white  sub- 
limate formed. 

ProperHet. — Theobromine  is  a  colourless  crystalline  powder,  composed  of  mieroeeo- 
pic  tnmetrie  oystals,  exhibiting  the  combination  aop2 .  F,  and  arranged  in  dub- 
•haped  groups  ([KellerX  It  tastes  veiy  bitter,  but  the  flavour  is  veiy  slowly 
developed.  Sublimes,  witnout  decomposition,  between  290^  and  296°.  Ita  composition 
if  shown  by  the  following  analyses : — 


Caladntiom, 

VfoakmmAj, 

GtatMNi. 

KeltM>. 

c»    . 

.        •    84 

46-67 

46*38 

4718 

46-28 

H«     . 

.      8 

4-44 

4*66 

4*60 

4*80 

N*     . 

•    66 

31*11 

86*38 

81*27 

80-86 

0«     .        , 

.    32 

17-78 

13-74 

17-00 

18-06 

C^»N«0« 

•  180 

10000 

100-00 

100-00 

10000 

Theobromine  is  sparingly  soluble  in  hoi  watery  still  lees  soluble  in  alcohol  and  in 
eth^.  The  aqueous  solution  forms,  with  tnercurte  chloride,  a  white  cryiftalline  pi«eipi- 
tate,  slightly  soluble  in  water  and  in  alcohol    (Woskresen  skv.) 

JDecompofUiont. — 1.  Theobromine  heated  with  peroxide  of  lead  and  dilute  ettlpkmrie 
aeidy  gives  off  carix>nic  anhydride,  the  deocmipositiOB,  when  once  becfun,  solng  on  with- 
out farther  application  of  heat;  and  if  the  right  quantitrof  peroxide  of  lead  be  added, 
and  the  heatmg  not  too  long-continued,  there  is  obtained,  after  s^jarating  the  sulphate 
of  lead  b^  filtration,  a  transparent  colourless  liquid,  which  gives  off  ammonia  when 
treated  with  potash,  separates  sulphur  from  sulfMiuretted  hydxx^en,  colours  the  skin 
purple-red,  and  immediately  turns  blue  when  treated  with  magnesia.  An  excess  of 
magnesia  destroys  this  colour,  which  may,  however,  be  restored  by  cautious  addition  of 
sulphuric  acid.  The  liquid,  mixed  with  excess  of  magneeia,  becomes  reddish,  and  gives 
off  ammonia  during  evaporation  to  diyness;  boiling  alcohol  extracts  ^m  the  leaidue 
a  body  which  crystollises  f^m  the  solution  in  rhombic  prisms,  is  soluble  in  aloobol* 
haa  an  acid  reaction,  and  doee  not  precipitate  chloride  of  mercury,  nitrate  of  silver,  or 
tetrachloride  of  platinum.    (Glasson.) 
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3.  It  diflsolTM  in  boiling  baryta-water  withoat  evolation  of  ammonia ;  the  mlutifMi, 
on  cooling,  solidlfiM  to  a  white  jelly. 

3.  With  eUerime^  in  pteenoe  of  water,  it  formii  amulic  acid  and  hydxochlonite  of 
metbylamine  (Roehleaer  and  Hlasiwets,  Wieo«  Akad.  Ber.  1850,  i.  266). — 
4.  Heated  with  jwtocA,  it  givee  offmetbylamine. 

6.  The  rilTer-oomDonna  of  theobromine^  heated  to  100^  with  iodide  qf  methyl,  yieldi 
•ilTer-iodide  and  eaneine : 

C»H»AgNH)«  +  CH«I     -     Agl  +   C»H'*N*0». 

Henoe  cafRrine  maj  be  regarded  as  methylated  theobromine.    (Strecker.) 

Argentic  Theobromine,  CH'AgN*0^— When  theobromine  i<  diesolyed  in 
ammonia  (in  which  itdieeolyee  mnch  more  easily  than  in  water),  and  nitrate  of  eilver  is 
added,  a  gelatinoni  pedpitate  is  obtained,  which  dissolves  easily  in  warm  ammonia. 
On  boiling  the  solution  for  some  time,  anmionia  escapee,  and  a  colourlees  granular  pre- 
cipitate of  argentic  theobromine  is  formed,  which  is  nearly  insoluble  in  water.  The 
precipitate  contains  water,  which  is  giyen  off  slowly  oyer  oil  of  yitriol,  or  at  100^,  more 

2iiicUy  at  120^— 130^.  The  residue  may  be  heated  to  160^  without  alteration;  at  a 
igfaer  temperature  it  does  not  melt,  but  decomposes,  and  giyee  off  yapours,  which  con- 
dense to  unaltered  theobromine.    (8tr  ecker.) 

Theobromine  Salts. — Theobromine  is  a  weak  base,  but  neyertheless  fonns 
■alts  which  ciystallise  well,  though  they  are  somewhat  unstable,  the  neutral  salts  being 
decomposed  by  water,  and  conyerted  into  basic  salts. 

Ifydroekhrate,  C'H'N*0'.HCL~Theobromine  dissolves  readily  in  concentrated 
hTdrocfaloric  add ;  and  as  the  warm  solution  cools,  the  sidt  separates  in  ciTstals, 
mich  may  be  dried  over  oU  of  yitriol  and  caustic  potash.  It  gives  off  all  its  hydro- 
chloric aod  at  100^,  and  decomposes  with  water,  forming  a  basic  salt  (Qlasson). 
—The  eklanplatmate,  2((rH*N«0*.Ha)  J»tCl«.4HK),  separates  from  a  mixture  of  the 
hjdrochlorate  and  platinic  chloride,  in  monoclinic  pnsms,  exhibiting  the  &ces  ooP 
tid  oP.  It  is  HHorescent,  ^yee  off  its  water  of  ciystallisation  at  100^,  decomposes  at 
a  sCwwigef  beat,  and,  when  ignited  in  the  air,  leaves  pure  platinum. 

The  tuirate,  (7HVK)^HN0',  separates  from  a  solution  of  theobromine  in  warm 
Bitrie  acid,  on  cooling  in  monoclinio  prisms,  which  give  off  their  acid  at  100^,  and  are 
Msily  decomposed  by  water. 

TIm  argentic  nitrate,  CH^V^O^.A^KO*,  separates  from  a  yeiy  diluU  solution  of 
Bitimto  of  theobromine  mixed  with  nitrate  of  silver,  in  shining  silver-white  needles, 
wwrj  sparinffly  soluble  in  water.  It  does  not  undergo  any  perceptible  loss  at  100°, 
Imt  at  a  hi^er  temperature,  it  melts  and  gives  off  nitrous  acid,  and  on  ignition  leayes 
MsteUie  silver. 

TBSBMOBABOMBTBB.  This  name  was  applied  by  Bellani  to  a  syphon-baro- 
Meter  haring  its  two  wide  legs  united  by  a  narrow  tube,  so  that  it  could  be  used  either 
\m  its  ordinaiT  position  as  a  barometer,  or  in  the  reversed  position  as  a  thermometer, 
the  wide  sealed  leg  of  the  barometer  then  serving  as  the  bulb  of  the  thermometer. 

The  same  name  is  sometimes  applied  to  a  thermometer  which  indicates  the  atmo- 
^herie  pgessure  by  the  boUing-pomt  of  water. 

See  Elbctbicitt  (ii.  412). 


(9ff^f ,  hot ;  fUrpop,  measure). — The  thermometer  measures 
the  temptratuTf,  or  degree  of  kotneee,  of  a  body ;  it  thus  determines  one  dimension,  so  to 
•peak,  of  thequantity  of  heat  within  the  body — the  speciiic  heat  and  thf>  weight  of  the 
body  being  the  other  dimensions.  The  measurement  is  founded  on  the  law,  that  per- 
ftet  gaaee  tend  to  expand  with  equal  increments  of  volume  for  equal  increments  of 
heat-  Mercury,  being  compared  with  gases,  is  found  to  follow  neerly  the  same  law  at 
orlinaiy  temperatures.  It  is  likewise  almost  perfectly  adapted  for  thermometric  pur- 
poses, from  its  wide  range  of  liquidity  (390°  C,\  its  low  specific  heat,  its  high  conducting 
pQiwer,  and  its  uniform  purity. 

Am  the  thermometer  is  the  most  important  and  indispensable  of  all  instruments  in 
iMMt  physical  researches,  too  much  attention  cannot  be  paid  to  attaining  perfection  in 
its  mannfJMiwre  and  use. 

Thermometer  Tube. — In  making  a  mercurial  thermometer,  a  capillary  glass- 
tabc  usually  of  flat  or  elliptical  bore,  is  first  to  be  selected,  as  free  as  possible  from  all 
Wisible  defiBcts.  It  must  be  of  almost  perfectly  uniform  bore  throughout.  That  it  is 
•o  is  to  be  ascertained  by  introducing  enough  mercury  to  fill  about  one  inch  of  the  tube, 

~  ohseiiing  if  the  length  of  this  mercurial  column  remains  almost  unchanged  as  the 
my  is  forced  throng  the  tube.   If  the  tube  be  not  perfectly  clean  intemuly,  nitric 
or  other  solyents  ma^  be  introduced,  the  interior  of  the  tube  being  nfterwarda 
Uwioqghly  washed  with  distilled  water,  and  dried  by  drawing  air  through  it  wht^n 
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A  bulb  is  nn«  to  tiP  faraiPd  hy  osaling  \ai  KifteiUDK  tlie  hiba  it  one  soi],  in  ih* 
blowpipfr-flAme,  imd  thna  forcing  dr;  air  io  by  meaiu  <tf  B  mull  elastic  boUls  &ud  to 
the  opriieail,B»l  conipmuMiby  tbe  Sngnn.  Mnch  skill,  of  conne.  ii  nqirind  in  tfaii 
opention,  snd  ths  nltinuite  charocttiT  of  tlie  iustnimeat  will  nxj  wiUi  erei;  puticalv 
mumer  of  heating  the  glass. 

The  farm  of  the  bulb,  too,  is  a  natter  tor  much  considecatioti.  Its  capadtj  nut 
have  soeh  a  ratio  to  the  capMit;  of  the  tobe,  that  the  deinvca  ma;  b«  bmg  siiangh  to 
read  with  the  reqnired  preciirion,  and  not  much  longn.  llins,  thennomelAn  inloided 
to  show  the  ^  of  a  degree  (Fahr.),  sbonU  have  defneea  not  less  than  fg  inch  in  length. 
Hie  vedvltrd  esDaciCr  of  lite  nib 
^.™.  JVIOO.  JVIOl.  JVW!- JV-M'-WT^  .>lra]^^  •lUrwM 
'  '  stunni.    Tbe  opdiiwfjr  shape  of  the 

bulb  isipheiii^  {fig.  7B9),  and  this  ii 
the  beat  SDitod  to  bear  the  prfuia 
td  Ibe  abiiaq>hen  witbont  shiinking. 
Bat  an  elongmted  bnlb,  rather  prw- 
shaped  (figt.  SUO  and  BOl ),  or  tnba- 
lar  {Jigi.  803  and  803),  aiirases  a 
mneb  uunr  sarfw*  for  die  eoDdiK- 
tdoD  of  heat,  in   prcnoition  to  its 
citpacil^,  and  is  therefore  fhrannU* 
■  — ~— tivnnees;     A  bnlb,  toa,  of  do 
diameter  than  the  Eabe.  ii 
bla  to  b«   broken,  and,  to 
The  thieknv 


sre«tai 
Ins  lU 


chMuieal  pnipoen  efipedsU;,  is  MDTenient  and  __    ^^^, 

important  point  -,  if  too  thin,  it  maj  vield  to  the  atmocphnie  pressure,  so 
thaieroof  tliB  inttnunent;  if  too  thick,  the  innnim«nt  will  be  ioHnaiL.^    „  , 
these  ptnota  a  thermometer  shoald  be  spedallj' adapted  to  itj  intBuded  employnnit. 
■L_  »».  »_.,..  n-.  ....       Eilnwoelj  sensitiTe  and  jet  exact  tht. 

'    I  hare   lately  bean   prepared  br 


e  ioHiiaitiTe.     In  alt 


^7.804. 


Fig.  SOS. 


^.SOfl.  o 


tbe  beat  London  maktn.     In  tlieee,  eitbn 

the  bore  of  the  tnbe  i«  Teiy  minMa,  sod 

the  bnlb  eonseqnantJ;  small  (•■  injtB.MtX 

or  tlw  bnlb  is  made  to  eomain  nra&  ngi^ 

eniy,  and  shaped  into  a  long  cjliniiesl 

tube,  bent  Into  some  cooTenient  Ibnn.  as  in 

tile  GridirBtt  theniMimeter  of  Ncfretti  iri 

Zambra  {fig.  805).    In  j^.  806  U  abown 

a  soggeetlou  of  Ur.  BenUey,  of  tbe  En 

Obserratotj,  for  increasing  the  snr&c*  of 

thamometei-bnlba  without  impairiug  thair 

inflexibility.      The  mercorj    u   intiUiiied 

between  two  eoncenlric  glass-eylioden,  irf 

which  the  ianer  one  is  opm  at  the  boUoik 

Filling  tkt  Titfie.— The  foUowin*  is  ths  mon  perfect  mode  ik  fllliog  the  thai- 

ometerwith  nercnry :— A  anflkient  length  of  Iho  tube,  a  ft,  is  marked  off  to  ftna 

e  stem  of  the  thermomelar,  and  a  tecxmd  bolli^  nthac  la^u  Umd  tbe  ftrat  ii 

-,„  an-  rwigUy  blown  at  b.     WhM  At 

'^^  *"■  bnlE  is  half^^oolad.  the  (^>eti  sod 

ef  tbs  mb*  is  held  in  pnrr  and 

•alLhoilsd  meicnry,  which  gtadn- 

allj  Bssa  into  the  &«t  bnlb.    By 

iaTerting  the  paition  of  the  labr, 

I   and  aUcnutal;  heating  nd  Mot- 

'tag  the  lower  bnlb  (a),  •DOflent 

,.  ,         ,    _,  .    „,         ,,   ,  toeicuy  nay  b*  made  Co  pass  frms 

e  mlo  «,  almost  to  Dll  a,  a  Lttle  remaining  orar  in  b.    The  whole  tnbe  is  now  hrld  br 

the  wire-handle  ahown  in  Jig.  807,  otbt  a  chanaal-flre  or  a  swiea  of  powertW  gu- 

burnere,  eo  a«  to  be  strongly  and  nnifomlj  heated  thniagk)ut  its  whole  length      TTis 

mercnry  boiU  ^ily.  and  it*  yupour  drivea  oot  every  trace  of  mt  or  moistnra.     When 

this  IS  thoroughly  awomplished,  and  the  mercury  yet  boiling,  tJie  open  end  of  lie  tBb^ 

■which  muat  not  be  very  hot,  ia  thrust  against  a  piece  of  sealing-wax,  and  then  at  ance 

wilidniwn  from  Ihs  heat.     As  tie  tnbe  cools,  a  lilUe  wax  is  drawn   in,  and  ia  time 

beoommg  solid.  preTente  the  enlnnce  of  any  air.    When  qaile  oooi.  the  meipury  wf 

fectly  ails  the  wiiole  of  the  lower  hnlb  and  tube.     Let  the  tnbe  be  now  inolinH  <u>l 

the  lower  bulti  raised  to  a  tempemlnre  rather  hi^ar  than   the  thannomtfw  ia 

intoided  efet  to  indicate.    A  pert  of  the  menwiy  is  thus  expelled,  and  as  th«  oidumB 
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DettmiimUi'M  of  tie  Scalt-eotffleitnt.  -  The  thsnnonieter  bariDg  beao  SDsd  witli 
mareory,  the  diTinoni  of  tha  (mIs  will  nprsHnt  uiul  incremmtj  i7f  temptntoi^ 
but  am  entirelj  arbitiuy  in  nine.  At  dwcribsa  below,  va  now  dctunJna  tbg 
IVranng^int  to  be,  laj  a,  at  Ota  azbitmj  tcslt-nsdiiig,  and  tlie  boilins-poist  tc  in, 
la;  A.  Tben  the  true  tampentnn  in  dcg.  Fahi.  comaponding  to  ssj  arbitTu;  vale- 
teadiag  «,  U  obrioiuly  ,  —  n  180°  +  S2°.  The  Tidnaa  of  this  fimnnlA  ahmild  U 
tibnlalsd  far  nytrj  degree  of  the  arbitruj  sc&la  which  ia  likely  to  be  uad ;  in  nfo- 
enca  to  tha  tiible,  of  cooraa,  nropnrtjoiial  parte  of  ths  differeucea  of  theie  nloat  an 
to  be  tJi^BD  for  the  firaction  J  paiU  of  the  orbitrajy  ac&le-rradinga. 

A.  cabbrat«d  atandaid  tharmometcr  may  be  gmdoatcd  with  a  correct  Fahranbat'l 
•cala,  aa  deacribed  by  Weleh  (  Op,  eit.  p.  312),  batthe  DecAaaary  ralmlati'mt  are  ntlur 
intricat«.  It  ia  needleaa,  too :  for  he  who  reqnirea  great  accnn^  can  alwayi  u*e  u 
arbitni7  Kale  with  iia  fonnola,  or  table,  and  be  wb  doea  not  had  brtMr  employ  m 
ordinary  compared  tbenaometer.  It  aho^d  b*  remtmbeied,  that  the  highcat  degree  U 
mcatncj  ia  alwayi  attained  hy  pure  or  paaaija  obaemtion,  the  caior  of  whidi  eu 
be  calcnUled  and  applied,  while  inatnunental  a^jnatment  ia  alwaya  a  etiun^  and 
UDoartain  opention. 

Frt**iitg -point. — To  determine  the  multiag-point  of  ice,  which  ia  B3°  FWfar,  and 
the  am  of  the  Centigrade  acale,  the  thermometer  i*  placed  upright,  is  finelj-nasdfd 
mellinji  ice,  contained  in  an;  raaaal  whi<ji  will  allow  Uie  water  to  drain  awaj  htm  the 
ice  aa  It  mnlta.  Snow  ia  atill  better  than  ice  for  this  purpose.  The  vbote  of  tlia 
pieivniy,  both  in  tha  bolb  and  tabr,  miut  be  corerad,  andhad  better  be  aolefl  for  ttlnjt 
half  an  hour.  The  ice  may  then  be  resiored  jnat  anffieientlj  to  allow  a  oaA  to  ha 
made  at  the  top  of  the  meranrial  colnmn,  or  (irtiich  ia  &r  better)  ite  pomtioD  noted 
with  leference  to  nadnatjon-marka  already  thwe,  all  proper  precantiona  being  tales 


Boiling-point.— T\i«  boiling-point  ia  ■Bpeitaiaed  by   tdadng  the  tl 

vertically  in  a  qtlindrieal  metal  veeael,  ao  that  tha  bnlb  ahall  be  doee  above  the  rarb* 
of  diatilled  water  in  npid  ebnllition,  the  whole  of  the  mercurial  coliunn  being  Itke- 
wiie  laiaed  t«  the  aame  temperature  a*  the  bulb  tn  the  riaing  vapour.  TIm  bal 
form  of  bmtec  ia  that  of  B^anlf  ■  {fig.  SOS),  with  doable  aide*,  iMtween  wUcfa  ihe 


Fig,  SOB.  nponr  dicnlatea  before  iaaning  into  tha  open  air.  Id  Ihia  binlac 
tha  cold  of  the  Bxtarior  air  cannot  poaaibly  madi  the  thtnune- 
tei.  Cue  moat,  howarer,  be  taken  that  the  ataam  may  ima» 
with  perfect  freedinn,  elae  the  preaaore  and  tempentora  within 
the  boiler  will  riae  irreaularly.  Thoa  the  apertnra  a  iheiM 
hare  a  diameter  of  an  inSi  or  more,  and  a  amall  manomMa  or 
l^hon-gnaoe,  b,  containing  water,  and  mmmunicating  wirh  tha 
interior  of  Ue  boiler,  may  be  turd  to  indicate  the  leut  avm  d 
pmeaora  within.  The  water  having  been  Ihoronghly  boil*d  for 
a  length  of  time,  and  tiie  mercnry  Blinding  quite  atationuy,  Iha 
reading  of  the  apper  tod  of  the  mereoriBl  colonin,  vhich  mj 
extend  jnat  above  the  cork,  ia  lo  be  noted  as  before,  vbilr  ths 
bailing  continnea  tminteimpt'dly. 

A  common  flaak,  with  a  glaas  tube  fitted  to  its  month,  to  eoo- 
tain  the  atem  of  the  thermometer,  may  aerfe  tortharougbdeii^ 
minatioa  of  tha  boiling-point.  It  ia  v«U  known,  howarrr,  that 
water  doea  not  readily  boil  from  a  Titreooa  aur&ce,  to  that 
metcury,  wiapa  of  platinum,  or  bits  of  charooal,  moat  be  placed  in 
the  fiaak  to  prerent  any  irregular  riae  of  the  tcmporitart. 

Owins  lo  the  displacement  of  the  aero  (aea  p.  7SS),  Vitm 
directa  that  the  boiling-point  abonld  be  token  before  the  ftecaig- 
point,  but  we  think  that,  for  moat  porpoase,  the  order  abanld  it 
M*ersed.    It  ia  beet,  howerar,  to  take  the  fnenns-  and  boiliog- 
points  with  aa  long  an  int«rTal  between  aa  poanble,  lbs  ther- 
mometer being  left,  nndiiitnrbed  at  the  ordUwry  temperatnnif  ibt 
air  befbre  each  determination. 
A)  the  bculing-pont  of  water  dependa  entirely  on  the  preaanre  of  tbe  air  at  tlie 
tima,  tha  baioauter  moat  be  properly  read.    If  it  atuid  at  0'7SO  millimttie  (or  SO 
English  inchee)  when  prope^  corrected  {aee  EtBOKcnB,  i.  S12),  the  tempsntnn  of 
boiSi^  water  is  exactly  ia(PC:  (312°  Fahr.).  If  not,  the  temperatnre  must  be  calculated, 
allowing  a  change  of  i  1°  C.  for  erery  dirergence  of  preaaura  aqnal  to  k  26  7  millime- 
ties  (or  1-71°  Fahr.  for  eraiy  inch  of  preaaure).     It  ia  better,  however,  to  ue  ihs 
following  table,  which  girea  the  barometer  reading  (collected)  coReqiODding  te 
■Teiy  teoth  of  a  degree  near  1 00°  Caotigrade : — 


THERMOMETER. 


766 


BoilinK- 

Rradinir  of 

Boiling. 

Rondiiif  of 

point 
OGenl. 

Barometrr. 

point 

Baromoler. 

Mlllim. 

oCent. 

MilUni. 

98-8 

727-96 

99-5 

746-50 

98-9 

730-58 

99-6 

74918 

990 

733-21 

99-7 

761-87 

991 

73;)*85 

99-8 

764-67 

99-2 

738  oO 

99-9 

767-28 

99-3 

741-16        ; 

lOO'O 

760-00 

99-4 

743-83 

1001 

762-73 

To  obtain  a  still  nearer  approximation,  proportional  parts  of  the  diflbrpneea 
■mj  be  taken.  Thna,  suppose  a  thermometer  with  an  arbitrary  scale  to  read  187*5 
in  the   boiler  with  the  barometer  at  765*03 ;    the  corresponding  temperature  is 

99-8  +  Iff. 28  ""64-67    **  '^    "  ®®'®^-    Snppoee  the  freering-point  on  the  arbitrary 

•eale  to  be  25*4:  then  187'6  — 25-4,  or  162*1  arbitraiy  divisions,  are  eqnal  to  99*82^ 

Cent,  or  162  4  divisions  to  100°.  Thus,  264  +  162-4,  or  1878,  is  the  true  degree  100,  or 

the  boiling-point  for  the  pressure  760  millim. ;  and  the  value  of  any  arbitrazy  degree  n  ia 

100 
(11-25-4)—-— 

Examination  of  a  Thermometer, — Any  good  thermometer,  ofwhieh  the  scale  ak- 
tendsirom  82^  to  212°,  may  be  made  to  serve  as  a  correct  standard  thermometer,  by  direct 
oxperiment,  if  it  be  worth  while  to  take  the  necessdi^  trouble.  We  will  suppose  tlie 
thermometer  to  be  already  graduated.  By  placing  it  m  melting  ice  and  above  boiling 
water,  with  the  precautions  already  described,  we  Sni  ascertain  the  errors  of  the  degree 
82  ^  and  of  some  point  near  212°.  At  the  intermediate  points,  the  error  is  then  found 
by  the  following  process  of  Professor  Forbes  (PhiL  Trans,  cxzvi.  [1836],  p.  678), 
wWh  ia  that  of  Beisel  (TiUoch's  PhiL  Mag.  \\9/^A\  \jm.  307)  simplified  and 
improred: — 

Detach  a  column  of  mercury  firom  the  rest,  of  such  a  length  as  to  be  nearly  an 
•liquot  part  of  180°.  In  a  tube  of  moderately  wide  bore,  the  length  of  the  column 
nay  be  adjusted,  with  great  accuracy,  by  bringing  it  just  into  contact  with  the  re- 
nainder  of  the  mercury,  and  at  the  same  time  heatins  or  cooling  the  bulb.  A  part  of 
the  mercury  will  then  slowly  pass  over,  ouh  way  or  ue  other.  This  column  la  then 
caued  Uistfp  along  the  tube,  beginning  at  32°,  the  one  end  being  brought  to  the  exact 
point  which  the  other  had  previously  occupied,  this  point  being  carefully  noted  in 
reapeet  to  the  nearest  graduation-mark.  The  capacity  of  the  tube  is  thus  measured 
«mt  into  exactly  equal  portions,  just  as  a  length  is  measured  by  a  carpenter's  rule. 
The  column  may  be  moved  and  adjusted  to  ito  position,  with  any  degree  of  accuracy, 
by  tapping  one  end  or  other  of  the  tube  or  scale. 

The  end  of  the  measaring  column  will  finally  &11  near  to  212°.  Let  it  fall  at 
212  -►  c,  in  which  c  is  either  •(-  or  — .  Also  let  the  number  of  intervals  measured  be 
«,  and  the  corrections  for  82°  and  212°,  already  determined,  be  a  and  6  (  +  or  — ) 
nien,  neglecting  the  very  slight  error  which  may  exist  in  the  portion  <xP  the  tube 
by  which  the  small  quantity  c  was  measured,  the  true  interval  corresponding  to 

the  length  of  the  column  will  be — —  «  I,  and  the  true  tempera- 

tnzei  corresponding  to  the  divisions  noted  in  the  scale  at  the  successive  steps  will  be 
32^   -f   a   +   I,  32°   +   a   •*-   21,  and  so  on  up  to  32°   •»-  a  •»-   nL 

Several  determinations  may  be  made  in  this  way  with  columns  of  different  lengths. 
Tlip  results  may  then  be  projtK*ted  into  a  curve. 

This  process  of  Professor  Forbes  may  be  performed  in  two  or  three  hours,  the 
fteesiug-  and  boiling-points  having  previously  been  determined,  and  the  Profe8<K)r 
eonsiders  it  easier  tl^n  comparison  with  a  standard.  It  is  scarcely  applicable,  how- 
evert  to  thermometers  of  very  fine  bore. 

C0mpari»on  e/  Thermometers.— '^e  mode  in  which  thermometrie  accuracy 
will  doubtless  be  most  generally  attained,  is  by  comparing  each  thermometer  used 
against  a  standard  one,  or  oven  against  a  good  thermometer,  previously  carefully  com- 
paiBd  with  a  standard.  This  comparison  is  very  easily  performed  at  all  onlinary 
temperatures,  as  follows : — The  standard  thermometer  and  that  which  is  to  be  com- 
parrti.  are  firmly  tied  to  a  cross-piece  of  wood  or  other  support,  in  such  a  manner  that 
the  bulbft  shall  hang  in  exactly  the  same  level  plane,  and  as  near  each  other  as  is 
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■afa.    Tbejan  tlieQ|itued  in  the  axis  of  kcjlindrical  alan  vemtl  19  or  IS  inAm 
Aetp,  Knd  6  or  S  in  diamaMr.    Sofficient  water  u  ponrea  in  to  cover  tbe  vbole  of  tbi 
Fig.  809.  marcnnal  eolonuu,  aid  it  rnnat  be  of  the  higlieM  lctnp». 

tstDre  at  whidi  it  U  dc*irf>d  to  muke  the  oompariMo.  it 
wat«T  tends  to  amnge  itself  in  lajen  of  dil&ml  itn- 
peratnre,  wtation  m-ati  bs  actJTelj  muntainsd,  b;  Dar- 
ing np  and  down  irithin  the  Teasel,  the  ring-ehaped  igj. 
tatoT  shown  in  Jig,  809.  This  maj  be  formed  of  km 
wire,  with  a  strip  of  calico  longhlj  twisted  nmad  Ihi 
ring  pait,  which,  being  made  nearij  of  (far  same  dism*. 
tar  aa  the  slaas  msel,  cannot  touch  the  thermometer. 

After  brisk  agitation,  the  readings  of  the  thamoiMtai 
are  rapid);  tokan  thrangli  tbe  water,  alnoet  in  the  md* 
moment,  and  at  once  leeoided.  In  doing  this,  theabsarw 
shonM  give  his  chief  attention  to  the  dsdiaal  Mrts  4 
degreea,  for  tlte  nnaber  of  v^tole  degrees  can  be  takw 
ansrwards  at  leisDie,  and  any  mistake  in  theae  wiliiari^ 
be  apparent  oa  taking  the  diflireneea.  The  pminae  <l 
this  baste  is,  of  conns,  to  aToid  bbj  oraor  ftms  the  ead- 
ing  of  the  wMm  betweui  the  two  nadinga.  Tins  tmr 
maj  be  farther  eliminated  b;  inrratiiig  the  aider  cf  thi 
Kadinga  each  time.  The  water  having  been  alius ul  ts 
coot  a  faw  dfgreea,  it  must  again  be  briskl;  agitated 
before  the  Dsxt  pair  of  readings  are  taken,  and  so  on  vitli 
'  re  step.    Enoc  might  be  Mill  farther  elini- 

mrinigiasteMlof  a&UiDgtempantare,  pi 

water,  or  bj  a  a^iiTce  of  hsat  pUcsd  imdar  the  glaea  veaieL 

It  ia,  oteoana,  povible  t»  oompaie  two  or  more  thennomsten  with  the  standard  at 
the  same  opei»(ion;  but  the  cbaneea  of  mist^dte  and  error  from  oooling  incnase  in  nch 
a  high  degree  with  the  nambrr  eompand,  that  we  stionsljr  reeonunend  the  nader 
nerai  to  read  more  tlian  two  thermometers  and  the  standard  at  the  same  tima  In  Uu 
Eew  Obeerrator}-,  indeed,  where  lane  nambeis  of  thermometen  are  constants  omB' 
pued  for  meteor^ogical  puijioaaa,  ]&.  Welsh  has  dansad  a  iBTolring  vsasel aodHuid, 
b;  which,  with  the  aid  of  an  ■s»bt*nt,  he  wae  able  to  read  lis  theimcmetan  st  oneeL 
(FhU.  Mag.[4],iv.  308.) 

We  think  that  the  Tasnlta  of  this  pnoaas,  performed  rigoronsljas  we  have  deeoibed 
it,  SM  capable  of  almost  an;  degree  of  accnracj,  from  the  boiliog  point  of  water  dmn 
to  low  (empenttms,  at  which  MlntiotiB  or  other  liquids  cooled  bj  bemiDg  aixims 
may  be  need.  Profesaor  Forbes,  howerer,  oi^ecta  to  it  (Brit.  Aaaoc  Be^tnt,  lUO, 
y.  19),  and  nmarka  that  where  the  invcstigatioD  is  an  important  one,  constant  n 


of  beat,  nstnnd  w  wtlflcial,  eannot  be  too  eantfldl;  aooght  BBrk-[ut4,  natwal  b 
springs,  waate  hot  water  of  Btaani-eng)nc«i  aikd  the  Mtling-pcnntB  of  aome  liqmds,  sn 
aa  ala>hol,  may  be  osefdlly  employel 


When  some  detenninationa  of  especial  impoitanee  ai 
or  boiling-pcrint.  have  to  be  made  at  or  about  a  particolar  tanpeinnuB,  the  bast 
mode  is  to  oompare  the  themometere  used  with  one  or  ntore  standaids,  in  m«dia  of  lbs 
constant  bat  mqnirad  temperature,  luch  as  boiling  alcohol  diluted  Dp  to  a  caMk 
Herechel  {Adaiialty  Maoual  of  Scienti&!  ^0117,  p.  3B3)  atatM  Hut  the 
xle  of  enaimng  perfect  idenljt;  of  tsmpsratflre  in  compexisoDa  is  long  rest  of 
le  thermometera  in  contact,  in  a  box  stuffid  with  cotton,  the  porta  of  the  scalea  le  he 
road  off  b^ng  oooaaiMiaUy  anoovared  for  that  pnrpose.  This  pracasa  wonld  be  a  *p^ 
slow  one,  but  otherwise  anaiceptionabla.  It  is  almost  needleea  ta  mention  (hst  com- 
parisons of  thenaometnra  !■  the  open  air  are  naeleas  for  exact  poipoeea. 

Hr.  Welsh  gives  a  mode  of  examimug  the  lower  part  of  a  thermometer  JolItwillMMI 
the  ose  of  Gn^ag  mixMrea,  but  it  is  open  to  exception. 

CAon^*  0/  Ikt  Ztro-poiui. — A  serious  difflcnlty  ia  thrown  in  the  way  of  Iher- 
nometric  accuracy  by  the  fitct,  that  the  seni  of  tha  instnmuait,  by  iriiich  may  ke 
meant  any  delerminate  point  selected  for  veriflcatjco,  but  generally  tfaepnaitiDnaf  th* 
mercn^  in  melting  icfl(  311  °  Fahr,),  can  eeldom  be  considered  invariable  in  (he  best  ium- 
nmta,  and  ia  more  properly  daambed  by  Deapreti  as  in  eoittiititat  otdUaiion.  Tlires 
mornsanta  atr  of  two  kinds  : — 1.  A  gradual,  continued,  and  permanrait  rise  of  the 
Bero-paint.  This  phenomenon  has  been  studied  by  Despreti  (Ann.  Ch.  Fhya,  [1], 
Ixiv.  112),  who,  aroong  other  axperimenta,  frequently  determined  the  freezing-pmnl  of 
a  tliprmameter  daring  Ave  ysan.  We  have  shown  the  tes-ulta  graphically  in  fiS-  ^"'> 
andin^iiteaf  inegilariliea,dae  lothafkct  that  the  thermometer  was  ia  constant  aoi 
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variooB  use  daring  the  period,  the  curve  produced  is  sensibly  a  pambola.  Professor 
VT.  H.  Miller,  in  correcting  the  readings  of  a  standard  thermometer,  fbnnd  that 
the  rise  of  the  sero-point  was  represented  with  sufficient  accuracy  bj  a  formula 

Fiff.  810. 


(0*0044  X  flM*),  which  would  giye  a  hyperbolic  curve.  It  is  generally  supposed  that  th# 
rise  of  the  sero-point  is  due  to  the  atmospheric  pressure,  although  Legrand  (Ann. 
Ch.  Phys^  ^,  [2],  Ixiii.  372)  disputes  this,  and  attributes  it  to  molecular  changes. 

In  consequence  of  this  rise  of  the  sero,  it  is  usual  for  thermometer-makers  to  keep 
the  tubes  of  standard  thermometers  for  a  year  or  more  before  graduating  them.  It  if 
obvioosly  neo*«saiy  that  all  thermometers  used  in  accurate  researches  uonld  be  Ten* 
fted  and  reoompared  at  their  sero-points,  or  at  parts  of  their  scales,  from  time  to  time. 

2.  The  second  kind  of  movement  of  the  zero  is  a  temporary  fall  when  the  thermo- 
meter has  been  much  heated,  and  a  temporary  rise  when  much  cooled.  Legrand 
eonaiders  that  at  the  temperature  of  boiling  mercury,  the  zero-point  remounts  tem- 
porarily to  its  position  just  after  the  thermometer  was  completed,  but  the  details  of  his 
obeervations  are  not  given.  Despretz  makes  the  curious  remark,  that  every  thermo- 
meter must  read  rather  too  low  in  summer,  and  too  high  in  winter.  Different  ther- 
mometers are  afilfected  in  very  different  degrees,  as  shown  in  the  following  observations, 
the  thermometer-makers'  names  being  enclosed  in  brackets.  The  degrees  are  Centigrade. 
Legrand  [Buntenl, 0-3^  to  0-6^ ;  Despretz,  0'23<>  to O'e^^;  Lamont,  9  thermometers, 
0-26O  to  0-46O,  and  one,  0-62O;  Forbes  [Troughton],  OZ^  and  0-2°,  [Adie]  0-23<>, 
[Criehton]  0-3^  |Xk>llardeau]  0'2^;  Sheepshanks,  average,  0'17^ ;  Welsh,  average, 
0-09®  to  0*11^.  In  making  the  above  observations,  the  thermometers  were  boiled,  amd 
■oon  afterwards  placed  in  melting  ice. 

The  position  erf  a  thermometer,  especially  a  very  long  one,  when  a  reading  is  taken, 
is  not  always  a  matter  of  indifierence,  for  at  a  high  temperature  the  column  of  mcr- 
emy  may  exert  such  a  pressure  as  to  expand  the  bulb  slightly,  and  lower  the  reading. 
Aa  thermometers  are  p^enerally  compared  and  graduated  when  vertical,  it  is  obvious 
that  the  vertical  reading  will  generally  be  the  correct  one.  Professor  Forbes 
(HiiL  Trans.  [1886],  p.  677)  detected  a  difference  from  this  cause  by  placing  the 
thermometer  in  a  cylindrical  vessel  filled  with  sand,  the  bulb  being  protected  frt>m 
estemal  pressure  by  a  small  stiff  paper  tube,  and  the  upper  part  m  the  scale  pro- 
jeeting  out  of  the  vessel.  The  whole  having  been  veiy  gradhxaUy  raised  to  as  hign  a 
temperature  as  is  thought  desirable,  readings  may  be  tiJcen  many  times  in  succession, 
horiaontally  and  vertically.  A  standard  thermometer  of  Troughton,  thus  tested,  gave 
a  difference  of  0-16^  Fahr.  If  in  making  a  standard  thermometer  it  be  known  that  it 
will  hare  to  be  used  both  in  the  vertical  and  horizontal  positions,  it  will  be  best  to  take 
the  determinations  of  the  freezing-  and  boiling-points  in  both  positions. 

As  the  mercuTT  in  a  thermometer-tube  is  always  removed  some  little  distance  from 
the  scale  to  which  we  refer  it,  an  obvious  error,  called  parallax,  wvU  arise,  unless  the 
line  of  sight  be  perpendicular  to  the  scale.  With  a  little  care,  parallax  may 
he  avoided  by  moving  the  head  backwards  and  forwards  till  the  eye  is  opposite  the 
right  point.  But,  in  making  frequent  or  important  readings,  especially  comparisons, 
it  is  best  to  use  a  telescope,  fixed  or  moving  at  right^angles  to  the  plane  of  tne  scale. 
M.  Vals,  of  Marseilles,  ingeniously  proposed  to  plunge  two-thirds  of  the  thickness  of 
the  tube  into  the  substance  of  the  scaie,  so  that  the  plane  on  which  graduation  is  made 
is  advanced  in  front  of  the  mercurial  column  to  the  amount  of  one-third  of  the  radius  of 
th^  tube,  in  which  case  the  error  of  refraction  will  exactly  correct  the  error  of  parallHX. 

A  light  frame  may  easily  be  contrived  to  slide  upon  the  scale  or  tube,  and 
ttrerent  parallax.  Thus  Professor  Miller  (Phil.  Trans.  [1856],  cxlvi.  779), 
del  I  ibes  thermometers  with  arbitrary  scales  divided  to  ]^inch,  subdivided  by  a  sliding 
glaea  scale  to  ^  inch,  the  division  of  the  sliding  scale  which  is  brought  into  apparent 
eoincidence  with  the  extremitv  of  the  thread  of  mercury  being  viewed  through  a  nole  in 
•  plate  of  brass  attached  to  the  very  light  brass  frame  which  carries  the  sc^e,  so  that 
the  line  of  si^t  may  be  at  right-angles  to  the  axis  of  the  tube. 

Capacity  and  Dilatation  of  the  Bulb. — It  is  necessary  in  certain  researches  to 
determine  the  coeffident  of  dilatation  of  the  glass  employed.  This  may  be  found, 
altnr  the  method  of  Pif-rre  (Ann.  Ch.  Phys.  [^3],  xv.  832),  by  comttructing  a 
Ihrrmumeter  of  the  same  kind  of  glass,  the  tub**  bt- ing  calibrated  and  graduated  before 
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it  ii  filled,  iod  the  (npiieity  of  otpij  pwt  being  aswTtainBd  Tiy  introdnrin)?  mnni7 
wantl  timea  ioloUletubB,  &ad  compuipg  theire^[htof  thii  msiciuywilh  thr  nuiubcr 
nf  dagrass  occupied.  The  thermometer  luTiug  been  compleUd.  we  euilj'  dstfrming^ 
from  the  knun  capacity  of  ita  degree*,  and  the  eoafltdaDt  of  diUbttion  of  memij,  tht 

cap&citjofthebnlb.    Taking  theospuuioiiof  BurenTy  bninSy  to  S12°  w  ^  aftn 

Duloag  and  Petit,  va  ahall  And  Jc,  the  aoefBrnent  of  dilat*tioii  of  th*  ^aM  bg*  Um 

equation : — 


Ttie  *alaea  which  will  thnt  be  generally  fband  an,  tot  k  abont  ■000012  kg  mA 
degree  Faht ;  and  foe  A  aboDt  -OUOOOS. 
Spirit  Thibvohbtiks  areTsgniTrdfoFmearariiigteinperatnna  whii-bi^ipoicll 

or  sink  below  the  freecing-point  of  mercury  (~89°  CUlr,},  In  their  gradnatioil  weei- 
counter  the  ditScultj  that  uie  incrnneata  of  TOlnms  of  alinbo)  for  eqnal  incjemeali  of 
temperature,  ouinot  be  aemuned  equal,  u  in  the  oee  of  memuy.  WeUh.  howeis 
(Op.  eit.  p.  SIS),  showa  how  to  deduce  a  law  of  nxpaiuion,  bj  which  an  apptMiiDitelj 
correct  Kxle  may  be  gradnated. 

Alcohol  is  alao  mod  in  nuuiy  ngiiiter  tliarnionietan ;  but  it  ie  as  objedioii  to  ndl 
lliat  the  spirit  often  diatili  orer  fram  the  end  of  the  column,  collecting  in  the  other 
puta  of  the  tabe,  leading  an  obmrer  who  ie  not  rery  rigiUnt  into  error. 

SaolBTKB  TKiRM0N*T«Ha  (Tc  Tnercuriol  Or  ipirit  instTuioente  fomiahed  with 

a  imall  index  eliding  in  the  tube,  which  for  this  purpose  moat  hare  a  large  boi^  ud 

therefun  alio  a  large  bulb.    The  B^r<s  (811  to  81fl)  *ill  enfficiently  exhibit  tins 

rarloD*   registaring  conlriTuacfi.     In  fig.  Bll,  a  it  a  imall 

'V-  ^'  1'  piece  of  ateel  wire,  and  b  the  end  of  the  mercoiial  folanm, 

iriiich  fbrcei  it  forworl,  and  then  leavee  it  at  the  naxiBiim 

pninL     The  tnbe  must  remain  nearly  hnriEoatai,  and  theMfd 

index  i*  moTcd  hack  b^  meiuia  of  a  amall  magnet.    TIib  chief 

__  defect  of  this  nuiximam  thermometer  ie,  that  a  qoantltj  of  air 

mnitbe  left  in  the  tube,  ItipreTent  the  mercury  flawing  about : 

and  thememiy  in  lime  becoming  fool,  tiie  whole  is  thrown  out  of  order.    In.^.  811 

the  index  ia  of  wirc^  aovered  with  enamel,  aud  is  viitkm  the  column  of  a  spirit  ther- 

mtaneter,  the  end  of  which  column  carnaa  it  back  by  lorn 

Fig,  813.  nf  adhenon,  bnt  does  not  carry  it  forward.     It  thus  gires  a 

n  tempenture.    Thi>tbennomet«r«orksTeiyweIl. 

~"i  to  all  tJie  objections  against  a  spirit  thamw- 

e  above  two  instnimenta  are  known  as  Rather- 

fbid'a,  and  haiB  till  Eal«ly  been  generally  UMd. 

Six't  ilaxin^m  and  ifinimum  Tkermemeler  consists  of  a  laige  bulb  Mi 

of  alcohol  joined  to  a  tube  in  the  form  of  an  inierted  syphon,  in  the  lower  part  of 

which  lie*  B  short  colnmn  of  mercury.    The  extreme  point  reached  iitlMr 

Pig.  813.  ,ny  by  the  mercury,  as  it  is  moTed  by  the  espaasioni  aud  conlnctKiu  of 

the  alishol,  is  marked  by  a  ■mall  enamelled  wire  index  sliding  in  the  leg  of 

the  bent  tube  (fig.  818),  bnt  aecared  sgaiust  falling  from  it*  own  weight  by 

a  small  spring.    This  instrnmcat  is  vrry  courenisnt  for  many  poiTKwea, 

but  cannot  bo  rendered  very  accurate  or  mue. 

of  Negretti  and  Zambra  seems  to  be  IhB  beat  yet  'W"  "*■ 

inreuted.  In  this  the  tube  is  hoiiiontal,  and  but 
little  wide  in  bore  thaii  that  of  an  oidin&ry  thermo- 
meter. The  bulb  is  bent  downwards,  <u)d  at  the 
bend,  the  bore  of  the  tube  is  nearly  stopped  up 
with  an  enamelled  plug  (fig.  814),  which  prereDtt  ' 
the  mercuiT  from  running  back,  an  thr  temperatnie  ~ 

&lls,  prorided  the  tube  tnnaius  nearly  level.  The  nuiximutn  reading  is  thoa  ^TSB  1)J 
the  end  of  the  mercurial  column  rsmaining  in  tjie  tube,  lutd  the  tnalnuaent  i*  new. 
Simply  by  inclining  it  until  the  mercuiy  runs  back  and  fills  ths  bulb. 
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7%e  Mercurial  Minimum  Thermometer,  invented  by  Casella,  is  a  highly 
ingenious  instroment  The  bulb  is  provided  with  a  small  oyerflow-chamber,  into 
which  the  mercury  freely  expands  during  a  rise  of  temperature.  When  the  tem- 
perature £ei11s  again,  the  mercury  is  still  retained  in  the  chamber  by  adhesion  to  a 
flat  surface  of  glass  provided  for  the  purpose.  The  minimum  reading  at  die  end  of 
any  period  is  given  by  the  extremity  of  the  mercurial  column  in  the  stem  of  the 
instrument  To  reset  the  thermometer,  it  is  inclined  until  all  the  mercuiy  runs  out 
of  the  overflow-chamber. 

A  very  similar  instrument  has  been  devised  by  Negretti  and  Zambra.  The  bulb  is 
shown  in  Jig.  815,  in  which  a  is  the  overflow-chamber,  and  the  mercuzy  is  i«tained 
in  it,  after  once  entering,  by  adhesion  to  a 

platinum-plug,  which  nearly  stops  up  the  ^*  816. 

narrow  communication  at  b.  These  instru- 
ments are  so  recently  invented  that  their 
relative  excellence  is  yet  unknown,  but  thev 
are  far  superior  to  any  of  the  old  spirit 
thermometers.  It  is  not  necessary  here  to 
describe  a  form  of  mercurial  minimum  thermometer  patented  by  Kegretti  and  Zambm 
several  years  since.  Although  ingenious,  it  is  a  large  costly  instrument,  open  to 
several  important  objections. 

The  indications  of  a  registering  thermometer  can  never  be  quite  so  accurate  as  those 
of  an  ordinary  instrument.  The  usual  process  of  comparison  is  scarcely  applicable  to 
many  such  thermometers,  and  Sir  J.  Heischel  directs  us  to  record  the  errors  thus 
determined,  but  not  to  apply  them. 

The  maximum  thermometer  of  Walferdin  is  well  adapted  for  taking  the  j^  gjg 
temperature  of  the  sea,  or  of  hot  springs.    It  consists  of  an  ordinary  tube-    ^' 
thermometer,  the  upper  end  of  which  is  furnished  with  an  overflow-bulb 
iJV'  810)*    ^  corresponding  but  less  satisfactory  minimum  thermometer, 
containing  alcohol  instead  of  mercury,  is  also  described.     (Pouillet, 
JBimenis  de  Physique,  7me  ed.  tome  ii.  p.  689 ;  Compt.  rend,  xxxviii.  770.) 

A  number  of  maximum  and  minimum  thermometers,  suited  for  taking 
the  temperature  of  the  sea,  are  described  by  Aim^.  (Arm.  Ch.  Phys.  [3], 
xr.l.) 

Temperature  of  the  Air. — To  place  a  thermometer,  so  that  it  shall  accu- 
ZBtelT  show  the  temperature  of  the  atmosphere,  is  an  exceedingly  difficult 
problem.  It  must  be  shielded  from  radiant  heat  of  the  sun,  sky,  and 
•Bith's  surface ;  also  from,  nocturnal  radiation,  from  rain,  and  the  influence  of  any  large 
neighbouring  masses  of  matter,  and  yet  must  be  freely  exposed  to  the  air.  Meteoro- 
logists liave  devised  various  kinds  of  screens  (Drew,  Practical  Meteorology,  pp.  79 — > 
81).  The  difficulty  might  always  be  quite  overcome,  however,  by  placing  uie  ther- 
mometers {Dry  and  Wet  Bulb,  see  Htobometes,  iii.  227),  in  a  brignt  metal  tube  or 
case,  and  drawing  a  constant  stream  of  air  through  it  mechanically,  a  method  tried  by 
Welsh.    (Phil.  Trans.  [1853],  cxliii.  313.)  W.S.  J. 

TBnMOBiaTBZO  AVAXTBI8.  This  term  is  applied  to  certain  approxi- 
mative methods  of  quantitative  analysis,  depending  on  the  observation  of  the  temperature 
at  which  a  phenomenon  takes  place,  or  of  the  changes  of  temperature  accompanying 
chemical  reactions.  The  following  examples  will  be  sufficient  to  illustrate  the  nature 
€f  these  methods: — 

1.  The  temperature  at  which  a  salt  begins  to  crystallise  from  solution  varies  with 
the  quantity  or  salt  dissolved :  hence,  by  observing  the  temperature  at  which  crystalli- 
sation begins,  the  quantity  of  salt  present  in  a  given  quantity  of  the  solution  may  be 
inferred.  This  method  is  applied  in  Austria  for  the  purpose  of  testing  the  purity  of 
isltpe  re.  A  known  weight  of  the  nrnmoniacal  salt  is  dissolved  in  a  certain  quantity 
of  water,  and  the  temperature  at  which  it  begins  to  crystallise  from  the  solution  is 
compared  with  a  table  containing  the  crystallising  temperatures  of  solutions  of  pure 
nitrate  of  potassium  of  various  strengths.    (See  Nitrates,  iv.  102.) 

2.  Many  salts,  in  dissolving  in  water,  produce  a  depression  of  temperature,  the 
amount  of  refrigeration  being  diffisrent  for  each  salt.  Hence,  when  this  amount  is 
known  for  two  pure  salts,  the  proportions  of  them  present  in  a  mixture  may  be  found 
from  the  &11  of  temperature  which  takes  place  in  the  solution  of  that  mixture.  This 
method  has  been  applied  by  Gay-Lussac  (Ann.  Ch.  Phys.  [2],  xii.  14 ;  xxxix.  356) 
to  mixtures  of  the  chlorides  of  potassium  and  sodium. 

This  particular  application  is  based  upon  the  observation  that  50  grms.  of  chloride  of 
potaasinm,  on  being  dissolved  in  200  grms.  of  water,  contained  in  a  glass  vessel  whose 
wmcht  is  185  grms.  and  capacity  300  cubic  centimetres,  produce  a  fall  of  temperature 

Via.  V.  3D 
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amotititing  to  11*4^  C,  while  the  nme  qoAntity  of  chloride  of  sodium,  diisolTed  vnd^ 

exactly  nmiUr  ciretimstances,  lowers  the  temperature  only  1*9^  C. 

Now  let  a  mixture  of  the  two  salts,  winghing  60  grms.,  be  dissolved  in  water  nodir 

exactly  the  same  conditions ;  and  let «  be  the  qnantitj  of  chloride  of  potassium  therein 

contained,  and  oomtequently  60 -s  the  quantity  of  clilonde  of  sodium*    Then  the  fiiU 

11*4 
of  temperature  produced  by  the  x  parts  of  chloride  of  potassium  is  -r^  x,  and  thu 

1*9 
produced  by  the  50— x  grms.  of  chloride  of  sodium  is  r^(^^')*    ^®  obscrfed  de- 
pression of  tempemtoxe  (t)  is  the  sum  of  these  quantities ;  hence  the  equation ! 

11-4  1-9  ,^^      . 

-^60  '  ^  -60  (^^-'>     '     '' 
which  giyes,  for  the  amount  of  chloride  of  potassium  in  the  mixture : 

i  ~  1-9  60  t  -  96®. 


60 


11-4-1-9  9-6 


To  obtain  good  results,  it  is  necessaiy  to  use  a  delicate  thermometer,  capable  of 
indicating  tenths  of  a  degree ;  to  pulverise  the  mixture  very  finely,  and  aocelenlt^  the 
solution  by  shaking  the^  flask,  holding  it  only  by  the  neck  in  so  doing,  in  order  that 
as  little  extraneous  heat  as  possible  may  be  communicated  bv  the  hand ;  and,  lastly, 
to  observe  exactly  the  preceding  stipulations  as  to  the  weights  of  the  salt  and  the 
water,  and  the  weieht  and  size  of  the  vesseL  The  original  temperature  of  the  water 
has  likewise  some  influence  on  the  result.  Oay-Lussar  used  water  of  20*4^  C.  With 
these  precautions,  the  method  may  be  depended  upon  for  giving  results  of  sufflcieot 
accuracy  for  manujfacturing  purposes — as,  for  example,  in  testing  samples  of  commercial 
chloride  of  potassium  used  for  the  preparation  of  alimi  or  of  saltpetre.  To  minnte 
scientific  aocuracv  it  has  of  course  no  pretensions. 

The  same  method  roav  be  applied  to  other  mixtures  of  salts  which  depress  the  tempe- 
rature in  dissolving,  and  likewise  to  such  as  raise  it.  It  is  more  exact  in  proportioii 
as  the  amounts  of  depression  produced  by  the  two  salts  differ  more  widely  firom  one 
another. 

3.  Fixed  oils(0.^.,  olive-,  poppy-,  and  rape-oil)  evolve  different  degrees  of  heat  when 
treated  with  strong  sulphuric  acid,  and  the  temperatures  thus  produced  may  be  applied, 
in  like  manner,  to  determine  the  proportions  of  two  of  them  existing  in  a  mixtor^, 
especially  when  one  is  a  drying  and  the  other  a  non-drying  oil.  Ac^rding  to  Maa> 
meu^  (Compt.  rend.  xxxv.  672),  60  grms.  olive-oil  mixed  with  10  cub.  cent  sulphu- 
ric acid  of  60^  Baum^,  become  heated  firom  269  to  67^  that  is  42^ ;  and  60  gmu. 
poppy-oil  similarly  treated  are  heated  from  26°  to  100®,  or  74°. 

According  to  Faisst  and  Knauss  (DinsL  polyt.  J.  cxxxix.  63),  16  grms.  of  difl^ 
rent  fixed  oils  mixed  with  6  srms.  strong  smphuric  acid  (freed  from  excess  of  water  by 
boiling)  exhibited  the  following  degrees  of  heating : 

Olive-oil  from  1 6°— ^4°,  therefore  88°. 
Almond-oil  „  12°— 62°  „  40°. 
Rape-on  „  14°— 69<>  „  66°. 
Poppy-oU       „    17*»— 87®        „        70°. 

With  linseed-oil  the  rise  of  temperature  was  more  than  100°,  but  not  constant, 
because  decomposition  took  place  at  the  same  time.  When  16  grms.  of  oil  were 
treated  with  7 '6  grms.  of  sulphuric  acid  containing  90  per  cent.  H'SOS  the  folluwiog 
zises  of  temperature  were  observed : 

Olive-oU  from  12°— 40°,  therefore  280 
Bape-oil  „  17^—64°  „  87® 
Linieed-oU    „     16^—91°        „         76°; 

mixtures  of  olive-oil  and  poppy-oil,  and  of  linseed-oil  and  rape-oil  or  palm-oil,  exhibiting 
a  rise  of  temperature  nearly  equal  to  the  means  of  the  numben  given  by  theindlTidQal 
oils.  This  method  mi^t  therefore  be  applied,  in  default  of  a  better,  for  examining 
mixtures  of  fixed  oils ;  it  requires,  however,  that  the  process  be  always  conducted  in  the 
same  way,  and  especialbr  that  the  glasses  used  shall  be  of  the  same  sise  and  thickness. 
It  would  be  necessary  also  to  ascertain  whether  the  same  oil,  linseed-oil  for  example, 
exhibits  the  same  rise  of  temperature,  when  recently  expreased,  as  when  old,  and  under 
other  conditions. 


A  thermo-electric  pile  connected  with  a  delicate 
galvanometer  for  indicating  slight  changes  of  temperature  by  the  thenno-electrie 
currents  j^roduced  on  exposing  one  end  of  the  pile  to  a  source  of  neat  or  cold.  (Esm> 
TBldTT,  u.  418.) 
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Monobydzated  carbonate  of  aodiiim,  Na'CO'.H'O.   (Se« 
i.  796.) 

EOPBTXAIT&    A  mineral  ooeoning  at  Hopooraara,  in  Finland,  in 

or  lonnded  indistinct  dystalB,  cleaving  easily  in  one  direction,  white  to  vellow- 
I,  soft,  of  specific  graTit7  2'66  (Hermann).  When  heated,  it  exfoliates, 
•wUs  vp  to  a  greater  bulk,  but  melts  only  on  the  thin  edges.  It  is  decomposed, 
vith  difficnlty,  by  sulphuric  add. 

:  a.  By  Arppe  (Analyser  af.  finska  min.  p.  27). — h.  By  Hermann  (J.  pr. 
[.  213).— «.  By  Northcote  {ibid.  Ixzyi.  263)  : 


liO*. 

APO*. 

FeO. 

MgO. 

K*0. 

NatO. 

H«0. 

41-20 

1-71 

1-20 

39-68 

319 

0-46 

10-84 

M-12 

4-91 

1-79 

34-87 

•      . 

1-33 

1314 

41*48 

6-49 

1-69 

37-42 

.     . 

2-84 

10-88 

SdO*. 

a.CuO. 

100      » 

9918 

•      •     ^ 

9916 

•      •     ■■ 

99-70 

J  to  the  first  analysis,  the  mineral  consists  essentially  of  2(3Mg0.2SiO*).3H'0 ; 
to  say,  it  difiers  from  serpentine  only  in  its  amount  of  water.    The  second 
nearly  to  the  formula  6Mg0.6Si0^6H'0,  and  the  third  to  4Mg0.3SiO^ 
According  to  this  last  formula,  the  mineral  is  related  to  hydrophite  and  gym 

An  apparatus  serving  to  maintain  a  body  at  a  constant  tern- 

Oontrivancee  of  this  sort  were  invented  by  Ure,  in  which  two  rods  of  dif- 

soldered  together,  being  bent  by  change  of  temperature,  were  made  to 

a  valve  or  stop«)ck,  so  as  to  regulate  the  dniught  of  a  furnace,  the  rate  of 

of  steam,  or  the  mfiuz  of  culd  water  into  a  boiler.    (See   Ur^8  Dictionary  of 

Ike^  ilL  880 ;  also  Handw.  d.  Chem.  viii.  129.) 

One  of  the  products  obtained,  according  to  Zeise,  by  the 
aedon  of  ammonia  and  sulphur  upon  acetone. 

C*H*OS  -  ^H*^(8.     SulphydraU  of  Acetyl.     (Ke- 

11^  Aon.  Ch.   Pharm.  xc  311. — Ulrich,  ibid.  cix.   272. — Kokul^  and   Lin- 
lano,  ibid,  cxxiii.  273.) — This  acid,  discovered  by  Kekul^  in  1864,  is  related  to 
add  in  the  same  manner  as  merc^iptan  to  alcohol,  or  sulphydric  acid  to  wuter. 
loced:  1.  By  the  action  of  trisulphide  or  pentasulphide  of  phosphorus  on 
acid,  in  which  case  the  typical  oxygen  of  the  acetic  acid  is  replaced  by 
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C*HH) 


1° 


+  I«8* 


P*0"  +   8 


C«H«0 


K 


HT  -*v,^„2 

tiie  action  of  acetic  chloride  on  sulphydrate  of  potassium,  in  which  case  the 
takes  the  ]^ace  of  the  potassium : 

C«H«OCn  +  KHS    «    Kcn  +  Cra«0JH.8. 

Bjy  the  action  of  watsr  or  alkalis  on  disulphide  of  acetyl  (KekuU  and  Lin  nemann). 
'L  By  the  action  of  nascent  hydrogen  on  sulphaoetylic  chloride  (Vizet^  Ann. 
,f1iarm.czix.  142): 

C^«C180«  +  4H«    -    C«H*OS  +  HCl  +   3H«0. 

JVynrtiofi. — 800  grms.  pentasulphide  of  phosphorus  and  108  grms.  glacial  acetic 
heated  in  a  retort  as  nearly  as  possible  half-filled  with  the  mixture,  till  reac- 


eommences;  and  the  portion  of  the  product  driven  over  by  the  heat  resulting 
I  the  action  is  collected  apart.    660  grms.  acetic  acid  and  1,800  grms.  pentasulphide 
pboephoarns,  thus  treated,  vield,  after  one  rectification  of  the  pn)duct,  260  grms.  of 

thiaoetic  acid.  (Kekul6  andLinnemann.) 
JtftrdBM, — ^Thiacetic  acid  is  a  colourless  liquid,  which  becomes  yellow  by  keeping, 
aa  unpleasant  odour  like  that  of  acetic  and  sulphydric  acids  together,  boils  at  96^, 
dieifjTfis  in  alcohol  and  ether.  It  is  decomposed  by  strong  nitric  add  at  a  gentle 
'  and  hj  the  fuming  add,  even  in  the  cold,  with  explosion. — With  pentachloride  of 
fkonu  it  yields  cmoride  of  acetyl  and  sulphochlonde  of  phosphorus : 

C»HK).HJ9I  +  PC1»     -     C«HH)C1  +  HG  +  PSCl*. 

Tkim^§tat€i. — ^Thiacetic  acid  is  monobasic,  the  general  formula  of  its  salts 
CffH'MOS  for  monatomic,  and  C^H*M"0'S'  for  diatomic  metals.    Most  of  the 
dissolve  easily  in  water  and  in  alcohol,  and  may  be  obtained  by  dissolv- 


Jm  aa  coode  or  oaibonate  in  thiacetic  acid,  or  by  decomposing  the  barium^salt  with 

afliiililii  wdphatsa.    The  lead-salt,  which  is  but  slightly  soluble  in  water,  is  obtained 

"^j  pfadptation.     Thiacetic  acid  dissolves  potaasium,  with  evolution  of  hydrogen ; 

3d2 
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also  zinc  when  heated    therewith.     Thiacetatee  are   decomposed  by  iodine,  with 
formation  of  metallic  iodide  and  acetic  disulphide  (Kekul^  anaLinsemann): 

2C«H«M0S  +  P     -     2MI  +  (C«H*0)«8». 

The  potasmm^Bolt,  G'H'NaOS,  the  sodnmsalt,  C*H'NaOS.iHH),  the  barvmrttdt, 
C*H«Ba"S«0».3H»0,  the  strontium^aU,  C*H«Sr^'S«0«.2H*0,  and  the  calciuiHtalt, 
C^H«Ca''S«0».2H»0,  are  crystalliflable  (Ulrich).— The  Uad-salt,  C*H*Pb''0«S«,  ob- 
tained  by  precipitating  acetate  of  lead  with  thiacetic  acid,  cryBtalliseD  from  hot  varer 
or  alcohol,  in  colourless  silky  needles.  It  is  very  nnfltable,  decomposing  quickly,  both 
in  the  dry  state  and  in  sofution,  with  separation  of  lead-sulphide  (KekuU).  Thi 
mercuric  salt  is  obtained,  by  double  decomposition  with  mercunc  chloride  and  potuerie 
thiacetate,  as  a  white  precipitate  which  soon  turns  black. — The  ait'Ver-  and  oopjw-mlU 
are  still  more  unstable. — Kecently  precipitated /frric  hydrate  dissolves  in  thiaeetio 
acid,  forming  a  greenish  solution,  which  deposits  sulphide  of  iron  when  warmed. 

EihyUc  thiacetate,  C*E.*OB  »     psH*  1^*   Obtained  by  the  action  of  phosphoric  pen- 

tachloride  on  ethylic  acetate.  It  is  a  liquid  lighter  than  water,  and  insoluble  therein ; 
smells  like  ethylic  acetate  and  sulphydnc  acid.    Boils  at  about  80°.    (KekuU.) 

TBZAOSTXO  ilirBTBBXBB.  (C*H*0)*S.  Acetic  Mommdphide  or  Protwrd- 
ph  ide.  (K  e  k  u  U,  loc.  cit. ) — Produced  by  the  action  of  phosphoric  pentasulphide  on  sc«tie 
anhydride.  On  gently  heating  the  mixture,  a  violent  reaction  takes  place,  and  thi- 
acetic anhydride  distils  over.  When  purified  by  redistillation,  it  forms  a  ooloQrlen 
liquid,  having  a  peculiar  odour,  and  boiling  at  121°.  It  sinks  in  water  at  firsts  with* 
but  decomposition,  but  afterwards  decomposes,  yielding  acetic  and  sulphydrio  acidik 

Acetic  DitulphidCf  (CH'0)*S'.  ^Kekul^  and Linnemann,  loc.  cit.) — ^Ptoduced 
by  the  action  of  iodine  on  metallic  thiacetates  (p.  771).  Iodine  is  gradually  added  to 
the  slightly  acidulated  solution  of  a  thiacetate,  till  the  liquid  becomes  brown,  and  th« 
excess  of  iodine  is  removed  bv  adding  a  little  more  of  the  thiacetate.  Acetic  disul> 
phide  then  separates  as  a  yellow  liquid,  which  may  be  purified  by  washing  with  cold 
water,  drying  over  chloride  of  calcium,  filtering,  and  leaving  it  in  a  cold  place,  where- 
upon it  solidifies  in  the  crystalline  state.  The  last  trace  of  admixed  sulphur  may  b« 
removed  by  dissolving  the  crystals  in  the  smallest  possible  quantity  of  esiboota 
disulphide,  and  mixing  the  well-cooled  solution  with  a  small  additional  quantity  of 
solid  acetic  disulphide;  the  liquid  then  gradually  deposits  the  pure  compound  in  laiga, 
colourless,  well-defined  crystals. 

Pure  acetic  disulphide  melts  at  20^ ;  it  has  a  peculiar,  slightly  hepatic  odour,  is 
insoluble  in  toater,  but  dissolves  readily  in  alcohol,  ether,  and  carbonic  disulphide.  By 
water  it  is  decomposed,  gradually  in  the  cold,  quiddy  at  tbe  boiling  heat,  into  sulphur 
and  thiacetic  acid ;  with  alkalis  the  same  decomposition  takes  pli^  immediately.  U 
is  violently  attacked  by  strong  nitric  acid ;  with  more  dilute  nitric  add,  it  yields 
sulphuric  and  acetic  acids.  When  distilled,  it  ^vee  off  thiacetic  acid  at  93° ;  aft^r- 
wardn,  at  160°,  a  dark-coloured  distillate  resembbng  the  last  portion  of  liquid  obtsined 
in  the  rectification  of  thiacetic  acid.  Acetic  disulphide  is  decomposed  by  mercury, 
even  at  temperatures  below  100°,  but  the  removal  of  the  sulphur  is  not  complete. 

'  C*H*.SH 
TBZAXiBnrB.     (>H'«NS«  -  N   CH'.SH.  (WohlerandLiebig  [18471,  Amu 

Ch.  Pharm.  bd.  l.^Hofmann,  ibid.  ciVi.  93. — Brusewits  and  Cathander,  Bull. 
Soc.  Chim.  [1867],  i.  460. — Schiff,  Laboratory,  i.  404.) — An  organic  base  obtained  by 
the  action  of  sulpnydric  acid  on  an  aqueous  solution  of  aldehydate  of  ammonium : 

3C«H«(NH*)0  +   3H^     -     C«H>»NS«  +  (NH*)«8  +   8H«0. 

To  prepare  it,  aldehydate  of  ammonium,  tree  from  ether  and  alcohol,  is  dissolved  in 
12  to  16  pts.  of  water;  10  or  15  drops  of  ammonia  are  added  to  every  30  grma.  of 
the  solution;  and  a  gentle  current  of  sulphydric  acid  gas  is  passed  throuefa  the 
mixture,  which  then  becomes  milky  in  about  half  an  hour,  and  deposits  thiamine  in 
large  crystals,  having  the  appearance  of  camphor ;  in  four  or  five  hotin,  it  the  liquid 
becomes  clear  again,  and  the  operation  is  finished.  The  crystals  are  collected  on  a 
filter,  washed  with  cold  water,  (uied,  and  dissolved  in  ether  mixed  with  a  third  of  its 
volume  of  alcohol,  which,  when  left  to  evaporate,  deposits  thialdine  in  rhombie 
tables  often  half  an  inch  in  diameter. — Sometimes  this  process  yields  no  crystals,  btit 
a  colourless  fetid  oil,  consisting  for  the  most  part  of  thialdine  kept  in  the  liquid 
state  by  an  oily  body.  To  obtain  the  thialdine  from  this  liquid,  it  is  shaken  up  with 
half  its  volume  of  etLer  in  a  stoppered  bottle,  and  then  mixed  with  hydrochloric  acid^ 
whereupon  the  mixture  solidifies  to  a  crystalline  mass  of  hydrochlorate  of  thialdine, 
which  is  to  be  washed  with  ether,  to  remove  the  last  portions  of  oil,  thsn  dried, 
moistened  with  a  little  ammonia,  and  rodissolved  in  ether. 
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with  sniphydiiodeid;  it  then  sepantM  as  a  nevtm^  easily  deconpoiibleoiL  (Flfteki- 
ger,  Jahresb.  1856,  p.  619.) 

Methyl'thialdine,  C*H>*(CH*)NS*,  is  obtained  in  a  siniikr  maimer,  hj  thi 
action  of  snlphydric  acid  on  aldehydate  of  methylamine.    (Flnckiger.) 

Methyl-tkialdammonium^  C'H'*NS*. — ^Thialdine  unites  directly  with  iodide  of 
methyl  (mixed  with  an  ec^ual  yolnme  of  ether),  forming  the  compound  C*H*'NS'.OH^ 
B  C'H'*NS'.I,  which  solidifies  in  a  crystalline  mass.  This  oompoond,  when  pnrified 
by  washing  with  ether,  and  recrystallisiition  (avoiding  a  boiling  heat),  behaves  liks 
iodide  of  tetramethylammonium.  It  is  insoluble  in  edier,  soluble  in  alcohol,  some* 
what  soluble  in  water,  and  is  precipitated  therefrom,  without  decomposition,  by  eold 
caustic  potash ;  by  boiling  potash,  however,  it  is  completely  decomposed,  forming  a 
brown  resinous  substance,  smelling  of  aldehyde,  which  is  likewise  produced  when 
thisJdine  is  strongly  heated  with  iodide  of  methyl.  The  acid-reacUng  aqueous  solution 
of  the  iodide,  treated  with  recently  precipitated  sdver-ozide,  becomes  alkaline,  and  givei 
a  precipitate  of  silver-iodide ;  but  quickly  undergoes  complete  decomposition,  yielaing 
silver-sulphide,  aldehyde,  ammonia,  and  hydrate  of  tetramethylammonium : 

4C'H'«NOT   +   10Ag»O   +   8HK)     -     4AgI  +   8Ag»8  +   12C^K)   ♦  SNH* 

+  N(OT)-|0 

From  its  behaviour  with  iodide  of  methyl,  Hofmann  infers  that  thialdine  is  a  nitrils 
base,  N(CH"S")'^.  But,  from  recent  experiments  by  Schiff  (the  details  of  which  are 
not  yet  published),  it  appears  most  probable  that  thialdine,  and  its  homdloguss  and 

fOH*.8H 
analogues,  may  be  represented  by  the  general  formula  N<<  C*H^.SH.    By  the  action 

of   ammonium-sulphide  on  acrylic  and  mnanthic  aldehydes,  SchiiT  has  obtained 

fCmSH 
acrothialdine,  C*H*«NS«  -  N^C"H«J3H,  and  onanthothialdine,  CAINS' 

(C«H» 

-  \  C»H'*.SH. 
(C'H'» 

8yn«  with  MBTSTL-TBiALDim. 


AOXB.  C«»H»*SO*  =  C'»H»«O.H«SO«.  (St&deler  and 
Wachter,  Ann.  Ch.  Pharm.  cxvL  163.) — ^An  acid  containing  the  elements  of  anethol 
or  anise-camnhor  (i.  297)  and  sulphurous  add,  and  ^accordinp;  to  Stadeler  and 
Wachter)  identical  with  Limpricht  and  Bitter's  anisoic  acid  (i.  806).  To  prepare 
it,  anethol  is  boiled  with  nitnfl  acid  of  specific  gravity  1*1 ;  the  oil  thereby  produced 
(together  with  oxalic  and  a  small  quantity  of  anisic  add)  is  rectified;  and  the 
aistillate,  which  passes  over  between  216^  and  245°,  is  left  for  some  time  in  cootsot 
with  a  concentrated  solution  of  acid  sodium-sulphite  and  a  small  quantity  of  alcohol ; 
the  sodium-salt  of  thianisoic  add  then  crystallises  out. 

The  pure  acid  is  separated  from  the  barium-salt  by  addition  of  sulphuric  acid,  and 
remains  in  the  crystalline  form,  when  the  filtered  solution  is  left  to  evaporate.  It  his 
a  strongly  acid  and  astringent  taste,  with  sweet  aftertaste,  dissolves  easily  in  water, 
alcohol,  ixni  ether ;  its  dilute  solution  may  be  boiled  without  decomposition. 

The  crystals,  which  contain  C>*H>«SO\2irO,  melt  below  %Wfi,  and  the  add,  if  not 
moro  strongly  heated,  solidifies  again  in  the  crystalline  form  on  cooling;  but  on 
raising  the  temperature  to  100°,  the  water  of  crystallisation  is  given  ofi^  and  the  add 
then  solidifies  in  the  amorphous  state  on  cooling.  At  a  stronger  heat,  it  blackens  sod 
decomposes,  giving  off  sulphurous  anhydride,  with  an  odour  somewhat  like  that  of 
anise,  but  of  a  fetid  character. 

Thianisoates. — ^Thianisoic  add  is  monobasic,  and  mostly  forms  erystallisable 
salts,  easily  soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether. 

The  ammommn'MU  forms  ciystals  resembling  those  of  the  lodium-salt,  and  contain- 
ing 1  at  water. 

The  barium-^t,  C"H"Ba''SK)*.3H*0,  separates  on  mixing  the  concentrated  sohtioa 
of  the  sodium-salt  with  barium-chloride,  in  delicate  laminm,  and  crystallises  fVom  s 
hot  aqueous  solution  in  beautifVil  stellate  groups ;  it  may  be  recmtallised,  without 
alteration,  from  hot  hydrochloric  add.  It  dissolves  in  12  pts.  of  cold  water.  The 
crystals  ^e  off  2  at  water  at  103°,  and  the  remainder  at  130°. — ^The  ealeimm^t, 
C'*H*'Gi?SH)'.2HH),  separates  i^m  a  mixtnro  of  the  concentrated  solution  of  the 
sodium-salt  with  chloride  of  caldum,  in  shinine  needles,  which  dissolve  in  water  more 
readUy  than  the  barium-salt,  and  are  moderately  soluble  in  warm  alcohol 
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The  cupric  »aU  ajrstallisea  from  a  mixture  of  the  sodium-salt  with  cupric  sulphate, 
in  black  shining  lamins. 

The  lead-salt  crystalliseB  from  a  solution  of  the  sodium-salt,  mixed  with  neutral 
acetate  of  lead,  in  thick  well-deflned  tables  and  prituns. — A  basic  l^ad-salt  separates,  as 
a  white  amorphous  precipitate,  on  mixing  the  sodium-salt  with  basic  acetate  of  leiid. 

The  moffnenum-iMt,  U'*H'*Mg''SK)*.5H'0,  is  likewise  obtained  bj  double  deoompo- 
■ition,  and  crystallises  in  rectangular  tables,  moderately  solable  in  water  and  in 
alcohol.    They  give  off  3  at.  water  at  100°,  and  the  remaining  2  at  at  130<*. 

The  stiver-salt  forms  delicate  prismatic  laminae,  moderatoly  soluble  in  water,  and  not 
decomposed  by  boiling  water. 

The  sodium-^i,  C**H"SO\H*0,  prepared  as  above  described,  crystallises  in  warty 
groups  of  shining  laminao,  or  in  thin  rhombic  tables.  It  dissolyes  in  6*5  pts.  water  at 
niran  tt-mperuture,  sparingly  in  cold,  easily  in  boiling  alcohol.  The  crystals  are  slightly 
effii>rc>!9cent,  and  giyi*  off  their  water  at  100®. 


C*H"SO.    Hydride  of  Sulnhanisyl. — A  white  pulverulent  sub- 
stance, formed  by  the  action  of  ammonium-sulphide  mi  anishydramide  (i.  299). 


The  name  applied  by  Liebig  to  a  deposit  of  calcic  oxalate 
found  on  some  parts  nf  the  Parthenon  at  Athens.     (See  Oxaxatbs,  iy.  254.) 

nrSL    Syn.  with  Etutl-thialdwk  (p.  773). 

A  resinous  substance  used  as  a  yamish  by  the  Burmese.  It 
Axudea  from  a  tree  in  the  form  of  a  light-brown,  vory  viscid  liquid,  of  the  consistence  ot 
treacle,  but  on  exposure  to  the  air  for  a  few  minutes,  becomes  quite  black,  and  hard 
on  the  snr&ce.  The  same  change  takes  place  instantly  in  contairt  with  caustic  potash. 
The  resin  spread  in  a  thin  layer,  on  wood  or  otluT  solid  bodies,  quickly  forms  a  hard 
deep-black  coating  of  great  brilliancy. 

On  digesting  the  unaltered  substance  with  alcohol  of  80  per  cent,  at  a  gentle  heat, 
the  greater  part  gradually  dissolves;  and  on  decanting  the  dear  liquid  from  the  in- 
soluble residue,  and  distilling  off  the  alcohol,  there  remains  a  very  tenacious  gummy 
residue  of  a  ridi  brown  colour,  which  undergoes  no  change  of  colour  on  exposure  to  the 
air,  but  very  slowly  hardens.  In  contact  with  caustic  potash,  however,  it  blackens 
like  the  ori^nal  substance. 

The  residue,  insoluble  in  alcohol,  dissolves  for  the  most  part  in  ordinary  ether, 
forming  a  dark-brown  solution,  and  leaving  a  light-brown  solid  resin.  The  ethereal 
solution,  when  evap^trated,  leaves  a  residue  which,  on  exposure  to  the  air,  instantly 
becomes  quite  black,  and  after  a  short  time  nearly  solid.  This  then  is  the  portion  of 
the  original  substance  to  which  the  property  of  blackening  on  exposure  to  the  air  is 
Aur. 

The  solid  resin,  in^luble  in  alcohol  and  <>th(*r,  which  forms  but  a  small  part-  of  the 
original  substance,  is  quite  unalterable  in  the  air.  When  heated  with  nitric  acid, 
it  yields  a  crystalline  sublimable  acid,  exhibiting  the  characters  of  succinic  acid. 
(H.  Watts,  UnpMishcd  Experiments.) 

Syn.  with  Hydridb  of  Sulpuazobbmsotl  (p.  481). 


ZOIO  ACZB.     CH«OS   -  ^'^*^|g.   (CloejB,Ann.Ch.Pharm.cxv. 

27.) — ^This  acid,  analogous  to  thiacetic  acid,  is  produced  by  mixiu^r  an  alcoholic  solu- 
tion of  potassium-monosulphide  with  chloride  of  benzoyl  till  the  liquid  no  longer 
blackens  lead-paper.  A  brisk  action  then  takes  place,  chloride  of  potassium  is 
deposited,  and  thiobenzoate  of  potassium  remains  in  solution,  together  with  ethylic 
snlphido,  ethylic  benzoate.  and  ouier  products.  On  distilling  off  ue  alcohol  over  tlie 
water- bath,  and  mixing  the  aqueous  solution  of  the  residue  with  dilute  hydrochloric 
wkl,  an  oily  liquid  separates,  which  smells  of  mercaptan,  and,  when  left  to  stand  in  a 
eool  plaee,  deposits  thiobenzoic  acid  in  colourless  crystals. 

Thiobenzoic  acid,  when  purified  by  recrysta  Hi  nation  from  carbonic  disulphide,  forms 
small  rhombic  tables,  inodorous  and  tasteless.  It  melts  at  120°,  becomes  rose- 
coloured  and  gives  off  sulphydric  acid  between  160^  and  180*^,  and  decomposes 
farther  at  800^,  yielding  an  dly  distillate  which  solidifies  on  cooling.  The  acid  is 
quite  insoluble  in  water,  slightly  soluble  in  alcohol  and  ether,  easily  soluble  in  mer- 
csptan,  ethylic  sulphide,  and  carbonic  disulphide.  It  dissolves  without  decomposition 
in  alcoholic  potash,  soda,  or  ammonia,  and  forms  definite  salts  with  bases.  The  alka- 
line thiobenzoates  precipitate  ferric  salts.  -The  lead-salt  is  a  white  precipitate. — 
Fjkjiflic  thiobmzoat€  appeara  to  be  contained  in  the  oily  liquid  from  which  the  acid  is 
deposited  in  the  course  of  preparation  above  described. 

TSXOBaWZO^  or  TBZOBBnOIX-BnXZBSL   See  DBBiVATiyBB  OF  Bbn- 
IDTL-HTDAina  (i.  671) 
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C^H'OS. — An  acid  homologous  with  thiicetie  leid, 
produced  by  the  action  of  phosphoric  piotosnlphide  on  butyric  acid  (i  694). 

TKIOOAFSZirAXAZVa*  A  compound,  analogous  to  thialdine,  formed,  accord* 
ing  to  Wagner  (Pharm.  Centr.  1861,  p.  32^  by  the  action  of  snlphydric  acid  on  thi 
ammonia-compound  of  capric  or  mtac  aldehyde  (i.  742). 

TBZOOX&OVZO  AOZB.  A  product  of  the  action  of  sulphurous  add  on  tetn. 
chloroquinone  (p.  29). 

TBZOCnnro&.  C*H*S. — A  pulyerulent  substance  formed,  together  with  sul- 
phide of  ammonium,  by  the  action  of  snlphydric  acid  on  hydrodnnaznide  (Ca hours, 
Compt.  rend.  tjly.  458): 

C'H^N'  +  4H»S     -     3C»H»S  +  (Nfl<)'8. 

TBZOOVaKO^  or  TBZOCVaDarO&.  C>*H*'S.— A  body  produced  from  coini. 
nol  (cuminic  aldehyde,  C'*H'K))  by  the  action  of  ammonium-sulphide  (iL  183). 

TBZOOTAVZBBSff  or  HydrothiocyamUes. — Salts  formed  by  boiling  persnlpho^ 
nogen  with  alkalis.    (See  FERSXTLPHOOTANOOKir,  iv.  381.) 

TBZ0BZA08TZ0  AOZB.    See  Thiodigltooluc  Acid. 


TBZOBZCHLTOO&&AIIIOAOI1I9  C<H^30*»|^^)^" 


0,<aThicii<iettmk 
S 


H 

^^fC^n^SO^)"   5!.   (£.  Schnlze,  Zeitschr.  t  Chem.l86d,  p.  181;  Jahresb.  1865, 

H  j^ 
p.  345.)-  The  baHumsalt  of  this  acid,  C»H»>Ba'TW3«0».H^,  produced  by  treating  thio- 
diglycollimide  with  cold  baryta-water,  crystallises,  by  evaporation  orer  sulphuric  add, 
in  needles,  or  forms  a  gummy  mass  if  quickly  dried.  The  add,  C^H'NSO',  separated 
from  the  barium-salt  by  snlphnric  add,  or  obtained  by  heating  the  add  ammonium- 
salt  for  several  days  to  145^,  cr3rstallises  in  colourless  prisms,  permanent  in  the  air, 
melting  at  125^,  and  converted  at  higher  temperatures  into  thiodiglyoollimide.  It 
dissolves  slowly  in  cold,  easily  in  boiling  water,  forming  an  add  solution  which  ii 
not  precipitated  by  lead-  or  silver-salts.— The  caldum-saU,  C«H**Ca'Tf»S*0«.HH), 
crystallises  from  a  B3rrupy  solution  in  small  needles. — The  silver-ioU,  OH'AgNSO*, 
may  be  crystallised  from  hot  water. 


THXOBXaiiTOO^^AMrDa, 


(C^H'O)")^ 
C*H^«80«    -  (C»H«0)''Vg  ,  or    Tkiod4aeei(h 


diamide}"      -qa    M  N*.  (So  hul  se,  loe,  cU,) — ^This  compound  is  obtained  by  the  action 

of  neutral  sulphide  of  ammonium  on  cfaloracetamide  in  alcoholic  solution.  The  reao* 
tion,  which  consists  in  the  substitution  of  1  at.  S  for  2  at.  CI  in  a  double  molecule  of 
chloracetAmide,  seems  to  show  that  the  second  of  the  above  formulae  is  the  more  eotreet 
expression  of  the  compodtion  of  the  product : 

'^'^:^\S'  *  (NH«)«    -    2NH'a  +    <C*=«OTJN«. 

S  nol.  chlorace-  Thiodiaoe  o> 

tamlde.  diamide. 

The  product,  after  washing  with  alcohol  and  recrystallisation  from  water,  forms  small, 
white,  quadratic  octahedrons,  which  melt  whan  bested,  and  then  decompose,  giving  off 
the  odour  of  ammonium-sulphide. 

C«HK))a 
TBXOOICHbTOOUblO  or  TKIOBZA€»TIO  ACHB.    C*E^QO*  »  C*H>Oy?, 

or  (^^2«^*^(^'-    (Schulie,  Zeitschr.  f.  Chem.   1865,  p.   78;    1866,  p.  181; 

Jahresb.  1864,  p.  825;  1865,  p.  345.— Wislicenus,  Zeitschr.  f.  Chtm.  1866, 
p.  621 ;  Jahresb.  1865,  p.  844.)— This  acid,  which  has  the  composition  of  diglyooUie 
add  (ii.  912),  with  1  at.  oxygen  replaced  by  sulphur,  or  of  a  double  molecule  of  ocetie 
add  (0^*0*)  in  which  2  at.  hyoroffen  are  replaced  by  1  at.  sulphur,  is  produced : 
I.  By  boiling  thiodiglycoUamide  with  baryta-water  as  long  as  ammonia  is  evolved : 

C«H«N«SO«  +   2H«0     -     2NH«  +  C^BTOO*. 

By  preci|ntating  the  solution  of  the  resulting  barium-salt  with  acetate  of  lead,  deoom« 
polling  the  lead-salt  with  sulphydric  add,  and  evaporating  the  filtzate,  thiodigljrooUie 
acid  is  obtained  in  crystals.    (Schnlze.) 
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■  2.  Ethylic  thiodigl^collate,  C*H«(C*H»)^0«,  is  produced  by  the  action  of  potaasium- 
anlphydrate  on  ethyUc  chloiacetate: 

2C«H«(C^»)C10»  +  KHS     «     C«H*(C»H»)«SO*  +  Ka  +  HCl. 

This  ether,  treated  with  alcoholic  potaah,  jielda  thiodigljcollate  of  potassium,  which 
may  be  conyerted  into  a  lead-  or  silTer-salt  by  precipitation,  and  from  this  the  acid 
may  be  obtained.     (Wislicenus.) 

Thiodiglycollic  acid  crystallises  in  lai^,  thin,  rhombic  plates  (Schulze).  It 
mclu  at  129°  (Schulze^,  at  126°  (Wislicenus),  volatilises  completely  when  cau- 
tiously heated,  dissolves  in  2*37  pts.  of  water  at  18°,  and  is  soluble  in  alcohol.  The 
aqueous  solution  is  precipitated  by  lead-  and  silver-salts.  The  acid  is  not  attacked 
by  fuming  hj'drochloric  acid,  even  at  150^ — 180°;  but  when  heated  to  160°,  with 
excess  oihydrwdic  acid  (boiling  at  125^),  it  is  reduced  to  acetic  acid : 

C*H*SO*  +   4HI     =     2(?H<0«  +    H^S  +   2P. 

The  thiodiglycollates  are  mostly  soluble  in  water,  insoluble  in  alcohol,  and  easily 
crystallisable. — The  acid  ammonium-salt,  obtained  by  treating  monochloracetate  of 
ammonium  with  alcoholic  sulphide  (?  sulphydrate)  of  ammonium,  crystallises  in  octa- 
hedral forms,  mostly  prismatically  distorted.  When  heated  to  180° — 200°,  it  gives  off 
water  and  ammonia,  and  leaves  thiodiglyroUimide,  C*H^NSO*  (Schulze). — The  neutral 
puiaMium-sa/t  ci^'stallises  in  broad  colourless  prisms,  which  give  off  1  at.  water  at 
120°  (Schulze).  Wislicenus,  by  the  action  of  alcoholic  potash  on  ethylic  thiodigly- 
collate,  obtained  it  in  thin  needles,  containing  C^H*K'-'SO*.H-'0. — The  acid  potassium* 
tali  is  anhydrous,  permanent  in  the  air,  and  less  soluble  than  the  neutral  salt. 
(Schulze.) 

The  barium-salt f  CH^Ba^SO*,  in  the  anhydrous  state,  forms  sparingly  soluble  crya- 
talline  crusts.  By  leaving  it  for  some  time  in  contact  with  the  mother-liquor,  a  hydrated 
tali,  C^H*Ba''S0^5H'0,  is  obtained  in  prismatic  ciystals,  which  are  permanent  in  the 
•ir,  but  become  opaque  and  anhydrous  when  immersed  in  hot  water.     (Schulze.) 

The  cuprie  salt,  C*H*Cu"SO*.H'0,  is  formed,  on  mixing  moderately  concentrated 
■ohitions  of  the  ammonium-salt  and  cuprie  sulphate,  as  a  bluish-white  crystalline 
precipitate,  which,  on  heating  the  liquid,  is  converted  into  blue  crystals  of  the  anhydrous 
•alt.     (Schulze.) 

The  neutral  lead-salt,  C*H^Pb''SO*,  is  crystalline,  soluble  in  hot  water  and  in  dilute 
nitrie  acid. — A  baeic  lead-salt,  C^H^Pb'SO^.PVO,  is  formed  when  the  ammonium-salt 
is  mixed  with  basic  lead-acetate  at  the  boiling  heat. — The  silvtr-salt  is  a  ilocculent 
precipitate. — The  zinc-salt  crystallises  with  4  at.  water  in  sparingly  soluble  rhombic 
plates.  

Ethylie  Thiodiglycollate,  C*H*(C«H»)»SO«,  is  obteined :— 1.  By  saturating  the  alcoholic 
volution  of  the  aci^  with  hydrochloric  acid  (Schulze).— 2.  Together  with  other  pro- 
ducts, by  the  action  of  potassium-sulphydrate  on  ethylic  monochloracetate.  On  treatint^ 
the  product  of  this  reaction  with  water,  a  fetid  oil  is  separated,  which,  when  rectified, 
yielos  ethylic  thiodiglvcoUate  between  267°  and  268° (Wislicenus).  This  ether  is  a 
colourless  liquid,  which  has  a  faint  ethereal  odour,  is  insoluble  in  water,  distils,  for  the 
most  part  undecomposed,  at  240° — 250°,  and,  when  treated  with  alcoholic  ammonia, 
yields  thiodiglycollamide.    (Schulze.) 

TKZOBZO&TOOUEiZO  CB&OBZBB«  Thiodiglycollic  acid,  treated  with  penta- 
chloride  of  phosphorus,  forms  a  colotirless  chloride,  di£Bcult  to  purify,  which  yielris 
with  alcohol  a  sulphuretted  oil,  insoluble  in  water,  and  apparently  not  identical  with 
ethylic  thiodiglycolfate,  inasmuch  as  it  is  decomposed  by  ammonia,  with  formation  of 
ammonium-sulphide.    (Schulze.) 


Syn.  with  Ethtijc  TmoDiOLTCoujLTB  {rid, 
mp.). 


N 

rs'  "^ 


(C^H*)"  ' 
C^H*NSO»  «  (CmK))" 

H      , 

H  [  ^>  ^"  formed  by  the  dehydrat  ion  of  acid  thiodiglycoUato  of  am- 
monium, and  is  deposited  from  a  hot  aqueous  solution,  decolorised  by  animal  charcoal, 
in  thin  prismatic  needles  or  laminae.  It  is  sparingly  soluble  in  cold  water,  melts  at  1 28*- , 
and  sublimes  undecomposed  at  a  higher  temperature.  On  mixing  its  slightly  amrooniacal 
■sohition  with  nitrate  of  silver,  argento-thiodiglycollimide,  C^H^AgNSO^  is 
precipitated  in  white  flocks,  which  are  decomposed  by  boiling. — By  baryta-water,  at 
the  boiling  heat,  the  imide  is  converted,  with  evolution  of  ammonia,  into  thiodigly- 
coUate  of  barium ;  in  cold  baryta- water,  on  the  other  himd,  it  dissolves  as  thiodigly- 
«oUamate  of  barium  (p.  776).    (Schulze.) 
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TMZOVOSmc  ACZB.  A  compound,  probably  homoloeotiB  with  Uuaeetk  acid, 
produced  in  small  quantitj  by  the  action  of  sulphydric  acid  on  formate  of  lead,  it 
200° — 300°.  It  forma  small  transparent  crystals,  which  have  an  alliaoeoua  odour,  at« 
insoluble  in  water,  may  hfi  recr^tallised  firom  alcohol,  melt  at  120^,  and  fubUme  at  a 
lower  temperature.  They  are  insoluble  in  sulphide  of  ammonium,  and  diasolre  hut 
slightly  in  boiling  potash-ley.  Their  alcoholic  solution,  which  does  not  redden  Htnraa, 
forms  with  acetate  of  lead  a  yellowish,  and  with  silTer-aalts  a  whitish  predpitaUi, 
both  of  which  are  blackened  and  decomposed  by  heat.  (Limpricht,  Ann.  Ch, 
Pharm.  xcvii.  361.) 

TRZOnrcvSO&>  A  body  analogous  and  very  similar  to  thiofurfnrol,  pro- 
duced  by  treating  fbcusol  in  alcoholic  solution  with  sulphydric  acid.  By  dry  distilla- 
tion, it  yields  a  product  of  decomposition  called  pyrofucusol,  which  oystalliaes  in 
needles,  and  has  probably  the  same  composition  as  pyroftuAirol,  C^HH)'.  (StenhoBie, 
Ann.  Ch.  Pharm.  IxxiT.  293.) 

TBZOratFO^  or  TBZ01'inLrUB0&.  C*H*OS. — A  compound  formed  bj 
the  action  of  ammonium-sulphide  on  furftirol,  or  of  sulphydric  acid  on  furAuamide 
dissolved  in  aloohoL    (See  Fubfuboi^  ii.  763.) 

TKZOMnUkVZC  AOZB.  The  black  mass  produced  hj  heating  alcohol  with 
excess  of  sulphuric  add.  It  waa  formerly  supposed  to  consist  of  carbon,  but,  aoeordiag 
to  Erdmann  (J.  pr.  Chem.  zxL  291),  it  is  a  sulphuretted  acid,  capable  of  formiDg 
salts  with  potash  and  other  bases.  It  has  not  been  obtained  in  a  sufficiently  definit« 
state  to  enable  ita  composition  to  be  determined  with  accuracy,  and  is  probably  a 
mixture.    (See  GmelwCs  Handbook^  viii.  240.) 

Syn.  with  Methtl-thuu>iicb  (p.  774). 


NH«SO»  -  (SO)^^.  5^/I/.am«w».— This  acid,  which 

differs  from  acid  sulphite  of  ammonium  (NH^^-SO*)  by  the  want  of  1  at  water,  is  pro* 
duced  by  the  action  of  dry  ammonia-gas  on  an  excess  of  sulphurous  anhydride.  It  la  a 
crystalline  volatile  substance,  of  a  yellowish  colour  (perha{»  due  to  impurity),  and  very 
soluble  in  water.  In  the  moist  state,  or  in  solution,  it  qnicldy  undei^goes  a  complete 
decomposition  into  sulphate  of  ammonium,  trithionate  of  ammonium,  and  other  pro- 
ducts. When  sulphurous  anhydride  is  mixed  with  excess  of  dry  ammonia-gas,  two 
volumes  of  the  former  unite  with  four  volumes  of  the  latter,  forming  thionamate  of 

ammonium..  (SO)"   tx,  which  is  an  amorphous,  volatile,  neutral,  deliqueaciyit  salt^ 

speedily  decomposing  in  solution.  (H.  Rose,  Pogg.  Ann.  xxxiii.  275;  xlii.  42.5; 
G  m.  ii.  455.) 

TSZOWAIKZBB.  N*HVSO)".— Pkoduoed  by  the  action  of  aolphuzoui  chlei^ 
on  dry  ammonia : 

4NH»  +  80C1*    -     2NHKJ1  +  N«H«0. 

The  sulphurous  chloride  should  be  well  cooled,  and  the  ammonia-gas  passed  in 
slowly.  The  product  is  a  white,  pulverulent,  non-crystalline  solid,  from  whicn  the  sal- 
ammoniac  may  be  extracted  by  cold  water.  Thionamide  is  converted  by  hot  Wftter 
into  neutral  sulphite  of  ammonium,  from  which  it  differs  by  2  at.  water:  (NH')^SO'- 
2HH)  «  N*H^SO.  It  is  instantly  decomposed  by  alkalis  with  evolution  of  ammooiat 
and  by  afiida  with  evolution  of  sulphurous  anhydride.  (Sch  if  ^  Ann.  Ch.  Pharm.  ciL 
111.) 

TBZOMAFXTBA&ZC  AOZB.  Syn.  with  NAPHTHTLSULFBUBora  Acn>.  (See 
SuLPHTBOus  Ethbbs,  p.  560.) 

TBZOMA9RTBA1SZC  ACZB9  more  properly,  ^^»— '"■  *  i-^^rg-^wAagvii 

AOZB,  C'«Hn^SO«  «     (SW"    ^.    (Piria,Ann.Ch.Phys.  [3],xxxL217.>-This 

acid  is  produced,  together  with  naphthionic  acid,  with  which  it  is  isomeric,  by  the 
action  of  ammonium-sulphite  on  nitronaphthalene.  The  orange-yellow  cnrstala  ob- 
tained in  the  preparation  of  naphthionic  acid  (iv.  17),  consist  of  naphthylsnlphaai- 
ate  of  ammonium.  The  acid  has  not  been  obtained  in  the  fne  stats ;  on  attemptiag 
to  decompose  a  thionaphthamate  with  an  add,  even  with  acetic  aeid,  it  is  retdlminto 
naphthylamine  and  sulphuric  add. 

The  naphthylsulphamatee  are  generally  prepared  by  doable  deoompodtioD  itom  the 
ammonium -salt.  They  are  all  soluble,  and  resemble  each  other  in  appeamnc»aad  cnLour. 
They  usually  crystallise  in  large  nacreous  laminK  of  an  ametl^st  or  reddish  oolouc. 
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Hi^  nndago  decompodtion  by  ezposuie  to  the  air,  their  soliitioiiB  beeoming  ivddiiih- 
farawiu  Heat  and  li^t  aieiet  this  deoampoeitioii,  while  the  preeenoe  of  alkaus  oonfem 
■tabilitj  on  the  solutioDa.  Distilled  with  lime  in  exceee,  the  naphthylflnlphamates 
yield  naphthylamine  in  the  form  of  an  oil  which  crystallisetf  on  cooling. 

The  ammcnium-MU  is  obtained  in  crystals  by  dissolving  the  crude  salt,  prepared  as 
nboye  described,  in  2  pts.  of  boiling  water  containing  a  few  drops  of  ammonia,  and 
eooling  the  solution.  It  forms  small,  reddish,  nacreous  lamine,  the  solution  of  which 
becomes  more  rapidly  coloured  than  those  of  the  other  salts.  It  dissolves  very  easily 
in  watar,  and  in  alcohol.  Whon  its  perfectly  neutral  solution  is  heated  between  80** 
and  90-^,  the  water  being  replaced  as  it  eyaporates,  it  becomes  coloured,  and  strongly  acid, 
deposits  a  brown  resin,  and  yields  sulphate  of  naphthylamine. 

The  jMiiassiutn'M/ff  CII^KSSO',  is  obtained  by  boiling  the  ammonium-salt  with 
excess  of  potassium-carbonate,  till  it  ceases  to  eyolve  ammonia.  On  cooling,  larce 
nacreous  lamins  crystallise  out,  resembling  boric  acid.  The  salt  is  rery  soluble  in 
water,  but  only  slightly  soluble  in  alcohol,  and  in  aqueous  potash  or  carlwnate  of 
potassium. — The  aodium'SaU,  C'H'NaSO',  prepared  in  like  manner,  forms  reddish 
laminse,  easily  soluble  in  hot,  but  sparingly  in  cold  water,  esjtecially  in  presence  of 
■odiom-carbonate. 

The  barmm-^t,  C*II'«Ba'TPS«0«.6H*0  (?),  is  prepared  by  double  decomposition 
with  chloride  of  barium  and  naphthionate  of  potassium.  —  The  cafcium-'Saltf 
C*H»H}a'TJ«S*0«,  and  the  magnesium-saH,  O*H'«Mg'WS«0«,  are  very  soluble. 

The  lead-salt,  C^H"Pb''N'''S*0',  is  prepared  by  decomposing  a  boiling  solution  of 
the  potassium-salt  with  nitrate  of  lead,  tiding  care  that  the  potassium-salt  is  in  excess.' 
When  the  nitrate  of  lead  is  in  excess,  a  double  salt  is  producea,  which  appears  to  contain 
equal  numbers  of  atoms  of  tliiunaphthamate  and  nitrate  of  load.  The  thionaphthainate 
of  lead  is  deposited  from  its  boiline  solution  in  crystalline  grains,  which  may  be  purified 
by  a  second  crystallisation.  It  then  forms  a  light,  crystalline,  reddish  powder,  very 
slightly  soluble  in  water,  and  almost  insoluble  in  alcohol. 

Jeetato-tMonaphthamate  of  lead,  C*H*Pb''0*.C*H"Pb*'N«SH)«.— When  concentrated 
and  nearly  boiling  solutions  of  potassium-thionaphthamate  and  lead-acetate  are  mixed, 
the  latter  being  in  excess  and  acidified  with  acetic  acid,  there  is  deposited  on  cooling  a 
double  salt,  crystallising  in  reddish  micaceous  lamina  grouped  around  a  common 
eentm.    It  is  very  slightly  soluble  in  cold,  more  soluble  in  hot  water. 

TKZOVaMUi&,  C"H>*S.  Schwe/elesMl.  Sckwrfelesvl.  (Laurent,Ann.Ch.Phys. 
[3],  i.  292). — ^A  compound  produced,  together  with  stilbene,  by  the  dry  distillation  of 
thiobenaol : 

SC'H^S     -     C»«H"8  +   2C"H'«  +  2CS«  +  8H«S. 

Tbiobensol.         ThioneiMl.         Stilbene. 

It  is  obtained,  firom  the  portion  of  the  distillate  insoluble  in  ether,  by  solution  in 
petroleum,  and  cnrstallises  from  the  hot  solution  in  silky  needles.  It  is  very  sparinf^ly 
soluble  in  aloohol  and  ether,  more  soluble  in  petroleum.  It  melts  at  178°,  often 
xemains  liquid  till  cooled  down  to  the  ordinary  temperature  of  the  air,  and  then 
■olidifiea  without  assuming  a  crystalline  structure.  When  heated  to  233°,  it  crystallises 
as  eoon  as  a  crystal  is  thrown  into  the  liquid  mass.  It  is  decomposed  by  potassium, 
with  formation  of  potassium-sulphide.  Alcoholic  potash-solution  does  not  decompose 
itg  enm  at  the  boihng  heat    By  boiling  nitric  acid,  it  is  slowly  converted  into  a  yelluw 

BSt  of   tetranitrothionessal,   (^H"(NO')*S. — Bromine  attacks  it  violently. 


fr^^ing  a  Bolid  mass  of  tetrabromothionessal,  C**H'^Br*S,  insoluble  in  alcohol, 
ether,  and  petroleum. 

TMlOaUBlOAOXP.  Alloxanoaulpkuroneacid{LtkUTeiki).  C^H^N'SO*.  (Liebig 
and  Wohler,  Ann.  Ch.  Pharm.  xxvi.  268,  814,  331.) — ^An  acid  formed  by  the  simul- 
taneous action  of  ammonia  and  sulphurous  acid  on  alloxan  (i.  137).  It  is  obtained  by 
decomposing  its  lead-salt  with  sulphuretted  hydrogen,  and  evaporating  the  filtrate  at 
a  gentle  heat  It  forms  a  crystalline  mass,  consisting  of  fine  needles:  it  is  permanent 
in  the  air,  reddens  litmus  strongly,  and  has  a  very  sour  taste.  It  is  readily  soluble  in 
water;  when  the  solution  is  boiled,  it  is  decomposed  into  dialnramide,  which  separates 
oot,  and  sulphuric  acid : 

C*H*N'SO«  +  H«0     =     C*H*N«0"   +   H'SO*. 

It  is  a  dibasic  acid. 

The  noruud  ammonium-ealt,  C*H»(NH*)»N«SO«.H«0,  is  obtained  by  boiling  for  some 
tame  a  mixture  of  aqueous  alloxan  and  sulphurous  acid,  satarated  with  ammonia;  or  a 
nstuze  of  aqueous  sulphite  and  carbonate  of  ammonium,  and  alloxan ;  the  salt  cryn- 
Ullisf.  on  eooling,  in  four-sided  tabh)s,  which  lose  6  per  cent  (1  at)  water  at  100°, 
■iiinTTig  a  foee-colour.  It  is  slightly  soluble  in  cold,  readily  in  hot  water ;  the  solu- 
tioB  xednoes  metallic  silver  from  nitrate  of  silver,  in  the  specular  fixnn.    When  fused 
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with  solid  potash,  it  yields  sulphite  of  potassimn.  Mmenl  aads  deoonnpoie  it  •!  % 
boiling  heat  (not  in  toe  cold),  into  dialnramide  and  snlphnric  acid.  By  prolDogpd 
heating  to  200^,  it  is  for  the  most  pirt  resolred  into  snlpnate  of  ammonium  and  isq. 
thinine,  C*H*N«0*  (Finck,  Ann.  Ch.  Pharm.  cxxxii.  298) : 

C*H»(NH*)WSO«     -     (NH*)«SO<  +  C*H»N»0». 

The  acid  ammonium-wit,  [C*HXNH*)N'SO'],  is  obtained  in  fine  white  needles^  by 
OTaporatine  in  a  water-bath  an  aqueous  solution  of  the  nonnal  salt  with  a  unau 
quantity  of  sulphuric  acid :  if  the  sulphuric  add  is  in  excess,  dialnramide,  ozamilie 
acid,  and  finally  dialuric  acid,  is  formed.  The  aqueous  solution  of  this  salt  is  decom- 
posed by  boiling  into  sulphate  of  ammonium  and  dialuric  add : 

C*H«N*SO»  +   2HH)     -     C^WO*  +   (NH*)«SO«. 

Dlalnric  add. 

The  harmmrtaU  is  obtained  as  a  fiocculent  predpitate,  which  gradually  becomes 
crvstalline,  when  the  ammoniom-salt  is  added  to  chloride  of  barium.  It  is  roidily 
soluble  in  hydrochloric  add ;  boiled  with  nitric  acid,  it  yields  sulphate  of  barium,  hot 
no  free  sulphuric  add. 

The  lead-salt  is  obtained  by  adding  thionurate  of  ammonium  to  neutral  acetate  of 
lead.  It  is  a  gelatinous  predpitate,  which,  on  coolmg,  aggregates  into  tufts  of  white  or 
rose-coloured  needles.  By  dry  distillation,  it  yields  urea,  and  another  oystsllind 
product 

With  sulphate  of  copper,  thionurate  of  ammonium  giyes  a  yellowish-brown  precipitate, 
whith  is  probably  a  cuprous  salt. 

Gregory  (Compt.  chim.  1845,  p.  118)  mentions  a  peculiar  acid,  containing  the 
elements  of  thionuric  acid  minus  ammonia.  F.  T.  C. 


r}l  - 


SO. — The  radide  of  the  sulphurous  compounds :  «^.,  BulpbuoQi 
chloride,  (SO)''a«  -  chloride  of  thionyl  (p.  642). 

Syn.  with  Thioiiamic  Acm  (p.  778). 

Syn.  with  TmoKAXiDa  (p.  778). 

H« 

PH*NSO»   -    (PSr[S.     -     P(NH«)H«80». 

Sulphoxyphosphamie  Acid,  (Gladstone  and  Holmes,  Chem.  Soc.  J.  zriii.  7.) — ^Thii 
acid  is  formeid  by  the  action  of  aqueous  ammonia  on  snlphochloride  of  phosphorus. 
(Respecting  the  mode  of  formation  of  this  and  the  following  acid,  see  iy.  606.)  The 
snlphochloride  added  to  strong  aqueous  ammonia  diluted  with  an  equal  bulk  of  water, 
dissolves  slowly  on  agitation,  and  forms  an  add  liquid  containing  sal-ammoniac  lUMi 
thiophosphamic  acid.  The  latter  has  not  been  isolated,  but  its  neutralised  solution 
yields,  with  solutions  of  heary  metallic  salts,  a  series  of  salts  resembling  the  thiophos- 
phodiamates  {infra),  and  represented  by  the  formula  PNfl'M''SO'.  No  predpitates 
are  obtained  with  solutions  of  nickel,  cobalt,  iron,  aluminium,  barium,  caldum.ormsg* 
nesium.  A  solution  of  potassio-stannous  chloride  forms  a  white  bulky  predpitate, 
soluble  in  hydrochloric  acid.  Mercuric  chloride  throws  down  yellow  mercuric  snlpbo- 
chloride,  which,  in  presence  of  excess  of  thiophosphamic  add,  turns  black — a  reaction 
which  may  leiTe  to  distinguish  this  add  from  the  following. 

PH*N^O  «  (P8)'"Vq    «  P(NH7HS0. 

8tdphoxypho9phodiamic  Acid,  (Gladstone  and  Holmes, ^.ci^.) — Amonobasie  add 
formed,  together  with  sal-ammoniac,  by  the  action  of  ammonia-gas,  or  of  the  strongest 
aqueous  solution  of  ammonia,  on  sulphochloride  of  phosphorus.  The  snlphochloride 
takes  up  about  4  at.  ammonia  (40  per  cent  of  its  weight),  and  is  converted  into  a 
white  mass,  easily  soluble  in  water,  and  forming  an  acid  solution,  which,  when 
neutralised,  yields  thiophosphodiamates,  P(NH*)*M"SO  and  P*(NH*)*M'8»0«, 
by  double  decomposition.  These  salts  decompose  when  heated,  giving  off  amnfooia 
and  sulphide  of  ammonium. — The  cupric  salt,  P^*H'Cu"S*0»,  is  a  yellowish-whit* 
precipitate,  insoluble  in  dilute  hydrochloric  add  and  in  ammonia,  soluble  in  ryanide 
of  potassium,  and  turning  brown  when  heated. — The  stnc-salt,  P^*H"Zn"8»(H,  id  i 
white  fiocculent  predpitate,  easily  soluble  in  dilute  adds  and  in  ammonia. — ^The 
cadmium-salt,  P^N^n'Od^SK)',  exhibits  similar  properties. — The  Uad-salt  is  obtained, 
on  adding  chloride  of  lead  to  the  neutralised  solution  of  the  add,  as  a  white  pzecipi- 
tate,  soluble  in  dilute  nitric  add,  and  turning  black  when  heated  with  water.— llie 
siltvr-salt  was  obtained,  mixed  with  silver-chloride,  as  a  white  predpitate,  insolubls  in 
dilute  nitric  add,  turning  black  in  presence  of  excess  of  silver. — Stannous  ciloridt 
And  mercuric  cMlaridc  form  white  predpitates,  the  latter  of  which  quickly 
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into  the  yellow  eompound,  HgS.HgCl*  but  is  not  under  any  circumstances  converted 
into  blnck  sulphide  of  mercury — a  charHcter  vhich  distinguishes  thiophosphodiamio 
from  thiophosphsmic  acid.  The  filtered  solution  contains  an  acid  not  yet  examined.— 
Coba/t-aaifs  give  a  bluish-wliite,  nkhl-salts  a  greenish-white  precipitate,  both  of  which 
are  soluble  in  dilute  acids  and  in  ammonia. — Bariuin-,calcium',fiMgnesiumr,alumi}tium', 
and  ferric  salts  give  no  precipitate.  On  attempting  to  isolate  the  acid  from  its  silver- 
or  copper-salt,  a  liquid  was  obtained,  which,  when  evaporated  over  oil  of  vitriol, 
decomposed  with  separation  of  sulphur. 

TBZOSA&ZOO&.  C^'OS.  Sulphosalici/lic  Hydride,— k  compound  produced 
by  the  action  of  sulphydric  acid  on  hydrosalicylamide  (iii.  218). 

frCS)" 

TBlOBXVAMZam    C'H«N*S  =s  N'   C*H*.  JUyl-sulphocarbamide,  Bhodaiiinr. 

I  H» 
— This  compound  is  formed  by  the  union  of  the  elements  of  1  at  allylic  sulphocyanate 
with  1  at.  ammonia,  just  as  allyl-carbamide  is  formed  by  the  union  of  ammonia  and 
allylic  cyiinate.  It  was  discovered,  in  1834,  by  Dumas  and  Pelouze  (Ann.  Gh.  Phys. 
[2 J,  liii.  181),  afterwards  examined  by  As ch off  (J.  pr.  Chem.  iv.  314),  Lowig  and 
Weidmann  (t^.  xix.  218),  Robiquet  and  Bussy  {ibid.  xiz.  232),  and  more  com- 
pletely by  Will  (Ann.  Ch.  Pharm.  Ui.  1). 

JVfjtaration. — By  saturating  oil  of  mustard  with  ammonia-ga8,  or  mixing  it  with 
8  or  4  times  its  bulk  of  strong  aqueous  iimmonia,  and  leaving  the  mixture  to  stand  till 
it  is  converted  into  a  crystalline  mass.  If  the  mother-liquor  filu^red  from  these 
cryatala  be  evaporated,  to  expel  the  excess  of  ammonia,  and  boiled  with  animal  char- 
coal, a  colourless  liquid  is  obtained,  which,  on  evaporation,  yields  crystals  of  pur« 
thiosinamiue  to  the  last  drop.  It  is  best  to  use  pure  mu8tard-oil  in  the  preparation, 
at  the  crude  oil,  when  treated  with  ammonia,  likewise  forms  a  yellow  resinous  sub- 
stance, which  cannot  be  removed  without  loss. 

Properties. — Thiosinamiue,  purified,  if  necessary,  by  reciystallisation,  forms  white 
shining  prisms,  which  (according  to  Schabus)  belong  to  the  monoclinic  system,  and 
are  cleavable  parallel  to  +  Poo  and  oP.  It  is  inodorous,  but  has  a  bitter  taste.  Melts 
at  70*6^  (Dumas  and  Pelouze),  at  74®  (Wertheim),  forming  a  colourless  liquid, 
which  cannot  be  volatilised  without  decomposition.  In  moderate  doses,  it  does  not 
sxert  a  poisonous  action  on  the  human  organism,  but  nevertheless  produces  sleepless- 
ness, palpitation  of  the  heart,  &;c.  (Wohier  and  Frerichs,  Ann.  Ch.  Pharm.  Ixv. 
142).  It  is  neutral  to  vegetable  colours,  but  nevertheless  exhibits  some  of  the 
characters  of  ammonia,  especially  in  the  facility  with  which  it  dissolves  oxide  and 
diloride  of  silver.  It  dissolves  in  hot  much  more  readily  than  in  cold  water,  and  is 
tasily  soluble  in  alcohol  and  ether. 

Thiosinamine  exhibits  the  same  properties,  whether  prepared  fW)m  natural  or  fW)m 
■rtiftcial  mustard-oil. 

Decompositions. — 1.  Thiosinamine  is  completely  decomposed  at  high  temperatures, 
Bolphocyanic  acid  and  other  volatile  products  being  formed,  and  charcoal  remaining 
behind. — 2.  By  electrolysis,  it  vields  sulphurous  and  hydrocyanic  acids,  and  a  yellow 
•olphoretted  organic  compound,  which  is  deposited  at  the  negative  pole  (Schlagden- 
bauffen,  J.  Pharm.  [3],  xliv.  100). — 3.  Chlorine  decomposes  it  in  aqueous  solution, 
Ibnning  lai^  quantities  of  hydrochloric  and  sulphuric,  but  no  sulphocyanic  aei<l 
(Aschoff). — 4.  Bromine  (according  to  Aschoff)  forms  a  white  precipitate  with 
thiosiniimine ;  but,  according  to  Ma ly  (Bull.  Soc.  Chim.  [1867],  ii.  129),  this  takes 
place  only  when  the  thiosinamine  is  impure.  An  alcoholic  solution  of  pure  thiosina- 
mine dissolves  bromine,  without  elimination  of  hydrobromic  acid,  and  the  solution 
yii4ds,  by  evaporation,  crystals  of  hydrobromate  of  bromothiosinamine. — 
A.  Iodine  added  in  sufficient  quantity  to  aqueous  thiosinamine  separates  a  brown  oil ;  the 
watery  liquid  then  exhibits  acid  reaction,  and  when  boiled  deposits  a  white  substaiico 
cootaining  iodine  and  Kulphur. — 6.  Dilute  phosphoric  and  sulphuric  acids,  heated  with 
thiosinamine,  evolve  sulpliocyanic  acid. — 7.  Nitric  acid  oxidises  it. — 8.  Potassium, 
heated  with  it  to  the  melting-point,  decomposes  it  with  explosion. — 9.  Baryta-watrr 
decomposes  thiosinamine  at  the  boiling  heat,  forming  sulphide  and  carbonate  of 
harium.  But  little  ammonia  is  evolved,  and  the  filtrate,  when  evaporated,  leaves  a 
aon-crystalline  and  scarcely  alkaline  syrup,  which  appears  to  be  a  base  different  from 
nnamine.  The  other  fixed  alkalis  act  like  baryta. — 10.  The  protoxides  of  lead  and 
mercury  abstract  from  thiosinamine  sulphur  and  hydrogen,  a  metallic  sulphide  and 
water  being  formed,  together  with  sinamiue : 

C^H»N»S  +   Hg^O     =     C*H«N»  +   Hg'S   +  H'O. 

ThiMiDMnhie.  Sinamine. 

11.  The  aqueous  solution  of  thiosinamine  forms  a  white  precipitate  with  mercuric 
lalts,  grey  with  mercurous  salts,  brownish-yellow  with  tricUoride  of  gold, 'white  with 
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nit»t«  of  silTor,  &e.  It  gradually  decolorises  ferric  chloride,  and  tarma  a  flottdrat 
precipitate  on  boiling.  It  likewise  decolorises  a  moderately  strong  adhitkm  of  cnprie 
sulphate,  the  liquid  then  depositing  blue  flocks  on  addition  of  alcohoL  When  vini, 
it  cuRSolTes  recently  precipitated  duoride  of  silver,  the  liquid  beooming  milky  it  it 
cools,  and  depositing  a  pitchy  substance,  containing  thiosinamine  and  cUonde  of 
silver. 

Combinations. — Thlosinamine  does  not  form  crystallisable  salts  with  nUpkurie,  mrnr, 
acetiCf  or  oxalic  acid. 

The  hydrochlorate,  C*H'N^S.HC1,  is  produced  by  passing  drr  hydzochlorie  add  gii 
over  dry  tbiosinamine  at  a  gentle  heat.  The  product  gives  off  vapoon  of  hydzochkiie 
acid  when  exposed  to  moist  air.     (Will.) 

The  chloroplatinate,  2(C*H*N2S.RCl).PtCl',  is  obtained  by  saturating  thiosinaaiM 
with  hydrochloric  acid  gas,  and  mixing  the  cold  aqueous  solution  of  the  rNmhit^ 
hydrochlorate  with  platinic  chloride.  It  is  a  yellowish-red  preci|Ntate,  consistixif  cf 
nefHlle-shaped  rhombic  crystals ;  melts  and  blackens  at  a  gentle  heat,  and  decompoitf 
at  higher  temperatures,  leaving  sulphide  of  platinum.  If  the  liquids  are  mixed  hoc, 
or  if  the  platinic  chloride  contains  nitric  acid,  or  if  a  dark-coloured  solution  of  tki»> 
sinamine  in  aqueous  hydrochloric  acid  is  used,  precipitates  of  variable  oompositios  an 
formed.    (Will.) 

A  chloromercurate,  containing  2Hg''a«.C*H«N'S,  or  H^C1»  +  2HC1 .  N»VC^» , 

(H.flj* 
is  obtained,  as  a  curdy  white  precipitate,  by  mixing  the  aqueous  solutions  of  mrinri 
chloride  and  hydrochlorate  of  thiosinamine.    It  is  soluble  in  acetic  acid.    (WilLi 

A  compound  of  thiosinamine  with  nitrate  of  silver,  NO'Ag.OH'N'S,  is  praheed, 
by  mixing  the  concentrated  aqueous  solution  of  thiosinamine  and  nitrate  of  silTcr.  ■ 
a  white  crystalline  precipitate,  which,  after  washing  with  water,  and  drjiif  at 
100^,  forms  a  greenish-white  mass,  slightly  alterable  on  exposure  to  li^it  Buuti^ 
water  decomposes  it  into  sulphide  of  silver,  and  other  products  not  vet  efniiiind 
Aqueous  sulphydric  acid  converts  it  into  thiosinamine  and  salphide  of  atrtt 
(WilL) 

Derivatives  qf  ThiosinamiM, 

Bromotbioslaamlne,  C^H'BrN'S.  (Maly,  J.  pr.  Chem.  c  821 ;  BnH  SocCkiB. 
[1867],  ii.  129.)— The  hydrobromate  of  this  base,  C'H'BrN^.HBr,  is  formed,  ai  al- 
ready observed,  by  the  direct  addition  of  bromine  to  thiosinamine  in  aleoholic  solnia, 
1  at.  thiosinamine  taking  up  2  at.  bromine  without  evolution  of  hydrobromic  acil  k 
separates,  on  evaporation,  as  a  crystalline  mass,  soluble  in  water  and  in  alcohoL  It 
melt«  at  146^ — 147^,  and  at  a  higher  temperature  gives  off  vapours  having  the  vmUtr 
ing  odour  of  allyl-compounds,  and  leaves  a  very  porous  cinder.  Its  aqueous  nhtka 
forms,  with  nitrate  of  silver^  a  copious  precipitate  of  chloride  of  silver,  and  witbnisttar 
chloride,  brilliant  orange-yellow  scales  of  the  chloroplatinate,  2(C'H'BrN4LEfr^ 
PtCI*. 

Chloride  of  silver  added  to  the  aqueous  solution  of  the  hydrohromate  removw  Uf 
the  bromine,  forming  bromide  of  silver  and  hydrochlorate  of  bromothioiiit* 
mine,  C^H'BrN*S.HCI,  which  is  soluble  in  water  and  in  alcohol,  and  is  dapiM 
from  the  aqueous  solution  in  crystals  grouped  like  wavellite, — from  the  alcokohrflli' 
tion  in  more  bulky  crystals,  apparently  belonging  to  the  monoclinic  system.  It  wks 
at  129° — 130°. — With  platinic  chloride,  it  forms  orange-yellow  shining  sealss  «f  tli 
chloroplatinate,  2(C'H'BrN'S.HCl).RCl',  insoluble  in  boiling  aloobol,  solilik  ii 
l)oiling  water,  and  partlv  decomposed  thereby  ;  and  with  auric  ekloriis  a  daik  iii* 
purple  precipitate  ofachloroaurate,  together  with  bromide  of  gold. 

Hydrate  of  bromotkiosinammoniumy  C*H*BrK'S.H.O. — A  solution  of  faydroboMli 
of  bromothio8inamine,  treated  with  oxide  of  silver,  yields  bromide  of  olnr  aai  a 
strongly  alkaline  bitter  liquid,  which  may  be  evaporated  to  a  syrapy  coBsistneti  sd 
wlien  treated  with  hydrochloric  acid,  yields  hydrochlorate  of  biomothiosiDaBina 

Amyl-thlosinainine,  obtained  by  the  £rect  combination  of  allylie  solfJMp' 
nate  with  amylamine,  is  an  uncrystallisable  syrup,  which  yields  a  crystaUiM  eUs^ 
platinate.     (Hinterbcrger,  Ann.  Ch.  Pharm.  UExxiii.  846.) 

(CS)' 

stbyi-ttaloslnamlne,  C«H"N'S  »  N«   ^^^.—I%iosmslkyUtmm.    (Hilt•^ 

I     H' 
brrper,  /oc.rwf.— Welf^ien,  Ann.  Ch.  Pharm.  xciv.  103.V— Foniiedb7thsdii«ttN» 
bination  of  allylic  sulphocyanate  or  sulphoearbimide^  N(CS)"(C»H»X 
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N(C*IP^H*  (Hint  er berg er),  or  as  a  hydriodat«,  by  the  action  of  ethylic  iodide  on 
thioflinamine.    (Weltsien.) 

Oil  of  mustard  absorbs  gaseous  eth^lamine  with  considerable  rise  of  temperature. 
Jiiqnid  ethylamine  hisses  when  dropt  into  mnstard;  and  on  adding  the  oil  to  liquid 
ethylamine,  it  is  thrown  out  by  the  violence  of  the  action.  Wlien  othylamine  was 
passfd  in  excess  into  mustard-oil  cooled  with  ice,  a  thin  syrupy  liquid  was  formed, 
naiing  the  odour  of  ethylaroine.  and  a  bitter  aromatic  taste.  This  liquid,  after  Rtand- 
ing  for  some  time,  became  red-brown,  but  did  n<jt  yield  crystals,  or  form  crystallisjible 
salts  with  acids  ;  when  heated,  it  gave  off  white  fumes,  which  condensed  to  oily  alka- 
line drops,  exhibiting  a  blood-red  colour  with  ferric  chloride.    (Hinterberger.) 

The  ki/drio(/atej  OH"N*S.HI,  is  obtained  by  heating  thiosinamine  with  ethylic  iodide 
In  alcoholic  solutiim,  and  evaporating,  as  a  white,  feathery,  crystalline  mass,  resembling 
sal*ammoniac.  It  dissolves  in  water,  alcohol,  and  ether,  and  turns  yellow  in  the  air 
from  separation  of  iodine  (Weltzien). — The  hi/drochlorate  is  obtained  by  decom- 
pofling:  the  hydriodate  with  oxide  of  silver,  precipitating  the  excess  of  the  silver  from 
the  filtrate  with  hydrochloric  acid,  and  evaporating  the  filtered  solution.  The  residue 
is  a  syrupy  uncrv'stallisable  mass,  soluble  in  water  and  in  alcohol.     (Weltzien.) 

JHaHnum-salt',  2(C«H'«N»S.HCl).PtCl^— On  saturating  the  spipy  liquid  obtained 
by  the  action  of  mustard-oil  on  ethylamine  with  dry  hydrochloric  add  gas,  dissolving 
the  resulting  viscid  mass  in  absolute  alcohol,  and  adding  an  alcoholic  solution  of 
platinic  chloride,  yellow  needle-shaped  crystals  of  the  platinum-salt  quickly  separated  ; 
the  mother-liquor,  when  left  to  itself  for  some  time,  yielded  crystals  of  more  definite 
Khape  (Hinterberger).  Weltzien's  hydrochlorate  mixed  with  chloride  of  platinum, 
yielded  a  yellow,  easily  soluble,  indistinctly  crystalline  mass. 

aSetliyl^tliiOBliiainiBev  obtained  like  the  ethyl-compound,  is  a  brown  uncrys- 
tallisable  syrup,  which  yields  a  ciystalline  chloroplatinate.    (Hinterberger.) 

Wapbttayl^tliiosliiainliie,  C>«H>«N*S  =  N*(CS''.C*H\C>«H'.H*).  Tkiosin-naphthj/l- 
amine,  (Zinin,  J.  pr.  Chem.  Ivii.  173.) — This  (compound  is  produced  by  adding  30  pts. 
ff»f  mustard-oil  to  a  solution  of  43  pts.  of  naphthylamine  in  eight  tiroes  tbat  weip^ht  of  90 
per  cent,  alwjhol,  and  sepnrates  after  awhile  in  iTvstals,  crouped  in  small,  white,  radiat-cnl 
Demispheres.  the  mother-liquor  yielding  an  additional  quantity  when  evaporated.  It 
is  white,  insoluble  in  water,  sparingly  soluble  in  ether  and  in  cold  alcohol,  more  easily 
in  boiling  alcohol.  It  melta  at  130°,  forming:  a  clear  liquid,  which  solidifies  again  in 
the  crystalline  form.  By  careful  heating,  a  portion  of  it  may  be  distilled  without 
•Iteration. 

Naphthyl-thio.<«inamine  is  decomposed  by  hydrais  of  Irad,  yielding  sulphide  of  lead, 
together  with  a  substance  which  crystallises  from  boiling  alcohcd  in  silky  grains,  and  an 
■Dctuons  substance,  still  more  soluble  in  alcohol. 

With  acid^j  naphthyl-thiosinamine  behaves  like  the  phenyl-componnd. 

Vluraiyl^tlilosinaiiilae,orTliioainaiillliie,C>«H>'N*S  »  N^CS'.C'H'.C^H^.H'). 
(Zinin.  loc.  cit.) — Obtained  by  pouring  oil  of  mustiird  into  an  equivalent  quantity  of 
aniline  dissolved  in  about  four  times  its  weight  of  alcohol  of  90  per  cent.  The  mix- 
ture becomes  hot,  and,  on  eooling,  deposits  the  compound  in  foliated  crystals.  If  a 
weaker  solution  of  aniline  be  used,  the  crystals  sometimes  attain  the  length  of  four 
■killimetTeti,  and  exhibit  the  form  of  tables  with  four  or  six  faces. 

Thiooinaniline  is  colourless,  transparent,  destitute  of  taste  and  smell,  insoluble  in 
vatcr,  very  soluble  in  alcohol  and  ether.  It  melts  at  95^,  forming  a  colourless  liquid, 
vhich  solidifies  in  a  radiated  mass  on  cooling.  When  distilled  it  yields  an  oil,  which 
lua  the  odour  of  leeks,  and  does  not  solidify.  It  is  desulphurised  by  hydrate  of  lead, 
yielding  a  subetance  which  is  very  soluble  in  alcohol,  and  crystallises  in  silky  needles ; 
also  as  an  nncrystallisable  resinous  body. 

Thiooinaniline  does  not  show  much  tendency  to  combine  with  acids.  It  dissolves  in 
hot  concentrated  hydrochloric  add,  but  is  precipitated  by  water  in  its  original  state. 
It  likewise  crystallises  unaltered  from  an  alcoholic  solution  of  sulphuric  or  hydi-o- 
chloric  add.     Heated  with  nitric  acid,  it  is  decomposed,  forming  a  resinous  substance. 

Syn.  with  Phkntl-thiostnamine  (see  above). 

Syn.  with  Naphthtl-thiosinahinr   (see 
above). 

XBXOTOXiUZC  AOZB,  C'H'NSO",  more  properly,  BBWZT&SIT&PBAMZC  or 

C^H'.H ,  T^ 

(SO*)"  f  ^.     (Hilkenkamp,  Ann.  Ch.  Pharm. 
H      )" 
.  86.) — ^An  add  reUted  to  toluene  (benzylic  hydride.  C'H*,  i.  673),  in  the  samemanner 
as  naphthylsnlphamic  acid,  C'*H*NSO*  (the  so-called  thionaphthamic  acid,  p.  778),  is 
xelated  to  naphthalene,  CH*.    To  prepare  it,  60  grms.  of  nitrotoluone  are  boiled,  for 
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eight  or  ten  hoan,  with  400  gnns.  of  a  concentrated  solntion  of  ammoniinn-cnlphite,  a 
small  quantity  of  ammonium-carbonate,  and  a  litre  of  absolute  alcohol,  the  immomacal 
distillate  being  continnallj  poured  back,  till  the  liquid  assumes  an  acid  reaction ;  &nd 
the  cooled  solution,  filtered  from  the  crrstals  which  separate,  is  concentrated,  with  ad- 
dition of  ammonium-carbonate.  The  rea  solution, on  cooling,  deposita  bencylsulphanuao 
of  ammonium,  in  radiate  groups  of  slender  needles,  which  may  be  rendered  colourltMs 
by  repeated  levigation  wiUi  etner.  This  salt  is  easily  soluble  in  water  and  in  alcohol, 
insoluble  in  ether.  It  is  permanent  in  dry  air,  but  turns  red  in  contact  with  moist 
air.  When  heated  it  first  melts,  and  then  chars.  Its  aqueous  solution  is  not  percep- 
tibly altered  by  acids,  eren  at  the  boiling  heat,  and  for  the  most  part  does  not  yield 
precipitates  with  metallic  salts.  Chlorine  separates  from  it  yellow  oily  drops,  having 
the  odour  of  tetrachloroquinone. 

The  bariumsaltt  prepared  by  adding  the  ammonium-salt  to  baryta-water,  boiliia 
till  all  the  ammonia  is  expelled,  precipitating  the  excess  of  barium  by  carbonic  ad£ 
and  evaporating  the  filtrate,  forms  white  czprstalline  crusts. — The  potamtm-tolt^ 
CH'ENSO',  obtained  by  boiling  the  ammonium-salt  with  carbonate  of  potassium, 
evaporating  to  dryness,  and  exlwusting  the  residue  with  boiling  absolute  alcohol, 
separates  from  the  alcoholic  solution,  on  cooling,  in  small  nodular  groups  of  aystals, 
less  soluble  in  water  and  in  alcohol  than  the  ammonium-salt — ^The  tddium-^aU^  pi^ 
pared  in  like  manner,  forms  small,  white,  nodular  crystaU,  easily  solubb  in  water, 
sparingly  soluble  in  absolute  alcohol. 

The  acid  has  not  been  obtained  in  the  pure  state.  Neither  does  the  mother-Uquor 
of  the  crude  ammonium-salt,  when  treated  with  hydrochloric  acid,  yield  a  oompoand 
analogous  to  naphthionic  acid. 

TBZOTO&VO&ZO  AOZB,  C^'NS'O*  more  properly,  Bemyldi^ulphami^ 

C'HMjj 
or  Tolyldisulphamie  aoid,  (SO')'?'^^,,  has  been  already  described  (p.  480). 

TMZOVAUnuO  AOSB.  The  product  of  the  action  of  phosphoric  pentachlraida 
on  valerianic  acid. 

TBJOR8A  ZJtVA.  A  lava  from  Hekla,  consisting  of  a  mixture  of  the  tne 
lava-mass  with  tl^onanite  (anorthite)  and  chrysolite,  both  of  which  minerals  ooeor 
crystallised  in  distinct  cavities  of  the  lava.  The  ^jrish-black  lava  contains  silica, 
ihimina,  ferrous  oxide,  lime,  and  maenesia,  as  prmcipal  constituents,  toffethcr  with 
small  quantities  of  soda  and  potash,  and  traces  of  manganese-,  nickel-,  and  c<£alt-axidfla. 
(Genth.) 

TBJORSAMZTS.  A  variety  of  anorthite  occurring  in  the  Tl\)6rsa  laia  on  Hekla, 
in  ciystallo-laminar,  brittle,  transparent  massee,  of  white  to  grey  colour,  and  vitrrooi 
lustre,  nacreous  on  the  cleavage-surfaces.  Specific  gravity  <»  2*688  at  17^.  Hardness 
>•  6.  Insoluble  in  hydrochloric  acid.  Melts  before  the  blowpipe  in  thin  splinters. 
Contains,  according  to  Genth's  analyses,  48*76  per  cent,  silica,  30*50  alumina,  1*60 
ferric  oxide,  17*22  lime,  0*97  magnesia,  1*13  soda,  and  0*62  potash. 

TBOBKAZTSL  A  name  applied  by  Mayer  (Bergwerkafireund,  viiL  6}  to  • 
quadratic  variety  of  ferrous  carbonate  from  the  Stebengebirge. 

TBOMBOirXTA.  Muolite  (in  part).  Mesotype  (in  part).  Needle  ZeoUU  (ia 
part).  Comptonite.  CkaliliU.  TripocUue.  Orarkite, — ^A  hydrated  silicate  of  alnminiam, 
calcium,  and  sodium,  occurring  in  trimetric  crystals,  exhibiting  the  combinadoo  »P 
.  00^00  .  oP.  2Pqo  .  ootoo .  Axes  a  :  b  :  e  '^  1  :  10117  :  0*7225.  Angle  opP  :  obP 
-  90°  40';  oP  :  Poo  -  144°  9'.  Cleavage  easy  parallel  to  aePoo  and  ooPoo.  The 
mineral  likewise  occurs  columnar,  with  radiated  structure,  and  amorphous.  flardneM 
*■  5  to  6*5.  Specific  gravity  »  2*35  to  2*4.  Lustre  vitreous,  inclining  to  pearly. 
Colour  snow-white ;  brown  in  iinpure  varieties.  Streak  uncoloured.  Transparent  to 
translucent.  Fracture  uneven.  Brittle.  Before  the  blowpipe  it  intumesces,  beoomiog 
white  and  opaque,  the  edges  only  being  rounded  at  a  white  heat.  When  pulverised,  ii 
gelatinises  with  nitric  or  hydrochloric  acid. 

AruUysf^'.—a,  Lochwinnock,  Renfrewshire  (Thomson's  Outlines^  i.  815).— 
5.  Dumbarton  fBerzelius,  Berz.  Jahresb.ii.  96). — c.  Seeberg, near  Kaaden,  Bohemia: 
Comptonite  (Zippe,  Verb.  d.  Ges.  d.  vat  Mus.  in  Bohmen,  1836,  p.  3).— <f.  Elbogeu, 
Bohemia:  Comptonite  (Melly,  J.  pr.  Chem.  xiv.  611). — e.  The  Cyclopean  Isles,  ne»r 
Catania;  accompanied  by  analcime  and  mesolite  (Sartv.  Waltershausen,  Volk. 
Gest.  pp.  272,  286).—/.  Between  the  Bnlandstind  and  the  Berufjord,  Iceland :  pale* 
yellow,  intergrown  with  scolecite;  specific  gravity  «  2*862  (v.  Waltersbaunpn).— 
ff.  Magnet  Cove,  Arkansas:  in  eUeolite;  specific  gravi^  »  2*24  (Smith  and  Broeh, 
Sill.  Am.  J'  [2],  xvi.  41). — h.  I)alsmyp<^n,  Faroe  Islands  (Betaius,  Berz.  JahrNtb. 
iv.  151). — i  Auenstein,  in  Bohemia:  formerly  called  meaoUtei  ipecific gravity » 2*357 
(Ram  me  Is  berg,  Fogg.  Ami.  xlri.  286): 
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m. 

b. 

e. 

d. 

e. 

/. 

g. 

k. 

#. 

ffiliea  . 

37-68 

38-30 

38-25 

37-00 

39-27 

39-86 

36-85 

39-20 

30-63 

Alumina 

31-66 

'OKflO 

22*00 

?>l-07 

29-50 

31-44 

29-24 

80-05 

31-25 

lima    • 

15  26 

13-54 

11-96 

12-60 

12-38 

13-33 

13-95 

10-58 

7-27 

Soda    .        . 

•     • 

4-53 

6-53 

6-25 

4-46 

6-29 

3-91 

8-11 

8-08 

Water  . 

1310 

1310 

11-50 

12-24 

13-23 

11-39 

13*80 

13-40 

13-30 

Magnesia 

0-64 

•           • 

•           • 

•           • 

0-12 

Ferric  oxide. 

0-66 
98-99 

•           • 

•           • 

100-24 

•           • 

99-16 

1-48 
100-44 

•      • 

1-55 
99-30 

0-50 
101-84 

100-17 

102-31 

99-48 

These  analyses  lead  to  the  formula : 

AlW^iO«  1  -5^^'  ^'  2  ^    ^^    j.SiWj  .5HH) ; 

whence  thomsonite  may  be  regarded  as  consisting  of  2  at.  of  a  sodiferoos  anorthita 
with  5  at.  water.  The  mineral  from  Lochwinnoch  appeais,  from  Thomson's  analysis,  to 
be  a  nearly  pure  hydrated  calcio-aluminic  silicate  (i.  308). 

Thomsonite  occurs  also  near  Kilpatrick,  in  Scotland.  The  variety  called  CompUmite 
10  met  with  in  the  layas  of  Vesuvius,  as  well  as  in  the  localities  above  mentioned. 
Thomson's  Scouierite  frt)m  Fortrush,  in  Ireland,  is  near  thomsonite  in  composition,  but 
contains  le«s  alumina  and  water,  and  3^  per  cent.  soda.  The  varieties  called  carpho' 
stilbUe,  ekalUite,  ozarkiie,  and  picrotUotMonite  are  described  in  their  alphabetical 
places. 

See  Thobikxtk,  Ozidb  of  (p.  787). 

or  TBOXZnK.  Atomic  Weight,  115-72;  Symbol,  Th.— A  very 
rare  element  belonging  to  the  group  of  earth-metals.  It  was  discovered  in  1828  by 
Berzeliusin  thorite  from  Esmark,  on  the  Norwegian  island  Lovon,  and  has  since  been 
found  by Wohler  in  pyrochlore,  byKarsten  in  monazite,byBergemann  and  others 
in  the  varietur  of  thonte  called  orangite,  by  Mosander  snd  Chydenius  ^fiull.  Soc 
Chim.  1866,  ii.  438)  in  euxenitefrom  Arendal,  and  by  Bab r  (Fogg.  Ann.  cxiz.  572)  in 
gadolinite,  orthite,  and  a  mineral  resembling  the  latter.  Bahr  at  first  regarded  the 
earth  obtained  from  these  three  minerals  as  the  oxide  of  a  new  metal,  wdsium ;  but  he 
has  since  recognised  its  identity  with  thorina.    (Ann.  Ch.  Fharm.  cxxxii.  227.) 

MetaUie  thorinum  is  obtained  by  heating  the  anhydrous  chloride  with  potassium  or 
tedium.  The  decomposition  takes  place  with  slight  detonation,  but  with  scarcely  visi- 
ble ignition,  and  may  therefore  be  performed  in  a  glass  vessel.  The  reduced  thorinum, 
when  freed  frx)m  soluble  salts,  is  a  grey  metallic  powder,  which  may  be  easilv  pressed 
together,  and  when  triturated  with  polished  agate,  acquires  an  iron-fl^ey  metallic  lustre. 
Its  specific  gravity,  according  toChydenius,  is  7*657  to  7*795.  W  hen  heated,  it  bums 
with  great  splendour,  producing  snow-white  thorina,  which  exhibits  not  the  slightest 
trace  of  fusion  or  aggregation.  Thorinimi  is  not  oxidised  by  water,  either  hot  or  cold. 
According  toBerselius,  it  is  but  slowly  attacked  by  nitric,  sulphuric,  or  hydrofluoric 
acid,  but  dissolves  easily  in  hydrochloric  add,  especially  when  gently  heated.  Accord- 
ing to  Chydenius,  it  disolves  easily  in  nitric,  slowly  in  hydrochloric  acid,  and  in 
■luphuric  acid  only  when  heated.  It  is  not  attacked  by  solutions  of  caustic  alkalis. 
(Beraolius.) 

TBOXIWUMf  BSOMXBB  OF*  Obtained  by  dissolving  thorina  in  hydro- 
bromic  add ;  dries  up  to  a  gummy  mass  on  evaporation  ;  forms  a  double  salt  with 
bromide  of  potassium.    (Berzelius.) 

VUOmtMTUMt  CKXiO&ZBB  OF.  ThCP.— Prepared  by  heating-  an  inti- 
mate mixture  of  thorina  and  charcoal  in  a  stream  of  dry  chlorine-gas.  The  decom- 
position takes  place  slowly,  and  the  chloride  of  thorinum,  which  is  not  very  volatile, 
IS  deposited  on  the  cooler  part  of  the  tube,  as  a  white  crystalline  sublimate; 
bj  renewed  sublimation,  it  may  be  obtained  in  white  shining  crystals  (Berzelius), 
which,  according  to  Chydenius,  are  rectangular  four-sided  t^les,  having  their  edges 
bsTslled  by  planes  inclined  to  the  basal  faces  at  angles  of  129°  T  and  143°  8'.  They 
dsUqnssoe  in  the  air,  and  dissolve  in  water  with  nse  of  temperature  (Berselius). 
Tha  chloride  does  not  volatilise  at  440°.    (Chydenius,  Fogg.  Ann.  cxix.  43.) 

Hydrate  of  thorinum  dissolves  easily  in  hydrochloric  add,  and  the  solution,  when 
eooeentnted  to  a  certain  strength — especially  if  it  contains  excess  of  hydrochloric  acid 
— soiidifles  to  a  radio-crystalline  mass  of  the  hydrated  chloride.  The  solution,  evapo- 
rated to  dryness,  leaves  a  deliquescent  saline  mass,  which  ^ives  off  hydrochloric  scid 
at  a  higher  temperature.    Chloride  of  thorinum  -is  soluble  m  alcohol. 

AmmaniO'thorinie  chloride,  4NH'Cl.ThCP.4H^O,  is  obtained  by  heating  a  dry  mix- 
tVTB  of  chloride  of  thorinum  and  sal-ammoniac  in  hydrochloric  acid  gas,  dissolving  the 
product  in  water,  sad  evaporating  ^Chydenius). — Potastio'thorinic  chloride  is  very 
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Boluble,  alxnost  deliquescent,  but  may  be  dehydrated  hy  ignitioD  in  bydrochlorie  idd 
gas.  It  is  likewise  soluble  in  alcoboL  When  heated  with  potassiom,  it  yields  metallic 
thorinnm.    (Berzelins.) 

OxycKhride. — ^In  the  preparation  of  the  chloride,  as  above  described,  diis  oompoaiMl 
passes  over  with  the  excess  of  chloride  as  a  white  cloud,  which  condenses  to  a  white 
amorphous  powder.  It  is  decomposed  by  water,  which  dissolves  chloride  of  thorinum, 
leaving  the  oxide. 

TBOSIWIK,  BBTSCTZOW  AVB  BBTZMATZOW  OF.  Before^  blow- 
pipe,  thorinum  is  distinguished  rather  by  negative  than  by  positive  characters,  its 
oxide  being  unalterable,  infusible,  and  dissolving  with  great  difficoltj  in  borax ;  the 
strongly  saturated  bead  becomes  milk-white  on  cooling ;  it  does  not  form  a  coloured 
glass,  either  with  borax  or  with  microcosmic  salt. 

Thorinum  is  precipitated  from  its  neutral  solutions  by  sulphide  of  ammomu% 
by  ammonia,  and  hj potash,  as  a  white  hydrate,  insoluble  in  potash. — The  fixed  aikaline 
carbonates,  and  carbonate  of  ammonium^  precipitate  carbonate  of  thorinnm,  soluble  in 
excess  of  the  precipitant ;  amm4mia  forms  no  precipitate  in  this  solution,  as  it  does  id 
the  corresponding  solutionof  zircon i a. — A  solution  of  thorinum-chloride  is  precipi- 
tated hj  ferrocyanide  of  potassium,  which  does  not  form  any  predpitate  with  ehlonde 
of  zirconium.— '/9u/pAa^  of  potassium  produces,  with  thorinmu'salts,  a  crystalline  precipi- 
tate of  potassio-thorinic  sulphate,  soluble  in  boi^ng  water,  but  insoluble  in  excess  of 
the  potassium-sulphati^, — a  character  which  serves  to  distinguish  thorinum  horn. 
yttrium.  From  cerium  and  the  allied  metals,  thorinum  is  distinguished  by  the 
reaction  of  its  solutions  with  hyposulphite  of  sodium,  which  precipitates  thorina,  but 
not  the  oxides  of  the  cerium-metals;  from  cerium  and  d  idy  mi  um  also  by  not  giving 
any  coloured  reactions  before  the  blowpipe. — From  titanium,  tantalum,  and  nio- 
bium, it  it  also  distinguished  by  its  behaviour  before  the  blowpipe,  and  in  solutioa 
by  its  reaction  with  oxalic  acid,  which  forms  a  white  precipitate  of  thorinum-oxalate. 

Thorinum  is  estimated  as  oxide.  It  is  precipitated  by  amnumia  as  a  hydrate, 
which  on  ignition  yields  the  pure  oxide. 

The  methods  of  separating  thorinum  from  other  metab  are  indicated  in  the  preceding 
paragraph.  Precipitation  with  sulphate  of  potassium  in  excess  serves  to  separate  it  from 
all  the  metals  contained  in  the  sulphide  of  ammonium  precipitate,  except  rirconium  and 
the  cerium-metals. — From  zi  r  con  i  a  it  may  be  separated  by  treating  the  mixed  solutioQ 
with  oxalic  acid,  which  precipitates  both  the  metals  as  oxalates ;  but  on  adding  a  slight 
excess  of  oxalic  acid,  the  oxalate  of  zirconium  dissolves  completely,  leaving  the  oxalate  of 
thorinum  behind  (H.  Bose,  TraiU  de  Chimie  Analytique,  li.  101). — ^Erom  tbecerium- 
metals  thorinum  may  be  separated,  as  already  observed,  by  means  of  sodic  hyposid- 
phUe,  which  precipitates  the  thorinum  as  hyposulphite  (C  by  den  ins).  The  precipita- 
tion, however,  is  not  complete,  and,  according  to  Hermann  (J.  pr.  Chem.  xriii.  106), 
every  1,000  pts,  of  water  retain  in  solution  0*85  pt.  of  thorina,  or  in  presence  of  Baits 
rather  less.  To  effect  the  separation.  Hermann  converts  all  the  bases  into  neutzal 
sulphates,  dissolves  10  pts.  of  these  mixed  sulphates  in  1,000  pts.  of  water,  and  heats 
the  solution  to  the  boibne-point  with  4  pts.  of  sodie  hyposulphite.  A  precipitate  of 
thorinic  hyposulphite  is  then  formed,  whUe  the  whole  of  the  cerium-metals  remain  in 
solution.  The  precipitate,  when  ignited,  leaves  pure  thorina,  which  must  be  weired, 
and  its  weight  corred^  for  the  amount  remaining  in  solution,  amounting  to,  as  abors 
stated,  0*85  pt.  The  cerium  must  be  previously  brought  to  the  state  of  oerons  salt, 
if  not  already  in  that  state. 

From  titanium,  tantalum,  and  niobium,  thorinum  is  most  easily  separated  bj 
predpitation  with  oxalate  of  ammonium. 

.  Atomic  Weight  of  Thorinum,— The  atomic  weight  of  this  metal  has  bean  detfl^ 
mined  by  the  analysis  of  the  sulphate,  Th'^0*  or  ThOJSO*..  B  erzel  i  us,  in  two  experi- 
ments, obtained  the  numbers  119*32  and  117*75,  and  from  the  mean  of  fifteen  analjsei 
of  potaMsio-thorinic  sulphate,  Th''K'(SO*)*,  not  agreeing  very  closely,  the  number 
1 1 8*2.  Chydeniua,  partly  from  his  own  (not  very  accordant)  experiments,  and  partly 
from  those  of  Beizelius,  calcinates  the  number  11832.  Delafontaine  (N.  Arch, 
ph.  nat.  xviii.  343  ;  Jahresb.  1863,  p.  198)  found,  as  a  mean  of  a  considerable  numbrr 
of  closely-agreeing  analyses,  that  the  sulphate  crystallised  f^m  hot  solutions, 
.4ThSO'.9H*0,  contains  62-61  per  cent  ThO,  31*92  SO*,  and  16*80  H*0 ;  and  that  the 
salt  crystallised  at  ordinary  temperatures,  2ThSO*.9HH),  contains  46*06  per  cent  TfaO, 
and  28*68  HH>:  hence  the  atomic  weight  of  thorinum  is  found  to  be  115*72,  the  nQa»- 
ber  now  adopted. 

TBOSnrVMy  V&VO&ZBB  OF.  ThF*.— Berzelius,  by  treating  hydrate  of  thori- 
num with  hydrofluoric  acid,  and  evaporating  off  the  excess  of  acid,  obtained  the  fluoride 
as  an  enamel- white,  heavy,  insoluble  powder,  not  decomposed  ^7  ^i^oi^t  nndonlj  im- 
.{rer&ctly  when  heated  with  potassium. — ^The  hydratedjtuoride,  Th7'.2H'0,  is  ubtatoed. 
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by  double  decomposition,  as  a  white  gelatinous  precipitate,  which  is  insoluble  in  wat^r 
and  in  hydrofluoric  acid,  gives  off  only  part  of  its  water  at  200-^,  and  is  uonrerted  bj 
ignition  into  thorina.    (Chyden  ins.) 

PPtasno-tkorinie  Fluorides, — a.  The  compound  KF.ThF*.2H'0,  is  produced  by 
boiling  recently  precipitated  hydrate  of  thorinum  with  hydropotassic  fluoride  and 
free  hydrofluoric  add,  and  separates  as  a  fine  heav^  powder. — fi.  The  compound 
2KF.4'rhF'.H'0  is  precipitated  by  hydropotassic  fluoride,  from  a  solution  of  thorina 
in  hydrochloric  acid.    (Chydenius.) 

TBOSlJiUMv  ZOBXBB  OF.  Ciystallises  with  difficulty ;  turns  brown  on  ex- 
posure to  light.     (Chydenius.) 

TBOXZinrac,  OXZBB  or,  or  TBOSnrA.  ThO.-~This,  the  only  known 
oxide  of  thorinum,  is  prepared  from  thorite  or  orangite,  or  from  euxenite. — 
a.  Thorite  or  orangite,  in  fine  powder,  is  decomposed  with  hydrochloric  acid;  the 
silica  is  separated  in  Sie  usual  way,  by  evaporating  to  diyness,  ana  digesting  the  residua 
with  acidulated  water ;  the  filtered  solution  is  treated  with  sulphydric  acid  to  sepa- 
rate lead  and  tin ;  and  the  thorina  is  precipitated  by  ammonia,  together  with  small 
quantities  of  the  oxides  of  iron,  manganese,  and  uranium.  The  precipitate  is  redis- 
solved  in  hydrochloric  acid ;  the  nearly  neutral  solution  is  mixed  with  a  hot  saturated 
■olution  of  neutral  potassic  sulphate,  wherebv  the  thorinum  is  precipitated  aspotassio- 
thoirinic  sulphate ;  and  from  the  solution  of  this  salt  in  hot  water,  the  thorinum  is  pre- 
cipitated by  ammonia  as  a  hydrate,  which  on  ignition  yields  anhydrous  thorina.  Or  the 
thorinum  may  be  precipitated  from  the  nearly  neutral  hydrochloric  solution  by  oxalic 
acid,  and  the  oxalate  converted  into  thorina  by  calcination. 

0.  Euxenite,  from  Arendal,*  which  contains  about  6  per  cent  thorina,  is  cal- 
cined and  finely  pulverised,  then  heated  with  excess  of  strong  sulphuric  acid ;  the 
resulting  pastv  mass  is  digested  with  cold  water,  in  which  it  is  almost  wholly  soluble ; 
and  the  solution  is  boiled,  whereupon  it  deposits  titanic  and  niobic  acids ;  but  to 
ensure  complete  separation  of  these  acids,  the  ebullition  must  be  continued  for  several 
days.  The  cooled  and  filtered  liq^uid  is  then  treated  with  ammonia  to  precipitate  the 
basse,  the  precipitate  is  dissolved  m  hydrochloric  acid,  and  the  liquid  is  mixed  with  a 
liot  saturated  solution  of  potassic  sulphate  in  excess,  which  precipitates  the  thorinum, 
Isaring  the  yttrium,  itc  in  solution.  The  thoriuo-potassic  sulphate  may  then  be 
dissolved  in  hot  water,  and  the  thorina  precipitated  by  ammonia.    (Chydenius.) 

Properties. — ^Anhycbous  tLorina  is  white,  and  has  the  high  specific  gravity  9*402 
(Berselius).  According  to  Chydenius,  the  oxide  obtained  by  ignition  of  the 
hydrate  is  greyish-yellow.  By  fusion  with  borax,  in  a  porcelain  furnace,  it  is  obtained 
in  quadratic  ciystals,  probably  isomorphous  with  tinstone  and  rutile,  and  having  a 
density  of  9*077  to  9*20  (Nord en skj old  and  Chydenius,  Pogg.  Ann.  ex.  642; 
Jahresb.  1860,  p.  134).  The  ignited  oxide  is  insoluble  in  hydrochloric  and  nitric 
acids,  and  dissolves  in  strong  sulphuric  acid  only  after  prolonged  heating  to  the  boil- 
ing-point of  the  acid.  It  is  not  rendered  soluble  in  nitric  or  hydrochloric  acid  by 
ignition  with  alkalis  or  alkaline  carbonates. 

Hydrate  of  thorinum  is  precipitated  from  solutions  of  thorinum-salts  by  caustic 
alkalis,  as  a  gelatinous  mass,  which  soon  sinks  to  the  bottom  of  the  liquid.  When  left 
to  dry  in  the  air,  it  absorbs  carbonic  acid,  and  cakes  into  hard  vitreous  lumps ;  under  the 
air-pump  it  dries  up  to  a  white  powder  (Berselius).  It  dissolves  readily  in  all  acids, 
excepting  oxalic,  molybdic, and  hydrofiuoric  acids.     (Chydenius.) 

THOBZWBK,  OZTCK&OSXBB  OP.     See  p.  786. 

TMOXUillMLf  oaCTOXV-SAXTS  OF.  These  salts  are  colourless,  and  have  a 
strongly  astringent  taste ;  those  which  contain  volatile  acids  give  up  their  acid  on 
ignition.     The  behaviour  of  the  solutions  with  reagents  has  been  already  described 

(p.  786). 

Acetate  oj  Thorinum,  Th'XC^H'O')*  (at  100°),  forms  croups  of  fine  needle-shaped 
ciystals,  insoluble  in  water,  and  only  sliehtly  soluble  in  dilute  acetic  acid. — ^The  car- 
htmaU,  Th'CO'.STh'^'O^H'O,  is  obtained  by  treating  the  hydrate  suspended  in 
wat«r  with  carbonic  scid,  or  by  precipitating  a  solution  of  the  chloride  with  an  alka- 
line carbonate,  as  an  amorphous  precipitate,  which  aggrt^gates  together  in  drying. — 
The  ckromaUy  Th*CrO*.4H'0,  crystallises  indistinctly  on  evaporating  a  solution  of 
thorina  in  chromic  acid.  A  solution  of  thorinum-chloride  gives,  with  acid  potassic 
chromats,  on  addition  of  ammonia,  a  yellow  precipitate  of  a  basic  salt. — ^The  citrate 
and  tartrate  are  gelatinous  precipitates,  obtained  by  adding  citric  or  tartaric  acid  to  a 
nentml  thorinum -salt.— The  formate,  Th''(CH0*)*.2110,  forms  Ubular  efflorescent 

*  ThU  mineral  contain*  (necording  toChydeniuv)  M'S8  per  crnt.  niobic  »nd  titanic  oxides,  S4*SS 
yttrU  and  erfoia,  6*S8  tiiorina,  with  tmall  quantities  of  ferrous  and  uranous  oxides,  and  S*W  matter 
▼oUtilised  hy  ignition  (—  97*74). 
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ciystalfl,  which  gire  oflF  9*77  per  cent,  water  in  drying.— The  mclyhdaU  is  a  whila 
flocculent  precipitate,  soluble  in  hydrochloric  acid  (Chydenius). — The  itHnit, 
cxalaie^  phosphate t  and  sulphate  ore  described  under  their  respective  acids. 

TBORnrUM,  OZTSUlbPKZBS  OP.     See  below. 

TBOSIAI UBK,  PBOSPBIBS  OF.  When  thorinnm  is  heated  in  phosphoms* 
Tapoor,  the  two  unite  with  incandescence,  forming  a  grey  met&llically  lustrous  nuis5. 
which  is  not  attacked  by  water,  and  bums  to  phosphate  when  heated.  (Btrrze- 
lius.) 

TBO&IMUM,  SUlbPBXBS  OF.  ThS. — Thorinum,  heated  with  sulphur,  bums 
in  the  vapour  with  the  same  splendour  as  in  the  air,  forming  a  yellow  pulvcrul^'nt  ral- 
phide,  which  acquires  metallic  lustre  by  pressure,  and  is  but  slightly  attacked  by  acid? ; 
nitromuriatic  acid,  however, oxidises  it  to  sulphate  (Berzelius).  Chydenius,  by  \^\i- 
ing  thorina  in  a  mixture  of  hydrogen-gas  and  vapour  of  carbonic  disu] phide.  obtained 
sulphide  of  thorinum  as  a  black  mass  of  specific  gravity  8*29,  becoming  grey  and  metal- 
licfiuly  lustrous  by  trituration.  It  is  converted  by  roasting  into  thorina,  is  not  atiarkid 
by  hydrochloric,  and  only  slowly  by  nitric  acio,  but  dissolves  completely  in  nitromo* 
riatic  acid.  By  fusion  with  potassium-hydrate  it  is  converted  into  thorina,  and  bv  best- 
ing in  chlorine-gas  into  chloride  of  thorinimi ;  it  is  not  altered  by  ig^itiou  in  hydrofcb 

When  thorina  is  heated  only  to  low  redness  in  the  mixture  of  hrdrogcfi  sod 
carbonic  disulphide,  an  oxy sulphide  is  formed,  probably  ThS.2ThO.  (Chyde- 
nius.) 

TBOXZTB.  Oranaite. — ^A  hydrated  silicate  of  thorinum,  occurring  on  the  islsad 
of  Lovon,  not  far  from  Brevig  in  Norway.  It  is  massive  and  compact,  of  blad  eoloaz; 
with  vitreous  lustre,  opaque  to  translucent  on  the  edges ;  streak  greyish-red.  Brittk. 
Hardness  —  4*5  to  6.  Specific  gravity  »  4*63.  Before  the  blowpipe  it  hscn— 
brown-red,  does  not  melt  when  heated  by  itself,  but  forms,  with  borax,  a  glass  eolomd 
by  iron,  and  on  addition  of  soda,  exhibits  the  manganese  reaction,  in  its  nstml 
state,  it  dissolves  in  hydrochloric  acid,  with  evolution  of  chlorine  and  separstiaB  of 
gelatinous  silica,  but  aft«r  ignition  it  is  scarcely  attacked  by  hydrochloric  acid. 

The  variety  called  orangite,  found  in  the  zircon-syenite  near  Brevig,  is  yeUoviA  9 
yellow  to  brown,  yiel4s  an  orange-yellow  powder,  is  translucent  or  tianspareot  io  this 
splinters,  has  a  specific  gravity  «  5'2  to  5*4,  and  hardness  -■  4*6. 

Analyses: -a.  Thorite  (Berzelius,  Pogg.  Ann.  xvL  385). — b.  Thorite,  black,  alnot 
glassy:  specific  gravity  «  4*686  (Bergemann,  Und.  Ixxiii.  561;  Ixxxv.  UBl— 
«,  d,  e.  Orangite:  c  by  Bergemann,  d  by  Damour  (ibid.  Ixxxv.  665),  e  byBtrlii 
(ibid.  Ixxxv.  556) : 

SlOl      Tha    V20».  rtfOI.  MnCOI.  Caa    MfO    XSO.   HafO.  PbO.  SaOS.  A190S.  IMX 

a.  19*31    AS  91    1-64    3*46     2*43      3-62    0l6    0*15    0-11    0«    0*01    (HK    9*66  »    WU 

b.  19*21    6700 9-17  « 

c.  17*69    71*25     .  .     0*31     0*21      4*04     .  .  0*30  6  9b  »  10010 

4.   17*52    71-65    113    0-31     0*28      1-59     ..     0*14    O-SS    Oi»     ..     0-l7    6*14  »  109 II 


Na 


t.   17-78    73-29        0-96  •  0  92 7*12  -  WOW 

The  analysis  of  thorite  by  Berzelius  leads  to  the  formula  Th'Si0^.2HK) ;  thoia  d 
orangite  to  the  formula  3Th*Si0^4H'0 ;  but  the  difference  of  compodtioB  is  BOrt 
probably  onlpr  apparent,  and  due  to  impurity  in  the  thorite ;  indeed,  orangite  freqifsclj 
occurs  so  intimately  inter^wn  with  thorite  as  to  show  that  the  two  minarals  aieMMO- 
tially  identical,  the  orangite  being  merely  the  purer  variety. 
TBOKZVMC    Syn.  with  Thorinum. 

TKAAITLXTB.  A  variety  of  hisingerite  hoini  Bodenmais  in  Bavaria  (iil  \ffi\ 
TBSZBACXUIIK.  (from  BpiZa^,  lettuce).— The  inspissated  milky  jaies  of  tfe 
common  lettuce,  Lactuca  sativa  (that  obtained  from  L.  virosa  ia  called  laetaetriia 
(jii.  464).  It  is  a  grey-brown  or  yellow  bitter  substance,  having  an  odoor  likstbst 
of  opium,  and  forming  with  water  a  solution  which  has  a  brown>yelloweolo«r  aod  loi 
reaction.  Tannin  forms  in  it  a  copious  precipitate ;  ammonia  thiowa  down  phfuriiiti 
of  calcium ;  nitrate  of  banum,  nitrate  of  silver,  oxalate  of  ammonia,  and  alfiohotpo* 
duce  turbidity.  It  is  said  to  produce  a  sedative  action,  but  the  nature  of  the  sctin 
principle  is  not  exactly  known.     (Handw.  d.  Chem.  viii.  821). 

TBSOKBOXiZTS.    A  cupric  phosphate  occurring  at  Betabanya  in  Hvagiiy. 

TBSlWO-BOA^XiIAO.  The  Chinese  name  for  a  cobaltiferooa  afanninie  wHkm 
used  in  the  manufacture  of  porcelain  ;  also  applied  to  a  cobaltiferons  inai^iaese<ofa 
used  for  producing  a  blue  colour  on  porcelain. 

TBirjA.  The  branches  of  Tlmja  occidentalism  the  North-Amerieao  Jfbtr  «^. 
contain  an  essential  oil,  wax,  resin,  several  acids  (probably  in<»l«Mittig  citae  sddU 

*  With  traces  of  tfanoic  and  ranadic  oxide*. 
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bitter  principle,  sugar,  and  two  peculiar  yellow  colouring-matters,  called  thujin  aad 
thujigenin. 

^V  hen  the  green  branches  of  Thuja  occiderUalia  are  boiled  with  strong  alcohol,  the 
decoction  on  cooling  deposits  a  waxy  substance  in  yellow  flocks,  becoming  white  when 
purified.  This  body,  whose  percentage  composition  is  represented  by  the  formula 
CH'*0,  is  a  mixture  of  a  more  soluble  and  a  loss  soluble  substance ;  when  saponified 
by  lime,  it  yields  several  acids  not  yet  examined. 

When  the  alcoholic  extract  of  the  branches,  which  likewise  contains  Tolatile  oil,  is 
distilled,  there  remains  a  green  resinous  mass,  said  to  contain  kinovous  acid,  the 
aieid  likewise  occiirring  in  tJie  needles  of  the  Scotch  fir  (iv.  650).  The  watery  liquid 
separated  &om  the  resin  yields,  on  addition  of  neutral  lead-acetate,  a  yellow  precipi- 
tate containing  thujin,  together  with  pinitannic  acid  (iv.  651).  The  liquid 
filtered  from  this  precipitate  gives,  with  basic  lead-acetate,  a  precipitate  probably  con- 
taining a  little  citric  acid,  together  with  an  amorphous  tannin,  and  thuj  igenin.  The 
filtrate  from  this  last  precipitate  contains  sugar,  and  a  bitter  principle,  said  to  be 
identical  with  the  pinipicrin  of  the  Scotch  fir  (iv.  651). 

•If  the  branches,  after  treatment  with  boiling  alcohol,  are  exhausted  with  water  con- 
taining a  small  quantity  of  alkali,  the  resulting  solution  deposits,  on  addition  of  an 
acid,  a  gelatinous  substance  having  the  composition  C"H"0*'. 

The  leaves  of  th^ja  are  said  to  possess  medicinal  properties.  Ttnctura  TkiytB  has 
been  recommended  as  a  remedy  for  rheumatism,  gout,  intermittent  fever,  &c 

The  essentialoilofthuja,  which  passes  over  on  distilling  the  ends  of  the  branches 
and  the  leaves  with  water,  is,  according  to  Schweizer  (Ann.  Ch.  Pharm.  li.  398), a 
mixture  of  several  oils,  and  contains  77  per  cent,  carbon,  10*9  hydrogen,  and  11*4 
oacygen.  It  is  colourless  when  fresh,  but  soon  turns  yellow  in  contact  with  the  air;  it 
has  the  odour  of  thi^ja,  is  lighter  than  water,  and  only  slightly  soluble  therein,  but 
dissolves  easily  in  alcohol  and  in  ether.  On  fractional  distillation,  the  greater  part 
passes  over  between  190^  and  197°,  the  boiling-point  quickly  rising  to  206*^,  and  ulti- 
mately a  brown  residue  is  left. 

Crude  oil  of  thuja  dissolves  largo  quantities  of  iodine ;  and  on  heating  the  solution, 
a  violent  action  takes  place,  hydnodic  acid  and  a  very  volatile  oil  being  given  off. 
The  residue,  when  further  heated,  gives  off  a  dark  viscid  oil,  then  vapour  of  iodine,  and 
leaves  a  residue  of  charcoal. 

When  the  volatile  oil  just  mentioned  is  repeatedly  distilled  over  iodine,  then  over 
quicklime  and  potassium  in  succession,  it  becomes  coloiirless,  free  from  oxygen,  lika 
tnrpen tine-oil  in  taste  and  odour,  lighter  than  water,  and  boils  between  165^  and  176°.. 
Thus  purified,  it  constitutes  Schweizer*s  t h  uj  e  n  e  or  t  h  uj  o n  e.  The  viscid  oil,  agitated 
with  {totash-ley,  yields  to  that  liquid,  carvacrol  (i.  808),  reparable  by  sulphuric  acid.. 
The  portion  insoluble  in  potash  appears  to  be  colophene  (i.  1086). 

Oil  of  thuja  is  not  sensibly  altered  by  distillation  mth.  phosphoric  acid. — ^By  ail  of 
9itrioi  it  is  immediately  resinised. — Commercial  nitric  acid  turns  it  dark-yellow,  with- 
out setting  it  on  fire;  with  potassium  it  resinises  without  giving  off  hydrogen.— 
Hydrate  of  potassium  blackens  thi\ja-oil  immediately,  and  resinises  a  portion  of  it,. 
whilst  another  portion  passes  over  unaltered.  Repeated  distillation  of  the  portion 
which  has  gone  over  with  hydrate  of  potassium  diminishes  its  quantity,  but  does  not 
perceptibly  alter  its  external  characters ;  after  five  distillations,  the  distillate  contains 
78*87  per  cent.  C,  10*98  H,  and  10*15  0.  From  the  black  residue,  water  separates  a 
lesin-soap,  soluble  in  pure  water,  while  carvacrol  remains  in  the  alkaline  solution. 
(Schweizer.) 

THUJBWB.    Syn.  with  Thujonb. 

THUJMTIC  ACZB.  C!^H^".  (Roehleder  and  Kawalier,  Wien.  Akad. 
Ber.  xxix.  14.) — This  acid,  which  contains  the  elements  of  3  at.  water  less  than 
thi^jetin  (*}^ra),  is  prepared:  1.  By  boiling  thujetin  with  baryta-water,  adding  sul- 
phoric  aod  after  a  wnile,  then  alcohol,  and  filtering  the  liquid  while  hot ;  it  then  separates 
in  microscopic  crystals. — 2.  Together  with  crystallisable  sugar,  by  boiling  thujin  for 
■ome  hours  with  baiyta-water  in  an  atmosphere  of  hydrogen,  till  a  reddish-yellow 
precipitate  is  formed.  On  passing  carbonic  anhydride  through  the  liquid,  filtering,  and 
treating  the  washed  precipitate  with  acetic  acid  to  dissolve  the  baryta,  thujetic  acid 
remains  undissolved.  It  forms  lemon-yellow  microscopic  needles,  soluble  in  alcohol,  and 
psreeipitated  by  water. 

«BVJVrzv.  C^^H^".  (Roehleder  and  Kawalier,  Wien.  Akad.  Ber. 
zzix.  12.) — A  compound  obtained,  together  with  crj'stallisable  sugar,  by  heating  thy^in 
with  dilute  acids ;  the  liquid,  which  is  green  at  first,  becomes  yellow  after  some  time, 
then  colourless,  and  deposits  thujetin  after  evaporation  of  the  alcohol.  Thi\jetin  is 
likswise  obtained  in  the  preparation  of  thujin  and  thujigenin,  in  the  manner  presently 
fObedsschbed.. 


tlie  niimte ;  and  the  n-siJae  is  mii«J  with  voter,  ■  few  dropa  of  lolau 
ae«tnV>  of  lead  being  addod  to  Gicilitale  the  fitlntton.  The  UtnU  U  «d 
cipitat«d  byaeutral  acetate  of  lend,  and  ths  ;ellow  precipitate  (a),  eoolBini 
lliujetin.  ii  Dvd  fur  tho  prepumtioii  of  these  ■DtuUneiu.  The  flltanid 
with  buic  acetate  of  leud,  jioldi  a  second  precipitaU  (i)  oantaining  tlltji 

rt.  Prtparation  of  21  ry  in. — Tlie  precipitiUe  a  a  wMhed  with  vater,  ain 
dilute  acetii:  acid  i  the  liquid  is  fillersd  from  nndiuolred  matter;  th«  fl 
tatej  with  haeic  acetate  of  lead;  the  vwthcd  pnvipilnte  dtoompoaed  ui 
aul|>!ij'driu  acid;  thu  li.|uij  lieutrd  wilh  the  aulphiile  of  lead,  and  fliti 
iiDl[iliide  of  lead  «;uhc<I  witli  n  iiiauU  qaiintily  of  hot  wstn';  and  the 
being  freed  from  balphjrdric  lu'id  by  beating  it  in  &  ilream  of  carbonie 
ivii]"jn>ted  in  n  viwiiuin  over  oil  of  ritriol.  The  liquid,  aftai  Mandinft  i 
■li-I'aita  erfNbiU  of  thujiu,  wliii'h  are  cullecti-d,  dt-aulrfd  in  boiling  wal< 
tiun  of  alcohol,  ^lin  tuft  tu  crvtlulliBc,  and  rservatalliaad  till  the  aolaliu 
Htunce  in  weak  Kptrit  no  lon^'r  turns  gieeD  on  addition  of  ammonia-  TL 
\raA  mill  rvliiiiu  a  amall  [-ortion  of  thi^in,  which  m*j  be  obtained  1} 
alvdiul. 

4.  Pnjmratlo/t  n/  Thujigciiin. — Th«  prrapitata  ij  tWmri  by  basic  n 
JH  WMiihi-it,  Butpended  in  water,  nod  deeompond br  nipbjdric  acid:  n' 
heateil  wilh  tho  sulphide  of  Irnd,  and  Altered  hot  throogh  awiumedEr 
liMtdluiilvveinaitniain  of  earboaic  anhfdiidB,  l&d  eT»pa«*t«d  in  ^i ' 
fliH-bii  iif  thiyigcnin. 

c  If  thi'oliief  object  is  to  obtain  tbtuipnin,  the  liqwda  obtain-^'  ' 
wilh  sutplij'dric  acid  the  two  praci[nlatn(aandi)pMdawdbTDentr  - 
uf  leHd,  lire  CTaporatcd  till  thniin  and  UiqjetiQ  aepaMto  out  f*^™' 
■lji[ic<«  are  ri'moTed,  and  the  mtrate  ia  miud  with  li7diovhIori<' 
waliT-bath  till  it  be^ns  to  show  turtnditj,  and  then  quekly  (ik-'- 
thujigenin.  which  must  be  eollected,  didcilvsd  in  akoliol,  and  pi- 

Uy  farther  heating  the  liqnid  flom  which  tb*  dnQJgenin  h 
coolitig  it,  thuja  tin  is  ubtained,  euntaniinatad  «idi  a  re-1  -  ' 
iniLV  lie  fnoj  by  repeated  solution  jp  alcohol  and  pncipitHii"- 

Proprrtui   and   Braftknu. — Thqjignlin  jbrma  microni'i  ' 
wilublr  in  water,  but  soluble  in  alcohol,  and  predptated  - 
Wheti  Iwiled  with  chloridt  nf  aett^,  it  tami  nd,  and  H^'t 
TONeilintoacotyl-thujigeni^'CPH^C^HK))^",  II  -• 

Tlie  inyesligatioa  of  Uiiuigenin  ia  itjil  IDaooi^p'  — " 
wlielhor  thin  substimce  can  be  formed  aitifleiallj,  an''- 

vmvjzm.  C-H"0".  (Rochledar  asd  Kn  — 
pliimriile,  ocourriug  in  the  green  parte  of  Tfa^tt  i- 
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oeouB  residue,  which  barna  away  slowly,  but  completely. — 2.  When  heated  in  alcoholic 
■oludon  with  dilute  hydrochloric  or  sulphuric  acidf  it  turns  green,  then  yellow,  and 
is  resolved  into  thujetin,  which  separates  out,  and  sugar.  100  pts.  thiyin  take  up 
7*3  pts.  water,  and  yield  40*48  pts.  sugar  and  66*78  pts.  thiyetin : 

Thiyigenin  appears  also  to  be  formed  when  thiq'in  is  heated  for  a  short  time  with  hydxo- 
cbloric  acid  (p.  790). — 8.  Thujin  dissolves  in  baryta-water,  forming  a  yellow  solution, 
which,  when  heated,  deposits  an  orange-yellow  precipitate  of  thtgetic  acid,  becoming 
dark  reddish-yellow  by  continued  boiling,  while  sugar  remains  in  solution : 

2C"H"0«  +  H«0     «     C"H«0"  +  2C«H»H)«. 

A  volatile  hydrocarbon,  obtained  by  the  action  of  iodine  on  oil  of 

See  EpmoTB  (ii.  490). 
Syn.  with  Axutitb  (i.  477). 

Oweniie, — A  silicate  of  iron  and  aluminium,  occurring  as  an 
aggregate  of  minute  scales,  which  are  distinctly  deavable  in  one  direction,  have  an 
i^ve-green  colour,  and  nacreous  lustre.  Hardness  —  2*5.  Specific  gravity  ■>  8*18 
to  3*20.  Before  the  blowpipe  it  melts,  with  moderate  facility,  to  a  black  magnetic 
glass  ;  gives  off  water  when  heated  in  a  tube ;  and  dissolves  in  hydrochloric  acid,  with 
■eparation  of  gelatinous  silica. 

AiuUyses. — a.  From  Reichmannsdorff,  near  Saalfeld,  in  Thuringia  (Rammels- 
berg,  Mineralchemiet  p.  861). — b.  The  same  (Smith,  Sill.  Am.  J.  [2],  zviii.  372). — 
e,  Sdimiederberg,  near  Saalfeld  (Genth  and  Keyser,  ibid,  xvi.  167 ;  zriii.  410).— 
(L  Potomac  river:  Oioent^^  (Smith). — e.  The  same  (Genth  and  Keyser): 
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These  analyses  lead  to  the  formuU  2(2FeO.SiO').(AlH)>;FeK)*)%iO*.4H*0. 

TWTMMf  OZXi  OF.  The  herb  of  garden  thyme  {Thymus  vulgaris,  L.)  yields,  by 
distillation  with  water,  a  volatile  oil,  which  in  the  fresh  state  is  colourless  or  yellowish, 
and  mobile;  the  oil  commonly  occurring  in  commerce,  however,  is  led-brown  or 
brownish-red,  and  becomes  thicker  and  darker  by  age.  It  has  a  pleasant  pungent 
odoor  of  thyme,  and  an  aromatic  camphorous  taste.  Its  specific  gravity  is  between 
0*87  and  0  90.  It  dissolves  sparingly  in  water,  in  about  its  own  bulk  of  alcohol  of 
specific  gravity  0*85,  and  easily  in  ether.  Iodine  acts  but  slightly  on  oil  of  thyme ; 
alcoholic  potash  dissolves  it.  It  turns  the  plane  of  polarisation  to  the  left,  a  column 
100  millimeties  long  producing  a  deviation  of  ~8°  to  ~9°. 

Oil  of  thyme  is  a  mixture  of  at  least  two  hydrocarbons,  namely  thymene,  C'*H**, 
and  cymene,  C'*H*^  together  with  an  oxygenated  camphor  or  stearoptene,  called 
thymol,  C**H*^0  (which  is  said  to  constitute  about  half  of  the  crude  oil),  and  perhaps 
other  oxidised  products  of  the  hydrocarbons. 

On  submitting  the  crude  oil  to  fractional  distillation,  the  thymene  passes  over  be- 
tween 160^  and  166^,  and  the  cymene  between  170^  and  180^.  This  latter  hydrocar- 
bon mav  also  be  separated  from  the  thymene  by  treating  the  mixture  with  strong 
Bolphune  add,  washing  the  undissolved  portion  with  water,  and  rectifying.  The 
hydrocarbon  thus  obtained  has  the  composition  C**H'^,  and  appears  to  be  identical  in 
erery  respect  with  cymene  obtained  from  Boman  cumin-oil. 

On  continuing  the  distillation  of  the  thyme-oil,  there  passes  over,  between  185^  and 
S26^,  a  mixture  of  thvmene  (and  cymene)  with  about  ^  pt.  of  thymol,  and  between 
225^  and  335°,  pure  thymol,  which  may  be  separated  from  the  remaining  portions  of 
liydrocaibon  by  solution  in  potash-ley.  (Lallcmand,  Ann.  Ch.  Pharm.  ci.  119 ;  cii. 
119.) 

A  pound  of  thyme  yields,  according  to  different  statements,  from  20  to  90  grains  of 
oil,  tne  quantity,  doubtless,  varying  with  the  locality  in  which  the  plant  is  grown. 

Wild  thyme  (Thymus  serpyUum)  yields,  by  distillation  with  water,  from  0*08  to 
0*09  per  cent,  of  a  yellow  oil,  having  an  agreeable  odour  of  lemons  and  thyme,  and  an 
aromatic  bitter  taste.  Alcohol  of  specific  gravity  0*85  dissolves  it  in  all  proportions. 
(Herberger,  Repert.  Pharm.  xxxiv.  41 ;  Zeller,  Studien  uber  atheriiche  (kle,  Lan* 
dan,  1850.) 

See  under  Thtmojll  (p.  793). 
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C"H'«.  (Lallemand,  Ann.  Ch.  Phys.  [3],  xlix.  165.)— A  hydi^ 
carbon  belonging  to  the  camphene-group,  and  constituting  the  moct  volatile  poition  of 
the  oil  of  garden  thyme,  distilling  between  160^  and  185^  (p.  791).  It  maj  be 
purified  by  agitation  with  potash-ley,  and  repeated  fractional  distillation  orer  poUs- 
sinm-hydnte ;  after  this  treatment,  however,  it  usually  still  retains  a  small  qut&titj 
of  cymene,  which  may  be  removed  by  fractional  distillation. 

Thymene  is  a  colourless  oU,  having  an  agreeable  odour  of  thyme,  boiling  at  160°— 
165<^,  and  of  specific  gravity  0*868  at  20^  It  deflects  the  plane  of  polarisation  to  the 
left,  but  less  strongly  after  repeated  rectification  over  caustic  potash  (Lallemand).  It 
dissolves  in  oil  of  vitriol^  with  rise  of  temperature,  and  yields  by  distillation  the  aaiB* 
products  as  oil  of  turpentine. — It  absorbs  hydrochloric  oM  goM^  wiUi  slight  rise  ef 
temperature,  and  forms  a  compound  which  remains  liquid  at  —20°,  and,  after  pirn- 
fication  with  chalk  and  animal  charcoal,  contains  20  per  cent,  chlorine.  (Lall«> 
mand.) 

From  Uie  volatile  oil  of  the  seeds  of  "Ptyehotw  j^'owan,  Stenhonse  obtained,  by  frac- 
tional distillation,  dehydratioB  with  chloride  of  calcium  of  the  portion  which  passed 
over  below  176^,  distillation  over  caustic  potash,  treatment  with  sodium,  and 
rectification,  a  colourless,  strongly  refracting  oil,  having  a  pungent  aromatic  odour, 
different  from  that  of  oil  of  thyme,  of  specific  gravity  0*864  at  12^,  and  boiling  at 
172^.  It  formed  with  hydrochloric  acid  gas  a  brown  thin  liquid.  It  contains  88*24 
per  cent  C  and  11*6  H,  and  is  therefore  C'*H",  and  perhaps  identiod  with  LaUe- 
mand*8  thymene.  According  to  Haines  (Ann.  Ch.  Pharm.  zcviii.  816),  it  consists  of 
cymene,  C"H". 

TUIMIOZO  ACIB.    Syn.  with  Ththotio  Acid  (p.  796). 

TBTMZnL  This  name  was  applied  by  Gorup-Besanez  to  a  crystalliiable, 
slightly  basic  substance,  obtained  from  the  thymus-gland,  which,  however,  he  after- 
wimis  found  to  be  identical  with  leucine. 


C»*H>«0«  (Lallemand,  Ann.  Ch.  Phys.  xlix-  160;  Ann.  Ch. 
Pharm.  cii.  119.) — ^A  product  of  the  oxidation  of  thymol.  It  is  obtained  by  dissolving 
thymol  in  excess  of  sulphuric  acid,  diluting  the  liquid  with  five  or  six  times  its  volume 
of  water,  and  gradually  mixing  it  in  a  retort  with  manganic  peroxide  or  potassie 
dichromate ;  great  heat  is  then  evolved,  and  on  distilling  the  liquid,  water  passes  oret, 
together  with  formic  acid,  and  a  yellow  oil  which  soon  solidifies.  This  substano^ 
which  is  thymoil,  may  be  purified  by  recrystallisation  from  ether-alcohoL 

Thymoil  forms  reddish-yellow,  four-sided,  shining,  crystalline  lamine,  having  an 
aromatic  odour,  recalling  at  the  same  time  that  of  iodine  and  that  of  chamomiln.  It 
is  heavier  than  wtUer,  ouTy  slightly  soluble  therein,  sparingly  soluble  also  in  akohtl, 
easily  in  ether.  It  melts  at  48^,  gives  off  copious  vapours  at  100^,  sublimes  at  a 
stronger  heat,  and  boils  with  partiid  decomposition  at  about  236^,  leaving  in  the  retort 
a  dark-red  oily  residue,  whidi  solidifies  on  cooling  to  a  violet  metallically  lostroos 
mass. 

Thymoil  is  easily  altered  by  light ;  when  exposed  to  sunshine  for  some  days  in  a 
sealed  tube,  it  becomes  quite  bladL,  and  is  converted  into  a  mixture  of  several  com- 
pounds, from  which  alcohol  extracts  thymoi'lol  and  thymeid,  together  with  other 
bubstances,  and  leaves  a  small  quantity  of  a  yellowish  powder,  consisting  ofoxyth;^* 
m oil,  C*-H'»0'.  This  body  is  insoluble  in  water  and  in  alcohol,  sparingW  soluUe  in 
ether,  melts  without  decomposition  at  100^,  is  insoluble  in  alkalis,  and  is,  on  the 
whole,  a  very  indifferent  substance. 

Thymoil  dissolves  in  strong  sulphuric  or  nitric  acid  at  ordinary  temperature  and 
is  separated  therefrom  unaltered  by  water.  If  the  action  of  the  acids  be  bng  con- 
tinued, or  assisted  by  heat,  decomposition  takes  place,  but  the  products  have  not  been 
examined. 

Chlorine  acts  slowly  on  thymoil,  and  only  when  assisted  by  heat,  forming  chlorinated 
substitution-products. 

Fused  thymoil  slowly  absorbs  dry  ammonia-ffos,  forming  thymoilamide, 
N.H*.C»*H'»0,  a  dark-red,  uncrystallisable,  hard,  brittle  mass,  which  softens  afc 
100°,  so  that  it  may  be  drawn  into  threads,  and  is  soluble  in  alcohoL 

In  contact  with  potath-Uy^  thymoil  quickly  absorbs  oxvgen  ttom  the  air,  and  dif* 
solves  to  a  brown-red  liquid  containing  the  potassium-sab  of  thy  moilic  acid : 

4C'«H»H)«  +  0»«     -      C*»fl«Ow  +  H^; 
ThymolL  ThymoiUe 

add. 

The  thymoilate  of  potassium  may  be  obtained  by  satnrating  the  liquid  with  carbo&ie 
acid,  evaporating  to  dryness,  and  exhausting  the  residue  with  alcohol ;  and  on  decom- 
posing the  solution  of  this  salt  with  hydrochloric  acid,  thymoilic  acid  is  obtained,  in 
dingy-yellow  uncrystallisable  flocks,  sparingly  soluble  in  water.    AH  the  thymoflatei> 


793 

compou- 

[>g«D,  snl- 
«'lijdro- 


'  tcratiDg 
obtaiapd 

,  disiolTa 
t  witbout 


htnrever, 
oloration 

'moil  And 
C"H"0' 

tilood-ivJ 
d  light  a 

qninone, 


Aleahol. 

jgonatfld 


P-   191). 


□ct  from 
omewhM 
ligblgr. 
reading 
I  ftlong 


794  THYMOL. 

lime  after  cooling;  but  if  pure,  it  (solidifies  immediately  when  tondied  by  a  solid  bodj. 
According  to  Arppe,  it  melts  at  48°,  and  doea  not  solidify  till  cooIikI  to  27°.  Thyniiol 
t'rom  the  oil  of  PtychotU  Ajowan  melts,  according  to  Hainea,  at  53° ;  according  to 
Stenhouse,  at  44^.  Thymol  boils  at  230°  (DoTeri;  Lallemand),  at  231^ 
(Haines),  at  222°  (Stenhouse),  and  distils  without  decomposition.  Vapom^deoatj, 
obs.   «  6*4 ;  calc   =   6*2. 

Thymol  dissolves  in  about  300  pts.  of  loatert  easily  in  alcohol ^  ether,  and  strong 
acetic  acid^  and  is  not  precipitated  from  the  alcoholic  solution  by  water.  It  is  not 
altered  by  aqueous  ammonia,  but  takes  up  a  large  quantity  of  gaseous  ojhihoiiu, 
becoming  liquid,  but  resolidifying  after  the  ammonia  has  escaped.  It  dissc^TM  ii 
aqueous  potash  and  soda,  forming  compounds  which  are  soluble  in  water  and  in  aIcob(d; 
but  are  very  unstable,  being  decomposed  by  acids,  even  by  the  carbonic  acid  of  the  air, 
with  separation  of  thymol. 

When  thymol-yapour  is  passed  over  soda4ime  heated  to  dull  rcdnt^es,  oo  gu  ii 
evolved,  but  a  crystallisable  thvmolate  of  sodium,  CH'^NaO,  is  formed,  whieb 
nelts  when  heated,  and  when  dissolved  in  water  forms  precipitates  with  mercuric  chlohds 
and  silver-nitrate.  The  mercurv-com pound,  which  is  a  basic  salt^  C**H"fig''0'. 
Hg"(),  has  a  greyish-violet  colour,  is  not  decomposed  at  ordinary  temperatoies  bj£lm« 
sulphuric  or  nitric  acid,  but  is  decomposed  by  hydrochloric  acid,  with  separation  of 
thymol.  Alcoholic  thymol  does  not  precipitate  the  alcoholic  solution  of  neutral  kid- 
acetate;  neither  does  it  precipitate  ^ver-nitrate,  even  after  addition  of  ammoniiL 

Decompositions  of  Thymol. — 1.  Th^ol  is  somewhat  altered  by  repeatsd  distilUtioB, 
the  liquid  which  passes  over  contaming  leas  carbon  than  the  original  sobrtaaoB 
(Stenhouse). — 2.  It  is  decomposed  hj phosphoric  anhydride,  but  the  products  hart 
not  been  obtained  in  very  definite  form. — 3.  Strong  sulphuric  acid,  at  50° — 60^. 
oonverts  it  into  thymylsulphuric  acid  C'*H'*SO* ;  but  when  heated  with  esecwof 
sulphuric  acid. to  240°,  itvields  sulphodraconic  acid  (p.  521). — 4.  It  dissolvct  ia 
glacial  acetic  acid,  and  subsequent  addition  of  sulphuric  acid  forms  acetothymjl- 
sulphuric  acid,  C'«H"SO»  =  (C«H»0)(C»»H'«)SO*  (Lallemand).— 5.  ThynBolii 
easily  oxidised  by  chromic  acid,  or  by  a  mixture  of  sulphuric  acid  and  manganic  pf^ 
oxide,  yielding  a  distillate  containing  formic  acid  and  thymoi'L  C*'H"0-  (p.  "W"; 
and  a  residue  consisting  of  a  brown  acid,  solid  and  friable  at  ordinary  tempeiatam. 
and  dissolving  with  dark-red  colour  in  alcohoL — 6.  Nitric  acid,  whether  dilnt*  or 
concent  rated,  acts  violently  on  th^^nol,  giving  o£f  nitrous  and  carbonic  anhydrkkt, 
and  forming  a  number  of  products,  chiefly  resinous  bodies,  and  a  large  qoantitjaf 
oxalic  arid. — 7.  Chlorine  in  difiused  daylight  acts  with  great  violence  on  thymol,  viik 
rise  of  tompcmturc,  and  elimination  of  hydrochloric  acid  gas,  the  thymol  remainiig 
liquid,  and  assuming  a  wine-red  colour  at  the  beginning  of  the  action.  If  too  pmk 
heat  be  avoided,  the  product  consists  of  trichlorothymol ;  then,  if  the  passage  of  ths 
chlorine  be  continued  in  bright  daylight,  a  very  viscid  oil  is  formed,  from  which  poMs- 
chlorothymol  j^radually  crystallises  (Lallemand). — 8.  Oil  of  MJ^me,  distilled  vith 
8  pts.  chloride  of  lime  and  24  pts.  water,  yields  chloroform  (Chantard,  Compt.  rod. 
xxxiv.  485). — 9.  Bromine,  in  sunshine,  converts  thymol  into  pentabroBWthnMl 
(Lallemand). — 10.  Thymol  is  not  altered  by  hydrochloric  acid  (Stenboaf«l 
When  hydrochloric  acid  gas  is  passed  over  thymol,  it  quickly  assumes  a  brovi, 
and,  after  removal  of  the  excess  of  hydrochloric  acid,  a  purple-brown  colour,  bnt  dM 
not  increase  in  weight  by  more  than  2  to  3  per  cent.,  even  when  heated :  on  *<i«^'Wm| 
the  product,  unaltered  thymol  is  first  obtained,  then  a  red  substance  (Arpptl— 
11.  Thymol  gently  heated  with  sodium  in  a  stream  of  carbonic  anhydride^  takes  iptki 
elements  of  the  latter,  forming  thymvl-carbonic  acid,  C"H*H>*  «-  C**H**O.C0'*» 
together  with  thymoticacid,  an  acid  isomeric  therewith.  (K  o  1  b  e  and  Lai  tsaai^ 
p.  795.) 

Derivatives  of  Thymol. 

Pentabromotliymol,  C'^H'Br^O. — Thymol  subjected  to  the  action  of  bfoaiB^ 

ultimately  in  sunshine,  is  completely  converted  into  a  solid,  white,  earthy  mass  of  pi«b^ 
bromothymol,  which  may  be  recrystallised  from  ether,  melts  at  a  rather  high  tiap^ 
rature,  with  incipient  decomposition  and  evolution  of  hydrobromic  acid, bat  afipsiMi^ 
without  simultaneous  formation  of  hydrocarbon.     (Lallemand.) 

Cblorothymols^— a.  Trichlorothymol,  G**H>'C1'0,  is    obtained   by  pH0| 

chlorine-^as  into  thymol  in  diffused  daylight  (taking  care  to  avoid  too  mnch  builji^ 
till  the  thymol  has  absorbed  a  quantity  of  chlorine  equal  to  two*tfairds  of  its  wqgfc 
On  leaving  the  product  to  stand,  long  yellow  needles  are  formed,  which  nhimately  < 
it  to  solidify  :  they  may  be  purified  by  expressing  the  remaining  liquid,  and  ^ 
lising  from  ether-alcohoL 
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a  little  resin.  It  is  purified  by  distillation  with  water,  partly  going  over  with  Uie  wtter, 
and  partly  remaining  as  a  crystalline  deposit  in  the  condensing  tabe. 

Thymotic  acid  thus  prepared  is  a  white,  loosely  coherent,  crYstalUne  mass,  htTiog 
a  silky  lustre.  It  is  nearly  insoluble  in  cold,  and  only  sLigntly  soluble  in  boiliog 
water ;  from  the  boilinff  saturated  solution  it  crystallises,  by  slow  cooling,  in  long  slen- 
der needles ;  when  boiled  with  water,  it  gives  off  pungent  irritating  vapours.  It  melts 
at  120^,  expands  in  solidifying,  and  may  be  sublimed  without  alteration. 

Th3rmotic  acid,  left  in  contact  with  a  warm  solution  of  ferric  chloride,  dissolves  with 
fine  blue  colour;  the  neutral  solution  of  the  ammonium-salt  is  immediately  ooloved 
deep  blue  by  ferric  chloride. — Thjrmotic  acid  heated  with  caustic  bar^  is  reeolTtd 
into  thymol  and  carbonic  anhydride.    (Kolbe  and  Lautemann.) 

By  perUachloride  of  phocphonUf  it  is  converted  into  thy  motide  (Naqaet): 

c"H»«o«  +  pci»  »   pan)  +  2HC1  +  c"h>k)*. 

TbjmoUe  Thyniatidc. 

add. 

The  thymotates  of  the  alkali-inetaU  are  soluble  in  water. — The  barhiim'§alt  is  ohtaiacd 
in  large  tables  or  laminae,  by  dissolving  the  acid  in  baryta-water,  and  sepaiati&g  the 
excess  of  baryta  with  carbonic  acid,  or  by  mixing  thymotate  of  ammonium  with 
chloride  of  barium,  and  evap(Mrating.  The  lead-,  copper-,  and  silver-salts  axe  flocculent 
precipitates. 

TXTMOTZBB.  G"H'H)*.  (Naquet,  BnlL  Soc.  C9iim.  [1865],  ii.  92.)— A  bod; 
produced  by  the  action  of  pentachloride  of  phosphorus  on  thymotic  acid  {supra),  or  b; 
heating  the  latter  to  200^  with  phosphoric  anhydride.  To  prepare  it,  1  at  sodic  thj> 
motate  is  heated  with  2  at  phosphoric  pentachloride  (the  action  begins,  however,  n  tht 
cold),  the  heat  being  ultimately  raised  to  200^.  Hydrochloric  acid  and  phosphoric 
oxychloride  are  then  given  ofl^  and  a  pasty  mass  remains,  which,  when  freed  from  the 
oxychloride  by  water,  dissolves  completelv  in  ether.  The  ethereal  solution  leaves,  od 
evaporation,  a  gummy  residue  free  ^m  chlorine,  which  gives  up  to  boiliog  wat«r  ao 
acid,  forming  a  white  precipitate  with  ferric  salts  (probably  Ihymyl-phosphoric  acid)  ; 
firom  the  residue,  dilute  potash  extracts  thymotic  add.  The  portion  then  remaioing 
undissolved  consists  of  thymotide  and  a  yellowish  resin  having  nearly  the  same  com- 
position. 

Thymotide  crystallises  from  alcohol  in  white,  mostly  microscopic  needles,  whi<*h  melt 
at  187°,  are  not  altered  by  hot  potash-ley  or  by  heating  to  200^  with  wat^,  but  b; 
fusion  with  potassium-hydrate  are  converted,  without  evolution  of  gas,  into  thymotic 
acid. 

See  Thtmb,  Oil  of  (p.  791). 

(Gorup-Besanez,  Ann.  Ch. Pharm.  Ixxxix.  115:  xcvifi. 
1. — Stadeler  andFr^richs.Miiller's  Archiv.  J1854],  p.  383  ;  Wienermed.  Woch«*o- 
schr.  [18541,  No.  30 ;  Verhandl.  d.  naturforsch.  (tesellsch.  s.  Zurich,  Bd.  iii.  u.  ir. ;  J.  pr. 
Chem.  Ixxii.  48. — Scherer,  Ann.  Ch.  Pharm.  cvii.  314. — Friedleben,  IHe  Phytic-' 
logic  der  Thymusdruu,  Frankfurt,  1858.)— This  ghmd,  called  *<  sweetbread  "  in  the 
calf  and  lamb,  is  an  organ  situated  in  front  of  the  pericardium  and  the  large  vessels 
arising  from  the  base  of  the  heart  In  the  embryo  and  the  infant,  it  has,  in  pio- 
portion  to  the  rest  of  the  body,  a  very  considerable  sixe,  bat  in  after-life  it  beeooMS 
comparatively  smaller,  and  at  last  nearly  disappears.  It  has  been  found  to  ooQtain, 
besides  water  and  the  chemical  constituents  of  its  solid  tissue,  the  following  orgtoie 
oompounds: — soluble  albumin,  leucine,  sarcine,  xanthine,  volatile  fatty  adds  (in- 
cluding formic  and  acetic  acids),  also  lactic  acid,  succinic  acid,  sugar,  and  eztnetire 
matters.  The  inorsanic  constituents  are  potash,  soda,  magnesia,  lime,  phosphoiie 
add,  sulphuric  acid,  chlorine,  and  ammoniacal  ^ts.  Oorup-Bemnes  fbnnd  m  ths 
thymas-«and  of  the  calf,  a  crystallisable,  slightly  basic  substance,  which  he  at  fim 
regarded  as  a  peculiar  compound,  and  designated  as  thv mine,  bat  he  afterwuds 
found  that  it  was  identical  with  leudne.  The  juice  of  the  flresh  gland  mostly  kss 
a  slight  add  reaction,  rarely  alkaline  or  neutral. 

A^rding  to  Friedleben,  the  quantity  of  fat  in  the  gland  increases  considerably 
with  the  age  of  the  animal,  whereas  the  amounts  of  gluten  and  albumin  exhibit  hot 
small  differences  at  different  ages.  The  proportion  of  earthy  phosphates  gradually 
increases,  with  the  growth  of  the  animal,  up  to  a  certain  point,  and  afterwards  diminisbes. 
The  amount  of  potash  exceeds  that  of  soda.  Friedleben  found  the  quantity  of  potash 
at  all  periods  of  life  to  be  nearly  constant,  varying  only  from  31*8  to  32*8  per  ceot^ 
whereas  the  soda  in  a  calf  of  ten  days  to  three  weeks  old,  amounted  to  only  16  pe^csDt., 
while  in  young  oxen  of  twelve  to  eighteen  months  it  was  ttom  23  to 24  per  cent  The 
aqueous  extract  of  the  thymus-gland  of  the  calf  leaves  an  ash  almost  whoUy  soluble 
in  water,  and  containing  potash  in  large  quantity,  pyrophosphoric  add,  and  chloride  of 
■odium,  together  with  small  quantities  of  magnesia  and  sulphuric  add.  Gonip-Besaaez 
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fonnd  the  proportion  of  potash  to  iKxla  in  one  case  to  be  2*18  :  0*60 ;  in  another, 
9*95  :  3*21.  The  quantity  of  phoHphoric  ncid  (anhydride  ?)  to  that  of  chlorine  was,  in  one 
experiment,  as  23*25:14*34.  According  to  Friedleben,  the  quantity  of  lime 
in  the  thymus  exceeds  that  of  muguesia;  Gornp-Besanes,  however,  found  the 
contrary  proportion.    (Handw.  d.  Chem.  viii.  836.) 

Qwjjit^ — The  radicle  of  thymol  and  its  deriratives. 


[    ) 


BT9&ZBB  OF.    C'*n".H. — Cymene  (ii.  295)  may  be  supposed  to 
be  thus  constituted. 

(80»y 

TSmCTXAU&FBintZC   AOZB.    C>*Hi«SO«  -  (C>*Hi>)HSO«  «   C>«H> 

H 

Sttiphothymie  Acid.  (Lallemand,  Ann.  Ch.  Phys.  [3],  xlix.  150.)-— Thymol  dis- 
solves abundantly  in  oil  of  yitriol  at  50° — 60°,  and  solidifies  on  cooling  to  a  ciys- 
talline  mass,  having  only  a  faint  red  colour.  By  dissolving  this  mass  in  water, 
and  saturating  the  solution  with  carbonate  of  barium  or  carbonate  of  lead,  sol- 
phothymate  of  barium  or  lead  is  obtained,  from  which  the  sulphothymic  acid 
may  be  separated,  and  crystallised  by  evaporating  its  aqueous  solution  in  a  vacuum. 
It  crvstallis«'8  in  translucent  pearly  tables  or  prisms,  which  contain  C**Il'*SO*.H'0, 
and  ao  not  deliquesce  on  exposure  to  the  air,  but  are  very  soluble  in  water. 

Its  aoueoud  solution,  treated  with  nitric  acidj  forms  dmitrothymol ;  with  sulphuric 
add  nna  peroxide  of  Tnanganese,  or  dichromaU  qfpotasrium^  it  forms  thymoil  (p.  792). 

With  bases  it  forms  the  thymyl- sulphates,  C**H"MSO\  which  crystallise  in 
forms  of  the  monoclinic  system.  They  decompose  at  120^,  with  violet-red  colouring. 
and  volatilisation  of  thymol. — The  ammonium-Mlt,  which  separates  from  its  aqueous 
jolntion  in  well-developed  crystals,  also  the  potauium-  and  aodium-sa/ia,  leave,  when 
thus  treated,  anhydrosulphates.*  The  sulphothymates  dissolve  very  easily  in  water  and 
in  abaolnte  alcohol,  somewhat  less  in  ether. 

AeetothymyUulphurie  Acid,  C'm*SO*  -  ^"^"(^2'^)  |  SO*.    Sulphaceio- 

ikwmie  Aeid.  (Lallemand,  loe.  cit.) — ^When  thymol  is  dissolved  in  glacial  acefio 
acid,  and  oil  of  vitriol  containing  a  little  anhydrous  sulphuric  acid  is  added  to  the 
Biixtnre,  combination  takes  place  at  a  gentle  heat ;  and  the  liquid,  on  cooling,  deposits 
•  crystalline  mass,  which  must  be  dried  on  porous  earthenware,  and  freed  f^m  excess 
of  acetic  acid,  by  leaving  it  over  quicklime  in  a  vacuum. 

The  acid  is  soluble  in  loafer.  AVith  bases  it  forms  crystallisable  salts,  which  become 
anhydrous  without  decomposition  at  llO'^,  but  aro  decomposed,  with  liberation  of 
acetic  acid,  when  their  aqueous  solutions  are  boiled  or  quickly  evaporated.  The  salts 
Are  soluble  in  water  and  in  alcohol. 

Stdpkaeetothymate  of  Barium,  CH^^Ba'SK)'*,  is  obtained  by  saturating  the  acid 
with  carbonate  of  barium. 


C'^H"SO*.    Syn.  with  Ctmtlsxtlphxtbous 
Acid  (ii.  299). 

TIOUVA8  POZSOW.  An  arrow-poison,  used  by  the  Tecunas  (or  Ticunas)  and 
other  Indian  tribes  dwelling  near  the  Amazon.  When  given  to  animals,  it  produces 
obroog  convulsions,  lasting  for  hours.  It  probably  contains  picrotoxin,  like  other 
South-American  arrow-poisons;  but  it  has  not  been  accurately  investigated. 

OBS.    The  earthy  variety  of  native  cuprous  oxide  (ii.  70). 

Selenide  of  lead  and  cobalt  (iii.  557). 

A  genus  of  monocotyledonous  plants,  belonging  to  the  natural 
Cider  Bromeiiacecf.  T.  ueneoidee  (called  Barbe  de  vinillard  by  the  French,  Barba  de 
Fao  hj  the  Portuguese)  is  a  parasitical  plant,  growing  on  trees  in  Carolina  and  the 
Wsat  indies,  and  having  long,  wiry,  contorted  stems,  which  cruep  along  the  trunks  and 
teaocfaM  of  old  trees,  and  sometimes  hang  down  in  a  bunch,  like  the  hairs  of  a  horse's 
taiL  These  stems,  when  stripped  of  their  leaves  and  bark,  aro  used  as  packing 
aatfTTftl  instead  of  horsehair.  TiliandHa  recurvata,  growing  in  Peru,  is  also  used  for 
the  nine  purpose. 

According  to  Avequin  (J.  Pharm.  (^31,  xxxv.  95),  100  pts.  of  the  dried  plant  of 
T.  usmevides  [at  what  temperaturo?]  yield  3*23  per  cent,  ash,  containing,  in  100  pts., 
M*4  carbonate,  phosphate,  sulphate,  and  chloride  of  potassium,  18*5  lime  and  carbo« 
of  calcium,  286  phosphates  of  calcium  and  magnesium,  and  17*4  silica,  with 
of  lime  and  magnesia. 


•  Unlet!  the  mUi  contain  w«t«r  of  cry«UlliMtion,  it  it  not  easy  to  underitand  how-  thrmot  can  be 
>inm<t  from  iheir  d^cofnp<i«ition,  inasmuch  at  It  contaiiit  14  at.  hrdrooen,  whereat  the  antirdrout  tttU 
fffeothrmatescom.^nouiyUat.:  -2C>0Hi^MSO«  =  (2C">ni40  -   H^O)  +  Br'SO«.90\ 
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TiUundtia  dUmthcHdea  (L.),  an  air-plant»  which  does  not  gitnr  in  imnwdiata  contact 
with  the  soil,  Dovertheleas  contains  from  6  to  8  per  cent,  ash,  consisting  diieflj  of  siliea, 
together  wiUi  lime  and  magnesia,  and  traces  of  alkalis,  phosphoric  add,  mangaseie, 
iron,  snlphoric  acid,  chlorine,  &c    (De  Luc  a,  Compt  rend.  li.  176.) 

TSBUJLm  A  medicinal  preparation,  introduced  of  late  years  as  a  remedy  fbrnhthitlf. 
It  is  imported  from  Tampico,  and  is  said  to  be  prepared  as  a  sjrap,  l^  boiling  th« 
fruits  of  Crescmtia  edulis  with  sugar,  and  mixing  the  product  with  almond-oil 
(Arch.  Fbarm.  [3],  cvii.  375;  Handw.  d.  Chem.viii.  840.) 

TZBCJLKZTB.  Breithaupt's  name  for  a  rock,  occurring  in  Eastern  Serria,  fbrmerir 
regarded  as  belonging  to  the  trachytes.    It  is  porphyritic,  and  related  to  dionte,  or  xa 

the  so-called  greenstones. 

TZV.  Etain.  Zinn,  Stannum. — Atomic  weight,  118;  Symbof^  Sn. — This  n^Ul 
has  been  imown  from  the  earliest  times :  it  is  mentioned  by  Moses  (Nomben  xxxL 
22).  The  Fhccnicians,  long  before  the  Christian  era,  fetched  the  metal  Kmrrirtftt 
from  the  British  Isles,  anciently  called  the  Cassiterides.  The  word  Em^rinpts 
appears,  however  to  have  been  applied  in  very  ancient  times,  and  the  Latin  void 
stannum  somewhat  later,  not  so  much  to  tin  as  to  certain  white  metallic  alleys; 
at  all  events,  tin  and  lead  were  regarded  as  similar  metals,  and  were  often  cos- 
founded.  Even  Pliny  sometimes  does  not  use  the  word  stannum  for  tin,  but  drnf- 
nates  this  metal  as  Plumbum  albums  s.  candidum^  in  contradistinction  to  lead,  or 
Plumbum  nigrum.  It  was  not  till  the  fourth  century  of  the  Christian  era  that  ttsx- 
num  was  applied  to  the  metal  now  called  tin  (Kopp's  Gesekichte)^  which  was  aft^ 
wards  named  Jupiter  by  the  alchemists,  and  represented  g^phically  by  the  ijmbci 
of  that  planet.  It- . 

Occurrence  and  Distribution. — Tin  occurs  much  less  frequently  than  many  otbff 
metals,  as  iron,  copper,  lead,  zinc,  &c.,  as  the  commercial  supplies  of  it  are  drawn  frm 
comparatively  few  localities,  Devonshire  and  Cornwall  yielding  by  far  the  laigMtqmt- 
tity.  The  stream-works  of  the  peninsula  of  Malacca  and  theDutch  island  of  &Dca  pr> 
bablv  rank  next  in  importance.  The  exports  from  Bolivia  are  now  very  oonsidenblf, 
and  large  quantities  have  of  late  years  been  extracted  from  the  mines  of  Sansf 
and  Bohemia.  A  valuable  addition  of  the  metal  has  been  obtained  from  Aaitnlii, 
shipped  almost  entirely  from  the  port  of  Melbourne.  The  Australian  tin  eontainf,  at 
times,  so  large  an  amount  of  gold,  that  the  latter  can  be  profitably  extracted,  NootiMr 
deposits,  of  sufficient  magnitude  to  be  the  object  of  mining  explorations  on  soy  ooih 
siderable  scale,  are  at  present  known  ;  but  oxide  of  tin  (Cassiterite)  has  been  fiwni 
in  small  quantities  in  the  Isle  of  Man,  Ireland,  Greenland.  France,  Gallicia,  ^tio. 
Silesia,  in  die  Fichtel  and  Riesengebirge  in  Germany,  in  Bussia,  the  United  StAtft. 
Mexico,  and  BraziL  No  mines  are  worked  m  Peru,  but  the  name  Peruvian  tin  bai 
originated  from  the  produce  of  the  mines  of  Gruro  and  Carabuco,  in  Bolivia,  beioig  ex- 
ported from  Arica,  a  seaport  on  the  Peruvian  coast. 

Tin  occurs  in  the  metallic  state,  somewhat  more  freouently  as  disulphide,  ii 
tin-pyrites,  but  most  abundantly  as  dioxide  or  stannic  oxiae,  forming  the  on  csSui 
tinstone,  or  cassiterite. 

Native  Tin  (metallic  tin)  has  been  described  by  Hermann  as  occurring  in  the  goUr 
sands  of  Siberia,  and  by  Forbes  in  the  auriferous  drift  of  Tipuani  in  Bolivia;  b^  ai 
both  these  specimens  contain  lead,  a  metal  seldom  present  together  with  tin-ora»  it 
may  be  doubted  whether  the  tin  so  found  may  not  have  been  deriTed  from  aitiidd 
sources.  Native  tin  has  also  been  reported  from  Oruro,  in  Bolivia.  (Forbes,  AiL 
Mag.  [4],  xxix.  133.) 

Tin-pyrites  (stannine,  bell-metal  ore,  Zinnkies)  is  found  in  small  quantities  la  tki 
tin-veins  of  Cornwall,  Saxony,  and  Oruro  (Bolivia).  It  has  the  compoaiUon  of  a  cbMM* 

ferrous  sulphostannate,  ^  »q  |  SnS',  the  iron  being  generally  more  or  leas  Tsplsnrf  If 

zinc ;  it  contains  from  14  to  30  per  cent  of  tin. 

Cassiterite  (tinstone,  stream-tin,  wood-tin),  the  dioxide  or  bioxide  of  thesildL 
SnO',  may  be  regarded  as  the  only  ore  of  tin  found  in  sufficient  quantity  to  be  tb 
subject  of  mineral  exploration ;  it  is  found  both  in  veins  and  in  aUnvial  drift-depaOBii 
accompanied  in  many  cases  by  tungsten,  generally  as  wolf^m,  as  in  OonvilL 
France,  Saxony,  Bohemia,  Bolivia,  &c.  In  the  alluvial  deposits,  native  gold  is  path 
rally,  if  not  invariably,  found  to  accompany  cassiterite,  as  is  the  case  in  Canw. 
Ireland,  Virginia,  Bolivia,  Australia,  &c.  Although  tin  seldom  enters  into  the  flaBp»> 
Hition  of  other  minerals,  it  seems  to  be  characteristic,  though  ooearriqg  only  ii  ntf 
minute  quantities,  in  some  of  the  compounds  of  niobic  or  columbie,  tutalie;  SM 
titanic  acids:  thus  it  ha«  been  observed  in  columbite,  pyrochlore,  tyrite,  taitfalilB. 
vttrotantalite,  ff-rgusonite.  aeschynite,  polymignite,  &c.  Traces  of  tin  have  leis 
rp])orted  to  ol-cuf  in  meteorites,  and  also  in*a  variety  of  iron-pyrites  from 
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Caaeiterite  is  found  in  Cornwall,  in  veins  or  small  strata,  which  traverse  primitiTe 
rocks,  mixed  with  other  metals,  such  as  copper,  zinc,  arsenic,  and  tungsten ;  the  veins 
are  of  raiying  thickness.  It  is  sometimes  also  foond  in  numerous  ramifications  of 
smHll  reins  or  "  Stockwerke,"  which  occur  in  felspar,  porphyiy,  or  in  a  granite  which 
frequently  has  its  felspar  disintegrated  into  kaoiin,  or  china-clay.  These  little  veins 
seldom  exceed  six  inches  in  width,  and  are  frequently  not  nearly  so  wide ;  they  run 
generally  east  and  west,  with  a  dip  almost  vertical ;  this  description  of  ore  is  the  com- 
mon "  tinstone." 

The  lodes  in  Cornwall  are  grouped  into  three  districts,  namely :  first,  in  the  south- 
west of  the  county,  beyond  l^ro,  near  Helston ;  secondly,  in  the  neighbourhood  of 
8t.  Austell ;  and  thirdly,  in  the  vicinity  of  Tavistock,  in  Devonshire. 

Mauy  of  the  lodes  traversing  granite  are  worked  profitably,  as  the  rock  in  which 
they  occur  is  genonilly  softened  by  decomposition.  As  a  general  rule,  the  veins  having 
an  easterly  or  westerly  direction  are  those  which  have  the  ore  in  profitable  abundance, 
while  those  raug-'.ng  northerly  and  southerly  often  contain  other  metals. 

Although  there  are  numerous  exceptions,  yet,  as  a  whole,  the  distribution  of  thisoro 
is  somewhat  marked.  Certain  combinations  of  rocks  appear  to  be  the  oonditions 
which  may  have  assisted  in  rendering  the  ores  of  one  metal  more  abundant  than  those 
of  another  in  the  range  of  parts  of  the  same  mineral  lode.  For  instance,  it  is  often 
found  that  a  lode  is  cupriferous  amid  the  slate-country,  and  chiefiy  stanniferous 
towards  the  granite.  Some  of  the  copper-veins  in  Cornwall  have  been  worked  for  tin 
upon  their  backSf  as  the  upper  part  of  mineral  veins  are  often  termed  in  the  mining 
districta,  and  have  been  abandoned  when  copper-ore  was  obtained  beneath.  In  other 
places,  copper  has  been  found  between  tin ;  at  Dalcoath  mine,  Camborne,  tin  occurred 
in  profitable  quantities  in  the  depth,  after  the  vein  had  been  worked  chiefly  for  copper, 
the  kigker  portions  having  formerly  furnished  tin  as  the  principal  ore. 

If  tin  be  discovered  first,  it  sometimes  disappears,  after  sinking  a  certain  depth,  and 
is  succeeded  by  copper ;  in  others,  tin  is  found  to  the  depth  of  more  than  300  fathoms 
beneath  the  surface.  If  a  copper  lode  meets  one  of  tin,  it  usually  passes  through  it, 
and  heaves  it  out  of  its  course. 

Metallurgy  of  Tin. — Tin,  as  above  stated,  is  entirely  extracted  from  the  dioxide. 
The  «ptfi-tin  requires  much  care  in  dressing,  to  separate  mechanically  the  various 
foreign  substances  which  it  contains.    The  preliminary  operations  are: — 

1.  Cleansing  the  rough  ore  as  it  comes  from  the  mine.  This  is  sometimes  done  by 
placing  the  ore  on  a  grating,  allowing  water  to  fall  over  it  from  some  elevation,  or  by 
agitating  it  with  a  stream  of  water. 

2.  Scnling  the  cleansed  ore  into  four  qualities : 

I.  That  which  is  rich  in  tin. 
IL  That  containing  tin  and  other  metals. 

III.  That  containing  copper-ore. 

IV.  Stony  gangue,  or  useless  ingredients. 

3.  Stampingor  rolling  the  ores  No.  I.  into  a  certain  fineness,  according  to  its  quality, 
which  is  of  so  much  importance  that  it  is  regulated  by  a  copper  plate  pierced  with  a 
certain  number  of  holes  in  the  square  inch,  placed  in  front  of  the  stamp-box,  through 
which  everythioff  from  the  stamping-mill  is  made  to  run  ofiT,  with  a  constant  stream  of 
water  introduced  for  the  purpose.  The  stamps  are  of  the  usual  description :  the  ban 
are  of  wood,  between  five  and  six  inches  square,  fastened  by  a  tail  to  a  cast-iron  head, 
of  about  280  lbs.  weight.  The  stamp-chest  is  open  behind,  so  that,  as  the  ore  is  pounded, 
it  slips  away  ft?om  under  the  stamp-heads  by  its  own  gravity,  along  an  inclined  plane 
with  a  stream  of  water.  The  rolls  are  similar  to  those  for  other  ores ;  generally,  they 
consist  of  two  pairs  of  smooth  cylinders,  turning  simultaneously  in  opposite  directions. 
Above  the  upper  pair  is  a  hopper,  which  dischaiges  down  between  them,  by  means  of 
a  partienlar  mechanical  contrivance,  the  ore  which  is  brought  to  it  by  waggons ;  these 
waggons  advance  upon  a  railway,  and  empty  their  contents  into  the  hopper  through  a 
trap-hole.  Below  the  hopper  is  a  small  iron  bucket,  which  receives  the  ore,  is  shaken, 
and  throws  it  continually  upon  the  rolls  by  the  constant  jolts  given  to  it  by  a  crank- 
rod.  This  bucket  is  so  contrived,  that  too  much  ore  can  never  fall  upon  the  rolls  and 
obatrnet  their  even  movement.  A  small  stream  of  water  is  often  led  into  the  bucket, 
■preading  over  the  rolls  and  preventing  them  from  heating.  After  the  ore  is  reduced 
to  powder,  it  next  undergoes  the  very  important  operation  of  washing. 

This  operation  is  earned  on  under  very  advantageous  circumstances  compared  with 
dbe  similar  operation  with  most  other  metals,  in  cons«H)uence  of  the  high  specific  gravity 
d  the  eassiterite,  which  enables  the  washing  tu  l>o  profitably  applied,  even  when  the  ore 
contains  only  0*5  to  1*0  per  cent,  of  tin.  The  ore  is  washed  either  in  a  huddle  and 
togmng-iub  or  dolly  (in  the  German  chest  or  rack\  or  in  the  trunkivy-box,  which  are 
•Biployed  according  to  the  different  conditions  of  the  pulverised  ore.    As  the  proceM 
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of  wasliing  does  not  differ  matdrially  firom  that  adopted  for  the  ores  of  other  meUU,  it 
is  onneceBaaiy  to  enter  into  a  description  of  the  various  machines  emplo/ed  in  CorDvaQ. 
The  rich  products  of  the  washings  consist  principallj  of  stannic  oxide  and  the  hitxry 
metalliferous  ores,  such  as  arsenkles,  disulphides  of  iron,  and  wolfram  mixed  with  sands 
and  slimes.  The  sands  from  sereral  of  the  tin-mines,  aifter  washing,  have  a  white  me- 
tallic colour,  arising  from  the  presence  of  arsenical  pyrites  {mitpickel) ;  the  workmen  c&U 
them  ttn-whits.  After  the  ores  are  washed,  they  are  removed  to  the  bumina-houie, 
to  be  calcined  in  a  reverberatoiy  calciner,  whicn  differs  but  slightly  from  that  em- 
ployed for  copper-ores,  excepting  that  it  is  smaller,  and  has  only  one  door.  The 
chimney  genially  leads  to  flues,  in  which  the  arsenious  add  is  condensed.  At  Par 
Consols  the  calciners  have  the  following  dimensions : — 

The  bottom,  from  the  bridge  to  the  front-door,  is  7  ft  4  in.  long,  6  in  the  centre, 
18  in.  wide  at  the  frt>nt-door,  8  in.  high  over  the  bridge,  16  in.  in  the  centre, and  10 io. 
high  at  the  sides.  The  ores  are  chaijged  in  the  usual  manner  fix>m  a  bin  or  hoppv. 
the  calcine-man  extending  them  first  over  the  surfiice  near  the  bridge.  They  are  nbbled 
every  20  or  30  minutes,  according  to  the  nature  of  the  ores;  and  are  divided  into  three 
heaps  acqpss  the  frirnace,  to  expose  their  sides  to  the  direct  action  of  the  heat.  When 
some  bright  points  are  seen  on  the  surface  of  the  ores,  and  there  is  no  longer  aoj 
escape  of  white  fumes,  the  work  is  finished.  At  the  commencement  of  the  caldnslion, 
only  a  moderate  heat  is  applied,  which  is  gradually  increased  until  the  sulphur  (from 
the  sulphides  of  iron,  &e,)  is  nearly  expelled.  When  the  operation  is  conducted  care- 
lessly, and  the  heat  applied  too  rapidly,  a  frisible  sulphide  of  tin  is  formed,  and  the 
mass  agglutinates,  wnich  is  termed  kerming:  if  this  accident  should  happen,  it  is 
necessary  to  grind  the  ores  over  again. 

When  the  chatge  is  sufficiently  calcined,  it  is  removed  from  the  calciner,  and  exposed 
in  small  heaps  to  the  action  of  the  atmosphere  for  a  few  days,  to  promote  the  oxida- 
tion of  any  remaining  sulphides  into  sulphates.  When  thus  oxidised,  it  is  thrown  into 
a  large  tub  filled  with  water,  stirred  with  a  wooden  rake,  and  left  to  settle,  by  wbidi 
means  the  sulphates  of  iron  and  copper  are  dissolved.  The  water  is  afterwards 
transferred  into  a  large  tank,  and  the  copper  which  may  be  in  the  solution  is  recovered 
by  precipitation  with  metallic  iron.  The  ore  thus  calcined,  oxidised,  and  lixiviated,  ia 
wasked  once  more  on  the  rack-table,  and  the  lighter  parts  removed.  The  heariest 
parts  necessarily  contain  the  most  metal,  and  are  sold  to  the  smelters  under  the  name 
of  black  tin.  That  which  remains  in  the  middle  of  the  table,  being  much  mixed 
with  wolfram,  is  called  mock -lead,  and  sent  once  more  to  the  stamps  to  becrudiedaDd 
washed,  after  which  it  is  sold  as  black  tin. 

The  rotary  calciners  calcine  well,  and  do  much  work ;  but  they  must  be  put  in 
motion  either  by  water  or  steam-power,  and  the  cost  of  their  erection  is  much  greater 
than  tlut  of  the  ordinair  reverberatory  calciner,  which  can  be  put  up  for  about  £80. 

The  usual  cost  of  calcming,  per  ton  of  black  tin,  is : 

8,    d. 

For  labour 4    0( 

1714  lbs.  of  coal,  at  13*.  per  ton  .        .    9    6 

13    6}: 

to  which  must  be  added  the  wear-and-tear  of  utensils,  &c.  Some  calculate  that  the 
average  cost  is  greater,  amounting  to  20s.  per  ton :  from  this  is  to  be  deducted,  however, 
the  value  of  a  large  quantity  of  arsenious  acid  obtained.  The  mean  yield  of  tin-ores 
prepared  in  Cornwall  may  be  estimated  at  2  per  cent. — ^that  is  to  ray,  50  tons  of 
ore  will  give  1  ton  of  blade  tin.  The  cost  of  the  mechanical  preparation  of  the  ons 
varies  greatly  in  proportion  to  their  yield,  the  hardness  of  the  gangue,  &c,  but  those 
of  the  usual  produce  and  hardness  may  be  reckoned  at  4s.  lOd.  per  ton  of  ores,  or 
about  £12  per  ton  on  black  tin.  There  are,  however,  many  ores  which  do  not  contain 
more  than  0*5  per  cent,  of  metal,  but  they  are  easily  dressed,  as  the  grain  is  large  and 
pure,  and  they  require  no  caldning :  their  cost  of  caldnation  may  be  calculated  as 
follows : 

8.    d. 
Bugging  and  spalling  .  .10 

Stamping 0    4 

Washing 1    0 

2    4  par  ton  of  ore, 

equal  to  £23  68.  Sd,  per  ton  of  blade  tin.  This  estimate  does  not  take  aeoouot  of  the 
lo»»  in  washing,  which  is  supposed  to  average  fuUy  20  per  cent.,  and  in  the  assay,  whieb 
is  less  than  the  actual  product. 

The  smelting  of  tne  black  tin  is  effected  in  reverberatory  fiimaeee.  Wlien 
only  an  impure  metal  ia  required,  it  undergoes  two  different  processes — first,  in  a  reduce 
tion  furnace,  and  then  in  a  refining  furnace.     When  a  very  pure  tin  is  wanted,  called 


#r.«-rt^tlw  it»ui-tln  U  ftiwd  Id  B  blut-ftunac*  npplin]  with  durmd.    It  will 
bMiH  C^.  817),  D  D,  into  wbieh  ttw  B 


When  tbe  IbnwM  b  [mperlj  hfsted,  it  ia  diaiged  with  ■bout  a  ton  of  nJcinrd  on, 
vhich  is  intimatelj  mixsd  with  fins  charcoal  or  anthracite-coal,  to  tha  Amoinit  a( 
■boat  10  par  Mat.  of  i(a  wright;  bIbo  with  aomfl  aUked  lime  atfliu»4ipar  aa  a  flux 
Vbui  tha  ehaiga  ia  lat  down,  the  aperture  C  {fig.  SIS)  is  the  roof  of  the  bridge  ia 


•penrd,  which  prnnita  the  exnpc  of  famPB,    The  heat  of  the  furnace  ia  at  flrat  gfnllj 
nind,  for  if  it  wor«  loogresl.  the  tin-nxide  would  uDitpirithlhrquiirtxof  (hegnngu*, 
rod  fufti  a  veiy  difflraltlj  dnMmponible  -ilicate.    The  charge  i"  allowed  to  htn  fur 
Vol.  V.  3  b' 


802  TIN. 

xii  or  aig^t  heron,  vfaen  tile  door  »  opened,  ukl  it  is  UioTougfalj  stitrrd  with  u  imt 
nbble,  to  sffbct  tlw  Mpantioa  of  the  nutkl  and  thr  flisg.  After  wmdng  d  sbnt  liiiia, 
to  allow  tbe  matid  to  lalMiil*,  the  lUgoreAirU  which  flosti  on  themri^ljriiiiiuiifd 
off  with  »  ikiinmiDg  rabble,  uid  ■MeerTsd ;  the  npper  Bart  of  the  kIu  ii  poor  in 
mpt&l,  bnt  the  lower  it  rich  ;  it  ia  therefore  R-smeltcd.  When  the  metal  ii  pertretlj 
■kimmBd,  the  taphote  (which  ia  atopaed  with  a  ping  of  dir  wood)  at  the  aide  of  the 
furnace  ia  openwi,  and  the  tjn  allowed  to  flow  into  the  cirraW  buins. 

The  tin,  thna  reduced,  ia  bj  no  meana  pure;  it  ii  DectHSarj  that  it  ahould  iindergo  the 
refining  proceaa,  which  is  performed  by  liquation  and  reflning  proper  (liiiTiition). 
Liquation  iaaccompliabed  in  a  rererbrmtoi?  fhmace,  rer;  eimilarto  that  in  trliichthB 
,'nipltlng  ia  e9bct«d  ;  but  it  is  proTided  with  a  more  aloping  botlom.  aimilnr  lo  that  fbr 
ntlning  copper.  The  pigs  of  tin  are  pil«l  np  on  the  bottom,  close  lo  the  bridge,  and 
the  tin,  when  modemlMy  heated ,  gradnally  melta,  and  flows  down  inlo  the  r^ning-bama 
made  in  the  bottom.  When  the  blocks  are  e^aoal«l  of  pure  tin,  ikeliitoni  of  iha 
pi)!ii  remain  as  a  rsfnctoi;  naiduom,  eonaiating  cbieflj  of  oiidee  of  iron  and  olhw 
furi-ign  metAls.  Hun  piga  are  placed  orer  the  remains  of  the  first,  and  the  taetdl  is  tbts 
run  from  the  furnace  into  a  large  iraa  pan  or  kettle,  «4iieh  holds  abont  fire  h»t. 

The  ni-it  proceaa  is  refilling  proper,  or  liiiTiation. — The  kettle  or  refiniii^ 
bit>iin  is  pUtvd  OTsr  a  flrs-grmte,  and  heated  ao  M  to  preanre  the  metal  in  a  Huid 
atate.    Into  this  metal  bath,  biUsta  of  gresDwood  are  phinged,  aad  M  ia  a  rotarj 

FIf.  819. 


a,  and  a  &othonthe  tmhrt,  wbidl 
ia  Fompoaed  rhiefl;  of  the  oxides  of  fbrngn  metals  and  tin;  this  is  skimmed  off  flw 
sDrface,  and  reiened  for  re-smelting. 

In  Hbont  three  or  fanr  honrs,  the  boiling  ia  flnished ;  the  greenwood  ia  reaored,  aad 

thp  tin  allowed  to  aettle.  On  cooling  alowlj,  the  matftl  aepsratea  into  diSerent  amia, 
of  which  the  upper  ia  the  purest,  the  middle  alightlj  chaiged  with  foreign  metals,  and 
the  loweat  venr  impure.  After  a  couple  of  honra.  It  ia  gentlf  ladled  Out  into  monldL 
The  quality  of  the  tin  depeoda  on  the  order  in  which  it  baa  bwn  ladled;  the  Am 
bJorks  coaiain.  of  course,  the  pnrest  mrtal,  and  the  lost  are  ao  impun  aa  to  reqiiin  to 
be  Hgiiin  aubgected  lo  liquation  and  reflning.  The  whole  operation  requires  frton  Sre 
lo  PIT  hourt,  including  from  one  to  two  honrs  for  the  snbeidenee  of  the  mstaL  Tli< 
moulds  into  which  the  tin  ia  out  are  genrrall;  made  of  granite,  and  «•  of  •  aim 
SuffiFir'nt  to  contain  three  hnnilredweight  o^  black  tin. 

Tin-ore  melted  in  the  blaat-fnmace  produces  the  pnmit  metaL  When  the  Ibnun 
in  thoroughl;  hinted,  it  ia  charged  with  ore  and  charcoal,  damped  tocanae  anadheimn 
betwern  the  two,  and  the  inraace  ia  amatontlj  ke[4  foil  while  tbs  operation  is  going 
on.  The  tin  ia  allowed  to  ran  into  the  flrst  bsaia.  itnd  then  into  the  second,  where  it 
is  left  to  arttle  for  wme  time.  The  tin  in  the  metallic  bnth  fnlla  into  Mmta  aim  liar  la 
those  from  the  ri'fiuing  furnace,  the  impure  part  settling  In  tllc  bottom,  which  ia  Sgnia 
rc-emtltwl. 
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Grain-till  \a  fiimiad  from  the  finest  blocks;  these  are  heat«d  to  nearly  meltiug- 
point,  when  thej  become  brittle ;  ther  are  then  dropped  from  a  considerable  height; 
Um  metal  is  tlias  broken,  and  forms  elongated  grains  or  tears. 

The  rererberatory  furnace  consumes  about  two  tons  of  coal  for  one  ton  of  metal ; 
tbe  blast-funiace  about  thiity-cme  hundredweight  of  charcoal  for  one  ton  of  metaL 

It  is  Tecy  difficult  to  find  out  the  exact  loss  of  metallie  tin  in  smelting  by  the  rerer- 
bemtoxy  and  blast-fiimaces.  It  has,  however,  been  found  that  black  tin,  which 
gate  78  per  cent,  of  tin  by  assay,  yielded  66*6  per  cent  of  pure  tin  when  smelted  and 
refined,  uaving  a  large  quantity  in  the  state  of  silicate,  most  of  which,  no  doubt, 
aoiild  be  neovexed.  In  the  blast-furnace  the  loss  is  considered  to  be  about  15 
percent 

PropmHu  of  Tin. — The  tin  of  commerce  is  never  pure  \  the  metal  firom  Banca  con- 
tains, peihaps,  the  smallest  amount  of  impurity.  Tin  is  senerally  associated  with 
■mall  quantities  of  arsenic,  lead,  iron,  copper,  and  occasionilly  tunpten,  manganese, 
antimony,  sine,  bismuth,  and  molybdeuum.  To  obtain  it  chemicalfy  pore,  the  tin  of 
eommerce  is  sranulated  and  dissolred  in  strong  hydrochloric  add ;  a  small  quantity  of 
water  is  cautiously  poured  into  the  solution,  so  as  to  form  two  strata ;  and  a  plate  of 
tin  is  then  introduced,  traTsrsing  the  two  liquids.  After  some  time,  ci^stals  of  pure 
tin  are  deposited  upon  the  plate,  owing  to  the  feeble  galvanic  current  which  is  excited. 
Or  tin  may  be  digested  in  nitric  acid,  the  white  insoluble  residue  (metastannic  acid) 
iligested  in  dilute  hydrochloric  add,  and  the  resulting  powder  reduced  by  charcoal. 

Tin  M  a  white  metal,  having  however  a  peculiar  yellowish  tinge;  When  warm,  it 
emits  a  characteristic  smell,  and  a  bar,  when  bent,  gives  a  singular  crackling  sound 
{icri  ifitain)^  owing  to  the  interior  crystals  breaking  against  each  other.  It  is  soon 
tarnished  bv  the  air  of  large  towns,  owing  probably  to  a  film  of  sulphide,  as  it  is  not 
sensibly  afincted  by  the  combined  presence  of  air  and  moisture.  Tin,  with  the  ezcep- 
tioa  of  lead  and  thallium,  is  the  least  tenadous  of  the  WAll-known  metals.  A  wire  ^ 
of  an  inch  in  diameter  will  support  only  about  81  pounds:  a  bar,  a  quarter  of  an 
inch  in  diameter,  will  not  support  more  than  294  pounds  weight.  The  malleability  of 
tin  is  vaiT  considerable  ;  it  is  expanded,  by  combined  hammering  and  heating,  into 
sheets  or  leaves  called  tinfoil,  buely  y^th  part  of  an  inch  in  thickness.  It  is  tinfoil 
that  is  laid  upon  the  back  of  glass  mirrors,  and  there  amalgamated  with  mercury, 
forming  what  is  called  the  silvering. 

Tin  can  be  easily  obtained  in  crystals,  in  the  same  manner  as  bismuth.  The  best 
method  is  to  fbse  some  pounds  of  the  metal,  and,  when  it  is  nearly  solidified,  to  pierce 
the  centre  of  the  mass  with  a  stick  of  incandescent  charcoal,  and  pour  off  the  portion 
which  still  remains  liquid ;  fine  czystalH  of  tin  are  then  found  upon  the  sides  of  the 
interior.  Tin,  indeed,  has  a  iremarkable  tendency  to  crystallise,  as  may  easily  bo 
shown  by  washing  the  surface  of  the  metal  with  warm,  diluted,  nitro-hydrochloric 
add,  when  it  becomes  covered  with  a  mass  of  crystalline  forms,  having  a  very  beautiful 
appearance  something  like  watered  silk,  and  formerly  much  used,  under  the  name  of 
moiree  metalliqm,  for  the  manufacture  of  workboxes,  tea-caddies,  &c  The  appearance 
is  caused  by  the  unequal  refiection  of  light  by  the  facets  of  the  crystals  exposed  to  the 
nctidi  of  the  acid.  Louis  Vallet,  in  1 817,  obtained  a  patent  for  the  production  of  these 
ciystals,  or,  as  he  expressed  it,  for  the  manufiusture  of  a  new  ornamental  surface  of 
metal  or  metallic  composition.  The  surfaces  of  tin,  or  of  metals  coated  with  tin,  are 
washed  with  a  mixture  of  10  pts.  of  sulphuric  acid  diluted  with  five  times  its  bulk 
of  water,  together  with  1  pt.  of  nitric  acid  diluted  with  its  own  weight  of  water. 
In  the  following  year  (1818),  Mr.  M.  Isambard  Brunei  obtained  a  patent  for  a 
•omewhat  similar  application  of  acids  on  the  surfoce  of  tin.  The  process  is  thus 
dsKribed :  "  A  new  species  of  tinfoil,  capable  of  being  crystallised  in  laige,  varied,  and 
bsantiful  crystallisation.*'  A  sheet  of  tin  or  tinfoil  is  laid  evenly  upon  a  flat  plat  of 
flallic  or  vitreous  substance,  which  mav  be  heated  from  below  by  a  bath  of  melted 
alloy,  as  of  two-thirds  of  tin  and  one-third  of  lead :  heat  is  then  applied,  by  means  of 
eonmon  gas-jets  and  flexible  tubes,  to  those  parts  to  which  it  is  aesired  to  give  an 
•mamenUd  crystalline  conformation.  Sulphuric  add  diluted  with  A  pts.  of  wator, 
and  nitrous  (?)  acid  diluted  with  1  pt.  of  water,  are  mixed  in  the  proportion  of  10  pts. 
of  the  former  to  1  pt  of  the  latter,  and  applied  by  a  brush  to  the  surface  of  the  tin ; 
it  is  then  washed,  and  may  be  varnished  or  japanned  in  the  usual  way. 

The  spedfic  gravity  of  tin  is  7*29,  and  is  not  sensibly  increased  by  rolling. 
That  of  the  crystals  was  found  by  Miller  to  be  7*177 :  according  to  Deville,  the 
specific  gravity  of  slowly-cooled  tin  is  7*373  ;  that  of  tin  rapidly  cooled,  by  pouring 
into  water,  7*239.  Its  cubical  (expansion  for  1^  C.  (between  9^  and  72^)  is  0*000070. 
(Kopp.) 

Tin  melts  at  222°  (Crichtonand  Rudberg),  at  2Z0^  (Kuppfer),  at  237*2° 
(Person),  Ita  npedfie  heat  in  the  solid  8tate  is  0*0562, in  the  liquid  state  0'0G37  ;  its 
Utent  heat  of  fusion,  between  250<'  and  3500,  ^g  14-252  (Person).  It  boils  at  a  ^hite 
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hoAt  IthaslmtasmaUheat-eoiidiictanff  pover(aeeordiiigtoOAlTert  «  423,tli]t 
of  silTor  being  1000).  It  takes  a  fine  polish,  aod  haa  then  but  little  iidiating  power, 
benoe  veesels  of  polished  tin  are  well  adapted  for  keeping  liquids  warm. 

Tin  does  not  oxidise  at  ordinary  temperatures  in  ue  air,  eren  when  moist^  sod  boi 
yery  slightly  in  water,  retaining  its  metallic  lustre  for  a  long  time :  hence  iitm  whtdi 
is  to  be  exposed  to  the  air  is  often  tinned,  to  prevent  it  from,  rusting.  When  tb  ia 
fused  in  the  air,  its  surface  becomes  covered  with  a  thin  grey  film,  containing  both 
protoxide  and  dioxide  of  tin.  If  the  film  be  removed,  it  is  again  fonnedTandu  tlug 
^y  powder  be  continuously  heated,  it  becomes  white.  It  is  used  for  polishioff  pUu 
m  the  same  way  as  futty-potoder,  which  is  obtained  by  the  action  of  nitzicadd  Tipoa 
the  metal. 

If  tin  be  kept  at  an  ordinary  red  heat,  it  gives  out  vapours,  but  they  have  Uttls 
tension,  and  there  is  but  small  loss  of  weight ;  at  a  strong  white  heat,  it  bums  in  the 
air  with  a  bright  flame.  At  a  full  red  heat  it  will  decompose  steam,  with  evolmiot 
of  hydrogen. 

Strong  nitric  acid  of  specific  gravity  1  *5  does  not  act  upon  tin,  the  metal  even  preserv* 
ing  its  characteristic  brilliancy ;  but  if  the  add  is  diluted,  it  attacks  the  metal  with 
extreme  violence,  the  tin  being  entirely  converted  into  metastannic  acid. 

Tin  dissolves  slowly  in  dilute  or  cold  kydrochlorie  acid,  but  rapidly  when  the  Utt«r 
is  hot  and  concentrated,  evolving  hydrogen-gas,  and  yielding  dtchloride  of  tin. 
Dilute  sulphuric  acid,  when  heated,  attacks  tin  slowly,  with  emission  of  hydrogen,  Ut 
the  hot  concentrated  acid  acts  more  energetically,  with  prudoction  of  solphuroos 
acid.  Fused  nitre  and  the  hydrate  of  potassium  and  sodium,  at  high  temperatures,  ict 
upon  tin.  It  combines  directly  with  snfphur,  phosphorus,  chtorins,  iodine,  &c.,  and  formi 
alloys  with  many  metals,  particularly  with  copper,  to  which  it  gives  a  hardneei 
approaching  to  that  of  steel. 

Tin  in  a  state  of  fine  division  is  violently  acted  upon  by  chloride  of  sulphur, 
the  heat  evolved  being  so  great  that  the  sulphurH^mpotuid  (which  must  be  returned) 
passes  over  with  the  tetra(£loride  of  tin.    (Wohler,  Ann.  Ch.  Pharm.  Ixxiii.  374.) 

Compounds  of  Tin, — Tin  forms  chiefiy  two  classes  of  compounds  :  namely,  tiis 
stannous  compounds,  in  which  it  is  diatomic — e.ff.,  SnCl',SnO.  SnS,  Sn(SO*),  &c ;  sad 
the  stannic  compounds,  in  which  it  is  tetratomic — e.g.,  SnCl*,  SnO',  SqS^  Sn(SO*)',  &e. 
There  are  also  a  sesquioxide,  SnK)',  a  sesquisulphide,  Sn*S*,  and  several  compounds  of 
tin  with  alcohol-radicles,  in  which  it  is  tnotomic  F.  F. 


r,  A&XiOTS  OV.  Tin  unites  with  most  other  metals,  forming,  in  many  cases, 
hard  ductile  alloys.  Small  quantities  of  tin  are  otten  sufficient  to  impart  peculiar  piv- 
perties  to  an  alloy. 

Many  of  the  alloys  of  tin  have  been  already  described  in  connection  with  the  other 
metals.  For  Matthiessen's  determinations  of  the  specific  gravities  of  tin-allojs,  w* 
Fogg.  Ann.  ex.  21 ;  Jahresb.  1860,  p.  Ill ;  also  the  article  Metals  in  this  Dictionaiy 
(iii.  943). 

Tin  and  Antimony  (i.  317). — ^Acoording to  Chaudet,  10  pts.  tin  and  1  pt  aoti« 
mony  form  a  perfectly  ductile  alloy. 

Tin  and  Arsenic  unite  easily  when  heated  together,  forming  a  hard,  brittle,  lami- 
nar mass,  less  fusible  than  tin.  When  the  proportion  of  arsem'c  is  large,  the  aUoy  if 
insoluble  in  hydrochloric  acid ;  with  a  smaller  amount,  it  dissolves,  with  evolution  of 
nrsenietted  hydrogen,  leaving  an  alloy  richer  in  arsenic.    (Soubeiran.) 

Tin  and  Bismuth. — ^An  alloy  of  177  pts.  (3  at.)  of  tin  and  213  pts.  (2  at)  of 
bismuth,  when  cooled  from  a  state  of  fusion,  exhibits  but  one  solidifying-point;  inas- 
much as  it  first  cools  regularly  down  t6  143^,  and  then  remains  at  that  temperature 
for  a  considerable  time,  till  the  latent  heat,  set  free  in  the  solidification  of  the  alloy, 
has  had  time  to  escape.  But  all  other  alloys  of  these  metals  likewise  exhibit  a  }Met 
solidifying- point,  the  excess  of  one  or  the  other  metal,  or,  rather,  another  definite  tihj 
containing  an  excess  of  one  of  the  two  metals,  solidifying  first,  and  afterwards  st 
143°,  the  hitherto  fiuid  alloy  containing  Sn'Bi'.  The  higher  solidifying-point,  or 
point  of  separation,  is  190^  for  Sn^Bi,  160''  for  Sn'Bi,  160<'  for  SnBi,  ITO*'  for  SnW, 
and  190*"  for  SnBi^    (Budberg,  Pogg.  Ann.  xviii.  240.) 

a.  40  pts.  tin  to  1  pt.  bismuUi :  perfectly  ductile ;  the  addition  of  1  pi  of  lead 
diminishes  its  extensibility. — b.  25  pts.  tin  to  1  pt.  bismuth :  slightly  ducme  (Chau- 
det).— c,  8  pts.  tin  to  1  pt  bismuth :  melts  at  199° (Lewi s).—^  3  pts.  tan  to  1  pt 
bismuth :  pulverisable ;  of  dull  grey  fntAoTe,  and  specific  gravity  7*776 ;  gives  up  all 
its  tin,  with  a  small  quantity  of  bismuth,  to  heated  hydrochloric  add  (Chaudet).— 
e.  2  pts.  tin  to  1  pt  b  smuth :  melts  at  166°  (Lewis).—/.  236  pts.  (2  at)  tin  to  213  pts. 
(1  at.)bismuth:  specific  grari^  »  8*085  (Begnault). — y.  1  pt  tin  to  1  pt.  bismuth: 
perfectly  brittle;  pulverisable;  of  fine-grained  fiwjture;  spedfie  gravity  «-  8*345 
(Chaudet).  Melts  at  138°  (Lewis).  Expands  strongly  in  solidifying  (Marx). 
With  hydrochloric  acid  it  behaves  like  d  TChaudet,  Ann.  Ch.  Phy«.  [2],  v.  H2).— 
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CuSn* 
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CiiSn« 
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i.  177  pta.  (8  «t,)  tin  to  218  pU.  (2  at)  biamath:  melte  between  ISl^  and  137^  (D6- 
bereiner,  Kasta.  Arch.  iii.  90).— ».  118  pts.  (1  at.)  tin  to  213  pta.  (1  at)  bismnth: 
specific  gravitj  •■  8'7t')9.    (Regnault) 

2U  pts.  (2  at)  tin  to  213  pts.  (1  at)  bismuth,  and  129  pte.  (1  at)  antimony, 
ibrm  an  alloy  of  specific  grayity  7*883  at  20<'.  (Begnault,  Ann.  Ch.  Phys.  [21, 
Ixxvi  136.) 

Respecting  the  alloys  of  tin,  bismnth,  and  lead,  see  i.  591,  and  iii.  536. 

Tin  and  Cadmium.— The  alloy  8nKM  melts  at  173'8<'.    (Budberg.) 

Tin  and  Cobalt  form  a  somewhat  malleable  alloy. 

Tin  and  Copper  (see  Coppmb,  ii.  43).  Bieffel  TCompt  rend.  xzzriL  454; 
Jahresb.  1853|  p.  376)  gives  the  following  list  of  alloys,  wnich  he  regards  as  chemical 
enmponnda  of  copper  and  ti n : — 

So.  Coloar. 

98*89/ 
97-81  [  ^^^^»  ^^'^  ^'  ^^^  approaching  to  that  of  tiiu 

65*02  Iron-grey. 

7*19  Golden-yellow. 

3*73  Orange-yellow. 

2*52  Yellowish-rose. 

1-90  Rose. 

In  tlie  alloy  8nCn,  which  crystallises  in  laige  steel-grey  laminae,  hard,  bulky,  and 
meltins  at  about  400^^,  the  properties  of  both  the  constituent  metals  are  said  to  be  nearly 
masked  ;  the  other  alloys  exhibit  the  characteristics  of  the  predominant  metal.  The 
formation  of  all  these  compounds  is  attended  with  condensation. 

The  alloy  CuSn'  (21*3  pts.  copper  and  77*6  pts.  tin)  has  been  found,  as  a  furnace- 
product,  in  white  six-sided  prisms,  of  specific  gravity  7*53  (Miller,  Pogg.  Ann.  cxx. 
ft5). — Another  furnace-product,  from  Schlackenwald,  Cu'Sn'  (18*9.  pts.  copper  and 
80*8  pta.  tin),  forms  semi-malleable  six-sided  prisms,  of  specific  gravity  6*994,  having  a 
white  colour,  with  golden-yellow  tarnish.    (Rammelsberg,  ibid.  cxx.  54.) 

According  to  Calrert  and  Johnson  (Jabresb.  1858,  p.  Ill),  the  heat-conducting 
power  of  SnH:)u  »   396;  ofSnCu  «  415  (silver  «   1000). 

CaWert,  Johnson,  and  Lowe  (Jahresb.  1861,  p.  1)  have  determined  the  relative 
expansions  oi  several  alloys  of  copper  and  tin  to  be  as  follows :  SnCu  «  138*1 ; 
SdCu  -  1181;  SnCu*   =   111*8;  SnCu'»  »  98*3;  SnCu«*  =   105*0. 

Alloys  of  tin  with  copper  and  antimony  constitute  several  varieties  of  Britannia- 
metal,  also  Deurance's  alloy  for  fractional  bearings  (ii.  46). 

Tin  and  Gold. — Tin  considerably  diminishes  the  extensibility  of  gold.  The  alloy 
cxf  1 1  pts.  gold  and  1  pt  tin  is  pale-yellow,  fine-grained,  only  slightly  malleable,  and 
luia  a  specific  gravity  of  17*307  (Hatcbett).  Alloys  of  tin  and  cold  are,  for  the 
moat  part,  easily  crystallisable.  The  compounds  SnAu  and  Sn'Au'  do  not,  however, 
appear  to  crystallise ;  but  on  addition  of  more  tin,  in  such  proportion  as  to  form  the 
compound  Sn'An,  the  fused  mass  separates  into  a  less  fusible  portion,  having  a 
▼itreous  fracture,  and  an  easily  fusible  crystalline  mass.  (Matthiessen  andv.Buse, 
PhiL  Trans.  I860,  p.  170.) 

Iridium  melts  with  4  pts.  of  tin,  at  a  bright-red  heat,  to  a  dull- white,  hard,  crys- 
taJlisable  alloy  (Berzelius).  The  alloy  IrSn'  (45*4  pts.  iridium  and  54*6  pts.  tin) 
cnyatallises  in  cubes,  which  are  not  altered  by  nitromuriatic  acid. 

Respecting  the  alloys  of  tin  with  iron,  lead,  and  mercury,  see  iii.  370, 534, 
870;  with  palladium  and  platinum,  iv.  327,  667. 

Tin  and  Nickel  form  a  baud  brittle  alloy. 

Tin  and  Potassium  melt  easily  together.  Stanniferous  potassium,  obtained  by 
Igniting  tin  or  stannic  oxide  with  cream  of  tartar,  is  brittle,  and  decomposes  water. 

Tin  and  Rhodium  form  a  black,  shining,  crystalline  mass,  containing  RhSn. 
47*3*  pts.  tin,  32*0  platinum,  12*5  iridium,  and  1*9  rhodium,  form  a  crystallisable  alloy, 
(PtlrRh)'Sn*,  which  is  not  altered  by  hydrochloric  acid. 

Tin  and  Ruthenium. — When  1  pt.  of  ruthenium  is  fused  with  10  to  15  pts.  tin 
an  a  crucible  lined  with  charcoal,  and  the  cooled  mass  is  treated  with  hydrochloric  acid, 
a  cryatallisable  alloy,  RnSn*,  remains,  containing  33  pts.  ruthenium  to  67  pts.  tin. 

Ti  n  and  Silver  (p.  287). 

Tin  and  Sodium  may  be  alloyed  together  by  direct  fusion,  or  by  igniting  tin  with 
0oda-soap.    The  alloy  resembles  that  of  tin  and  potassium. 

Tin  and  Zinc    See  Zikc. 


Tf  BXOBKZBB8  OV.  Stannous  bromide,  SnBr*,  is  formed  by  heating 
metallic  tin  in  hydrobromic  acid  gas,  or  with  mercuric  bromide.  It  is  a  greyish-white, 
■faining,  czystallme  mass.  It  dissolves  in  water,  and  the  resulting  solution,  as  well 
as  that  obtained  by  dissolving  tin  in  aqueous  hydrobromic  acid,  yi^ds,  on  evaporation^ 
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a  gelatinous  mass ,  but  no  cnrstals.  Stannous  bromide  melts,  at  a  higb  tempenitBr»,to 
an  oily  liquid.  When  heated  in  the  air,  it  giyes  o£f  stannic  l«x>mide  and  leaTea  ttanie 
oxide. 

Stannic  bromide,  SnBr*,  is  produced,  with  incandescenee,  when  tiD  or  stanooi 
bromide  is  heated  in  bromine-THpour.  It  is  a  white  crystalline  maas,  of  speeiftc  gnritj 
3'322,  ftimes  in  the  air,  melta  easily,  and  sublimes  in  needles.  It  dise^rea  in  «i^^ 
without  perceptible  rise  of  temperature ;  melts  under  oil  of  ritriol  witbovt  sennblt 
alteration.  Nitric  add  oxidises  it  to  stannic  hydrate,  with  sepnmtioB  of  ImsBM. 
(Balard.) 

A  stannic  oxybromide  is  formed  by  the  action  of  bromine  on  sfannoos  oxide. 

Stannic  bromide  unites  with  eth^,  forming  the  compound  8nBH.(C'H^yK>,  in  difi* 
quescent  crystals,  which  rotate  on  water  before  dissolnng  in  it,  and  are  cAsiiy  diib- 
tejiprated,  eraecially  when  heated,  yielding  hexagonal  prisms  of  stannona  bromide. 
(Nick Us,  Compt.  rend.liL  869.) 

TXV,  8UTTBR  OV.  BiUyrum  stannu — An  obsolete  name  for  bydrated  tfltii> 
chloride  of  tin ;  also,  according  to  Gmelin's  Handbook  (t.  84),  for  the  anhydrous  di* 
chloride. 

TZWf  OHXiOBIBBS  OV.  Three  chlorides  of  tin  are  known,  eoxTespoDding  to 
the  oxides—namely,  SnCl',  SaCl*  and  SnCl«. 

Bloliloiitfey  or  Stanaoiift  Glilarldaf  SnCl',  (commonly  called  ProtoekMJe  of 
Tin,  and  represented,  according  to  the  old  atomic  weight  of  tin,  bf  the  fomula  SoCl) 
—  The  anhydrous  dichloride  is  prepared : — 1.  By  gradually  heatuv  tin,  or  tin-smil* 
gam,  with  mercurous  chloride,  or  with  at  most  2  pts.  of  meicnric  cfamride^  die  mereuxy 
then  volatilising. — 2.  By  heating  tin  in  hydrochloric  acid  gas,  hydrogen  being  set 
free. — 3.  By  hating  hydrated  stannous  chloride  in  close  vessids,  wherenpoo,  wbn 
the  heat  is  gradually  raised  to  redness,  and  the  receirer  changed,  the  anbydrou 
chloride  jpasses  over  after  the  water.  Capitaine  (J.  Pharm.  xxr.  662)  gently  keau 
commercial  ti$^-MaU  in  a  capacious  crucible  (to  prevent  frothing  onrer),  aa  \xai%  as  it 
froths  up,  and  gives  off  water  and  sulphuric  acid;  pours  the  mass,  as  soon  as  it  is 
brought  to  a  state  of  tranquil  fusion,  into  a  small  crucible;  then  pounds  it  upcosrsely. 
and  distils  it  from  a  coatea  glass  retort.  The  first  portions  of  stannous  chloride  whirfa 
pass  over  aro  perfectly  pure ;  the  last  portions  contain  a  amall  quantity  of  irsQ^fnai 
which  they  may  be  freed  by  a  second  distillatioOi 

Stannous  chloride  is  translucent,  almost  pure  white  (frequently  mj\  with  a  fatt^ 
lustre  and  conchoidal  fracture ;  soluble  in  water  and  in  alcohol.  It  melts  at  26<H  loanoihr 
liquid,  which  penetrates  the  crucibles  and  makes  them  crack ;  boils  at  a  heat  near  wl- 
ness,  but  always  with  some  degree  of  decomposition.  When  cooled  after  fbiioo,  it 
remains  liquid  for  a  long  time,  but  afterwards  oeoomes  syrupy  and  solidifiet.  Wb«n 
heated  to  bright  redness,  it  gives  off  tetrachloride  of  tin,  and  afterwards  unaltered  di- 
chloride, leaving  a  black  shining  mass,  which  dissolves  in  aqueous  hydrochloric  acid 
with  evolution  of  hydroffen-ffas,  and  forms  a  solution  of  stannous  chloride  (A.  Voge  1, 
8chw.  J.  xxiv.  66).  When  heated  to  the  boiling-point,  it  passes  over  in  compaoy  with 
tetrachloride  of  tin,  and  leaves  yellow,  earthy,  stannous  oxychloride,  SnCl'.SoO 
(Capitaine). — ^When  heated  with  sulphur,  it  yields  tetrachloride  and  disulphideof 
tin:  2SnCl>  -t-  S«  »  SnCl^  -t-  SnS*  (Proust).— When  heated  in  the  air,  or  with 
nitre,  chloride  of  potassium,  or  mercuric  oxide,  it  gives  off  tetrachloride  of  tin,  and 
leaves  stannic  oxide.  At  ordinary  temperatures,  it  does  not  suffer  much  aIteratic*o  hj 
exposure  to  the  air;  in  the  course  of  three  weeks,  however,  it  becomes  somewhat 
disintegrated,  but  still  dissolves  completely  in  water. 

8tanii#us  chloride  absorbs  dry  ammonta^a$,  and  when  heated  with  it,  forms  the 
(impound  SnCl«.NH«. 

HydraUd  $tannous  chloride,  commonly  called  Un-ealt,  is  obtained  by  dinolvioe  the 
anhydrous  chloride  in  water,  or  by  the  solution  of  metallic  tin  in  hydrochloric  acid. 

The  preparation  on  the  huge  scale  is  performed  in  copper  vessels,  which,  so  long  at 
any  portion  of  tin  remains  undissolved,  are  not  attacked  by  the  acid.  If  gnmuUted 
tin  be  covered  with  hydrochloric  add,  then  the  add  poured  off,  and  the  tin  exposed  to 
the  air — afterwards  the  add  jwured  on  attain,  and  so  on  alternately — the  tin  takfs  np 
oxygen  from  the  air,  whereby  it  becomes  heated,  and  dissolves  mudi  more  quickly  than 
by  the  simple  action  of  the  add  (Berard).  In  the  preparation  of  Hn-aslt  oo  the 
large  scale,  Nollner  (Arch.  Pharm.  Ixiii.  120)  recommends  that  the  hydrochloric 
acid,  as  it  is  evolved  from  the  retorts,  be  made  to  act  directly  upon  granulated  tin  ouo* 
tained  jn  stoneware  receivers  adapted  to  the  retorts,  and  tnat  the  ooDcentiated  sola- 
tiun  of  tin-salt  thus  formed  be  afterwards  evaporated  in  tinnrd  pans,  with  addition  of 
grsinalated  tin. 

The  solution,  when  evaporated  and  cooled,  yields  laTf^.  transparpnt,  rolonrless  prisms 
(mnnodinir  according  to  Marignac).  having  a  dituigreeable  metallic  fcMte.    Ac- 
Berzelius,  their  composition  isSnCRH'O:  according  tu 'Henry,  ihfj 
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eonUm  SbCl^2H'0.  Th«  crystalav  when  heated,  evolve  water  and  hydrochloric  acid 
vonUioing  a  snull  quantity  of  liu,  and  leave  stannoiui  chloride  and  oxide.  Cold  oil 
of  vitriol  separates  from  tliem  but  a  small  quantity  of  hydrochloric  acid ;  heated  oil 
cf  vitriol  separates  hydrochloric  acid — together  wiUi  small  quantities  of  stannous 
chloride  salphurous  add,  and  sulphuretted  nydrogen  (the  two  latter  subNtances  partly 
decomposing  each  other,  and  yieldiug  a  precipitate  of  sulphur) — and  forms  stannic  sul- 
pkita.    (A.VogeU 

The  pure  crystals  of  tin-salt  dissolve  completely  in  a  certain  quantity  of  de- 
•Sratvd  water,  a  litre  of  the  solution,  saturated  at  15^,  having  a  speoiAc  gravity  of 
1*^27,  and  containing  1,333  grms.  of  stannous  chloride  to  494  grms.  of  water  (Mich  el 
and  Kraft).  A  larger  quantity  of  water  produces  partial  decompotiition,  hydrochloric 
acid  bi>iug  dissolved,  and  a  hydrated  stannous  oxychloride,  Sn'0Cr''.2U''d,  being  de- 
poaiUsi  in  the  form  of  a  milk-white  powder: 

2SnCl«  +  H«0     -     Sn«OCl«    +   2HCL 

The  clear  neutral  solution  also  becomes  turbid  on  exposure  to  the  air,  likewise  from 
formation  of  oxychloride,  while  stannic  chloride  remains  in  solution : 

SSn'Q'  +  0     -     Sn«OCl«  +  Sn»'Cl*. 

In  either  case  the  decomposition  may  be  prevented,  and  the  solution  kept  clear,  by 
addition  of  hydrochloric  or  tartaric  acid,  or  of  sal-ammoniac,  with  whicli  stannous 
chloride  forms  a  double  salt  not  decomposible  by  water  or  by  exposure  to  the  air. 
The  ciystals  of  tin-salt  likewise  decompose  on  exposure  to  the  air  in  the  manner  above 
mentioned* 

A  kydratfd  stannous  chJoride,  containing  SnCP.4lP0,  is  obtained  in  needle-shaped 
dtf^liquescent  crystals,  melting  at  dO^,  by  dissolving  stannous  oxide  in  an  equivulent 
quantity  of  stannic  chloride,  and  evaporating,  the  mother-liquor  then  retaining  stannic 
mide  dissolved  in  stannic  chloride : 

2SnO   +   2Sna«  +   8H*0     -     2(SnCl«.4H«0)   -¥  SnO«  ^  SnCl*. 

Stannous  chloride  is  a  powerful  deoxidising  agent,  reducing  yold-t  silver',  and  7nrr- 
eury-saUs  to  the  metallic  state ;  conrertinff  ferric,  manganic,  and  cupric  chlorides 
into  ferrous,  manganous,  and  cuprous  chlorides  respectively;  the  irioxide  of  chromium 
(chromic  anhyilnde)  into  seequioxide;  tungstic  and  mdybdic  anhydridvs  into  the 
eon«sponding  blue  oxides ;  the  higher  oxides  of  lead,  hismulh,  &c.,  into  lower  oxides, 
and  mdigo^ue  into  indigo- whit«. — Arsenic  acid  forms  with  st^innous  chloride  a  pre- 
cipitate consisting,  according  to  Schiff,  of  stannic  arsenite,  2SnO'.A8'''0* ;  an  excetis  of 
•tannous  chloride,  however,  reduces  the  arsenic  acid  to  metallic  arsenic.  Stannous 
chloride  also  reduces  nitric  acid  to  nitric  or  nitrous  oxide,  hifpovhlorous  acid  to  chlo- 
rine, &c  With  sulphurous  acid  in  presence  of  hydrochloric  acid,  it  forms  stannic 
anlphide  together  with  stannic  chloride,  a  reaction  which  may  be  used  for  the  detection 
of  sulphurous  acid  (p.  641) : 

6SnCl»  +   8HCI  +   2H«S0»     -     8nS«  +   6Sna<  +   6H«0. 

Stannous  chloride  is  often  used  as  a  reagent  in  volumetric  analysis  for  the  estima- 
tion of  indigo,  &c  Tin-salt  is  extensively  employed  as  a  mordant  in  dyeing  and  calico- 
printing,  s<tmetimes  also  as  an  antichlore. 

Stjinnous  chloride  forms  ciystallisabie  double  salts  with  several  other  metallic 
eliloridei>« 

Ammonio-stannovs  Chlorides. — o.  The  compound  2NH*Cl.SnCl*  is  formed  by  heating 
tin-filings  with  sal-ammoniac,  more  easily,  however,  by  evaporating  a  mixed  solution  of 
the  component  chlorides ;  the  crystals  thus  obtained  are  sometimes  anhydrous,  some- 
times they  contain  2  at.  water  (Graham).  Apiohn  obtained  octahe^lral  crystals, 
2NH*Cl.SnCl'.H*0,  which  were  permanent  in  the  air,  had  an  acid  reaction,  and 
dissolved  in  water,  forming  a  solution  which  became  cloudy  on  boiling.  Bammelsbei^ 
obtained  rhombic  crystals liaving  the  same  com^ition. — ^.  The  salt  4NH*Cl.Sn01''. 
SHK)  forms  tufts  of  needles  permanent  in  the  air,  but  decomposed  by  water.  (Pog- 
giale,  Compt.  rend.  xx.  1180.) 

The  barium-  and  strontium-saits  are  represented  by  the  formula  BaCl*.SnCl*.4H*0 
and  SrCl«.Sna».4H«0. 

Potassio-stannous  Chlorides.— a.  The  8aU2KCl.SnCl*  is  prepared  like  tlie  corresponding 
ammonium-salt,  and  is  sjiid  t<>  form  anhydrous  crystals,  as  well  as  crystals  with  1, 2, 
and  3  at.  water.  The  monohydrato  forms  rhombic  crystals.  (Marignac,  Compt. 
rt-nd.  Iv.  650. — Ram  me  Is  berg,  Krystall.  Chemie,  p.  211.) 

A  compound  of  stannous  chloride  with  potass io-stannons  sulphate,  SnCl*.4SnK^S0*)», 
■pfwrates  from  a  mixture  of  the  hot  concentrated  solutions  of  stannous  chloride  and 
potassium-sulphate,  in  small,  shining,  hexagonal  crystals,  which  may  be  reciystallitted 
fr«mi  watt'r  without  decomposition. 

Sesquichloridc  o/Tin^orStannoso-stannic  Chloridi',Su^Cl*  =  ^nC\  .SnCl* 
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—This  oompoand,  known  onl^  in  solution,  is  prodooed  hj  diMohring  lUnnQto-ttanniA 
Hydrate  in  hydrochloric  acid,  m  a  Teasel  from  which  the  air  is  ezdnded.  The  solatioB 
reacts  like  a  mixture  of  stannous  and  stannic  ohloridea. 

T«tnioliloiide  of  Tin,  or  Staimie  Oblorida,  SnCl*. — This  oompoand  wm 
known  to  the  older  chemists,  having  been  mentioned  by  Libavius,  in  1606,Qnder  tha 
name  of  lAmtar  a,  SpvrUua  argenti  vivi  whlimati  (from  the  mode  of  preparation  with 
mercuric  chloride) ;  afterwards  it  was  commonly  called  Spirittts/umans  Id'Htvii^  acme* 
times  also  Fumtgatotium  perpetutimjoviale. — The  anhydrous  tetrachloride  may  be 
obtained  by  distilling  stannic  sulphate  with  sodium-chloride,  or  by  distilling  the 
hydrated  tetrachloride  with  oil  of  vitriol.  It  is  usually  prepared  by  distilling  a 
mixture  of  1  pt.  tin-filings  with  4  or  5  pts.  mercuric  chloride,  or  by  heating  tin-filmgi 
or  stannous  chloride  in  dry  chlorine-gas,  the  tetrachloride  then  collecting  in  tbs 
receiver,  which  must  be  kept  cool.  In  preparing  it  bv  the  last-mentioned  method, 
the  foee  chlorine  must  be  removed  by  agitating  the  distillate  with  tin-filings,  and  then 
rectifying  it^ 

Stannic  chloride  is  a  colourless  mobile  liquid,  of  specific  gravity  2*267  at  0^.  It 
fiimes  strongly  in  moist  air*  boils  at  115^  (at  120°  according  to  Bum  as,  at  112® 
according  to  Andrews).  Yapour-densily,  according  to  Dumas'  determination,  a  9*20 ; 
by  calculation  »  9*01.  Its  specific  heat  for  the  unit  of  volume  is  0*8689 ;  for  the  unit 
of  weighty  0*0989  (Regnault).  It  does  not  conduct  electricity.  It  is  highly  caustic, 
decomposes  alcohol,  with  formation  of  ether;  in  contact  with  oil  of  turpentine,  it 
produces  great  heat,  sometimes  setting  fire  to  the  turpentine.  It  converts  mssciry  into 
calomel.  Strong;  nitric  acid  decomposes  it,  with  formation  of  metastannic  acid ;  healed 
in  sulphydric  aad  gas,  it  is  partially  decomposed,  with  formation  of  stannic  salphide. 

Hyarited  Stannio  Chloride, — ^The  anhydrous  tetrachloride  absorbs  water  npidlv  torn 
the  air,  and  forms  crystals  of  a  trihydrate,  SnCl'-SH*^  (Casselmann).  Mixed  vitli 
one-thbrd  of  its  weight  of  water,  it  solidifies  to  a  soft  fusible  msKS,  called  Butter  <^  lia,  or 
Butyrum  tianni,  which  dissolves  in  excess  of  water,  the  solution  yielding,  by  evaporatiuo, 
deliquescent  crystals  of  a  pentahydrate,  SnC1^5HH),  which  give  off  8  at.  water  over  oil 
of  vitriol  (Lewy,  Compt  rend.  xxi.  369).  A  solution  of  stannic  chloride  may  be  pte- 
pared  by  dissolving  ordinary  stannic  hydrate  in  hydrochloric  acid,  by  treating  a  solutiea 
of  stannous  chloride  with  chlorine-^,  or  by  mixing  stannous  chloride  with  hydx^ 
chloric  acid  and  treating  it  with  nitnc  acid.  The  salt  generally  known  in  oommeros  as 
nitromuriate  of  tin,  is  prepared  by  dissolrin^  tin  in  nitromuriatic  acid,  which  must 
be  kept  cool,  and  must  not  contain  too  much  nitnc  acid^otherwise  metastannic  acid  is 
likely  to  be  produced.  This  solution  is  used  in  dyeing  for  the  brightening  and  fixing 
of  red  colours,  and  is  sometimes  designated  bv  the  old  names,  "composition,  physic,  or 
tin-solution.'*  The  same  solution  is  obtained  by  dissolving  tin  to  saturation  in  hydro- 
chloric acid,  then  adding  half  as  much  hydrochloric  add  as  was  required  to  dissolve 
the  tin,  together  with  a  certain  quantity  of  sulphuric  acid  and  nitre.  Stannic  chkr  da 
may  also  be  prepared  by  oxidising  stannous  chloride  with  chlorate  of  potaaainm  ;  and 
on  evaporatiuff  the  liquid,  or  the  solution  of  stannous  chloride  mixed  with  nitric 
acid,  the  trihydrate,  SnCl^.SHK),  is  obtained  (which,  when  dried  in  a  vacuum,  laares 
the  di  hydrate,  SnCl\2H'0),  while  the  mother-liquor  contains  stannic  hydrate  dissolved 
in  stannic  chloride.  (Scheurer-Eestner,  Compt  rend.  1.  50.) 

The  solution  of  stannic  chloride  exhibits  all  the  reactions  of  ordinary  stannic  salts 
(p.  810).  When  evaporated,  it  first  gives  off  water,  then  stannic  chloride.  The 
ooneentrated  solution  does  not  alter  perceptibly ;  but  the  dilute  solution  gradually 
decomposes,  yielding  hydrochloric  acid  and  metastannic  hydrnte  (p.  817),  which 
remains  behind  when  the  hydrochloric  acid  is  evaporated.  According  to  C asset* 
mann,  a  solution  diluted  to  a  certain  point  deposits  ordinary  stannic  hydrate  as 
well  as  metastannic  hvdrate.  When  stannic  chloride  is  he. « ted  with  a  small  quantity 
of  water  in  a  sealed  tube,  pure  amorphous  stannic  oxide  separates.    (Senarmont.) 

Aqueous  stannic  chloride  easily  dissolves  stannous  oxide,  forming  stsnnous  chloride 
which  on  evaporation  ciystallises  as  a  tetrahydrate,  SnCl'.4HH)  (p.  807),  while  the. 
liquid  retains  stannic  hydrate  dissolved  in  stannic  chloride.  When  an  excess  of 
stannous  oxide  is  dissolved  in  stannic  chloride,  the  mass  solidifies  to  a  pulp  of  stannie 
hydrate,  and  the  liquid  which  runs  off  yields,  on  evaporation,  the  dihydnite  of  stannous 
chloride,  SnC1^2HK).    (Scheurer-Eestner.) 

Compoundt  of  Stannic  Chloride. — Stannic  chloride  unites  with  a  considerable 
number  of  bodies,  both  oiganio  and  inorganic  It  dissolves  eiystallisable  (not  amoi^ 
phous)  ntlphur,  when  heated  with  it ;  also  ordinanr  phosnhorus,  iodine,  and  other 
bodies,  in  laree  quantity;  it  mixes  in  aU  proportions  with  bromine  and  earhonie 
dieulphide,  and  like  the  latter  is  a  solvent  for  many  bodies.  Sulphur  crystallises  from 
the  hot  saturated  solution  in  rhombic  prisms.    (Girardin,  CompL  rend.  11  1057.) 

Anhydrous    stannic     chloride    absorbs    am/nonia'gatt    forming     the   compound 
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SnCl*.2NH',  which  is  a  white  powder,  sublimable  without  deoompMition,  and  perfectly 
■oluble  in  water  after  sablimation.     (H.  Rose.) 

Vapour  of  gulphmrie  ankudride  is  easily  absorbed  by  stannic  chloride,  forming  a 
■olid  mass.     (Rose,  Pogg.  Ann.  xliy.  320.) 

Stannic  chloride  also  quickly  absorbs  sulphydrie  acid  goB,  giving  off  hydrochlorio 
acid,  and  forming  a  stannic  sulphochloride,  Snl^.2SnCl* : 

SSnCl*  +   2H«S     »     SnS«2SnCl*  +  4HC1. 

l%e  compound  obtained  by  perfect  saturation  with  sulphydric  acid,  is  a  yellowish  of 
reddish  liqmd,  heavier  than  water.  When  heated,  it  gives  off  tetrachloride  of  tin,  and 
leaves  the  disulphide.    (Dumas.) 

A  compound  of  stannic  chloride  with  tetrachloride  of  sulphur^  8nC1^.2SCl^,  is  pro- 
duced by  the  action  of  chlorine-gas  on  sulphide  of  tin  at  orainary  temperatures : 

8nS«  +   6C1«     -     SnCl*.2SCl\ 

It  forma  large  yellow  crystals,  which  melt  when  heated,  and  sublime  without  decom- 
positiftn ;  they  fume  in  tne  air  more  strongly  than  tetrachloride  of  tin. 

IktraeUoridt  of  Tin  with  Pentachlaride  of  Pht^korus,  SnCl*  J*C1*.— When  a  mixture 
of  the  last-described  compound  with  trichloride  of  phosphorus  is  moderately  heat4>d 
in  a  stream  of  hydrochloric  acid  gas,  a  rapid  action  takes  place,  and  this  compound  is 
formed,  together  with  other  products : 

8nCl«.2SCl«  +  8PC1»     -     Sna*.PCl»  +   2PC1»  +  8«C1«. 

If  the  retort  in  which  the  action  takes  place  is  connected  with  a  receiver  surrounded 
with  ice,  a  pasty  yellowish  mass  collects  in  the  receiver,  and  an  amorphous  white  body 
remains  in  the  retort.  On  heating  the  yellowish  mass  between  100^  and  120°,  disul- 
phide of  chlorine  escapes,  and  there  remains  a  mixture  of  pentachloride  of  phosphorus 
with  the  double  chloride,  identical,  in  fact,  with  the  amorphous  white  mass  in  the 
retort.  On  heating  this  mixture  to  a  temperature  between  140°  and  160^,  the  penta- 
chloride of  phosphorus  is  also  driven  off,  leaving  the  double  chloride,  which  sublimes, 
between  200°  and  220°,  in  highly  lustrous  colourless  needles,  which,  however,  soon 
crumble  to  an  amorphous  powder,  even  when  kept  in  close  vessels.  The  compound 
fiimes  strongly  in  air,  and  rapidly  absorbs  water,  being  thereby  converted  into  trans* 
parent  colourless  crystals  containing  water  of  crystallisation.  (Casselmann,  Ann. 
Ch.  Pharm.  Ixxxiii.  257.) 

Tetrachloride  of  Tin  with  Oxychloride  of  Phosphorue,  SnCl*.POCl«.— Obtained  by 
tha  action  of  oxychloride  of  phosphorus  on  tetrachloride  of  tin :  if  an  excess  of 
either  substance  is  present,  the  compound  separates  in  large  isolated  crystals.  It  has 
a  peculiar  odour,  melts  at  66°,  boils  at  180°,  and  distils  without  alteration  if  kept 
from  contact  with  moist  air.  It  fumes  in  the  air,  and  is  decomposed  by  water.  When 
oxychloride  of  phosphorus  comes  in  contact  in  a  close  vesE«l  with  the  compound 
SnCK2SGl\  the  whole  dissolves,  forming  a  yellowish  liquid,  from  which,  after  a  while, 
tfaa  compound  SnCl^J^OCl*  crystallises;  and  above  the  crystals  there  remains  a 
jellow  liquid,  probably  SOP.     (Casselmann.) 

Tttrachloride  of  Tin  with  Phoephorettfd  Hydrogen,  3SnCP.2PH*.— The  two  bodies 
smite  without  production  of  hydrochloric  acid ;  the  compound  is  solid.    (Rose.) 

HUrie  oxide  is  abundantly  absorbed  by  tetrachloride  of  tin,  forming  a  crystallisable 
«onpound,  which  may  be  distilled,  but,  in  contact  with  water  or  with  moist  air,  is 
resolved  into  nitric  oxide  and  stannic  chloride  (Kuhlmann,  Ann.  Ch.  Pharm.  xxxix. 
319).  According  to  Hampe  {ibid,  cxxvi.  43),  nitric  oxide  does  not  act  on  stannid 
«hlorkle  except  in  presence  of  oxygen  ;  but  nitric  peroxide  and  nitrous  anhydride  are 
Abwvrbcd  by  stannic  chloride,  forming  a  yellow  maps,  which  contains  stannic  oxide 
together  with  a  crystalline  sublimable  compound,  3SnCl*.4NO*Cl. 

with  ethylic  oxide,  stannic  chloride  forms  the  compound  SnC1^.2(CH*)'0,  crys- 
tallisiug  in  shining  rhombic  plates,  which  melt  at  80"^,  volatilise  without  decomposi- 
tion, dissolve  in  euier,  but  are  decomposed  by  water. — With  ethylic  oxalate  it  forms  a 
ccyet^lisable  compound,  SnCl*.C'H'*0\  which  is  also  decomposed  by  water  (Lewy, 
Cumpt.  rend.  xxi.  371).  It  also  forms  cry  stall  imblo  compounds  with  several  nitriles, 
as  with  aeeionitrile,  propionitrUe,  capronitrile,  benzonitrile,  &c. 

JkmhU  Salts, — Stannic  chloride  unites  with  the  chloride  of  the  alkali-metals  and 
alkaline  earth-metals,  formine  double  salts,  sometimes  called  chlorostannates: 
they  are  prepared  by  evaporating  the  mixed  solutions  of  the  component  chlorides,  and 
■OQis  of  them  form  well-defined  crystals. 

The  mmmonitun^-italt,  2NH^Cl.SnClS  separates,  on  mixing  the  concentrated  solutiops 
of  the  constituent  chlorides,  as  a  crystalline  powder:  from  less  concentrated  solutions, 
it  separates,  on  evaporation,  in  regular  octahedrons  or  cubo-octahedrons  of  larger  size 
and  permanent  in  the  air.  This  »ilt  is  also  formed  in  the  preparation  of  stannic 
sulphide,  or  mosaic  gold,  from  tin,  sulphur,  and  sal-ammuniac,  in  which  case  it 
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sublimes  in  transparent  octahedrons.  The  cxystals  dissolre  in  8  pts.  vbUt  tt  \i\ 
The  concentrated  solution  is  not  decomposed  by  boiling ;  a  more  dilute  aoliitioo  dMom- 
poses  lit  the  boiling  heat,  with  separation  of  stannic  hjdmte,  which  unites  with  mj  eobtt^ 
ing-matter  contained  in  the  solution,  so  that  the  salt  acts  as  a  mordant.  It  is  «Md  m 
calioo-printing,  under  the  name  of  pink  sal  t,  for  the  prodnotioo  of  red  eoloan.  tie 
dry  salt  decomposes  when  strongly  heated,  giTing  off  stannia  ehloride,  and  yi^dbg  i 
suolimate  of  white  laminar  crytftals. 

The  barium^,  calcium^,  and  atrontium-^ts  are  erystallisable,  and  their  conpoaiioii 
(according  to  Lewy)  is  represented  by  the  formula  lir01*.anCr.6HH>.— The  mtgw 
num-aalt,  MgCl*.SnCl*.6H*0,  cnrstallisee  in  rhombohedrons. 

The  potassmmsalt,  2ECL8nCl^,  is  prepared  like  the  ammonium-aak,  or  by  hKi» 
1  at^  stannic  oxide  with  2  at.  potassium-hydrate,  and  dissolring  in  hTdrochlorie  ad^ 
It  crystaUi&es  in  octahedrons,  which  are  permanent  in  the  air,  soluble  in  waicr,.  asd 
decomposed  by  heat  (Bolley ;  Lewy). — ^The  todi^iM-^aU,  prepared  like  the  fcM»- 
aium-Milt,  crystallises  in  rhombic  lamina,  permanent  in  cold,  dBoiesceBt  iainiB 
air  (Bolley,  Ann.  Ch.  Pharm.  joziz.  100).  Wittatain  (Rspert.  FImib.  lai.  1) 
obtiuned  it  in  anhydrous  deHquesoent  crystals. 

cnrAWU>8  0r.    See  CTamDis  (iL  278). 


i«  BXT80TZ0V  AWB  B8TIIIKATIOW  OV.   1.  Slowjnp€  ResettmK 
— ^All  tin-compounds,  when  heated  on  charcoal  with  carbonate  of  atmm  or  cyaiidisC 

?)tassium,  yield  a  malleable  metallic  globule,  without  any  incmstatioB  on  the  ebamd. 
his  globule,  when  dissolved  in  hy£vx!hloric  acid,  giTes,  with  menmric  chlosi^,  • 
white  precipitate^  becoming  grey  when  heated. 

2.  Seaetions  in  Solution, — a.  8tannau$  salts. — Stannous  oodde  has  na  acid 
properties,  tin  being  basylous  in  all  stannous  salts.  These  salta  ore  obtained  hf  dis> 
solving  stannous  oxide  ia  acida,  the  hydrate  dissolving  much  more  easily  thso  lk» 
anhydrous  oxide.  They  are  colourless,  and,  in  neutral  solution,  are  partially  d«Kn- 
posed  by  water,  with  precipitation  of  a  bamo  salt.  They  absorb  o^gen  horn  the  sir, 
forming  stannic  oxide,  which  is  ]»ecipitat«d  if  there  is  not  onoagh  fm  add  present  to 
hold  it  in  solution.  The  reactions  of  stannous  salta  are  most  readily  studied  in  the 
solution  of  the  chloride.  They  exert  a  powerful  reducing  action,  couTorting  feme 
oxide  into  ferrous  oxide,  and  precipitating  silver  and  platinum  in  the  metallic  ststs 
from  their  solutions. — Wi^  nurcurieckionde  a  white  precipitata  of  mercorons  chlorids 
is  formed,  which,  if  the  stannous  salt  is  in  excess,  is  farther  reduced  to  metallic  mamy. 
^-Trichloride  of  gold  produces  a  purple  precipitate  in  stannous  salts,  ocmsistix^  no- 
bably  of  sesquioxide  of  tin  in  combination  with  protoxide  of  gold,  a  test  by  wbich 
stannous  salts  may  always  be  distinguished. — Sulphjfdric  acid  produces,  in  neotral  or 
acid  solutions  of  stannous  salts,  a  brown-black  precipitate  of  stannous  sulphide,  whicl^ 
when  gently  heated  with  a  considezaUe  quantiU  of  sulphide  of  ammonium  oontsining 
excess  of  sulphur,  is  converted  into  stannic  sulphide  and  dissolved ;  acids  added  is 
excess  to  this  solution,  precipitate  yellow  stannic  sulphide. — Caustic  aHaUs  and  alH' 
Une  carbonatss,  added  to  stannous  salts,  throw  down  a  white  precipitate  of  hydiated 
stannous  oxide,  soluble  in  caustic  pcjtash  or  soda,  but  not  in  ammonia. — Fsrroeyamds 
of  potassium  produces  a  white  precipitate,  soluble  in  hydrodiloric  acid.  Stannous  salti^ 
heated  with  sulphurous  acid,  yield  yellow  stannic  sulphide  and  white  stannic  oxida 

fi.  Stannic  salts. — Stannic  oxide  in  the  anhydrous  state  is  insolubU  in  aU  addi, 
'6ven  in  nitromuriatic  acid.  It  fcrms  two  hydrates,  distinguished  as  stannic  and 
uetastannic  hydrates,  the  former  of  which  is  an  amorphous  gummy  snbstsaet, 
.solnble  in  hydrochloric,  sulphuric,  and  nitric  acids,  and  in  caustic  alkalis,  wheress  th» 
latter,  formed  from  by  it  the  action  of  strong  nitric  acid,  is  distinguished  by  its  inssk^ 
bility  in  scids,  especially  in  nitric  acid  and  m  concentrated  h^drochlorio  aeid. 

The  solution  o{  stannic  hydrate  in  hydrochloric  aad  is  identical  with  tU 
nqueous  solution  of  stannic  chloride.  It  is  distinguished  firom  stannous  solvtions  \j 
pot  exerting  any  reducing  action..— itfeto^  sine  and  cadmium  immersed  in  stannie 
solutions  tl^w  down  metallic  tin  in  an  arborescent  form. — Sulpkvdric  add  and  «W- 
pkideof  ammonium  throw  down  the  yellow  disulphide,  soluble  in  altcabs  and  in  sulphid* 
of  ammonium. — Ammonia  throws  down  a  white  bulky  hydrate,  solable^  with  some  tnr- 
bidity,  in  a  laige  excess  of  ammonia.  The  presence  of  tartaric  add  prevents  tk% 
precipitation. — yotash  throws  down  a  white  bulky  hydrate  (probably  oootaiBing 
potash),  easily  solnble  in  excess. — Carhonat^  of  potassium  gives  a  white  precipitate, 
consisting  (according  to  Fr^my)  of  potassic  stannate,  which  dissolves  in  excess  of  the 
reagent,  but  separates  completely  after  p  while. — Picarbonats  of  potassium  and  sts- 
quicarhonate  of  atmrnmium  throw  down  the  hydrated  oxide,  insoluble  in  ezOMs  of  the 
reagent.-^  C%/orwic  of  aold  gives  no  precipitate  with  stannic  salts. 

Metastannic  hyarate,  as  already  observed,  does  not  dissolve  in  strong  hydro- 
chloric acid,  but  forms  with  it  a  compound  iaijolublein  acids,  but  st)IubleiD  pure 
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Tho  rpholting  flolution  is  preripitnted  by  dilute  salplinric  arid,  altio  by  nitric  and 
■tiung  hydrcx'hlnric  acid. — PbtasA  throw*  down  metastaiinic  hjdrate,  Boluble  in  pzceaa 
of  th«*  ukali,  and  ^precipitated  by  excess  of  acid,  aim  by  the  chluridea  of  the 
alkali-metaUi,  chloride  of  ammonium,  and  sulphate  of  potassium.  The  alkaline  solution 
of  metafltannic  hydrate  solidifies  to  a  txansparent  jelly  on  cooling. — Amtnonia  precipi- 
talee  mKastannic  hydrate  from  its  solution  in  vei-y  dilute  acid ;  the  precipitate  is 
insnlable  in  excess  of  strong  sulphuric  acid,  and  in  tartaric  acid :  hence  metastannic 
hydrate  is  precipitated  by  ammonia  even  in  presence  of  tartaric  acid. — Mkaliru  carbo^ 
nates  precipitate  the  hydrochloric  acid  solution,  the  preci^tate  being  insoluble  in 
excess  of  the  reagent — Nitrate  of  silver  forms  a  white  precipitate,  which  dissolves  but 
partially  in  ammonia,  leaving  metastannic  hydrate. — Tincture  of  galls  forms,  after  a 
while,  a  yellowish-white  precipitate. — Stamnous  chloride  forms  a  yellowish  precipitate 
of  stannous  metastannate. — Sulpkydric  acid  and  sulphide  of  ammoniu/n  react  with 
meCastannic  in  the  same  way  as  stannic  solutions. 

Stannic  and  metastannic  hydrates  may  be  distinguished  one  from  the  other  by 
their  reaction  with  ferroeyamde  of  potassium,  inasmuch  as  1  at.  stannic  hydrate 
eompletelv  precipitates  1  at.  ferrocyanide  of  potassium,  whereas  metastannic  hydrate 
does  not  decompose  that  salt. 

Both  stannic  and  metastannic  hydrates  react  as  acids,  forming  definite  salts  with 
bases.  The  solutions  both  of  stannates  and  metastannates,  when  decomposed  by 
aeid%  yield  precipitates  consisting  of  the  particular  modification  of  stannic  acid 
oontAined  in  tnem,  which  may  then  be  distinguished  by  its  behaviour  with  hydro- 
ehloric  add,  &c. 

Metastannic  hydrate  fused  with  a  sufficient  quantity  of  caustic  alkali,  forms  a 
Btannate  from  which  acids  precipitate  ordinary  stannic  acid. 

3.  Quantitative  EstimatioHt—Tin  is  estimated  in  the  state  of  stannic  oxide, 
SnO',  which  contains  78*62  per  cent  of  the  metal.  If  the  tin  is  united  with  other 
metals  in  the  form  of  an  alloy,  the  alloy  must  be  treated  with  nitric  acid  of  specific 
gravity  about  1*3.  The  tin  is  then  converted  into  insoluble  metastannic  hydrate,  while 
the  other  metals  (with  the  exception  of  antimony,  gold,  and  the  platinum-metals)  are 
dissolred  by  the  acid.  The  insoluble  residue  must  then  be  thoroughly  washed,  after- 
wards dried,  ignited,  and  wei^j^hed  as  stannic  oxide.  To  insure  complete  oxidation, 
the  alloy  should  be  finelv  divided. 

When  the  tin  is  in  solution  in  hydrochloric  acid  (which  is  its  usual  solvent),  it  may 
be  piecipita^ed  as  a  sulphide  by  suiphydric  acid,  and  the  sulphide  then  converted  into 
■tannic  oxide  by  roasting  in  an  open  porcelain  crucible,  a  small  quantity  of  nitric  acid 
being  added  to  complete  the  oxidation. 

Prom  solutions  of  stannic  salts,  tin  may  be  completely  precipitated  as  stannic  or 
metastannic  acid  by  dilute  sulphuric  acid.  The  solution  is  first  neutralised  with 
ammonia,  so  as  to  cause  a  slight  precipitate ;  hydrochloric  acid  is  then  cautiously  added 
till  the  precipitate  is  redissolved,  care  being  taken  to  avoid  any  great  excess  of  acid. 
^is  solution  is  then  mixed  with  sulphuric  acid.  If  the  liquid  contains  ordinary 
stannic  acid  (or  the  corresponding  chloride),  it  must  be  largely  diluted  to  insure  com- 
plete precipitation  ;  if,  on  tne  other  hand,  the  tin  is  present  as  metastannic  acid,  it  will 
oe  completely  precipitated  by  sulphuric  acid  from  less  dilute  solutions.  In  all  cases 
the  precipitate  must  be  left  to  settle  for  some  hours,  the  time  required  being  longer 
ne  tne  quantity  of  free  acid  present  is  greater.  It  is  then  to  be  thoroughly  washed, 
and  iffnited,  to  convert  it  into  stannic  oxide.  To  ascertain  whether  the  precipitation  is 
eompkte,  it  is  advisable  to  test  the  wash-waters  with  sulphuretted  hydrogen. 

Sidpkate  of  sodium  and  nitrate  of  potassium  or  ammonium  are  sometimes  used, 
iiMtead  of  sulphuric  acid,  to  precipitate  tin.  Sulphate  ot  sodium  does  not  appear, 
however,  to  possess  any  advantage  over  sulphuric  acid  in  this  respect.  The  nitrates 
nay  be  advantageously  used  when  the  solution  contains  bases  which  form  soluble 
■ulphatee. 

The  mode  of  precipitation  just  described  is  very  accurate,  and  affords  a  means  of 
separating  stannic  from  stannous  salts,  the  whole  of  the  hitter  rcniHiuing  in  solution 
after  the  precipitation  of  the  stannic  oxide  by  sulphate  of  sodium.     (Lo  wenthal.) 

Another  method  of  determining  the  proportions  of  stanuic  and  stainiious  salt  in  a 
mixed  solution  of  the  two,  is  to  divide  the  solution  into  two  equal  parts,  convert  the 
whole  of  the  one  into  stannic  salt  by  treatment  with  chlorine  or  cnromate  of  potas- 
sium, and  precipitate  with  sulphuric  acid,  as  above;  this  determines  the  total  amount 
of  tin  present.  The  other  portion  is  dropped  into  a  solution  of  fuervuric  chlitride^  and 
the  mercurous  chloride  thereby  precipitated  is  collected  on  a  weighed  filter,  washed* 
dried,  and  weighed.  From  its  weight,  the  quantity  of  tin  present  as  stannous  salt 
may  be  calculated,  2  at.  mercurous  chloride  (471)  corresponding  to  1  at.  tin  (113), 
ITrrsent  as  stannous  chloride,  acconling  to  the  etj nation: 

2HgCU»  +   SuGl«     -     2H^1   +   SnCP. 


bl2  TIN:  ESTIMATION  AND  SEPARATION, 

VolufMtrie  EBiimaiion. — Tin  may  be  estimated  rolumetrieallj'  by  eonrertiiig  t 
Btanno!]*  into  a  etannic  salt  with  oxidising  solotioDs  of  koo'wn  itrengtli.  Om  at 
fitannoua  oxide,  SnO,  by  taking  np  1  at  oxygen,  is  oonrerted  into  stannic  oxide,  SnO*: 
consequently,  1  at.  oxygen  (16)  is  equivalent  to  1  at  tin  (118).  The  quantity  of  tbe 
oxidising  solution  requixed  to  effect  the  conversion  is,  however,  materially  aifeeted  bp 
the  greater  or  less  dilution  of  the  solution,  the  greater  or  smaller  amount  of  firee  add 
present,  and  the  quantity  of  oxygen  dissolved  in  the  water.  Penny  (Chem.  Soc  Qo.  J. 
IV.  2S9  ;  vii.  60),  and  afterwaras  Strong  (Ann.  Ch.  Phann.  xe.  411),  used  a  solutioD 
of  add  potassic  chromate  for  the  titration  of  tin;  Schlagdenhauffen  (J.  Phsim. 
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Itreng  mixes  the  acid  solution  of  stannic  chloride  with  a  little  starch-paste  oob< 
taining  iodide  of  potassium,  and  then  adds  a  graduated  solution  of  acid  poCassiuB- 
chromate,  till  a  blue  colour  is  developed  by  the  sMiaration  of  iodine.  The  reacdoa 
takes  place  as  shown  by  the  equation,  3SnO  +  GrH)*  •-  8SnO'  +  Ci'O',  so  tint 
1  at  tin  (118)  corresponds  to  \  at.  acid  potassium-chromate  (KHyr'O'  *  330*6): 
Streng  and  Penn^  founa  that  100  pts.  tin  required  83*2  pts  of  the  acid  chromate ;  the 
calculated  quantity  is  83*4.  According  to  Kess  1  nr  (Pogg.  Ann.  xcvi  129^  the  titav- 
tion  by  this  method  generally  gives  inaccurate  results,  for  the  reasons  above  mentioiMd. 
Aceoiding  to  Mulder,  the  chromic  acid  solution  ought  to  be  titrated  with  pure  tin, 
and  the  process  conducted  as  fiur  as  possible  under  similar  circumstimces.  Acoordiog 
toLdwenthal(J.pr.Ghem.lxxvi.  484;  Ixxviii.  384),  stannuus  chloride  in  acid  solsticib 
may  be  more  exactly  titrated  after  addition  of  ferric  or  cnpric  chlonde.  Stromejer 
(Ann.  Gh.  Phann.  cxvii.  261)  oxidist^s  metallic  tin,  or  stannous  chloride,  by  dissolving  it 
in  ezoMs  of  ferric  chloride,  whereby  stannic  and  f  eirous  chlorides  are  produced : 

Sn  +  4Fea»     «     Sna*  +  4FeCl«, 
and  Sna«  +  2FeCl«     -    SnCl*  +  2FeCl«. 

The  quantily  of  ferrous  salt  thus  formed  is  determined  by  titration  with  penuan* 
ganate,  the  ferrous  salt  being  less  susceptible  to  the  action  of  free  oxygen  than  tbe 
stannous  salt — and  the  quantity  of  tin  is  thence  determined  by  calculation.  In  the 
first  case,  4  at  iron  (224  grms.X  or  2  at  oxygen  added  (32  grms.)  correspond  to 
1  at  tin  (118);  in  the  latter,  2  at  iron  (112)  or  1  at  oxygen  (16),  correspond  to  1 
at.  tin  (118)  or  1  at  stannous  chloride  h.S9),  If  the  tin  is  in  the  state  of  stannie 
oxide  or  diloride,  it  must  first  be  reducea  by  introducing  a  plate  of  sine  into  the  solo- 
tion,  and  the  precipitated  tin  then  dissolved  in  ferric  chloride,  with  addition  of  hjdKh 
chloric  add.  If  it  has  been  predpitated  from  an  add  solution  as  sulphide,  this  pree»> 
pitate  is  also  to  be  dissolvea  in  ferric  chloride,  a  reaction  which  is  attended  with 
separation  of  sulphur : 

SnS«  +  4FeCl«     -     SnCl*  +   4FeCl*  +  S«. 

The  solution  is  then  to  be  titrated  as  above,  4  at  iron  corresponding  to  1  at  tin.  U 
the  tin  has  been  predpitated  from  an  alkaline  sulphostannate  by  an  and,  the  predptlate 
consists  (according  to  Kiihn),  not  of  pure  stannic  sulphide,  but  of  stannic  sulphjdrsls 
Sn'^H'S*.  The  decomposition  by  ferric  chloride  then  takes  place  am  shown  ij  Iht 
equation: 

SnH«S«  +  6Fea»     -     SnCl*  +  6Fea«  +  2Ha  +  8». 

In  this  case  6  at  iron  are  equivalent  to  1  at.  tin. 

Lenssen  (Ann.  Ch.  Pharm.  cxiv.  113)  titrates  stannic  chloride  with  iodima 
alkaline  solution.  The  tin  or  stannouR  salt  is  dissolved  in  hydrochloric  add  is  an 
atmosphere  of  carbonic  anhydride,  and  sodio-potassic  tartrate  (Rochelle  salt)»oracid 
sodic  carbonate,  is  added  in  excess ;  the  solution  is  then  mixed  with  staich-psAtt,  and 
a  titrated  solution  of  iodine  in  iodide  of  potassium  is  added,  till  a  permanent  blue 
colour  is  produced.  Stannic  iodochloride  is  then  formed,  according  to  the  equatiun 
fin"a«  +   I"  -  Sn''Cl*P,  so  that  2  at  iodine  (264)  correspond  to  1  at  tin  (118). 

To  determine  volumetrically  the  relative  quantities  of  stannous  and  stannic  salt 
existing  together  in  a  solution,  the  liquid  is  fint  titrated  directly  by  either  of  the  pre- 
ceding methods,  whereby  the  quantity  of  tin  existing  as  stannous  salt  is  detfrminn) ; 
and,  secondly,  after  the  stannic  salt  has  been  reduced  to  stannous  salt,  which  givf«  tbe 
total  amount  of  tin. 

4.  Separatum  of  Tin  from  other  MetaJa. — ^In  metallic  alloys  tin,  as  already  observed, 
may  be  separated  from  most  other  metals  except  antimony,  gold  and  the  platinum^metiUs^ 
hy  oxidising  the  alloy  with  mtrie  acidj  wherepy  the  tin  is  converted  into  insdoblc  meta- 
stannic  ad<£  while  diver,  copper,  lead,  cadmium,  iron,  manganese,  cobalt,  nickel,  and 
zinc — and  likewise  bismuth,  if  a  sufBdent  quantity  of  dilute  nitric  add  is  used — ars 
dissolved.  Tin,  alloyed  with  metals  which  form  volatile  chlorides,  may  be  sepsnted 
by  heating  the  fineUr-divided  alloy  in  a  current  of  eklorim  gat  t  Btannie  dUorioe  then 
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^atiliscfl,  and  may  be  condemied  in  water.  This  method  Berres  to  separate  tin  from 
gold  and  the  platinum-metals,  which  do  not  dissolve  in  nitric  acid. 

PreeipitAtion  with  sulphydric  acid  serves  to  separate  tin  from  all  metals  whose  sul- 
phides are  not  thrown  down  by  that  reagent  from  acid  solutions.  From  bismuth, 
cadmium,  copper,  lead,  mercury,  palladium,  and  silver,  which  are  precipitated  in  the 
game  manner,  it  may  be  separated  by  digesting  the  precipitate  in  sulphide  of  ammo-' 
nium  containing  excess  of  sulphur.  Stannic  sulphide  then  dissolves,  and  may  ba 
precipitated  by  hydrochloric  arid. 

Sulphide  of  ammonium  also  dissolves  the  sulphides  of  arsenic,  antimony,  gold,  plati« 
bum,  molybdenum,  selenium,  and  tellurium.  The  methods  of  separating  tin  fh>m 
antimony  and  arsecic  have  already  been  fully  described  (i.  322, 369).  From  a  solution  o£ 
stannic  chloride  containing  also  the  chlorides  of  gold  and  platinum,  the  latter  metals' 
may  be  precipitate<l  in  the  metallic  state  hjferraut  acetate^  the  tin  then  remaining  in 
solution.  If  tin  is  mixed  with  these  metals  in  the  form  of  oxide  or  other  insoluble 
compound,  the  three  metals  may  be  reduced  by  igniting  the  compound  in  hydrogen- 
gas,  and  the  reduced  alloy  heated  in  chlorine  gas,  as  above  described. 

From  molybdenum,  selenium,  and  tellurium,  and  from  all  metals  which  form 
■duble  sidphates,  tin,  after  being  brought  to  the  state  of  stannic  chloride  by  treat- 
ment with  chlorine  or  chlorate  of  potassium,  may  be  separated,  by  precipitation  as 
■tannic  or  metastannic  acid,  with  sulphuric  acid.  From  bfurium,  strontium,  or  calciunv 
it  may  be  separated,  in  like  manner,  by  nitrate  of  ammoniudn  or  potassium. 

5.  Atomic  Weight  of  Tin. — Berzelius  (Gilb.  Ann.  x.  285)  found  that  100  pts. 
tin,  oxidised  by  nitric  acid  and  ignited,  yielded  127*2  pts.  stannic  oxide,  SnO' :  hence 
the  atomic  weight  of  tin  should  he  117*64.  Mulder  (Ann  Ch.  Pharm.  Ixxii.  212)  ob- 
tained, in  like  manner,  127*56  pts.  of  stannic  oxide,  giving  Sn  »  116*1.  Dumas  {ibid. 
CT.  104 ;  cxiii.  26),  on  repeating  this  experiment,  obtained,  as  a  mean,  Sn  =  118*06 ; 
and  by  determining  the  quantity  of  silver  required  for  precipitating  a  known  weight  of 
itannic  chloride,  the  same  chemist  obtained  Sn  «  118*09.  The  atomic  weight  ot  tin 
luay  therefore  betaken  at  118^. 


If  mmmmm^mmmmw^ww  OV.  Tiu  forms  two  fluoridcs — vlz.,  a  difluoride  and  a  tetra- 
flnoride. 

The  Difluoride,  or  Stannous  fluoride,  SnF*,  is  obtuned  b^  evaporating  the 
•olntion  of  stannous  oxide  in  hydrofluoric  acid,  and  crystallises  m  small,  shining, 
opaque  prisms,  having  a  sweetish  astringent  taste.  When  heated  in  the  air,  it  takes 
op  oxygen,  and  forms  stannic  oxyfluoride,  Sn'^OF*  or  SnO'.SnF*. 

Ammonio-stannous  fluoride. — Stannous  chloride  yields,  with  fluoride  of  ammonium, 
a  precipitate  composed  of  metallically  lustrous  micaceous  laminae,  soluble  in  potash. 
(Unverdorben.) 

The  Ti  trafluoride,  or  Stannic  fluoride,  has  not  been  obtained  in  the  free 
■fate  as  a  dcflnite  compound,  but  it  forms  crystallisable  double  salts  with  other 
metallic  fluorides.  A  holution  of  stannic  hydrate  in  aqueous  hydrofluoric  acid  coagu- 
lates like  albumin  when  heated,  but  does  not  yi^^ld  any  crystals  by  evaporation ;  when 
evaporated  in  contact  with  the  air,  it  gives  on  hydrofluoric  acid,  and  leaves  the  oxy- 
fluoride above  mentioned. 

The  fluostannates,  2MF.SnF*  and  M''F'.SnF\  are  analogous  in  composition  to 
the  stannates,  H^O.SnO^,  and  isoroorphous  with  the  corresponding  fluosilicates  and 
fluotitanates.     (Marignac,  Ann.  Min.  [5],  xv.  221  ;  Jahresb.  1859,  p.  110.) 

The  ammonium-salt,  2NH^F.SnF*,  is  obtained  by  the  action  of  hydrofluoric  acid  on 
fltannata  of  ammonium,  or,  better,  by  double  decomposition  of  the  lead-  or  silver-salt 
with  sulphate  or  chloride  of  ammonium.  The  crystals,  which  are  seldom  distinct,  are 
riiombohedral  combinations,  united  in  twins,  or  complex  aggregates. — When  evapo- 
xated  with  fluoride  of  ammonium,  it  yields  the  salt  4NH^F.SnF^,  in  distinct  riiombic 
combinations. 

The  barium-salt,  Ba'T^-SuF',  is  obtained,  as  a  sparingly  soluble  precipitate,  by  de- 
ecmiposing  the  zinc-salt  with  chloride  of  barium.  By  slowly  cooling  a  slightly  cuncen- 
tmted  solution  of  this  precipitate,  or  by  spontaneous  evaporation,  a  hydrate,  Ba^F*. 
8nF*.3H'0,  is  obtained  in  monoclinic  crystalline  laminae,  but  (m  evaporating  the 
•olation  near  its  boiling-point,  the  anhydrous  salt  separates  in  microscopic  indistinct 
crystals. 

The  cadmium-salt,  Cd"F".SnF*.6H'0,  is  isomorphous  with  thp  mapne^i urn-salt. 

The  calcium-  and  strontium-salts  form  monoclinic  cry»tais  containing  2  at.  water. 

The  cupric  salt,  Cu''P.SnP.4H'0,  forms  blue  monoclinic  crystals,  permanent  in  the 


The  lead-salt,  PbF'.SnF*.3H'0,  crystallises  with  difficulty  in  thin  nacreous  laminsp, 
isomorphous  with  the  trihydrated  barium-salt.  It  has  a  great  tendency  to  form 
supenmturated  solutions,  which  ultimately  solidify   iu  uoduLir  crystalline  masses. 
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Bj  reerysUUiMitioa  from  water  the  salt  is  deoomposed,  with  Bepardtion  of  lrad-fl*»* 
ride. 

The  lUkimm-^aU,  2LiF.Sn^^2H•0,  rarely  forms  distinct  monoclinie  ciyttals:  p^ 
rally  only  erjstalline  criuts,  ur  indistinct  microscopic  crystals. 

The  magmttiym-^altf  MgT^.SnF^6HH),  crystallise  in  hi^xagonal  eombinstioBi, 
permanent  in  the  air. — T&d  manaaness'salt,  MnT*.SnF'.6HK),  forms  pak-red  skia- 
ing  cfystals,  isomorphous  with  rhe  last,  and  gradoally  becoming  doll  on  czposm 
to  the  air. — ^The  nickel-salt^  NiF'.SnF*.6UK),  is  ukewise  isomorphous  with  the  msgw- 
aiam-salt. 

The  ptttmsswrn-stUt,  2KF.SuF*.H'0,  is  obtained  by  saturating  a  solution  of  PptsM^ 
staanate  w*th  hydrofluoric  acid,  and  eTaporating,  in  laminar  crystala,  which  dissoht 
in  2-3  pts.  of  boiling  water,  and  in  15  to  16  pts.  water  at  18°.  Sometimes,  ws^ 
ciaiHy  on  recryvtulllMing  with  addition  of  a  drop  of  hydrofluoric  acid,  a  salt,  identical  is 
eompositioo  with  that  just  described,  is  obtained  in  granular  crystals  having  the  torn 
of  rhombic  pyramitis,  soluble  in  3  pts.  boiling  water  and  in  27  pts.  water  at  18°.  Tht 
cr}'8tals  of  both  kinds  retain  their  water  till  heated  above  100°,  and  melt  at  a  nd 
heat,  with  loss  of  hydrofluoric  acid.— An  acid  potassium-Mlt,  2(2KFJ3nF*>.(KF.HF^ 
or  SK^n**F*.KHF%  crvstallises  in  needle-shaped  monoclinie  combinatioua. 

The  silver-salt,  2^VgF.SnF^.4H*0,  forms  indistinct  crystals,  which  melt  below  lOU'. 
b«t  do  not  give  off  their  water  till  heated  to  a  higher  temperature,  at  which  aht 
hydrofluoric  acid  is  giren  ofL 

The  sodium-salty  2NaF.SnF\  has  not  been  obtained  in  distinct  crystals  :  it  ditsuhs 
in  18  to  19  pts.  of  water  at  20°. 

The  tinc-salU,  ZnF-.SnF^6H'^,  is  isomorphous  with  the  magneeinm-salt,  and  esNh 
soluble  in  water. 

TXV»  lOBIBBB  OV.  There  are  two  iodides  of  tin  analogous  to  the  prolsr^ 
and  dioxide,  lite  existence  of  a  sesquioxide,  Sn*l%  is  doubtful.  A  solution  of  isdii* 
in  iodide  of  potassium  (1  at  iodine  to  2  at.  KI)  does  not  precipitate  %  solnfiaa  «f 
stannic  chloride,  but  on  evaporation  a  yellow  powder  is  deposited,  which  may  poaskj 
l)e  the  sesqui-iodide.    (Boullay.) 

Di-iodide  of  7tn,or  Stannous  Iodide. — This  compound  is  produced :— I.  % 
heating  1  pt.  uf  tin  with  2  pts.  of  iodine  till  Uie  iodine  melts.  A  violent  action  thea  tsk<« 

{)lace,  and  a  brown  mass  is  formed,  consisting  of  stannous  and  stmnnic  indidca.  tl^ 
atter  ot'  which  mav  be  separated  by  sublimatiou,  while  die  stannous  iodide  immm 
in  the  form  of  a  red  crystalline  mass. — 2.  By  abiding  iodide  of  pocasmom  in  ilifffcs 
excess  to  a  warm  concentrated  solution  of  stannous  chlori<le,  the  liouid,  as  it  wJk, 
depositing  stannous  iodide  in  yellowish-red  needles. — 3.  By  the  action  of  hydiieAr 
acid  on  tin  or  the  dichloride.  When  moderately  concentrated  hydriodic  acid  is  phorf 
in  contact  with  strips  of  tinfoil,  or  with  tin-filings,  in  a  long  glass  tube,  and  ksffl  ii 
gentle  ebullition  for  several  days,  or  heated  in  a  sealed  tube  to  120° — 150°  lur  mm 
hours,  Htaunous  iodide  is  formed,  In  shining  yellowish-red  prisma  (Wohltr  ni 
Diinhaupt,  Ann.  Ch.  Phaim.  Ixxxvi.  374).  Tin, heated  with  iodide  of  amyl  leltiP'. 
in  a  sealed  tube  for  some  time,  is  converted,  partly  into  yellowish-red  quadralir  sc(s> 
bedrons,  partly  into  sulphur-yellow  prisms,  which  quickly  turn  red  in  contact  «^  ik* 
air :  these  compounds  have  not  been  analysed. 

Stannous  iodide,  heated  in  a  close  vessel,  melts  to  a  dark-red  crystalline  ^mm.'pM' 
iug  a  cinnabar-coloured  powder.   When  heated  in  contact  with  the  air,  it  is  dmuaipMii 
tftonnic  iodide  subliming,  and  stannous  oxide  remaining.    It  is  slightly  setibk  ii 
evld.  eumewliHt  more  soluble  in  hot  water,  and  is  not  decomposed  thereby.    A 
of  sttaanoutt  iixliJe  is  likewise  formed  by  heatin||;  tin  with  water  and  iod&ne. 
ktdide  dissolves  also  in  aqueous  stannous  chloride. 

i,\-mpvtuuii  of  Stannous  Iodide — a.  With  stannous  chloride. — Auaqufoatwh- 
tion  of  ^tauoou8  chloride  mixed  with  iodine,  deposits  stannous  iodide;  and  eacvsfe' 
rutiug  the  remaining  liquid  (which  contains  stannic  chloride,  staniiatts  ehkrid^.M 
stannous  iodide\  stannous  chloriodide,  SnCU  or  SnCl'.8nl',  separates  in  sbss^ 
yellow.  non-volAtilecr\stal8,  which  ai-e  decomposed  by  water,  with  Mpaistioa  of  iia^ 
Bous  iixlide.     (Henry.) 

/).  With  sttannou^  oxide. — Stannous  iodide  is  decompoaed  bj  a  laige  tvtm^ 
water,  forming  hvdnodio  acid  which  disfiolves,  and  stannous  oxide  which  nifM  inA 
the  unile<MniLX)sed  iodide,  forming,  according  to  Person n e  (ComnL  rend.  hv.  fl(\ 
iiivoluMo  nxviodidcs  of  variable  composition,  which  are  yellow,  pulreml' at,  sad  an 
iltvoiiiiH>sttl  h\  H  large  quantity  of  water.  Personne  analysed  four  of  thew  ronm»K 
«t»i.t.iiMin^'  Sm'IO-'  =  8nP.28nO  ;  Sn«l'0  =  SnP.SnO  ;  Sn*I*0  •  iSoPAO;  isi 
8nMl>         aSiil'.SnO. 

y.  With  aniMionia. — 100  pts.  stannous  iodide  absorb  20  pts.  anmoma-ps. '^v*' 
iiiL' :i  \vliit«'  coinjHiiin*!.  winch  in  the  pure  state  is  probably  2NH*iteI',  or  iodjJr  if 
braniiiiiiinioniuiu  (N-il''8n";l^     (Kainmelsberg,  Pogg.  Ann. xlfiii.  1G9.) 
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?t.  With  other  metallic  ioiidoit« — Stannous  i<xli(1o  uiiitos  with  the  itxiidos  of  th^ 
nlkjili-metHls  and  alkaline  earth-metals,  farming  doable  8a  Its,  which  may  be  obtaine^l 
fit  her  by  direct  mixture  of  the  solutions  of  uie  constituent  iodides,  or  by  mixing  a 
solution  of  stannooi  chloride  with  excess  of  a  metallic  iodide.  They  most  be  crystal- 
lised ^m  alcohol,  as  they  are  decompose<l  by  water,  forming  stannous  (ucyiodides, 
similar  to  those  produced  from  stannous  iodide  and  water. 

The  ammonium-tali,  2NH^I.SnI*,  forms  greenibh-yellow  needles  (Bo  u  11  ay).  Ac^ 
cording  to  Personne,  there  is  also  a  salt  containing  NH^I.Snl'.^HK). — The^tos^mm- 
jn//,  2KI.SaP,  forms  yellowish  silky  needles,  which,  when  heated  in  chlorine  gas,  ^Held 
Btannic  chloride,  chloride  of  potaA^ium,  and  free  iodine  (Bo u  Hay).  Personne  like- 
wise obtained  thehydrated  salt,  KI.Snl'.^H-O. — The  todium-tali,  NtiI.SnP, forms  |Nde- 
yellow  crystals. 

Stannous  iodide  also  forms  cry stalli sable 'double  salts  with  the  iodides  of  barium  am* 
strontium, 

Tetraiodide  of  Tiny  or  Stannic  Iodide,  Snl\  is  fonned,  together  with  stan* 
nons  iodide,  by  heating  tin-filings  with  iodine  in  a  sealed  tube,  combination  taking 
place  with  incandescence  at  60^.  It  may  be  separated  from  the  stannous  iodide  by  its 
greater  Tolatility.  It  in  also  produced  by  the  action  of  iodine  on  stannous  chloride,  or 
Dj  dissolring  stannic  hydrate  in  hydriodic  acid.     (Berzeli  us.) 

Sublimed  stinnic  iodide  forms  yellowish-red  octahedrons,  of  specific  grayity  4 '696. 
It  melts  at  146^  solidifies  at  142^  sublimes  at  180^,  and  boils  at  2960.  jt  is  decom* 
posed  br  water,  complet4>ly  at  the  boiling  heat,  into  hydriodic  acid  and  stannic  hydrate. 
It  dissolTes  in  alcolK>l,  ether,  and  benzene. 

Stannic  iodide  does  not  combine  either  with  stannic  hydrate,  or  with  the  iodides  of 
the  alkali-metals.  It  easily  absorbs  dry  ammonia-gas,  forming  at  first  a  yellow  body, 
3NH'.Snl*,  and  by  further  assumption  of  ammonia,  the  two  compounds,  4NH'.Sn*I* 
ami  6NH'.SnK    (Personne.) 

vnff  OZnaS  of.  Tin  forms  three  oxides:  a  protoxide,  a  sesqnioxide,  and  a 
dioxide. 

Vrotosiae  of  Tlii«  or  StABBons  Oziae,  SnO. — This  oxide  is  produced: 
1.  By  heating  stannous  oxalate  out  of  contact  with  air  (Liebi  g). — 2.  By  precipitating 
stannous  chloride  with  carbonate  of  sodium,  and  heating  the  washed  and  aried  precipi- 
tate of  stannous  hydrate  in  an  atmo8phere  of  hydrocen  or  carbonic  anhydride,  to  a 
ismperature  not  exceeding  80° ;  the  anhydrous  oxide  is  thus  obtained  as  a  brown  or 
Uack  powder  (Berzeli us).  According  to  Otto,  the  hydrate  sometimes  changes  tu 
the  black  oxide  on  the  filter,  or  on  the  sides  of  the  precipitating  vessel,  where  it  is 
toached  with  a  glass  rod. — 3.  Stannous  hydrate,  boiled  witli  a  quantity  of  cauntic 
potash  or  soda  less  than  sufficient  to  dissolve  it,  is  converted  into  sinall,  black,  shining 

3 ratals  of  the  anhydrouH  oxide  (Fr^my,  Berz.  Jahresb.  xxiv.  133  ;  xxv.  172). — 4.  A 
Dtion  of  stMunous  chloride  is  evaporated  in  contact  with  metallic  tin,  till  a  residue  of 
the  fnsed  chloride  is  obtained  ;  this,  after  removal  of  the  metallic  tin,  is  heated  with 
1  at.  or  more  of  cr}'8talli»<ed  sodic  carbonate  till  it  turns  black,  and  the  stannous  oxide 
thus  produced  is  washed  and  dried.    (San da  11,  J.  pr.  Chem.  xiv.  254.) 

Stuinous  oxide  is  a  black  powder,  of  specific  gravity  6*666  (Berzelius^;  bluish- 
black  or  slate-grey  (San da  11).    The  ctystals  obtained  by  the  third  process  are, 
■erording  to  Kordenskjold.  monometric,  exhibiting  the  combination  ooO  .  ooOoo ,  have 
a  specific  gravity  of  61,  and  yield  a  greenish-brown  powder.     When  heated  to  268°, 
they  decrepitate,  swell  up,  and  are  resolved  into  olive-green  laminae,  soft  to  the  touch 
iFr^my).     This  olive-green  modification  is  likewise  obtained  by  boiling  stannous 
lijdrate  with  exreffs  of  ammonia  (Gay-Iiussae).    A  third  modification  is  obtained  by 
fTftporating  a  veiy  dilute  solution  of  sal-ammoniac  in  which  hydrated  stannous  oxide 
isdiflhsed,  that  com{K)und  beins  converted,  as  soon  as  the  sal-ammoniac  crystallises, 
into    anhydrous  stannous  oxide  having  the  form  of    a  cinnabar-coloured  powder 
(Fr^my).     The  red  modification  is  also  pnxluccd  by  digeuting  thoroughly-washed 
hydmtt  1  stannous  oxide,  at  a  temperature  of  133°,  in  a  slightly  acid  solution  of 
sCahnoufl  acetate  having  a  density  of  1*06.     The  oxide  is  then  obtaiuKi  in  heavy,  hard, 
crystalline  grains,  which  yield  a  greenish-brown  powder  by  trituration,  and  blacken 
^nen  exposed  to  sunshine.    (Roth,  Ann.  Ch.  Pharm.  Ix.  214.) 

Stannous  oxide  is  permanent  in  the  air  at  ordinary  temperatures,  but  ennily  oxidises 

to  stfuinic  oxide  when  heated.     When  dry,  it  may  be  set  on  fire  by  a  plowing  body,  and 

then  bums  to  stannic  oxide.     It  is  reduced  at  a  red  heat  by  hydrogen  or  charcoal^ 

And  when  heated  before  the  blowpipe  with  carhonate  of  sodimn  (best  with  addition  of 

^-anide  of  potassium),  it  yields  a  button  of  metal. — Heated  in  vhhrinr-ga$  it  is  con- 

Terted  into  stannic  chlorine  and  stannic  oxide.     When  ignited  with  vtdpftHr,  it  yields 

staunic  sulphide  and  Kulphnrous  i<nhydride.     Br  boiling  with  caustic  juitash  or  8fda, 

it  is  r«mverte<l  into  a  stinnate  of  the  alkali-metal,  with  sopanitiunof  tin. — With  aci/j*, 

it  forms  the  Fit :in nous  Hiilt.H. 
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Stannous  Hydrate,  Sn*HH)*  -  2SnO.HK>,is  obtained,  ui  a  wliite  j^rac^tati^  Vj 
decomposing  a  stannous  salt  with  an  alkaline  carbonate.  It  dissolree  in  acids  and  in 
the  fixed  alkalis  mnch  more  easily  than  the  anhjdions  ozide^  but  is  inadnble  in  aauDo. 
nia.  When  boiled  with  water  or  with  aqneons  alkalis,  or  when  genthr  heated  in  tiit 
dry  state,  it  is  conveited  into  the  anhydrons  oxide.  When  eiposed  to  the  air,  it 
gradually  takes  up  oxygen,  and  is  converted  into  stannic  hydrate.  When  boiled  with 
strong  potash-ley,  it  yields  stannate  of  potassium  and  metallic  tin. 

Stannous  hydrate  acts  as  a  deoxidising  asent,  like  the  corresponding  chloride  (p.  806\ 
reducing  some  metallic  oxides  to  metal,  others  to  a  lower  state  of  oxidation.  Its  actioB 
on  cuprio  oxide  has  been  specially  studied  by  Lenssen  (J.  yt.  Chem.  1*^^,  90; 
Jahresb.  1860,  p.  182).  When  a  solution  of  stannous  hydrate  m  alkaline  caibooiteii 
mixed  with  an  alkaline  cupric  solution  (prepared  with  cupric  sulphate,  tartaric  add, 
and  sodic  carbonate),  a  flesh-coloured  precipitate  is  at  first  produced,  oonsistiag  of 
cuprous  and  stannous  oxides ;  and  on  adding  more  c^ric  sulphate,  a  red  precipitate  it 
formed,  containing  cUprous  and  stannic  oxides.  Wheq  solutions  of  stannous  and 
cupric  oxide  in  caustic  alkali  are  mixed  together,  cuprous  oxide  is  predpitstcj, 
tog«>ther  with  stannic  oxide. — With  excess  of  the  tin-solution,  a  yellowish  liquid  ii 
produced,  which,  when  heated,  deposits  a  black  powder,  composed  cdf  CuK).3SdO.SbO'. 
5H'0.  This  compound  aicquires  a  tinge  of  green  in  drying,  gives  off  2  at.  water  at 
100^, and  when  heated  in  the  air,  oxidises  with  incandescence,  and  then  oontaiiu 
cuprous  and  stannic  oxides. — ^When  a  boilin<;  solution  oi  stannous  oxide  in  canstie 
alkali  is  mixed  with  a  small  quantity  of  alkaline  cupric  solution,  a  heavy  black  pov> 
dftr  is  deposited,  which  acquires  metallic  lustre  by  burnishing ;  this  body  eontsint 
79*1  per  cent,  cdpper  to  14*8  tin ;  therefore  10  at.  copper  to  1  at.  tin  and  8  at.ozygeD : 
hence  it  appears  to  be  an  alloy  of  copper  and  tin  mixed  with  cuprous  or  stanooQi 
oxide. 

SeaqviOAtde  of  Tlii«  Sn'O'.-^This  oxide  was  obtained  by  Fnohs,  in  eambiDs- 
tion  wiUi  water,  by  diffusing  recently  precipitated  ferric  oxide  in  a  solution  of  staoDoas 
chloride  not  containing  any  excess  of  acid,  and  afterwards  boUing  the  mixturs.  8et- 
quioxide  of  tin  is  then  precipitated,  and  ferrous  chloride  remaina  in  0(dution: 

2SnCl«  +  Fe«0*     -     SnK)»  +  2Fea«. 

The  seequioxide  thus  obtained  is  a  slimy  grey  matter,  generally  yellow  firomadberinp 
oxide  of  iron.  Ammonia  dissolves  it  easily  and  without  residue,  a  character  whicE 
distinguishes  this  oxide  from  the  protoxide  of  tin,  the  latter  being  insoluble,  or  nearlj 
so,  in  ammonia.  Sesquioxide  of  tin  is  dissolved  b^  concentrated  hydroehlorie  add ; 
the  taste  of  the  solution  is  not  metallic.  The  solution  is  distinguished  from  that  of  t 
stannic  salt,  by  producing  the  characteristic  purple  precipitate  with  chloride  of  gold. 
Sesquioxide  of  tin  does  not  appear  to  form  definite  salts. 

Biozlde  of  Tln«  or  Stmmile  Oziao,SnO'. — This  oxide  occurs  native  as  Timiom 
or  Cassiteritet  being  in  fact  the  principal  ore  of  tin  (p.  798).  It  forms  quadxatie  crjs- 
tals,  usually  exhibiting  the  combination  P .  ooP  .  Poo .  ooPoo  (fy.  822,  vol  ii.  p.  160). 
The  prismatic  fsuses  are  often  but  little  developed,  and  Poo  is  often  absent  altogetW 
The  combinations  P .  ooP  .  ooP),  and  P  .  ooP  .  SPJ,  likewise  occur.  For  F,  tb 
length  of  the  principal  axis  is  0*6743.  Angle  P  :  P  (terminal) -121<^  35*;  P:F(lafee> 
rtftl)  I-  87^  17'.  Twins  occur  like^.  323.  The  crystals  cleave  impeifoctly  paxtUsl 
to  ooP  and  ooPoo ,  and  in  traces  parallel  to  P.  The  mineral  occurs  also  in  imbedded 
and  implanted  crvstals,  and  in  botryoidal  or  reniform  shapes,  with  fibrous  dirar* 
gent  structure,  and  composed  of  concentric  coats,  constituting  the  variety  called  iDoe^ 
tin,  or,  when  it  occurs  in  small  lumps,  toade^eye'Hn ;  also  maasive.  gniDular  or  impaU 
pable.  Hardness  -•  6  to  7>  Specific  gravity  »  6*3  to  7*1  >  Lustre  adamartiae; 
crystals  usually  splendent.  Colour  brown  or  black,  sometimes  red  grey,  or  yellow; 
raroly  colourless.  Streak  white,  greyish,  or  brownish.  Nearly  tnnsparoit — tzaoslor 
cent    Fracture  subconchoidal,  uneven.    Brittle. 

Analyses, — a.  From  Schlackenwald,  in  Bohemia  (E  lap  roth,  BeUraffS,iL  245).— 
b.  Altemon,  in  Cornwall  (Klaproth). — c.  Finbo,  near  Fahlun,  in  Sweden  (Bene- 
liuB,  Schw.  J.  xvi.  256). — d.  County  of  Wicklow,  Ireland :  brown  grains  from  ths 
sand :  specific  gravity  «-  6-753  (Mallet,  Dublin  GeoL  Soc.  J.  ir.  272).— e.  Xeres,  is 
Mexico:  dark-brown  wood-tin,  yielding  a  red  powder:  specifie  gravity  »  9'86S 
(Bergemann,  Leonh.  Jahresb.  1857,  p.  395).--/,^.  From  the  sand  of  theTipoani 
river  in  Bolivia,  occurring  with  gold,  metallic  tin,  and  several  other  minemis: 
f.  brownish,  ff.  black;  specific  gravity  »  7*021  (B.Forbes,  PhiL  Mag.  [4],  xxx. 
139): 
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Stennic  oxide    .        •        .    95*4  98*60    98-6    96*26  89*'48  91*81     91%0 

Tluitalic  ozida  .        •        •     •   •  •    .       2*4 

Silica 0*76     .    .       0*84      2*21 

Femcoxida      ...      07  0*86      1*4      2*41      6*68  >  .^^      „.-a 

Manganic  oxide         0*8     .    .  ,    .  J  10^      2  69 

Ahimina • 1*20  0*78 

Iniolable  matter       .        ... 6*48      5*61 

961     99*71     98-2    98*51     99*47  100*04  100*00 

A  edovirleM  specimen  from  the  last-mentioned  locality,  of  spedfio  grayity  6*848  (abo 
after  stroog  ignition),  was  found  by  Forbes  to  consist  of  nearly  pure  stannic  oxide.  A 
necimen  firom  Cuabuoo,  in  Bolivia,  occurring  in  prisms  of  specific  grayitj  6*4,  was 
fcnnd  by  Krober  to  contain  96*339  per  cent,  stannic  oxide,  2*177  ferric  oxide,  0*0116  sil- 
ver, 0*20  tnngstic  anhydride,  0*260  lead,  and  1*737  water  (  - 100*638).  Chandler  (Sill. 
Am.  J.  [2],  xxxix.  840)  fonnd  in  a  tinstone  from  Durango,  in  Mexico,  about  96*9  per 
cenU  stannic  oxide,  and  4*1  topaz,  in  crystals  of  various  sice. 

Stannic  oxide  may  be  crystallised  artificially : — 1.  By  passing  the  vapour  of  stannic 
diloride  mixed  with  aqueous  vapour  through  an  ignited  porcelain  tube ;  laiger  aystals 
•re,  however,  obtained  bv  difiUsinff  the  vapour  of  the  stannic  chloride  through  a  stream 
of  diy  carbonic  anhydride,  instead  of  volatilising  it  by  heat,  and  then  passing  it,  mixed 
with  steam,  through  the  ienited  tube.  The  crystals  thus  obtained  are  colourless,  with 
an  adamantine  lustre,  and  a  specific  gravity  of  6*72,  and  are  hard  enough  to  scratch 
giasi :  they  are  trimetric  prisms,  isomorphous  with  the  varie^  of  native  titanic  oxide 
called  brookite^  and  thernore  different  m>m  those  of  native  tinstone,  which  are  quad- 
imtie,  and  isomorphous  with  anatase.  Stannic  oxide  is  therefore  dimorphous  (Dau* 
br  Ae,  Fharm.  Coitr.  1849,  p.  821). — 2.  By  igniting  amorphous  stannic  oxide  in  a  stream 
of  hydrochloric  add  gas,  tne  aystals  being  larger  with  a  rapid  than  with  a  slow 
coireiit  of  the  gas.  These  crystsls  are  quadratic,  like  thoee  of  native  tinstone  (D  e  v  i  1 1  e, 
Oompt.  rend.  liii.  IHl). — 8.  The  formation  of  crystallised  stannic  oxide  has  been  ob- 
Mxred  to  take  place  in  fusing  the  dross  or  slag  collected  on  the  hearth  of  a  fomaoe 
naed  lor  casting  ^un-metal.  The  crystals  thus  produced  were  very  hard,  brittle,  four- 
ndad  prisms,  sinular  in  form  to  those  obtained  by  Daubree.  (AbeX  Chem.  Soc  Qu.  J. 
X.  119.) 

Amoiphoas  stannic  oxide  is  easily  obtained  by  heating  tin  in  contact  with  the  air. 
A  grey  film  is  first  formed,  consisting  of  a  mixture  of  stannic  oxide  and  metallic  tin, 
finmerly  called  Cmsjotrialia  (a  name  afterwards  applied  to  stannic  oxide  itself);  by 
farther  heating,  it  is  converted  into  pure  stannic  oxide.  Tin,  when  rapidlv  heated  to 
its  boiliag-pointt  bums  with  a  white  fiame,  yielding  flocks  of  stannic  oxide,  formerly 
called  Fiare§  itannit  s.  Fl,  Jovis.  Stannic  oxide  is  also  formed  bjr  igniting  the  prot- 
oxide or  ssequioxide,  or  the  corresponding  hydrates,  in  contact  with  the  air.  Sian- 
Boue  oxalate,  heated  in  small  quantities  in  contact  with  the  air,  yields  very  hard 
•tannic  oxide.    (Vogel,  Pharm.  Centr.  1866,  p.  413.) 

Amorphous  stannic  oxide  is  a  white  or  yellowish  powder,  assuming,  when  heated,  a 
transient  dark-yellow  or  brown  colour.  Its  specific  gravity  is  6*6  to  6*9 ;  its  cubical 
•onansion,  between  0°  and  100^  is  00016  (Kopp),  00017  (Joule  and  Playfair). 
It  is  hard,  and  is  therefore  used  for  polishing  stone  and  glass,  and  for  sharpening  and 
pcJiahing  steel,  &c  The  oxide  used  for  this  purpose  is  called  putty-powder;  it  is 
MWietimes  a  mixture  of  the  oxides  of  tin  and  lead. 

Stannic  oxide,  whether  crystallised  or  amorphous,  is  very  difficult  to  fuse,  and  not  at 
all  Tohitile..  It  is  not  attacked  bv  acids,  even  in  the  concentrated  state.  According  to 
Soae,  it  forms,  when  heated  witli  the  strongest  sulphuric  acid,  a  syrupy  liquid,  which 
nts  the  whole  of  the  stannic  oxide  on  dilution  with  water,  'mien  fused  with 
_  mtfakaU  of  fotauium,  it  dissolves,  but  separates  completelv  from  the  ftised  mass 
addition  of  water.  It  is  not  dissolved  by  fusion  with  alkaline  carbonates,  but 
k  rendered  soluble  by  fusion  with  caustic  alkali.  Whan  fused  with  sulphur,  it 
jifllds  sulphide  of  tin  and  sulphurous  anhydride ;  by  ignition  in  chlorine-gas,  it  is  con- 
vnted  into  stannic  chloride ;  even  natural  tinstone  is  decomposed  in  this  manner.  It  is 
ndneed  to  the  metallic  state  by  ignition  with  hydrogen,  charcoal,  carbonic  oxide,  and 
tUfhuretUd  hydrogen-gas ;  also  by  heating  with  potassium  and  sodium. 

Stannic  oxide  is  much  used  in  the  prepuation  of  enamel,  to  render  the  glass  opaque, 
■■d  in  the  manufacture  of  opaque  glasses  in  general. 

STAMiac  Htdbatbs  axd  Salts. 

Stannic  oxide  forms  two  hydrates,  differing  from  one  another  in  composition  and 
properties — ^both  however  being  acids,  and  capable  of  forming  salts  by  exchanging 
tbeir  hydrogen  for  metals.    These  hydrates  or  acids  are  stannic  acid,  SnOMi*0  « 
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n<Sii>*0*,  and  meUitannie  acid,  SdK)>16H*0  i^  H**8dK)1!,  the  tener  Imng 
ciii>able  of  ezcfaaagiug  the  whole  of  its  hjdiogen.fbr  metal,  and  famung  the  BtaaaaUt 
vhich  contain  M'SnC^,  whereas  the  hitter .ezchaoges  only  one-fifth  of  its  hydngeB  ibf 
jnetaU,  forming  the  metastannates,  JCH^SnK)^*^  BecseUos,  who  first  obserred  th» 
differences  between  these  two  acids,  snppoeed  them  to  contain  difiVsent  modifintioiM  of 
stannic  oxide ;  bat  the  polymexism  of. the  two  h^drates».and  the  dlyersitiea  of  coapoa- 
tion  of  their  corresponding  salts,  is  qnite  sufficient  to  account  foe  their  difiertneei  of 
character  without  the  aid  of  any  such  hypothesis  (Fr^my,  Ann.  Ch  Fhys.  [3],  xii. 
462 ;  zziii.  893).  According  to  K.  Weber,  nowever  (Pogg.  Ann. czzii.  368 ;  Jaorceb. 
1864,  p.  243),  stannic  and  metastannie  adds  exhibit  no  essential  differences  in  th«ir 
bebaTiour  towards  bases.  He  finds,  indeed,  that  normal  stannate  of  potassium  esn  take 
up  a  large  quantity  of  stannic  hydrate,  forming  a  dear  solution,  which,  when  eraporated 
over  oil  of  vitriol,  leaves  a  hydrated  salt  containing  1  at  E*0  to  5  at  SnO*;  and  that 
metsstannic  acid  dissolved  to  saturation  in  potash-ley,  and  evaporated  in  like  manner, 
yields  a  salt  containing  1  at  E'O  to  6  or  7  at  8nO*.  Hence  Weber  concludes  thtt 
the  relations  of  stannic  and  metastannie  acids  to  bases  are  not  essentially  different, 
and  that  their  supposed  polymerism  has  no  existence ;  but  his  results  require  eon- 
firmation. 

Stahkxo  Acid. — ^This  hydrate  is  precipitated  by  acids  from  solutions  of  alkiline 
stannates,  also  from  the  solution  of  stannic  chloride  by  a  carbonate  of  barium  or  cal- 
cium, not  in  excess ;  alkaline  carbonates  throw  down  an  acid  stannate.  When  dried 
in  a  vacuum,  it  has  the  composition  SnO^H'O  *  SnH*0* ;  after  drying  in  a  stream  of 
dry  air,  it  contains  22*6  per  cent,  water,  corresponding  with  the  formula  3SnO'.7HK),  or 
3SnHK)*.4HK) ;  and  at  140o  it  gives  off  5  at  water,  leaving  the  hydrate  3SnO>2HK), 
which  has  the  same  composition  as  metastannie  acid  dried  at  the  same  temperature, 
(p.  820). 

Stannic  acid,  when  recently  precipitated,  is  gelatinous ;  after  drying  in  the  air,  it 
forms  hard  translucent  lumps,  like  gum-arabic,  which  redden  litmus.  Aooordiug  to 
Weber,  stannic  acid  dried  in  the  air  at  ordinary  temperatures  contains  SnO'.SH'O, 
and  has  therefore  the  same  percentage  composition  as  air-dried  metastannie  acid 

Stannic  hydrate  dissolves  in  the  stronger  acids,  forming  the  stannic  salts.  TiMee 
salts  are  also  formed  by  exposing  solutions  of  stannous  salts  containing  exeess  of  sod  te 
the  air,  or  by  treating  them  with  chlorine,  or  with  a  small  quantity  of  nitric  add.  Tbe 
solution  of  stannic  nydrate  in  hydrochloric  acid  is  identical  with  aqueous  stannic 
chloride.  The.stannic  salts  of  oxvgen-acids  are  very  unstable.  The  eeneral  reactioof 
of  the  stannic  salts  have  been  auready  described  (p.  810).  The  individual  salts  are 
described  under  the  respective  acids. 

Stannates. — Stannic  hydrate  exhibits  acid  much  more  decidedly  than  basic  pro- 
perties. It  forms  easily  soluble  salts  with  the  alkali-metals,  and  from  thcee  the 
insoluble  stannates  of  the  earth-metals  and  heavy  metaU  are  obtained  by  doable 
decomposition.  The  stannates  are  decomposed  by  acids,  yielding  gelatinous  stannic 
add.  The  general  formula  of  the  normal  stannates  is  M<Sn**0*  «-  MK).SnO*.  The^ 
have  been  examined  chiefly  by  Fr^my  (loc,  cit,) and  Moberg.  (J.  pr.  Chem.  xxriiu 
230.) 

Stannate  of  Ammonium, — ^An  acid  salt,  (NH*)'SnO».8nO*urHK),  remains  as  a 
yellowish  jelly  on  evaporating  an  ammoniacal  solution  of  stannic  add  over  oil  ol 
vitriol  (Mob  erg).  A  stannate  of  ammonium  is  ahio  predpitated,  on  mixing  a  aoh- 
tion  of  potassic  stannate  with  sal-ammoniac,  as  a  gelatinous  mass,  which  diisolves  in 
pure  water,  but  is  reprecipitated  by  ammonia,    (fie  r  sell  us.) 

Stannate  of  Potassium,  K*SnO'  k  E'O^nO",  is  prepared  by  disaolring 
stannic  add  in  potash-ley,  or  by  fusing  metastannie  add  or  anhvdrous  stannic  on'de 
with  hydrate  or  potassium,  till  a  sample  mixed  with  nitric  add  gives  a  precipitate 
which  redissolves  in  excess  of  nitric  acid.  The  solution,  evaporated  over  oil  of  vitri(d.. 
yields  transparent  rhombic  prisms,  containing  K*SnO'.4HH),  aooordinff  to  Fr^my; 
K«SnO».8H»0,  according  to  Moberg  {loo,  cit.\  Marignac  (Ann.  Min.Ts],  xv.  27T), 
and  Ordway  (SilL  Am.  J.  [2],  il  173).  Marignac  prepares  the  salt  by  gradually 
adding  80  pti.  metastannie  acid  to  80  pts.  fused  hydrate  of  potassium  till  the  mixtBfe 
boils  up.  The  mass,  if  it  has  not  been  too  strongly  heated,  dissolves  almost  wholly  in 
water ;  and  on  evaporating  the  liquid,  the  salt  is  obtained  in  crystals,  which  are  wm* 
bohedral  combinations,  often  formine  twins,  and  always  with  curved  faces. 

Ordway  prepares  pure  stannate  ox  potassium  by  mixing  the  solution  of  the  endo 
commercial  salt  (obtained  by  igniting  tin  with  hydrate  and  nitrate  of  potassium)  with 
an  equal  volume  of  strong  alcohol,  r^ieatedly  treating  the  syrupy  layer  which  separates, 
with  alcohol,  pressing  the  pasty  mass  ultimately  obUtined  (which  still  contains  free 
alkali),  then  dissolving  it  in  water,  and  washing  with  alcohol.  The  concentrated  solo- 
tion  evaporated  in  a  vacuum  yields  the  salt  in  hard,  transparent,  monodinic  exyvtalB, 
of  spedfic  gravity  3*197. 
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9tanoate  of  potHMiam  g:iTea  off  its  water  at  a  red  heat.  It  has  an  alkaline  reaction, 
ditisolTefl  easily  in  water,  but  is  insoluble  in  alcohol.  According  to  Ordwa  j,  100 
pts.  water,  at  10°,  dissolve  106*6  pts.  of  the  salt,  forming  a  solution  of  speeifle  gravitj 
1-618 ;  and  at  20°,  the  same  quantity  of  water  dissolres  110*5  pta.  of  the  salt,  forming 
«  solution  of  specific  grsTitr  1*627.  The  aqueous  solution  is  precipitated  by  chbride 
of  ammonium,  but  not  by  chloride  of  potassium  or  sodium.  £ilute  adds  do  not  fcurm 
ft  permanent  prediMtate  tiU  three-fourths  of  the  alkali  are  neutralised.  A  solution, 
nentnlised  up  to  this  point,  yields,  with  alcohol,  awhiteflooeulent  precipitate  of  potassic 
metastannate.    (Ordway.) 

Stannate  of  potassium  is  used  in  calico-printing  for  the  same  purposes 
•8  stannate  of  sodium,  and  is  prepared,  on  the  lazge  scale,  by  similar  processea 

(M|^). 

Stannate  of  Sodium,  Na^SnO*  »  Na'CSnO*,  is  formed  in  the  same  manner  as 
the  potassium-salt,  and  separates  from  the  alkaline  liquid,  on  heating,  in  the  oystal- 
line  form ;  by  solution  in  water,  it  is  obtained  in  fine  hexaoonal  plates,  containing 
Na^nO'.SHH)  (Moberg;  Bammelsberg;  Ordway).  Marignac,  by  proceeding 
in  the  same  way  as  for  the  preparation  of  the  potassium-salt,  obtains  stannate  of 
•odium  in  rhombohedral  crystals,  with  cuired  faces.  Ordway  obtains  pure  stannate 
of  sodium  as  a  crystalline  precipitate,  by  adding  acetate  of  barium  to  the  aqueous 
■olntion  of  the  commercial  salt,  and  mixing  the  filtered  liquid  with  about  an  equal 
volume  of  alcohol.  If  only  so  much  alcohol  be  added  as  not  to  produce  permanent 
turbidity,  the  salt  separates  in  transparent  crystals.  H.  Jonas  (Chem.  Centr.  1866, 
p.  607)»  by  reerystalUsing  the  commervial  salt,  obtained  pure  sodie  stannate,  in  oblique 
rhombic  prisms  containing  Na'SnO'.OHH). 

Stannate  of  aodium  is  less  soluble  in  warm  than  in  cold  water,  and  consequently 
separates  on  heating  a  solution  prepared  in  the  cold.  According  to  Ordway,  100  pts. 
water  dissclve  67*4  pts.  of  it  at  0°,  and  61*3  pts.  at  20°.  According  to  Haeffely 
(DingL  poL  J.  cxliv.  66),  a  solution  of  sodic  stannate,  of  specific  grayity  1*3,  deposits, 
whan  heated,  crystals  of  the  composition  above  given ;  on  cooling,  however,  these  crys- 
tab  xedissolve,  so  that  the  solution  acquires  a  specific  gravity  of  1*35 ;  it  then  gradually 
deposits  crystals  containing  Na*SnO'.8HK),  the  aqueous  solution  of  whi3i  yields 
immediately  when  heated,  and  in  the  course  of  some  weeks  at  ordinary  temperatures, 
crystalline  metastannate  of  sodium. 

A  solution  of  stannate  of  sodium  is  used  in  calico-printing  as  a  "  preparing  salt,**  or 
mordant,  chiefiy  for  fabrics  composed  of  wool  and  cotton  together ;  it  serves  to  render 
the  ootton*fibre  more  susceptible  of  taking  the  dye,  so  that  the  whole  fabric,  when 
taken  out  of  the  dye-bath,  or  the  steam-chamber,  may  exhibit  a  uniform  depth  of 
coloor.  The  dilute  solution,  when  brought  in  contact  with  the  fibre,  depositB  stannic 
hydrate  upon  it,  which  binds  the  colouring-matter,  the  action  being  assisted  bv  boil* 
ing,  by  the  influence  of  atmospheric  carbonic  acid,  or  by  the  addition  of  a  little  sul- 
phuric add  or  sal-ammoniac  to  the  bath. 

Stannate  of  sodium  is  prepared,  on  the  Luve  scale,  for  these  purposes  by  fusing 
tinstone  with  hydrate,  nitrate,  chloride,  or  sulphide  of  sodium  ;  by  boiling  the  tin-ore 
vith  caustic  soda-ley ;  by  fusing  metallic  tin  with  a  mixture  of  carbonate  and  nitrate 
of  aodium,  or  heating  it  with  soda-ley  mixed  with  nitrate  and  chloride  of  sodium,  and 
ompoimtingthe  solution  in  an  iron  pot  till  it  becomes  heated  to  the  melting-point  of  tin. 
Haoff  ely  prepares  it  by  heating  soda-ley  with  tin  and  litharge ;  stannate  of  sodium 
ia  then  formed,  and  metallic  lead  separated  in  the  form  of  a  sponge,  which  quickly 
Kwuddises  when  heated  in  contact  with  the  air.  In  this  process,  tin  containing  lead,  or 
the  cuttings  of  tinplate  (tinned  iron),  may  be  used  instead  of  pure  tin.  [For  details 
cf  the  several  manufacturing  processes,  see  Richardson  and  Watts  s  Chemical 
Jirihio/qgy,  vol.  i.  pt  iv.  p.  35,  and  pt.  v.  p.  342.] 

An  artenuhstannate  of  eodiuTn,  Na'0.6SnO'.2As'0*  +  6aq.,  is  sometimes  used  in 
H-gl"**  dyehouses  and  printworks.  It  is  prepared  by  adding  nitric  acid  in  excess  to 
m  boiling  solution  of  stannate  and  arsenate  of  sodium  containing  an  excess  of  the 
ktter,  and  treating  the  resulting  gelatinous  precipitate,  2SnO'.As*O*.10H'O,  with 
eaeass  of  soda.  The  arsenio-stannate  then  separates  in  sliining  needles,  while  ordi- 
mmrj  stannate  of  sodium  remains  in  solution.  This  arsenical  salt  is  said  to  be  more 
economical  in  use  than  the  ordinary  stannate ;  but  it  docs  not  produce  brighter  colours 
than  the  latter,  and  is  likely  to  be  pr^udicial  to  the  health  of  the  workmen.  (Hae  f  f  ely, 
DingL  poL  J.  cxl.  290.} 

The  s/aMfla^^so/oartum,ca/ctum,and«^ron/tiim  maybe  prepared  by  boiling 

a  aolntion  of  the  potassium-  or  sodium-salt  with  the  hydrates  or  carbonates  of  the  alka- 
line earth-metals,  or  by  calcining  a  mixture  of  tin-ore  with  lime,  barvta,  or  strontia, 
or  with  the  corresponding  nitrates  at  a  high  degree  of  heat  in  a  reverberatory  furnace. 
Tlii-sc  earthy  stannates,  when  decomposed  by  hydrochloric  acid,  yield  pure  stannie 
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acid,  which  may  be  tued  for  the  preparation  of  the  nl^alina  ■fmiatfi     (Jaiaef 
Young' 8  patent,  1848,  No.  12,369,  and  1849,  No.  12,744.) 

Stannatet  of  Copper. — The  eupric  taU,  which  is  nied  as  a  nm-azMnieal  greet 
pigment,  may  be  prepiured  by  adding  a  solution  of  1  at.  tin  (118  pla.)  in  nitromonatie 
acid,  to  a  solution  of  1  at  cui^iric  sulphate  (250  pta.),  then  adding  canatic  sodft  it 
excess,  and  washing  and  drying  the  resulting  precipitate ;  or  by  ignitiBg  100  pea 
nitrate  of  sodium  with  59  pts.  tin,  dissolving  the  mass  in  water,  and  niiiig  the  aolmioft 
to  precipitate  eupric  sulphate  (Gen tele). — The  cuprous  salt,  which  has  not  yetbefv 
obtainea  pure,  is  formed,  together  with  other  products,  in  the  action  of  atmniioas  hydnU 
on  eupric  oxide,  both  in  alkaline  solution  (p.  816). 

Mbtastannic  Acid,  Sn*H**0>*  »  SnK)**.6HK).— Prodnead  by  tha  actioa  of 
nitric  acid  upon  tin.  Tin  treated  with  strong  nitric  acid  is  completely  tzansfonicd 
into  a  white  powder,  which,  when  dried  in  the  air  at  ordinary  tempermtora,  containt 
SnH)i*.10H'O  »  Sn*H>*0'*.5H'0,  or  SSnOi.lOHH);  but  when  heated  for  some  time 
to  100^  it  gives  off  6  at.  water,  and  is  reduced  to  Sn*H>'0>*,  or  6SnO*^HK).  At  liO^ 
it  RiTee  off  more  water,  leaving  the  hydrate  3SnO*.2HH>  (or  6SnO'.4HH>,  aceordiDgto 
FrSm/s  later  statements) ;  at  100®  it  is  converted  into  6SnO'.8HH),  and  at  a  red  bett, 
into  anhydrous  stannic  oxide. 

According  to  Weber,  nitric  acid  of  specific  gravity  1*2  convorta  tin,  at  ordinary 
temperatures,  into  stannous  nitrate,  stannic  acid,  and  metastannic  add,  which  ia  eokwred 
yellow  by  admixed  stannous  metastannate.  With  nitric  acid  of  sperifie  gravity  lU, 
the  products,  if  the  liquid  is  well  cooled,  are  metastannic  acid  [?  atannie]  and  staaaie 
nitrate ;  by  dilution  and  heating,  the  stannic  acid  is  oonveitad  into  inaolnble  Beta* 
stannic  acid,  which  indeed  is  always  produced  under  the  infinenee  of  haaL 

Metastannic  acid  is  white,  crystaUine,  insoluble  in  water,  and  in  nitzie  mad.  It 
takes  up  hydrochloric  or  sulphuric  acid  without  dissolving  in  it. 

The  sulphuric  compound  is  decomposed  by  water,  which  removea  the  whole  of  tkt 
sulphuric  acid.  The  compound  with  hydrochloric  acid  disaolvea  in  pore  water,  bat  if 
precipitated  from  the  solution  by  strong  hydrochloric  acid.  On  distiiling  the  solntioB. 
hydrochloric  acid  is  ^ven  off,  with  only  traces  of  stannic  chloride,  and  metastinnit' 
acid  remains.  Accordmg  to  Weber,  the  solution,  evaporated  over  oil  of  vitriol,  leira 
a  residue  consisting  of  SnCl^3SnO'.5H*0.  The  same  solution  beoomca  turlid  on 
boiling,  and  by  prolonged  ebullition  with  fresh  quantities  of  water,  the  whole  of  thi 
metastannic  acid  is  separated,  the  mom  quickly  as  the  solution  ia  more  dilute  (FreajX 
(For  the  reactions  of  the  hydrochloric  acid  solutions  with  acids,  alkalia,  &c,8eep  Sll . 
A  dilute  solution  of  onlinary  stannic  acid  in  hydrochloric  acid  nndei^goea  a  g7»iua! 
change,  and,  after  some  time,  exhibits  the  characters  of  a  solution  of  metaataanie  snL 
The  transformation  is  quicker  as  the  solution  is  more  dilute,  and  in  very  coBceatnt'<d 
solutions  it  does  not  take  place  at  all ;  in  a  dilate  solution  also,  the  change  may  br  p^^ 
vented  by  addition  of  tartaric  acid.  The  gradual  transformation  of  stannic  into  m<ia- 
stannic  acid  may  be  recognised  by  the  reaction  of  the  solution  with  sulphuric  seui, 
stannous  chloride,  ammonia,  tartaric  acid,  and  ferrixryanide  of  potaoaiafa  (p.  811). 

On  the  other  hand,  metastannic  acid  is  converted  into  normal  atmnnic  ehlurid«  b^ 
prolonged  digestion  with  strong  hydrochloric  add,  especially  at  the  boiling  b«t 
When  heated  in  dry  hydrochloric  acid  gas,  it  yields  a  distillate  of  stannie  ehkiridr, 
frx)m  which  ordinary  stannic  acid  may  be  obtained.  By  fusion  with  csccaa  of  acMitk 
alkali,  metastannic  acid  is  completely  converted  into  ordinary  stannic  addL 

Metastannates. — These  salts  may  for  the  most  part  be  represented  by  the  lofBik 
Mm"Sn*0".orM'0.4H*0.5SnO<.  They  exist  only  in  the  hydrated  state,  beii^ 
posed  when  deprived  of  their  basic  water.    Lowenthal  suppoeea  that  pore 
acid  does  not  unite  directly  with  alkalis,  bat  that  the  so-ouled  metastanna 
tures  of  ordinary  stannates  with  metastannic  acid,  the  ^uanti^  of  this  ac» 
in  them   being  less  in  proportion  as  the  acid  used  in  their  preparation  had  bNS 
more  completely  converted  into  ordinary  stannic  acid :  hence  the  TBiiatioiis  whkkhfft 
been  observed  in  the  composition  of  some  of  these  salta. 

Metastannic  acid  dissolves  slowly  in  alkalis,  and  is  gmdoally  deposited  it  b 
original  state,  as  the  solution  absorbs  carbonic  acid  fh>m  the  air.  f^om  eotnlwss  u 
the  alkaline  metatttan nates,  acids  throw  down  metastannic  acid,  insoluble  ia  aiinc 
acid,  bat  soluble  in  ammonia,  whereas  the  original  metastannic  acid  fonsed  bytk 
action  of  nitric  acid  upon  tin  is  insoluble  in  ammonia. 

The  metastannates  of  potassium  and  sodium,  heated  with  exeess  of  bass,  are  tiaa»> 
formed  into  stannates.  They  are  soluble  in  water.  The  other  metasUBBStet  an 
insoluble,  and  are  obtained  by  double  decomposition. 

Metastannate  of  Potassium^  K*H*Sn*0",  is  prepared  by  diMolvins  suto^i'' 
fiic  acid  in  cold  potash ;  it  may  be  precipitated  in  the  solid  state  by  addi^f  fmm 
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<»f  potjish  to  the  liquid.  It  is  gammy,  onciyBtallisable,  and  ftroiiffly  alkaline.  At  a 
r«>d  heat^  it  giTea  off  its  water,  and  is  decomposed ;  the  calcindd  mass,  digested  in 
water,  yields  np  all  its  alkali,  and  leaves  nearly  pure  stannic  oxide  ^Fr^my). — 
Anotiier  metastannate  of  potassium,  containing,  according  to  Weber.  E'H'Sn'O**  or 
K*0.3HH).7SnO',  was  prepared  by  Rose,  b^  adding  caustic  potash-ley  to  the  solution 
of  metastannic  acid  in  h>'^ln)cbloric  add,  till  the  precipitate  at  first  formed  was  re  • 
dissolved,  and  then  precipitating  with  alcohol.  This  salt  is  soluble  in  water ;  the 
solution,  when  heated,  does  not  ^oome  turbid,  but  gelatinises  after  a  while ;  it  is  pre* 
dpitated  by  potash  and  by  many  salts,  and  leaves  a  gummy  residue  when  evaporated. 

Metattannate  of  Sodium^  Na'H^n^O'*,  is  obtained  like  the  potassium-salt,  is 
white,  crystallo-granular,  and  dissolves  slowly  but  completely  in  water.  The  aqueous 
solution  decomposes  when  gently  heated,  and  on  boiling,  deposits  the  whole  of  the  meta- 
stannic  acid  (F  r  ^  m  y ).  Ha^ely  describes  another  sodium-saJt,  Na^'Sn*0'*.4H'0,  which 
was  deposited  from  a  solution  of  the  ordinary  stannatee,  slowly  at  ordinary  tempera- 
tures, more  quickly  when  heated.       i^ 

St^nn&us  MetMtannate,  (Sn"H*)SnK)>*  -  Sn0.5SnO'.4HK).— Fr^my  formerly  as- 
signed to  this  compound  the  formula  SnO.SH^.SSnO* ;  according  to  Schiff  (Aim. 
Ch.Pharm.  cxx.  47),  it  is  Sn0.6SnO'.4H*0  ;  according  to  Tschermak  (Chem.  Centr. 
1862,  p.  805),  SnO.6SnO.9HK).  It  is  formed  by  placing  metastannic  acid  in  contact 
with  stannous  chloride.  It  is  yellow,  and  insoluble  in  water ;  at  140°  it  gives  off 
water,  and  becomes  brown-black,  or,  if  dried  in  a  stream  of  carbonic  anhydride,  cinna- 
mon-brown (Schiff) ;  dark-brown  (Tschermak).  When  treated  with  nitric  acid,  or 
heated  in  contact  with  the  air,  it  takes  up  oxygen,  and  is  converted  into  metastannic 
acid.  It  dissolves  in  potash,  and  the  solution,  when  boiled,  deposits  tin  like  other 
stannous  salts.  Hydrochloric  acid  dissolves  it,  forming  a  solution  of  stannous  chloride 
and  hydrochlorate  of  metastannic  acid. 

When  a  solution  of  hydrochlorate  of  metastannic  acid  is  mixed  with  dissolved 
stannous  chloride,  a  yellowish  precipitate  is  fonned,  perhaps  identical  with  the  body 

It 

just  described.  A  similar  yellow  body,  containing,  according  to  Schiff,  (Sn'^'*)Sn'0" 
or  Sn0.6SnO*.dH''0,  is  formed  bvthe  action  of  stannous  chlorideon  ordinary  stannic  acid. 

When  stannic  oxide  is  heated  in  an  atmosphere  of  carbonic  anhydride  or  ammonia, 
a  brown  oxide  is  formed,  containing  Sn"0",  either  SnO.TSnO- or  Sn*0*.6SnO'.  (Tscher- 
mak.) 

Stannous  chloride  does  not  act  upon  normal  stannic  chloride  ;  but  with  anhydrous 
stannic  oxide  it  forms  a  chocolate-brown  powder,  containing  Sn^'O^'  or  SnO.20SDO*. 
This  substance  does  not  turn  yellow  when  boiled  with  water ;  it  is  less  easily  attacked 
by  acids  than  the  hydrated  ydlow  compound ;  but  when  fused  with  alkalis  it  is  easily 
converted  into  alkaUne  stannate. 

XXVv  OXTOSXiO&Zlia  of.    See  p.  807. 

Tzsr,  ozn^vosxBS  or.    See  p.  813. 

Tzsr*  osTzoBzsa  or.    See  p.  814. 

TZSr,  PBOBPBZBB  Or. — a.  Formed  by  throwing  phosphorus  upon  melted  tin, 
or  by  fusing  together  equal  parts  of  tin  and  fflacial  phosphoric  CMsid,  whereby  stannio 
or  stiinnous  phosphate  is  likewise  fonned  (Pelletier,  Landgrebe,  Schw.  J.  Iv.  106). 
The  compound  may  also  be  formed  bv  heating  in  a  blast-furnace  for  an  hour,  6  pts. 
of  tin-filings  or  8  of  stannic  oxide  with  1  charcoal,  10  bone-ash,  5  pounded  quartz,  and 
6  boracic  acid  (Berthier,  Ann.  Ch.  Phys.  [2]  xxxiii.  180).  It  is  silver-wnite  (lead- 
eoloured,  accoiding  to  Berthier) ;  it  may  be  cut  with  the  knife ;  extends  imder  the 
hammer,  but  at  the  same  time  splits  into  laminie.  Contains  from  13  to  14  per  cent,  of 
phonphorus,  which  buruR  away  on  the  application  of  heat  (Pelletier). — /9.  When  the 
compound  of  stannic  chloride  with  phospboretted  hydrogen  is  decomposed  by  water, 
the  phoHphorett^  hydrogen,  as  it  escapes,  reduces  tiie  stannic  chloride  to  the  state 
of  Htannous  chloride,  and  at  the  same  time  precipitates  phosphide  of  tin  in  the  form  of 
a  yellow  powder,  which  remains  for  a  long  time  suspended  in  the  liquid,  and  oxidises 
Temdily  in  the  air.  When  washed  and  dried  out  of  contact  of  air,  it  exhibits  the  phos- 
phorus-flame before  the  blowpipe.  When  ignited  in  hydrogen-gas.  it  gives  up  its 
phosphorus,  amounting  to  65*43 — 56*88  per  cent,  and  is  convert<^  into  metallic  tin, 
(H.  Bose,Pogg.  Ann.  xxiv.  326.) 

TZV«  SZXiSVZBBS  OF.  The  protmclenide^  SnSe,  is  produced,  with  incandes- 
fence,  when  tin  is  heated  with  selenium  (Berzelius) ;  accorcungtonelsmann(Ann. 
Ch.  Pharm.  cxvi.  124),  it  is  also  formed  even  when  tin  is  heat^  with  excess  of  sele- 
Diom.  It  is  light-grey  with  metallic  lustre,  coarsely  laminar  with  crystalline  fracture, 
and  easily  deavable.    It  does  not  melt  in  a  glass  tube,  or  decompose  when  heated  in 
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hydrogen-gas ;  but  wben  heated  in  contact  with  the  air, :»,  boms  without  melting,  giving 
off  selenium,  and  forming  stannic  oxide.  The  protoselenide  is  also  formed,  when  lelfB- 
hydric  acid  gas  is  passed  into  protocbloride  of  tin,  as  a  dark-brown  pred^tate,  whifh 
dries  np  to  a  nearly  black  powder,  soluble  in  caustic  alkalis  and  in  smphioM  of  aDtali- 
metals. 

The  diselemd€f  or  Stanme  seUnide,  SnSe*,  is  formed  by  precipitating  amieons  staune 
chloride  with  selenhydric  acid.  It  is  a  glittering,  dark,  yellowish-red  precipitate, 
becoming  light  red-brown  when  dry.  When  heated  in  hydrogen-gas»  it  gives  off 
half  its  Senium ;  it  dissolves  in  caustic  alkalis  and  alkaline  sulphiaes^  the  solution 
quickly  depositing  sulphur  when  exposed  to  the  air. 

According  to  Little  (Ann.  Ch.  Pnarm.  cxiL  213),  stannic  selenide  is  also  ibrmrd  by 
heating  tin  in  selenium-Tapour,  and  is  then  a  tin-white,  metallically  lustrous  msM, 
having  a  oonchoidal  fracture,  and  a  density  of  5*183 :  it  is  easily  fosible,  is  act 
attacked  by  hydrochloric  acid,  but  is  easily  decomposed  by  nitric  aod;  dissolved  by 
nitromuriatic  acid. 

TXMt  BVXiVXXlIBB  OV.  There  are  three  sulphides  of  tin  oonrespooding  to  the 
oxides ;  the  sesquisulphide,  however,  is  perhaps  a  compound  of  the  other  two. 

The protosulphide,  or  Stannous  sulphidet  SnS,  is  formed,  with  vivid  incta* 
descence,  when  finely-divided  tin,  such  as  tinfoil,  is  heat«d  with  sulphur.  The 
mass  generally  contains  metallic  tin,  and  must  therefore  be  pulverised,  sod 


repeatedly  heated  with  sulphur  in  a  close  vessel.  Stannous  sulphide  thus  prepared  i» 
a  dark,  lead-grey,  lamino-crystalline  mass,  of  spedflo  gravity  4*8  (Karsten);  6*2 
(Boullay),  somewhat  tough,  difficult  to  pulverise,  and  leas  fusible  than  tin.  Beoque- 
rel  has  obtained  it  by  electrolytic  action,  in  white  metallically  lustrous  cubes. 

The  same  compound  is  obtained,  as  a  brown-black  amorphous  precipitate,  by  paMing 
sulphydric  acid  gas  into  the  solution  of  a  stannous  salu  This  amorphous  sulphide 
may,  however,  be  rendered  crystalline  by  addias  it  by  small  portions,  after  waiihing 
and  drying,  to  anhydrous  stannous  chloride  in  uie  melted  state,  as  long  as  it  is  taken 
up  thereby ;  then  leaving  the  daik-biown  liquid  to  cool,  dissolving  out  the  staaoovs 
chloride  l^  dilute  hydrochloric  acid,  and  removing  an  admixed  dark-brown  powder  by 
levigation;  stannous  sulphide  then  remains  in  small,  thin,  lead-grey,  metallically 
lustrous  lamin»,  greasy  to  the  touch,  and  having  a  specific  gravity  of  4*973.  (8c  h  ne  i  • 
der,  Pogg.  Ann.  xcv.  169.) 

Stannous  sulphide  dissolves  in  boiling  hydroehlorio  aeidt  giving  off  sulphydric  add, 
and  yielding  a  solution  of  stannous  chloride.  It  dissolves  but  slightly  in  frumotuipHJe 
of  ammonium,  even  when  freshly  predpitated,  but  easily  in  solutions  of  alkaline  polv- 
sulphides,  or  of  the  monosulphides  mixed  with  sulphur,  the  protoeulphide  of  tin  m 
eimer  case  beinff  converted  into  disulphide.  It  is  slowly  oxidised  oy  heating  with 
nitric  acid, — CUorin&^as,  at  ordinary  temperatures,  converts  it  into  liquid  stanoie 
chloride,  and  a  crystalline  compound  of  that  substance  with  tetrachloride  of  sulphur 
(H.  Bose): 

2SnS  +  8a«     -     8nCl«  +  SnCl«.2Sa«. 

When  heated  in  hydrogm-gas,  it  is  slowly  reduced  to  the  metallic  state.— ^  fusion 
with  cyanide  of  potassium,  it  yields  sulphocyanate  of  potassium  and  metallic  tin. 

Sesquisulphide  of  Tin,  Sn*S*,  is  produced  by  gently  igniting  an  intimate  mixture 
of  3  pts.  stannous  sidphide  and  1  pt.  sulphur  m  a  retort  100  pts.  of  stannooii 
sulphide  thus  treated,  take  up  10*6  pts.  of  sulphur.  It  is  grevish-yellow,  with  metallic 
lustre.  When  strongly  ignited  in  a  dose  vessel,  it  gives  off  one-third  of  its  sulphur. 
— ^With  potash-ley  it  yields  a  solution  of  potassic  stannate  and  sulphostannate,  mnd 
a  residue  of  stannous  sulphide.  Concentrated  hydrochloric  acid  converts  it  into 
disulphide  of  tin,  leaving  half  the  tin  in  the  form  of  protoxide.  The  same  compound 
separates,  in  the  form  of  a  liver-coloured  powder,  on  digesting  a  saturated  solution  of  a 
suJphostannate  with  disulphide  of  tin.  j3y  digestion  with  caustic  potash,  it  is  con* 
verted  into  the  black  protosulphide.    (Berxelius.) 

Bisulphide  of  Tin,  or  Stannic  Sulphide,  SnS*.  Sulphostanme  ocij^— This 
compound  may  be  produi^ed  either  in  the  d^  or  in  the  wet  way.  It  cannot,  bowevH^ 
be  obtained  by  simplj  heating,  tin  witli  sulphur,  because  the  union  of  tin  and  ralphur 
is  always  attended  with  great  development  of  heati  suffident  toresolve  the  disulphide^ 
if  fdrmed,  into  protosulphide  and  free  sulphur.  This  decomposition  may,  however, 
be  prevented  by  adding  to  the  mixture  certain  volatile  substances,  such  as  mereniy 
or  sal-ammoniac,  which,  in  passing  into  vapour,  will  render  latent  a  certain  portion  of 
the  heat  evi^ved,  and  thus  keep  down  the  tcimperature.  According  to  L.  G  m  elin,  how- 
ever, sal-ammonlM^  whan  present,  takes  a  direct  part  in  the  reaction,  which  then 
consists  of  two  stages;  first,  the  formsition  of  ammonio-stannous  chloride^  with 
evolvHon  of  hydrogen  and  ammonia: 

8n   +   4NH*C1     =     2NH«CLSua»   +   H»   +   'JNH*: 
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and,  lecoiidly,  the  fovmatioii  of  stannie  sulphide  and  ammonio-stannic  chloride,  by  the 
action  of  the  solphnr  on  the  ankiuonio-stannous  chloride : 

2(2NH«CLSnCl«)  +  S»     -     Sn8«  +  2NH<CLSnCl«  +   2NH*CL 
The  following  are  some  of  the  mixtures  used : 

a.  Piotochloride  of  tin  and  sulphur  (Proust). — h.  Equal  parts  of  sifted  tin-filings, 
sulphur,  and  sal-ammoniac  (Pellet ier). — c.  4  pts.  of  tin-filings,  8  pts.  sulphur, 
2  pts.  sal-ammoniac  (Wonlf  e). — d,  A  pulverised  amalgam  of  2  pts.  tm  and  2  pts. 
meieury,  with  1^  pt.  sulphur  and  1  pt  sal-ammoniac  (Th^nard). — s.  A  pulverised 
amalgam  of  12  pts.  tin  and  6  pts.  mercury,  with  7  pU.  sulphur  and  6  pts.  sal-ammoniac 
(whereby  1^  pi.  of  rolatile  hver  of  sulphur,  13^  pts.  sublimed  matter,  and  16  pts.  of 
fine,  and  for  the  most  part  sublimed,  mosaic  gold  are  obtained)  (Woulfe).— /.  A 
pulrerisod  amalgam  of  12  pts.  tin  and  3  pts.  mercury,  with  7  pts.  sulphur  and  3  pta. 
sal-ammoniac — -g.  2  p(A.stannou8  oxide  and  1  pt.  sulphur. — h.  8  pts  stannic  oxide, 
7  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — t.  10  pts.  stannous  sulphide, 
b  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — k,  6  pts.  stannous  sulphide, 
1  pt.  stannous  chloride,  and  2  pts.  sulphur. — L  5  pts.  stannous  sulphide  and  8  pts. 
mercuric  chloride ;  this  mixture  yields  a  very  beautiful  preparation.    (Woulfe.) 

Either  of  these  mixtures  is  slowly  heated  to  redness  in  a  glass  retort  or  a  loosely 
eoyered  flask,  immersed  in  a  sand-bath.  Vapours  of  mercury,  sal-ammoniac,  &c.  are 
then  given  ofi^  afterwards  the  excess  of  sulphur;  while  the  stannic  sulphide 
partly  remains  at  the  bottom  of  the  vessel,  and  partly  collects  in  the  upper  portion,  as 
a  sublimate  consisting  of  soft  golden-yellow  or  brownish-yellow  laminae,  unctuous  to 
the  touch,  having  a  metallic  lustre,  and  a  specific  gravity  of  4*60,  according  to 
KarBten-^'4,  according  to  Boullay.  This  crystalline  stannic  sulphide  is  commonly 
called  mosaic  gold,  Aurum  mosaicum,  s.  munvunit  and  as  such  was  known  to  the 
alchemists.  Stannic  sulphide  is  likewise  obtained  in  gold-coloured  spangles,  by 
passing  the  mixed  vapours  of  stannic  chloride  and  hydric  sulphide  through  a  porce- 
lain tube  heated  to  dull  redness. 

Mosaic  gold  is  sometimes  used,  in  place  of  the  amalgam  of  tin  and  zinc,  for  coating 
the  rubbers  of  electrical  machines ;  it  produces  powerful  excitation,  requires  no  grease, 
and  does  not  stick  to  the  ^lass. 

Stannic  sulphide  is  obtained  in  the  amorphous  state  by  passine  sulphydric  acid  into 
a  solution  of  stannic  chloride,  or  of  a  stannic  salt  acimilated  with  hydrochloric  acid. 
The  resulting  light-yellow  precipitate,  after  drying,  is  yellowish-brown  and  somewhat 
translucent,  still  contains  a  certain  qaantity  of  water,  and  decrepitates  when  heated. 

Stannic  sulphide,  ignited  in  a  close  vessel,  is  resolved  into  sulphur  and  stannous 
aulphide,  a  portion,  however,  subliming  without  decomposition ;  in  contact  with  the 
air,  it  yields  sulphurous  anhydride  and  stannic  oxide.  In  ehlorine-gas  it  deliquesces 
even  at  ordinary  temperatures,  forming  a  brown  liquid,  which  afterwards  solidifies  to 
yellow  crystals  of  the  compound  SnCl*.2SCl*  (p.  808).  Heated  with  iodine  in  a  stream 
of  carbonic  anhydride,  it  yields  the  compound  SnSP.SP,  as  a  brown,  crystalline,  fusible 
mass,  or  a  dark-yellow  sublimate.  This  iodosulphide  dissolves  without  decomposition 
in  chloroform  and  in  carbonic  disulphide,  and  separates  from  the  latter  solution  in 
rhombic  crystals  of  the  colour  of  potassic  dichromate.  It  is  decomposed  by  water  into 
snlphur,  stannic  sulphide,  and  hydriodic  acid,  similarly  by  aqueous  alkalis  ;  alcohol 
decomposes  it,  with  separation  of  sulphur ;  h/drockloric  and  nitric  acids  separate  sul- 
phur from  it.     (Schneider,  J.  pr.  Chem.  Ixxix.  419.) 

A  boiling  alcoholic  solution  of  iodine  does  not  attack  crystalline  mosaic  gold,  but 
slowly  dissolves  amorphous  stannic  sulphide ;  and  the  solution  yields  crystals  identical 
with  those  of  the  compound  SnSI'.SI',  deposit^  from  solution  in  carbonic  disulphide. 
(Schneider.) 

Ciystalline  stannic  sulphide  is  not  decomposed  by  hydrochloric  acid ;  the  amorphous 
sulphide  boiled  with  concentrated  hydrochloric  acid  is  slowly  dissolved,  with  evolution 
offfulphydric  arid.  Hot  nUrie  acid  oxidises  only  the  amorphous  sulphide :  boiling 
nitromuriatic  acid  likewise  oxidises  mosaic  gold,  forming  sulphuric  acid  and  stannie 
oxide.  Stannic  sulphide  fused  with  lUharpe  yields,  either  by  partial  mutual  decompo- 
sition, a  mixture  of  the  sulphides  and  oxides  of  tin  and  lead ;  or,  if  the  litharge  is 
in  excess,  it  yields  metallic  lead,  sulphuious  anhydride,  and  a  yellow  glass. 

Sulphostann a tes.^ Stannic  sulphide  reacts  as  a  sulphur-acid  or  sulphanhydride, 
forming  sulphur-salts  with  the  more  basic  metallic  sulphides.  The  sulpho6tannatet 
of  the  alkab-metals  are  produced  by  fusing  tin  with  the  polysulphides  of  the  alkali- 
metals,  or  by  dissolving  stannic  sulphide  in  the  aqueous  sulphides  or  hydrates  of  the 
same  metals;  in  the  latter  case,  an  oxygen-salt  is  produced  simultaneously  with  the 
sulphur- salt. 

The  Bulphoetannates  of  the  alkali-metals  are  soluble  in  water ;  those  of  all  other 
metals  are  insoluble,  and  are  obtained  by  precipitation,  the  precipitates  being  soni*- 
fimes  yellowish,  but  mostly  blown  or  black.    (Kiihn,  Ann.  Ch.  Pharm.  Ixxxiv.  1 10.) 
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Hydric  Sulphostannate,  Stannic  Stdphvdrette^  or  SulphosUmnie  Acid^  H*Sn'*8'  « 
H^S.SnS^,'  is  obtained,  by  treating  the  solution  of  an  alkaline  salphostannatc  with  % 
dilate  acid,  as  a  yellow  precipitate,  which  becomes  dark-coloured  on  exposure  to  the 
air.    (Kiihn.) 

Sulphciiannate  of  Ammonium  is  obtained  by  dissolring  stannic  sulphide  in  rneno- 
sulphide  of  ammonium,  or  stannous  sulphide,  stannous  oxide,  or  stannous  hydrate  in 
polysulphide  of  ammonium. — Thepotastium'tlaU  is  obtained  in  like  manner ;  on  mixing 
Its  aqueous  solution  with  alcohol,  a  dark-brown,  heavy,  oily  liquid  separates,  baring 
nearly  the  composition  K^n$*.10H'O ;  this  compound  gpyes  off  iJl  ita  water  at  lOO^. 
— The  sodium-salt,  Na^nS*.2H''K),  forms  yellow  glassy  crystals,  whose  dominant  fiicss 
belong  to  the  regular  octahedron.  A  solution  of  stannous  sulphide  and  sulphur  in 
monosulphide  of  sodium,  deposits  colourless  monodinic  exystals,  resembling  gypsam, 
and  containing  Na^.Na^SnSM2H*0.  Horing  obtained  a  similarly  crystiulised  salt 
containing  Na-SnS'.7H'0. — ^The  sulphostannates  </  barium,  ealciMm,  and  strontium, 
obtained  by  precipitation,  are  sparingly  soluble  in  water. 

Tzm,  snxyKocBXiOsxBa  and  BVXiVKo-zoiiZBa  or.  (See  pp.  809, 814.) 

TZVOAZn  Crude  borax,  as  it  is  imported  from  Asia,  in  yellow  teuj  crystali. 
(See  Borates,  i.  646.) 

TZW-OBB.    Natire  stannic  oxide  (p.  816). 

TnrP&ATa,  or  Tinned  Iron-plate. — ^An  alloy  of  2  pts.  iron  a  d  1  pL  tin,  ob- 
tained by  heating  the  two  metals  together  to  redness.  (SmIbok,  liL  870;  also  Ur^s 
Dictionary  of  Arts,  &o.  lit  897.) 

TZW-VTRZras.  Stannme.  BeU-metal  ore.  SiUpkwret  of  Tin.  6tain  suffurl 
Zi/nnkies, — ^A  cuproso-ferrous  sulphostannate,  sometimes  also  containing  zinc,  oocurring 
in  Cornwall,  and  at  Zinnwald  in  Bohemia,  in  cubical  forms,  but  rarely  in  distinct 
crystals,  mostly  massive,  and  imbedded  in  ciystallo-granular  aggregations,  with  traces 
of  cleavage  of  the  cube  and  rhombic  dodecahedron,  and  with  uneven  to  small  con- 
choidal  fracture.  Hardness  «  4*0.  Specific  gravity  ^  4*3  to  4*5.  It  is  opaque,  with 
metallic  lustre,  yellowish-steel-ffrey  colour  inclining  to  brass-yeUow,  and  bUck  streak. 
Before  the  blowpipe,  on  charcoal  it  melts  to  a  grey  brittle  bead,  containing  copper  and 
iron,  and  surrounded  by  a  white  deposit  of  stannic  oxide.  The  bead  gives,  with  sodie 
carbonate  and  borax,  a  pale,  not  perfectly  malleable  button  of  copper ;  when  heated  in  a 
tube,  it  gives  off  sulphurous  anhydride,  together  wi^  a  white  fume.  Nitric  acid  decom- 
poses it  easily,  forming  a  blue  solution,  with  separation  of  sulphur  and  stannic  oxide. 

Analyses : — a.  From  Whealrock,  Cornwall  (Klaproth,  Beitraqe,  v.  298). — h.  From 
the  same  (Kudernatsch,  Fogg.  Ann,  xxxix.  146). — c.  From  St.  Michael's  Monnt, 
Cornwall  (Johnston,  Rep.  GeoL  Cornwall,  &c.,  1839). — d.  From  the  same  (Mallet, 
SilL  Am.  J.  [2],  xvi  33).— «  From  Zinnwald  (Rammelsberg,  Fpgg.  Ann.  IxxxriiL 
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These  analyses  lead  to  the  formula  Cu'M"Sni^«  -  ^^|SnS*,  or  (2Cn^a8n8^ 
(2M'^.SnS^,  where  M"  denotes  Fe  and  Zn. 

TZV-&A1IZC!&B8,  OSOiiVZO.  The  general  properties  and  relations  of  thsts 
bodies  have  been  described  in  the  article  OBOAXo-mrAixio  Bodibs  (iv.  219,  227).  It 
is  there  explained  that  organo-tin  compounds  may  be  divided  into  three  poops, 
analogous  in  composition  to  the  oxides  of  tin,  and  represented  by  the  following  nr- 
mulae,  in  which  B  denotes  a  monatomic  aloohol-sadide : 

SnTl«.  28n'Tl«.  8n«'R*. 

Moreover,  one  atom  of  alcohol-radide  in  compounds  of  the  second  group,  and  one  or 
two  atoms  in  those  of  the  third  ^up,  may  be  replaced  by  negative  radicles,  such  as 
chlorine.  Hence  arise  the  following  series  of  organo-tin  compo^inds  (R+  denotiog  an 
alcohol-radicle,  and  B  —  a  negative  radicle  like  chlorine) : 

Pint  Seriec.  Seeoad  Series.  Thhtl  8Rri«s. 
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Stannic  compounda. 

In  the  itannic  compoimdi  the  atomicity  of  the  tin  is  fall^  satisfied :  henee  those 
bodies  cannot  take  up  any  other  radicle  (sncb  as  oxygen,  chlorine,  &;c)  by  direct  combi- 
nation, bat  only  by  substitntion  for  one  or  more  atoms  of  aloobol-radicles ;  in  other  words, 
they  do  not  themselyes  act  as  radicles.  In  the  stannous  compounds,  on  the  contrary, 
there  are  two  units  of  atomicity  still  unsatisfied,  and  in  the  stannoso-stannic  compounds 
one  such  unit:  hence  these  bodies  are  capable  of  acting  as  radicles,  taking  up  cQorine, 
oxygen,  &c  directly,  and  being  thereby  converted  into  stannic  compounds.  The  stannoso- 
stannic  compounds  are  evidently  monatomio;  the  stannous  compounds  are  always 
diatomic,  uniting  with  2  at.  chloxine,  iodine,  &c,  or  1  at.  oxygen,  sulphur,  &c.,  to 
farm  stannic  compounds ;  there  is  no  known  instance  of  an  oigano-stannous  compound 
taking  up  only  1  at.  of  a  monatomic  zadide,  to  foxm  a  stannoso-stannic  compound 
(ir.  227). 

Oigano-tin  compounds  have  been  obtained,  containing  methyl,  ethyl,  and  amyl. 
The  ^yl-compounds  have  been  most  completely  studied,  and  will  be  most  conveniently 
described  fliTst. 

a.  Ethtl-ookpounds:  Stannsthtls.* 
Three  compounds  are  known,  containing  only  tin  and  ethyl,  yix. : 
Stannous  ethide^  or  Stannodiethyl,  Sn"(C*H*)'. 

Stannoso-stannic  ethide,  or  Stannotriethyl,  Sn^CH*)'. 
Stannic  ethid^  or  Stannotetrethyl,  Su^^G^^y. 

The  first  and  second  of  these  compounds,  as  already  observed,  act  as  oiganic  radicles, 
taking  up  oxygen,  chlorine,  &c,  and  forming  compounds  which  may  be  regarded  either 
as  salts  of  these  same  radicles,  or  as  stannic  compounds  containing  ethyl  and  nc^tive 


Sn^CCH*)*]"!']        -     Sn«^|(^j?*^* 
SUnnodlcthjl-lodidt.  SUunic  di-lodudlethide. 

[8n''(C«H»)»]".0        -    Sn«'|(^*)* 

8uiiaodladiyl>oxide.  SUnnic  oxjrdlechtd*. 

[an-(CTH»)«l-.80«     -    Sn-jtJ^;)! 
SUnnodiethyl-fulphate.       Stannic  •ulphatodicthlde. 

[8n"'(C^*)U  -     Sn'^U^"^*)* 

StamoCrtethyl-iodidfl.  Sunnic  lodotriethide. 

[tfX0«H»)TJ3         -    Sn»|^^*^ 
StaoDoCrlethyl-talphide.     Stannic  tulphotrieihidc 

Stannodiethyl-carbonate.  Sunnic  catbonatodtetliida. 

_  has  also  described  anumber  of  stannethyls,  which  cannot  be  included  in  eithsr 
of  the  preceding  groups ;  they  are  represented  by  the  following  formulae,  using  the  okl 
atomic  weights,  C  —  6,  8n  *  59: — 

Acetostannethyl,  an\C*H*y. 
Ethstannethyl,  Ai*(C*ir*)*. 
Badicle  not  named,  8n\&B*y. 
Methvlene-stannethyl,  Sn\C*H*y. 
Ethylene-stannethyl,  8n\C*II^)*. 

•Prankland,  Phil.  Trans.  18M  j  Ann.  Ch.  Pharm.  laaxv.  SS9;  cxi.  44  t  Jahretb.  18IS,  p.fi69 
IMS,  p.  411.— L o  w  1 K,  Ann.  Ch.  Pharm.  Ixxxin  306 :  Jahresb.  1R63,  p.  677— C a  h  o  u  r  s  and  R 1  c  h  a, 
Ann.  Ch.  Pharm.  Ixxxiv.  883;  Jahresb.  1853,  p.  676.~B nekton,  Ann.  Ch.  Pliarm. rix.  318 ;  cxii. 
flB;  JahTMb.  1896,  p.  883;  18fi9,  p.  409.— Cf a  h  o  u r  s.  Ann.  Ch.  Pharm.  caI?.  397,  354;  cxxii. 
«;  Jahresb.  1SA9,  p.  415;  IMl.  p.  549.— K  jlmii,  J.  pr.  Chem.  Ixxx.  60;  Jahruvb.  1860,  p.375.— 
Str  ackar,  Ann.  Ch   Pharm.  cv.  306;  cxxiii.  365 ;  Jahrc«b.  1858,  p.  387  ;  \W2,  p.  31»8. 


826  TIN-RADICLES,  ORGANIC. 

The  lait  two  are  poVjrmeric  with  stapnodiethyj,  8n(C*B^),  a^yording  to  Lowig.  All 
these  radidee  are  aaid  to  unite  with  1  at.  chlorine,  bromine,  iodine,  &c. 

Keknli  (Ann.  Ch.  Pharm.  exix.  190)  anpposea  these  anonuloiu  stannethyl-oov- 
pounds  to  be  deriTed  from  the  more  simply-constituted  radicles  aboTe  mentioned,  hj 
substitution  of  iodine,  chlorine,  &c  for  ethjl :  thas,  Lowigfs  iodide  of  acetostannethyi, 
Sn'(C*H*)*I,  might  be  derived,  in  this  manner,  from  a  double  molecule  of  staonodi- 
ethyl,  Sd*(C^*)*  ;  and  his  iodide  of  ethstannethyl,  Sn*(C*H*)*I,  in  like  mannei;  from  a 
double  molecule  of  stannotriethyl,  8n'(C*H*)*. 

Streeker  has  pointed  out  that  Lowigfs  methylene-  and  ethjiene-stannethyl  are  moA 
probably  identical  with  stannethyl,  and  that  the  componnds  described  hj  Lowig  as 
iodide  of  methylene-  and  ethylene-stannethyl  are  ozyiodides  of  stanneth^  cod- 
taining  SnXC*H*)«IH)  and  Sn'(C'H*)«PO*— compounds  which  Streeker  bas  actoaUy 
obtained  by  other  processes  (p.  827)*  In  bodies  whose  molecular  weights  an 
as  high  as  those  of  the  stannethyl-compounds,  the  quantities  of  oxygen  mdktt«d 
by  these  fonnuls  would  make  but  little  difference  in  the  percentage  of  the  other 
«tements. 

It  most  ftirther  be  obsesred,  that  the  existence  of  these  anomalous  itannethjlf 
is  by  no  means  well  established.  Lowig  nerer  succeeded  in  isolating  tbiSD 
completely,  or  in  preparing  their  compounds  in  a  pure  state ;  and  Cahours  was  nertr 
able  to  obtain  them  at  ^  howerer  much  he  might  vary  the  proportions  of  Um 
materials. 

Preparation  qf  Slanneikyls, — 1.  Finely-diyided  tinfoil  is  introduced,  together  wit^ 
three  times  its  weight  of  ethylic  iodide,  into  a  strong  glass  tube,  which  is  sMled  ud 
exposed  to  sunshine.  A  slow  reaction  then  takes  place,  requiiinf  sereFal  weeks'  expo- 
sure to  the  summer  sun  for  ita  completion ;  it  may»  howeyer,  be  greatly  aeoelerrt«d 
by  concentrating  the  rays  with  a  parabolic  reflector,  and  at  the  same  time  keeping 
the  tube  cool  by  immersion  in  water,  or  in  solution  of  cupric  sulphate ;  the  reactioo  it 
then  completed  in  a  frw  days.  The  product  soli<tifies  to  a  eryst^lino  mass,  consisting 
mainly  of  stannic  di-ioaodiethide,  Sn*'(C*H*)^*,  with  small  qnantitias  of  stu- 
nous  iodide  and  stannic  iodotriethide,  Sn*'(C*H*/I  (Frankland): 

2C«H»I  •»•  8n      -     8n{C*R*yi\ 
8C«H»I  +  Sn«    -    8n(C«H»)«I  +  SnP. 

2.  A  mixture  of  1  pt.  finely-cut  tinfoil  and  2}  to  3  pts.  ethylic  iodide,  is  enclosed  in  a 
sealed  tube,  and  heated  to  160^  in  an  oil-bath  for  20  or  30  hours.  After  cooling,  tbs 
contents  of  the  tube  are  found  to  consist  partjy  of  colourless  crystals  of  stannic  di- 
iododiethide  (iodide  of  stannodiethyi),  partly  of  yellowish  crystals  of  stannio 
iodotriethide  (iodide  of  stannotriethyl).  On  decanting  the  liquid  from  the  crystals, 
and  distilling,  a  small  quantity  of  ethylic  iodide  passes  over  firsts  then,  at  230°,  the 
stannic  iodotriethide ;  and  at  245°  the  atannic  di-iododiethide,'the  residue  oonsistiog  ot 
stannous  iodide.    (Cahours;  Riohe.) 

3.  Stannide  of  sodium,  prepared  by  fusing  6  pts.  of  tin  with  1  pt  of  sodium,  ia 
finely  pulyerised,  and  mixed  with  quarts-sand  in  the  proportion  of  1  pt  of  the  aUoy 
to  1 — 1^  pts.  of  sand ;  the  mixture  quickly  introducea  into  a  number  of  glass  flasks  of 
3  or  4  ounces'  capacity ;  and  a  quantity  of  ethylic  iodide  added,  sufficient  to  form  a 
thick  paste :  ike  flask  is  then  briskly  shaken,  and  a  distillation-tube  adapted  to  it 
The  action  commences  in  a  few  minutes,  and  is  completed  the  more  quicUy  in  propor- 
tion as  the  alloy  is  richer  in  sodium.  The  heat  which  it  derelopes  is  sufficient  toeauae 
the  excess  of  ethylic  iodide  to  distil  oyer,  after  which  the  flask,  while  yet  warm,  is 
closed  airtight ;  after  the  mixture  has  cooled,  the  treatment  with  iodide  of  ethyl  is 
renewed,  and  the  same  operation  repeated  till  a  samj^e  Of  the  contents  of  the  flask 
no  longer  giyes  off  hydrogen  when  thrown  into  water.  Tlie  dry,  dusty,  yrilowish, 
stinkine  mass,  obtained  in  this  manner  from  seyeral  flasks,  is  then  transferred  to  a 
bottle  filled  with  ether  (from  4|  to  5  pounds  to  the  contents  of  16  flaski^,  li^  to 
stand  for  an  hour  or  two,  and  frequently  shaken ;  after  which  the  dariL-brown  etbenal 
solution  is  poured  into  a  bottle  filled  with  carbonic  anhydride,  and  left  to  stand  for 
half  an  hour  or  an  hour,  whereupon,  especially  if  there  were  any  air  in  the  botUe,  a 
brown  substance,  which  dries  up  in  the  air  to  a  white  inodorous  mass,  separates  out. 
The  ethereal  solution  is  then  transferred  to  a  retxirt,  mixed  with  about  -^  of  its  bulk  of 
alcohol,  and  the  ether  is  completely  distilled  ofL  There  then  remains  a  dark  tuipco- 
tine-like  mass  [consisting,  according  to  Lowig,  of  the  radicle  Sn*(C^H*)^,  and  aa 
alcoholic  solution,  which,  when  decanted  and  left  at  rest,  deposits  a  large  qvantiu^  of 
yellow  oil,  frequently  separating,  after  some  time,  into  two  Uyers,  the  lower  of  which 
consists  niainly  of  stannous  ethide,  8n*(G'H*)',  or  stannodiethyi  Use  alco- 
holic liquid  decanted  from  tbe  yellow  oil  deposits,  on  addition  of  water,  a  netriy 
eolourless  oil,  the  first  precipitat4)d  portion  of  which  oonsii^  mainly  of  stannow 
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ctbide,  and  the  last  of  itaBBoaostannic  ethidf  .  r  urannotriethyl;  while  the 
intfliniediate  pofKiani  eontain  other  radicles  ^p.  825),  which,  tdter  coDveniou  inco 
Iodides,  majr  he  separated  by  fractional  crystallisation  (Lowig).  For  IZwigB  method 
of  separacing  these  sapposed  radicles,  see  'GmelirCa  Handbook,  iz.  93. 

•tansous  BtHlde*  or  StaimodtoUiyl,  Su'CC^H*)'.— The  method  last  described 
jrields  this  radide  oompantiTely  pure.  The  best  method  of  obtaining  it  huweror 
la  CO  immerse  a  strip  of  anc-plate  in  a  warm  solution  of  sfannodiethyl-chloride ;  it 
than  collects  at  the  bottom  of  the  ressel,  as  a  thick  yellowish  oil.    (Frank land.} 

Stannous  ethide  woold  probably  be  colourless  when  quite  pure.    It  has  a  specific 

Savity  of  1*658  at  16^,  does  not  solidify  at  — 12^,  and  cannot  be  distilled  without 
composition.  It  has  an  extremely  pungent  odour,  stronser  than  that  of  any  of  its 
eomponnds.  It  is  insoluble  in  water,  out  soluble  in  aleokM^  and  still  more  soluble  in 
wtktr, — ^It  absorbs  oxygm  from  the  air,  but  does  not  ftime  or  take  fire ;  it  reduces  nitrate 
cf  stfsrr  immediately,  with  separation  of  black  metallic  siWsr;  and  imites  directly 
with  ekhrine,  tfromitu^  and  iodine, — With  hydrochloric,  hydriodic,  hydrobromic,  and 
kjfdrofiuorie  acids,  it  forms  haloid  salts,  with  evolution  of  hydrogen.  When  heated 
'  to  15IP,  it  boils,  and  is  resolved  into  stannic  ethide,  Sn(CH*)\  which  distils  OTor,  and 
metallic  tin. 

Comfounds  of  SUannethul. — These  compounds,  which,  as  already  observed,  may  be 
regarded  as  belonging  to  the  stannic  type,  are  produced  either  by  direct  combination* 
or  by  double  decomposition  from  the  iodide. 

BaoMiDB,  Sn(C*H*)'Br'. — Produced  by  treating  an  alcoholic  solution  of  stannodi- 
ethvl  with  bromine,  or  by  dissolving  the  oxide  in  hydrobromic  acid ;  also,  together 
with  other  compounds,  by  heating  ethylic  bromide  with  tin  to  160^.  It  forms  long 
white  needles,  having  a  &int  camphorous  odour,  melts  when  gently  heated,  and  distils 
without  decomposition  at  232°.  Its  vapour-density  (taken  at  296^)  is  11*64 ;  by  calcu- 
lation (2  vols.)  »  11*74.  It  is  soluble  in  water  and  alcohol,  and  especially  in  ether. 
(Lowig;  Cahours.) 

Chlobidb,  Sn(CH*)*Cl*.— Obtained,  in  long  colourless  needles,  by  dissolving  the 
oxide  in  dilute  hydrochloric  acid,  and  evaporating  at  a  gentle  heat.  It  melts  at  60*^, 
-sublimes  when  slightly  warmed,  and  boils  without  decomposition  at  220®.  Vapour- 
deasitj  -  8*71  and  8*62  at  268''— 282<>  (Cahours);  calc  -  8*62.  It  has  a 
Btronger  odour  than  the  bromide,  is  moderately  soluble  in  boiling  water,  more  easily  in 
Bleohol  and  in  ether.    (Lowig;  Frankland;  Cahours.) 

When  ammonia  is  added  by  drops  to  a  boiling  alcoholic  solution  of  the  chloride,  till 
M  permanent  precipitate  b^ns  to  form,  this  precipitate  redissolved  by  addition  of  a 
Jitue  mors  of  the  stannodiethyl-chloride,  ana  the  liquid  left  to  cool,  white  shining 
Inmins  are  deposited,  consisting  of  stannodiethyl-oxychloride,Sn\C'H*)K)Cl'. 
(Strecker.) 

FLUOBiDB,Sn(C*H*)FP. — Obtained,  in  fine  crystals,  by  evaporating  the  solution 
of  Btannethyl-oxide  in  hydrofluoric  add. 

I UDIDB,  8n(CH*)1'. — This  compound  is  the  direct  product  of  the  action  of  ethylie 
iodide  upon  tin,  or  upon  sodium-stannide  containing  a  small  proportion  of  sodium, 
and  is  likewise  easily  produced  by  the  action  of  iodine  on  stannodiethyl  in  ethereal 
BolntioBu  It  forms  oolourless,  inodorous,  needle-shaped  crystals,  often  several  inches 
long,  melts  at  42°,  sublimes  at  160°  in  shining  needles  or  iaminsB,  and  boils,  without 
d«oompositioo,  at  246°.  It  dissolves  sparingly  in  cold,  more  easily  in  warm  water, 
•Ibo  in  cold  alcohol  and  ether.    (Lowie;  Frankland;  Cahours.) 

Tlie  warm  aqueous  solution  of  the  iodide,  mixed  with  a  small  quantity  of  anunonia, 
jkldB,  on  cooling,  an  oxyiodide,  Sn*(CH*)*PO*,  in  hard  prismatic  crystals^ 
■lig^y  soluble  in  water,  mora  soluble  in  alcohol  or  ether.  The  same  crystals  are 
obtained  by  boiling  oxide  of  stannethyl  with  an  alcoholic  solution  of  the  iodide. 
(Strecker.) 

Jodocffanide,  8n(CH*)*CyL — ^Produced  by  heating  equivalent  quantities  ofstann- 
cCihyl-iodide  and  silver-cyanide  with  a  small  quantity  of  anhydrous  alcohol,  in  sealed 
tabes  immersed  in  a  salt-bath.  By  evaporating  the  filtered  solution,  it  is  obtained  as 
m  eiTBtalline  powder. 

OxiDB,  8n(C|^^)*0. — Obtained,  as  a  white  powder,  by  evaporating  an  ethereal  solu- 
tion of  stannodiethyl  in  contact  with  the  air,  or  by  precipitating  a  solution  of  a 
■tannethyl-salt  with  ammonia.  It  is  tasteless,  inodorous,  not  volatile,  takes  fire  when 
hsatad  in  contact  with  the  air,  burning  with  a  bright  flame,  and  giving  off  fumes  d 
ttMinic  Qodde.  It  is  insoluble  in  water  and  in  ammonia,  nearly  insoluble  in  alcuhol 
and  8ther,but  dissolves  easily  in  dilute  acids  and  in  the  fixed  alkalis.  On  distilling  it 
exeess  of  aqueous  potash,  stannotriethylic  hydrate  passes  over  with  the 
Tvpoar,  and  stannate  of  potassium  remains  behind : 

3Sn(C«H»)H)   +   2KH0     =     K«SnO«  +   2Sn(C»H»)\H0). 
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Pentaehlorids  of  pkosphortts  acts  strongljr  on  stanoodietliyl-oxide  at  a  gntU  bnt, 
yielding  a  distillate  of  stannethyl-chloride  and  phoephorie  ozydilarideb  vhidi  naj  bt 
separated  by  water: 

Sn(C«H»)K)  +  PC51*    -    P0C1»  +  Sn(C»H»)«a»- 

OxTOBK-SALTB. — ^The  ttannodiethyl-salts  of  ozygen-aeids  are  fonned  by  di^ 
Bolving  the  oxide  in  the  respective  acios,  or  by  decomposing  the  iodide  with  rItvw 
salts.  They  are  ciystallisable,  inodorons,  soluble  in  alcohol  and  in  water,  less  solabU  « 
ether.    They  decompose  when  heated,  emitting  a  pungent  odour  like  that  of  mnstaid-oiL 

Acetate,  Sn(C-'H*)'(C'HH)*)>.— This  salt  separates,  on  gradnaUy  adding  sUiw. 
diethyl-oxide  to  boiling  dilute  acetic  add,  as  a  thick  oil,  whitdi  solidifies  to  s  on- 
talline  mass  on  cooling.  By  solution  in  alcohol,  and  slow  evaporation,  it  is  obiai£«4 
in  beautiful  tranmarent  prisms  or  tables.  When  heated,  it  partly  deeomposes,  partly 
sublimes  unaltered.    It  oissolTss  sparingly  in  water,  easily  in  aleobol  or  ether. 

Cyanatty  Sn(C^H*f(CNO)*.— Fkoduced  by  the  action  of  ailTer<yanate  oa  a 
akoholie  solution  of  stannodiethyl-iodide ;  oystallises  on  eraporating  the  sdii^ioa 
(Cahours.) 

Formate^  Sh((rH*)*(CHO*)'.— Stannethyl-«xide  ^pradually  added  to  diluts  frnii 
acid,  disBolTes  at  firsts  bi^  on  further  addition,  stannodiethyl-formate  separmtsa  as  a  tkik 
eoloarleas  oil,  which  solidifies  in  the  crystalline  form  on  cooling,  and,  when  rsoTMil* 
liscd  from  aloc^l,  forma  transparent  prisms.    (Cahours.) 

S%trat9e,—Tb%  mtmtrml  soft,  Sn(CH*)*(NO>)^  is  obtained  by  decomposi^  tb 
k>did«  with  nitrate  of  siItct,  or  by  dissolring  the  oxide  in  dilute  nitric  add,  isdii 
obtained  by  alow  eraporadon  in  rather  large  prisms.  When  heated,  it  Bfedts^  dM» 
pi^eea.  and  bazas  with  slight  detonstion.     It  is  easily  soluble  in  wat€sr  and  in  akoU 

iLowig:  Fr.iikU»d;  Caho«p.).-A4«ie«tnrt^  ^^;^^g^^|,  k  otaM 

by  deecmposisg  dke  azychloride  in  alcoholic  solution  with  nitrate  of  silver ;  the  aii> 
ttoa.  wbea  erapocftt^d.  yields  OTstals  nearly  insoluhle  in  water.     (Strecker.) 

Ox^Utu  9B<C=H>^C*aO.— PMinitated,  on  mixing  the  adutiona  of  amM^M- 
ox&liae  aad  scasaechji-iodide,  as  a  daoling-white  amor^ooa  powder,  innliUt  ■ 
w;i:»r.    v^ahoirs^'t 

5a:*ijr/.  ^C"H>'^S0«1l— Pre^ued  like  the  preceding  salts.  Beaati&l  a}i> 
^ftll:3i«  ioausK.  ac^£b^  ia  water  and  in  aleoboL    (Cahours;  Low  ig.) 

Jwnkr  aad  Vmtrittmie  meidg  behaTa  with  stannodiethyl-oxide  like  aestieadd;a 
K*L'i:&r  acl-aoea  of  saz^aae  add  disBolTea  the  oxide,  and  delda  haxd  nrMma  tm  mWIm. 


K*L'i3^  iCv3txxi  of  saztaae  add  disBolTea  the  oxide,  and  yielda  haid  ptisms  on  eoifiij^ 
— <«r«:  jni  aecs  ix  bke  maaner.    (Cahoura.) 

5Ti*sr9iL  SmCH*^ — Predpctated  as  a  white  powder,  on  paasiii^  ■'^■M'* 
acic  f«»  :2ucQ^  ax  adi  edasiun  of  a  staanodicchylic  salt.  It  has  a  pungnt  MaMBi| 
co-'or.  jik»  ^^  ef  d«cai«d  Luisfiatiish.  It  is  insoluble  in  dilote  adds  «i  a 
4rBBa.ntia :  9c2)ibM#  in  ic*:a«  hinbodiloDe  add,  potaah-ley,  and  snlphida  of  prtMinr; 
AAi  ia  ^t9spfSfc:ad  x=a::nd  finm  the  last  two  solationa»  oo  additioa  sf  mk 
vFra-xk.axi.^ 

<TL»socTAsaTiL  Si&OH*1^C5S1F.~FsnMd  by  prokogad  digwIioB  sf  M» 
«diy%-4Aadw  a  saw^kzoe  sdncaoa  with  solphocyanata  of  silver.  The  •oIalieB.e» 
iMOfsaaAi  Vy  ««as«ncaca.  yanUs  cokwzkwi  crrstals,  which  have  an  ^ii?«fnit  < 
aai  .BKVK^ww  wrhat  ^Hssad.  acsiag  b^aek  ani  giri^g  off  fetid  prodacti^ 

vKjasfc.  JlrfiiftrwKin*.— T^  rimni»a  of  this  compound  by  Lowigfs  ■<kdhi 
Swn  ftlr*ftkrr  Smct* 'xc  j.  $3iF'.  C^&rwrs  adis  cthylic  iodide  in  exeess  to  aa  sD^tf 
5V  Tcs^  -13  iac  itf  ^ck  ftACi-cK  B  a  rvcntt.  aad  after  the  spootanedus  nactieB  iitii; 
Smc»  -ijv  :rKR<riif  w>ci  %  muLL  ^jaaachy  of  cchylic  iodide  in  8tiT>ng  abas  tslw  ftr 
-w  ;^  *.txr»  X'  :5.*^^  Tbw  r^raCBSi  ef  the  tabea,  when  cold,  aie  addeoto  pvr  ite 
A.^  SL-SfT  Tw^-Toi.>«r  V-uTf  r:ncxB»  c^  idatioB  is  filtered  info  TtsKils  fiUfdnk 
ov-xnno  uii^ir*i».  wivRas«nt  ±  ^y.eJi  a  white  fioceoJent  mass.  Tlie  sdIim 
i  ^.'^<9C  :^S!nc^.'ai  :»  irsdidc  ^  na^^iq^i^  cf  its  original  Tolume ;  and  the  nddaiii 
TI..YA:   v*c}  lac  t:»  T»ai3W  jf  .riCaagy  a&eoboL  aad  farther  eiaporatad,  till  a  daf 


<v.<.-«*?^  «'l1  MCitw  ^-w3  71  "aar  S.'caaK  cf  a  viadd  eokmrisas  uqfuid.    Tbis  jfOiv 

ai  bHCar  to  170^—180^,  cmudtates  pas  Mat> 


7X1^'.     r^y  .r*a^vuias,.  a-Tu&ag  iz  Kalx ia»  is  a  aeariy  eolosrisss,  hasty,  4^1$ 
T-nr^-M^  jiL  ^"^"^  t  7«KUir  Miar^S^  that  of  lottea  fraits.    It  aail«dtaid( 
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Comg^nd$  of  SUmnotriethyl, 

ThM«  eomponndB  may  be  regarded  as  formed  by  the  imion  of  1  at.  iodine,  chlorine, 
frc.  with  I  at.  of  the  monatomic  radicle  Sn'^(CH*)',  or  as  stannic  moleoolea,  in  which 
thne  of  the  four  nnits  of  atomicity  of  the  tin  are  nentralieed  by  ethyl,  and  the  fourth  by 
a  D«f»HTe  radicle  (p.  826),  the  molecule  being  doubled  for  compounds  containing  diatomio 
Digadte  radidee,  such  as  S,  0,  S0^  &c ;  ;g. : 

8nlC«H»)».a     -     S°*^|^^*^' 

SUimotiiathyl.  SUnnic  chloro- 

chloride.  trltthidc. 

[8n-(C»H»)«]«^«    -     «I'jjgy 

SuoBoCrleChyUtulphatft.  SUnnlc  •alpbato* 

tri«thlde. 

Their  modes  of  fSonnation  are  analogous  to  those  of  the  stannethyl-compounds. 

Bbomidb,  Sn(CH*)*Br. — ^Hiis  salt  is  most  easily  obtained  by  treating  the  oside 
with  bjdiobn>mie  acid.  It  is  a  colourless,  mobile,  strongly  refracting  liquid,  of 
spseifle  gratity  1*630,  and  boiling  at  228^.  It  has  a  Teiy  pungent  odour,  like  that  of 
mustard-oil,  dliseolTcs  readilyin  ether  and  inalcohol,  even  when  oQlute,  but  TexTsparingly 
In  water  (Lowig;  Cahours;  Eulmis).  Vapour-density  i-  9*924  (Cahours); 
esle.  -  9*60. 

Cklobidb,  8n(C^*yCL — Obtained  by  dissolving  the  oxide  in  hydrochloric  add, 
or  (more  readily)  by  adding  that  add  to  an  aqueous  solution  of  the  sulphite.  It  is  a 
imnsparsnt,  colourless,  strongly  refracting  liquid,  haying  a  very  powerful  and  suiToca- 
tingodour.  ^)ecificgrayity » 1*428  at  8"* (Cahours),  1-820  (Kulmiz).  Eoilsat209^. 
T^K>ar-density  (obs.)  -  8*430  at  286^  ;  calc  »  8*33.  At  0^  it  solidifies  in  oolour- 
kcs  prisms.  According  to  Eulmis,  it  forms,  with  j^inie  chloride,  two  crystalline 
compounds,  containing  Sn«(C«H^)«Cl«.RCl«  and  Sn(C*H»)»CLPtCl*,  respectively.  It 
ako  forms  czystaUine  compounds  with  auric  and  mercurio  chloride, 

GxAifinB,  Sn(C*H*)*Cy. — ^When  stannotriethyl-iodide  and  silver-cyanide  aresently 
heated  together  in  a  retort^  this  compound  sublimes  in  snow-white  crystals,  wbicm  may 
be  freed  from  a  grey  substance,  often  adhering  to  them,  by  solution  in  alcohol  and 
spontaneous  evaporation.  It  forms  silky  flexible  prisms,  which  melt  when  gently 
heated,  and  sublime  without  decoiaposition.  When  quickly  heated  it  suffers  partial 
decompodUon.  It  is  nearly  inodorous  in  the  cold,  but  when  heated,  it  emits  an 
odour  like  that  of  prusdc  acid  and  Xht  stannotriethyl-compounds  together. 

HyD«AT«,®°"(^*^|0    -    Sn«^(C«H»)«(HO).— This  compound  is  separated 

from  solutions  of  stannotriethyl-salts  by  caustic  potash,  but  generally  remains  dis- 
•otred.  It  may,  however,  be  withdrawn  from  the  solution  by  agitation  with  ether, 
and  obtained  in  the  crystalline  form  by  leaying  the  ether  to  evaporate.  When  a  solu- 
tion of  stannotriethyl-iodide  is  distiUed  with  excess  of  potash,  the  hydrate  passes 
over  with  the  aqueous  yapour,  and  solidifies  in  the  crystalline  form  on  cooling  ;  and 
even  when  the  alkaline  solution  is  gently  heated  in  a  beaker-glass,  the  hydrate  gra- 
dually imblimes,  filling  the  entire  space  with  slender  crystals,  which  form  a  mara  like 
eotton  wool.  To  obtain  the  hydrate  frY)m  a  mixture  of  the  iodides  of  stannethyl  and 
stannotriethyl — such  as  is  ordinarily  produced  by  the  action  of  tin  on  ethylic  iodide — 
the  mixture  is  dissolved  in  alcohol ;  silver-oxide  is  added  as  long  as  diver-iodide  is 
thereby  produced ;  the  solution  containing  the  hydrate  of  stannotriethyl  is  filtered 
from  the  precipitate^  consisting  of  a  mixture  of  stannethyl-oxide.and  silver-iodide ;  and 
the  filtrate  eraporated  over  ou  of  yitrioL 

Stannotriethyl-hydrate  forms  colourless  prismatic  crystals,  moderatdy  soluble  in 
aleohol,  dther  anhydrous  or  bydmted,  easily  in  ether.  The  solutions  haye  a  strongly 
alkaline  reaction  and  caustic  taste,  pret*ipitate  most  of  the  heavy  metals  frt>m  their 
•ohitions  as  oxides  or  hydrates,  and  absorb  carbonic  acid  from  the  air.  The  hydrate 
neutralises  scids  completely,  forming  with  most  of  them  crystalline  salts. 

I o Di n B,  Sn(C'H*)*I.— This  compound  is  produced  in  small  quantity  wh^'n  tin  is 
hevfed  to  150^  with  ethylic  iodide,  more  abundantly  when  an  alloy  of  tin  and  sodium 
i»  uaed ;  also,  together  with  ethylic  iodide,  by  the  action  of  iodine  on  stannic  ethide  : 

Sn(C«H»)«  +  P     -     C«H»I  +  Sn(C«H»)»L 

The  best  mode  of  preparing  it  is  to  treat  an  alloy  of  7  pts.  tin  and  1  pt  sodium 
with  ethylic  iodide,  whereupon  a  brisk  action  takes  place,  accompanied  by  great  rise 
of  temperature.  As  soon  as  this  action  is  oyer,  the  reddue,  mixed  with  euiylic  iodide 
to  a  thin  paste,  is  enclof<ed  iii  sealed  tubes,  and  heated,  for  dehteen  or  twenty  hours,  to 
126*.  or  at  most  130^.    The  tubes,  when  cold,  are  opened,  the  contents  treated  with 
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etlier,  and  tJie  filtered  Bolation  eyaponted,  after  addition  of  a  little  alcohol.  On 
leaving  the  ether  to  evaporate,  a  yellowish  oil  eeparatee,  the  quantity  of  which 
increases  on  addition  of  water ;  and  on  distilling  this  oil  by  itseU^  pore  atannotrieth^ 
iodide  passes  over,  between  280^  and  285^.    (Cahonrs.) 

StaDootriethyl-iodide  is  a  oolooiless,  heavy,  strongly  refiraeting  limuid,  of  specific 
gravity  1883  at  22^,  and  boiling  without  deoomposition  between  285^ and  288^  (Ca- 
hours).  It  solidifies  in  a  mixture  of  carbonic  anhydride  and  ether.  It  has  a  pungent 
odour,  attacking  the  nose  and  eyes  like  oil  of  mustard.  It  mixes  in  all  proportjoM 
with  absolute  ^cohol  and  with  ether,  dissolves  sparingly  in  water,  eaaily  in  hydnt«d 
alcohoL  It  dissolves  iodine,  with  brown  colour  in  the  cold ;  but  on  heating  the  sohitioo 
the  free  iodine  disappears,  and  iodide  of  stannethyl  is  formed,  together  with  ioi^ 
«f  ethyl. 

Stannotriethyl-iodide  absorbs  ammtmuH;a»t  forming  the  compound  Sn(C"H*)'L 
3NH*,  which  may  be  obtained  in  thin  prisms,  by  adding  a  solution  of  the  iodids  to 
anl^ydrous  alcohol  saturated  with  ammonia-gas,  wanning  the  liquid  for  a  few  boon  in 
the  water^bath,  and  then  leaving  it  to  cooL  It  likewise  f<nm8  eiystalline  compoandi^ 
of  analogous  composition,  with  etk^lamine,  amylamms,  and  amliiu. 

Ox  IDS,  Sn*((>H*)'0.— Obtained,  by  prolonged  heating  of  the  hydrate  to  a  teope- 
rature  near  its  boiling-pointy  as  a  transparent  oil,  which,  when  nuxed  with  a  snail 
quantity  of  water,  is  reconverted  into  the  crystalline  hydrate.    (Cahoura.) 

OxTOBH-SALTs. — ^Thesc  salts  ate  obtained  by  dissolving  tbe  hydrate,  oxide,  or 
carbonate  of  stannotrietbyl  in  the  aqucms  acids,  or  by  decomposing  the  iodide  with 
ailver^salts.  They  are  mostly  crystalline,  and  dissolve  readily  in  wateiv  Bleohol,  and 
ether. 

Acetate,  Sn(0<H*)*(C'H'0').— FMpared  by  disserving  the  oxide  in  aeetle  add. 
Sli|^htl]r  soluble  in  water,  easily  in  alcohol,  whence  it  separates,  by  spontaneous  evapo- 
ration, in  tufts  of  white  silk^  needles.  It  melts  at  a  gentle  heat,  suUimes  at  a  some- 
what hi^er  tempetetnre  in  snowy  fiocks,  and  boils  without  deooanposition  at  880^. 
(Eulmis;  Gahours.) 

Arsenate,  Sn(C'H*)^A80*).— White  eiystalline  msas,  soluble  in  aleohol,  sad 
crystallising  thereftom  in  tufts  of  shining  needles.    (K ul  m i  i. ) 

Bensoate,  Sn(CH*)*(C'H*0*).— Obtained  by  double  decomposition  tea  the 
iodide.  Long,  transparent^  hisihly  lustrous  prisms,  which  melt  at  80^,  and  sablime 
without  decomposition  at  a  hi^er  temperature.  Sfniringly  soluble  in  water,  easily  in 
alcohol,  even  when  dilute.    (Kulmiz.) 

Butyrate,  Sn(C*H*WC«H'0*).— Thin  shining  needles,  sublimable  without  de- 
composition, slightly  soluble  in  cold  water,  moderately  soluble  in  alcc^l,  especiallj 
when  warm. 

Carbonate,  8n*|(C*H*]r(G0').— The  hydrate  absorbs  carbonic  add  i^om  the  air 
during  the  evaporation  of  its  alcoholic  solution.  The  alcoholic  solution  of  tiie  sulphate, 
mixed  with  carbonate  of  ammonium  or  carbonate  of  sodium,  deposits  stannotaethyl- 
carbonate  as  a  dazding- white  eiystalline  powder.    (K  u  1  m  i  s.) 

Cya  n  a  <0,Sn(CH*)"(CKO). — ^Prepared  by  ^^ually  adding  dry  emanate  of  silver 
to  an  alcoholic  solution  of  stannotriethyl-chlonde,  as  long  as  the  liquid  is  thereby 
coloured  ;«llow.  The  filtrate  left  to  evaporate  yields  the  salt  in  tufts  of  thin  piisnii, 
having  a  silky  lustre.  It  is  moderately  soluble  in  alcohol  and  in  ether,  is  oonveited 
into  carbonate  bv  exposure  to  moist  air,  gives  off  carbonic  anhydride  when  treated  nith 
strong  acids,  and  ammonia  when  boiled  with  potash. 

When  ammonia-ffas  is  passed  into  the  alcoholic  solution  of  this  salt,  and  the  liquid 
left  to  evapomU^  there  remains  a  substance  which  dissolves  partially  in  alcohol ;  and 
this  solution  yields,  by  evaporation,  long  coIoutImm  prisms,  regarded  by  Knlmia  and 

(CO)") 
Cahours  as  stannotriethyl-earbamide,         H*     VK*;  but  they  ax«^  P«hapa^ 

8n((?H»)«) 
only  a  mixture  of  carbamide  (urea)  with  a  salt  of  stannotriethyL   They  have  not  been 
anidysed. 

Formate,  Sn(C*H*)"(CHO').— Thin  prisms,  having  a  nlky  histre  iHien  diy,  melt- 
ing between  60^  and  60^,  and  then  subliming  completely ;  very  soluble  in  strong 
ala>hol.    (Cahours;  Kulmiz.) 

Nitrate,  Sn(C'H*)*(KO*).— Prepared  by  mixing  an  alcoholic  solution  of  the 
hydrate  with  nitric  acid,  then  adding  ether  and  enough  water  to  cause  the  liquid  to 
sepai^te  into  two  layers,  the  upper  of  which  contains  the  nitaate,  and  leaves  it  as  a 
syrupy  maas  when  evaporated.  When  cold  it  forms  a  transparent  van  tsh,  which 
dissolves  easily  in  alcohol  and  ether,  and  bums  away,  when  heated,  with  a  £^t  light, 
but  without  detonation.    (L  o  w  i  g. ) 
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Oxalate,  Sn*(CH>)*(C^O«)''.— A  Bolution  of  oxalic  acid  in  dilute  alcohol  tabMup  a 
large  quautity  of  stannotriethyl-hydrate,  and  deposits  the  oxalate,  on  eTaporation,  in 
shining  colourless  prisms,  sparingly  soluble  in  cold,  easily  in  warm  water,  alcohol,  or 
•ther.  It  is  inodorous  at  ordinary  temperatures,  but  decomposes  when  heated  abore 
100^.    (Cahours;  Eulmiz.) 

Phosphate,  l^^"''(^^7^'|(P0«r  -  2HT0^Sn"H^l*.— Obtained  by  treat- 
ing the  carbonate  with  dilute  phosphoric  acid  as  long  as  efTerrescence  is  produced,  as 
a  white  powder,  which  dissolves  in  very  dilute  alcohol,  and  separates,  on  eraporadon, 
in  tufts  of  transparont  shining  needles.  It  is  moderately  soluble  in  warm  water,  very 
••»luble  in  dilute  alcohol,  slightly  in  ether.  The  solutions  have  an  acid  reaction. 
(Kulmis.) 

Sulphate,  SnVCR^YiSO*)", — Separates  from  alcoholic  solution  in  nearly  trans- 
parent six-sided  prisms  with  six-sided  pyramidal  summits  (Kulmiz).  It  is  more  soluble 
m  cold  than  in  warm  water,  so  that  a  solution  saturated  in  the  cold  solidifies  almost 
eompletely  when  heated  (Buckton).    It  is  easily  soluble  in  alcohol.    (Cahours.) 

Tartrates.— The  neutral  salt,  Sn^C*H*)^C*H«0«)",  is  obtained  by  treatinff  the 
earbonate  with  excess  of  tartaric  acid,  dissolving  the  crystalline  deposit  in  dilute 
alcohol,  and  leaving  the  solution  to  evaporate.  It  forms  cubic  crystals,  which  melt  and 
decompose  at  a  rather  high  temperature.— An  acid  salt,  Bn\C'WyiC*K*0*y.C*BH>* 
•f  2aq.,  is  contained  in  the  mother-liquor  of  the  neutral  salt ;  and  on  leaving  this 
liquid  to  evaporato  completely,  washing  the  crystalline  residue  with  a  little  water  to 
remove  excess  of  tartaric  acid,  then  dissolving  it  in  aqueous  alcohol,  and  leaving  the 
solution  to  evaporate,  the  acid  tartrate  separates  in  well-defined,  shining,  rhombic 
crystals,  moderately  soluble  in  water,  easily  in  dilute  alcohol.    (Eulmiz.) 

A  few  other  ozysalts  of  stannotriethyl  have  been  prepared,  but  not  accurately  inves- 
tigated.— The  bramate  and  iodaie,  formed  by  the  action  of  bromine  or  iodine  on  an 
acholic  solution  of  stannotriethyl-hydrate,  separate  in  small  shining  crystals,  which 
detonate  slightly  when  heated  (L  o  w  i  g). — The  caproate,  eaprylate,  and  valerate  resemble 
the  acetate  and  butyrate.    (Cahours). 

SuLPHiDs,  8n'(C!^*)'S. — ^When  an  alcoholic  solution  of  the  hydrate  is  divided 
into  two  equal  parts,  one  portion  saturated  with  sulphydrio  acid,  and  the  second  por- 
tion added  after  the  excess  of  sulphydric  acid  has  been  expelled  by  evaporation,  the  sul- 
phide seoarates  as  a  heavy  oil,  which  may  be  dried  over  sulphuric  acid.  It  is  trans- 
parent^  has  an  amber-yellow  colour,  strong  refracting  power,  and  a  fetid  odour. 
(Cahours;  Eulmiz.) 

SuLPHTDBATK,  Sn(C*B[*)"(HS). — Obtained  by  saturating  a  solution  of  the  hydrate 
in  absolute  alcohol  with  sulphydric  acid  gas,  and  evaporating,  in  colouriess  needle- 
shaped  crystals  having  an  odour  of  mercaptan.    (Cahours.) 

SuLPEOCTAiTATB,  Sn(C^H*)*(CNS). — Obtained  by  heating  an  alcoholic  solution  of 
the  iodide  with  excess  of  silver-sulphocyanate  in  the  water-baUi,  and  evaporating,  as  a 
Tiscid,  slightly  amber-yellow  mass,  which  gradually  becomes  crystalline.  It  melts 
when  heated,  and  solidifies  again  in  the  crystalline  state  on  cooling.  It  dissolves  in 
alcohol  and  ether,  and  exhibits  the  general  reactions  of  the  two  sulphocyanates. 
(Cahours.) 

Stannle  BtlUde.  or  Staanotatrethjl,  Sn**(C*H^)^. — ^This  compound  is  pro- 
duced by  the  action  of  zinc-ethyl  on  iodide  of  stannodiethyl  or  iodide  of  stannotriethyl, 
the  iodine  being  replaced  by  ethyl : 

Sn(C«H»)n«  +  Zn''(C«H»)»     -     ZnP  +     Sn(C«H»)*. 
2Sn(C«H»)«I    +    Zn((?H»)«     -     Znl»   +   2Sn(C»H*)<. 

It  is  also  formed  b^  the  action  of  zinc-ethyl  on  stannic  chloride  (Buckton),  and 
lastly  in  the  distillation  of  stannous  ethide,  metallic  tin  being  separated  at  the  same 
time. 

To  prepare  it,  crystallised  stannodiethyl-iodide  (stannic  di-iododiethide)  is  gradually 
added  to  an  ethereal  solution  of  zinc-ethyl,  the  crystals  then  dissolving  with  moderate 
rise  of  temperature,  and  a  syrupy  liquid  being  ultimately  obtained.  If  this  liquid 
— ^which  should  contain  an  excess  of  zinc-ethyl— be  then  distilled,  the  boiling-^xjint 
quickly  rises  from  70^  to  180°,  and  the  greater  part  of  the  product  passes  over  between 
180°  and  200^,  while  zinc- iodide  and  a  small  quantity  of  zinc-ethyl  remain  in  the 
retort  The  distillate  contains  a  little  zinc-ethvl,  which  must  be  decomposed  by  water, 
with  addition  of  acetic  acid,  and  the  heavy  oil  which  then  settles  down  is  separated 
from  the  supernatant  watery  liquid,  dried  over  chloride  of  calcium,  and  rectified. 
(Frankland.) 

Stannic  ethide  is  a  transparent  colourlera  liquid,  of  specific  gravity  1*87  at  28^.  It 
lius  liquid  at  -13",  and  boils  at   181^     Vapour-dousity,  obs.  »  8*021  (Frank- 
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land);  calc.  ts  8*108.  It  has  a  faint  ethereal  odour,  and  a  somewhat  metaUie  hot 
not  unpleasant  taste.  It  is  inflammable,  and  bums  with  a  dark-blue-edged  flame, 
emitting  white  fumes  of  stannic  oxide.    In  ozysen-gas  it  bums  with  a  daauing  light 

Stannic  ethide  dissolyes  iodins  with  brown  colour,  which  g^radually  disappears.  If 
the  addition  of  iodine  be  continued  as  long  as  the  brown  colour  disappears  without  aid 
of  heat,  and  the  liquid  be  then  distilled,  eUiylic  iodide  and  afterwarai  stannotriethjl- 
iodide  pass  oyer  (Buckton;  Frankland).  When  the  action  of  the  iodine  ig 
assisted  by  a  gentle  heat,  the  decomposition  ^oes  further  in  the  same  direction,  and  a 
mixture  of  the  iodides  of  ethyl  and  stannodiethyl  is  obtained  (Cahours).  Lsstlj, 
when  stannic  ethide  is  somewhat  strongly  heated  with  excess  of  ioiiine  in  a  sealed  tobi^ 
iodide  of  ethyl  is  produced,  together  with  red  iodide  of  tin.    (C  a  hours.) 

Stannic  ethide  reacts  in  a  similar  manner  witli  bromins. 

Stannic  ethide  is  not  decomposed  by  teatfr,  neither  is  it  acted  on  by  strong  hfdroeUcrw 
acid  in  the  cold ;  but  on  heating  the  mixture  oyer  mereuiy  to  80^  or  90^,  bubhlsi  of 
hydrie  ethide  are  yezy  slowly  eyolyed,  and  fltannotmthyl-«hloride  if  pfodsoid 
(Frankland): 

Sn(C»H»)«  +  Ha    -     C^*.H  4-  an(CTtt*)Ha. 
According  to  Oahours,  the  reaction  takes  place  more  quickly  at  100^;  and  if  it  be 
longer  continued,  with  a  larger  excess  of  hydrochloric  add,  oystalliied  stannethjl- 
chloride  is  produced. 

Stannic  ethide  mixes  with  sfomiiff  chloride,  producing  oonsideraUA  rise  of  tenpeia- 
ture,  and  forming  chloride  of  stannotriethyl : 

8Sn(C«H»)«  +  8na«     -    4Sn(C«H*)«CL 

It  also  mixes  with  eklorids  of  ttatmetkyl,  but  without  acting  chemioally  i^od  it,  it 
least  at  moderate  temperatures.    (Buckton.) 

/9.  MBTHTL-COMPOUirDS:  STAVtrMBTHTLa.* 

These  oompounds  are  analogous  in  constitution  to  the  stannethyls,  wfaidi  thsj  alss 
resemble,  generally,  in  their  properties  and  modes  of  formation.  Their  namsi  snd 
formula  are  as  follows : 

Stannous  methide,  or  Stannodimethyl,  Sn*(OH')'.  

Stannoso-stannous  methide,  or  Stannotrimethyl,  Sr(Sn''(C!H')']. 
Stannic  methide,  or  Stannotetramethyl,  Sn'*(CH")\ 

The  first  is  a  diatomic,  the  second  a  monatomic  radicle ;  the  third,  in  which  the 
atomicity  of  the  tin  is  fully  satisfied,  does  not  act  as  a  radicle. 

There  are  also  tin-compounds  of  analogous  constitution,  containing  both  sUtji  and 
methyL 

Btannoos  Methide,  or  Stmimodlinefliyl,  Sn^OH*)' — ^This  oompoond  if 
formed  by  heating  methylic  iodide  with  an  alloy  of  1  pt.  sodium  and  5  pts.  tin,  in  sealed 
tubes  to  130^.  Sy  exhausting  the  contents  of  the  tubes  with  ether,  and  etapondnf 
the  solution  in  an  atmosphere  of  carbonic  anhydride,  it  is  obtained,  not  quite  ptirp,  m 
a  heavy  oily  liquid  hayinff  a  mouldy  smelL  It  is  insoluble  in  water,  easuy  solnblt  in 
alcohol  and  ether,  and  is  resolved  by  heat  into  stannic  methide  and  metallic  tin. 
The  alcoholic  solution  forms,  with  nitrate  of  silver,  a  black  precipitate  of  metallie 
silver. 

The  compounds  of  stannodimethyl  may  be  regarded  (like  those  of  stannodiethyl)  ai 
stannic  compounds,  in  which  two  out  of  tne  four  units  of  atomicity  of  the  tin  are  satis- 
fied by  methyl,  and  the  other  two  by  a  negatiye  radicle.  They  are  formed  either  by 
direct  combination,  or  ftom  the  iodide  by  double  decomposition. 

Bromide,  Sn(OH')'Br*. — Obtained  by  treating  the  oxide  with  excess  of  bydro- 
bromic  acid,  and  separates  from  the  concentrated  liquid  in  crystals,  which  may  be 
purified  by  recrystaliisation  from  alcohol.  They  are  colourless  prisms,  isomorpnou 
with  the  corresponding  chloride.  The  salt  boUs  without  decomposition  at  208®— 
210^.    It  is  moderately  soluble  in  water,  more  easily  in  aloohoL    (Ca hours.) 

Chloride,  Sn(CH'}H)l'. — Separates,  on  evaporating  a  solution  of  the  oxide  in 
excess  of  hydirochloric  add,  in  fine  prisms.  It  melts  at  90^,  and  boils  at  188® — W. 
Vapour-density,  obs.  (at  265  )  «*  7*781 ;  cak.  »  7*68.  It  dissolves  in  water,  more 
easily  in  alcohol  and  in  ether.    (Cahours.) 

Iodide,  Sn(CH*)'P.— Produced,  like  the  corresponding  ethyl-«nnpound.  In  tlie 
action  of  tin  on  methylic  iodide  in  sunshine  (Frankland),  or  with  aid  of  heat 
(Oa hours  and  Riche).  To  prepare  it,  2^  to  8  pts.  methylic  iodide  are  heated  with 
1  pt.  of  tinfoil  to  150^— 160^  in  sealed  tubes,  for  twdve  to  fifteen  hours.  The  tobei, 
after  co(ding,  contain  a  mixture  of  a  brown  liquid  and  sulphur-yellow  crystals,  and  on 

*  Fraokland,  Aim.  Ch.  Pharm,  Ixxxv.  M6{  Jahretb.  1851,  p.  ft71.^Cabourt  and  Riclit. 
Ann.  Ch.  Pharni.  IxxxvUL  S16 »  Jabreab.  1858,  p.  677.— C«hottra,  Ado.  Cb.  Phaim.  exir,  IQi 
Jabreab.  1859,  p.  486.  , 
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■nljaetiiig  this  mixture  to  fracfional  distillation,  methylic  iodide  paseee  orer  fint 
After  wliich  the  boilioff-point  gradually  rises  to  280°,  and  at  last  nothing  but  red  iodide 
of  tin  is  left.  The  distillate,  on  cooling,  deposits  yellow  crystals  of  stannic  di-iodo- 
dimethide,  and  the  mothbr-Iiquor  decanted  therefrom  consists  chiefly  of  stannic  iodo- 
trimethide ;  but  if  it  be  again  rectified,  the  portion  which  last  goes  over  will  yield  an 
additional  quantity  of  stannic  di-iododi  methide.  The  crystals  are  pressed  between  paper, 
then  dissolved  in  a  mixture  of  alcohol  and  ether ;  and  by  leaving  this  solution  to  evapo- 
rate in  a  shallow  vessel  over  oil  of  vitriol,  in  a  dark  place,  crystals  of  considerable  sice 
may  be  obtained. 

Stannic  di-iododimethide,or  iodide  of  stannodimethyl,  forms  oblique  rhombic  ciystalst 
which  become  somewhat  opalescent  on  exposure  to  the  air.  It  melts  at  about  30^  to 
»  liquid  resembling  melted  sulphur ;  and  by  piercing  the  crust  which  forms  on  cooling, 
and  pouring  out  the  stiU  remaining  liquid,  it  may  be  obuined  in  well-defined  rhombic 
prisms.  Specific  gravity  -  2*872  (at  22^).  It  boils  regularly  at  228°.  It  dissolves  in 
water,  especially  when  warm,  and  very  easily  in  alcohol,  wood>spirit,  acetone,  or 
ether.  Ammoma  separates  white  stannethyl-oxide,  insoluble  in  excess  of  nwiTn^iV, 
(Cab  ours.) 

Oxide,  8n(CH')H). — The  precipitate,  obtained  in  the  manner  just  mentioned,  forms, 
when  washed  with  dilute  aloonol  and  dried,  a  white,  amorphous,  tasteless  powder,  in- 
soluble in  water,  alcohol,  ether,  and  aqueous  alkalis.  When  heated,  it  decomposes, 
giving  off  the  odour  of  stannotrimethyl-oxide.  When  stannodim ethyl-oxide  is  heated 
with  excess  of  potash,  stannotrimethyl-oxide  volatilises  with  the  aqueous  vapour,  and 
■tannate  of  potassium  remains  behind : 

3Sn(CH")«0  +   2KH0     -     K«8nO»  +  Sn«(CH«)«0  +  HK). 

Oxyaen'salts. — Most  acids  dissolve  the  oxide  of  stannodimethyl,  forming  crys- 
tallisable  salts.~The  formaU,  8n(CH")XCH0')',  crystallises  in  fine  prisms,  which, 
when  heated,  partly  decompose,  partly  sublime  unaltered. — The  butyrate  and  acetaU 
closely  resemble  the  formate. — ^The  caprylaft  and  valerate  crystallise  easily,  and  are 
soluble  in  alcohol. — The  iulphate,  Sn(CH')'SO*,  obtained  by  decomposing  the  iodide 
with  silver-sulphat4),  or  by  dissolviDg  the  oxide  in  a  slight  excess  of  dilute  sulphuric 
acid,  and  evaporating  over  oil  of  vitriol,  crystallises  in  colourless  prisms,  often  of  con- 
siderable size.  It  IS  soluble  in  water,  especially  when  warm,  nearly  insoluble  in 
alcohol  even  at  the  boiling  heat.  It  decomposes  completely  when  heated,  emitting  a 
pungent  odour.    (C  a  h  o  u  r s.) 

•tMmoaoatannlo  Kefhtde,  or  StamiotrlmetlijI,  Sn'"(CH')*.~This  radicle 
is  not  known  in  the  free  state.  Its  compounds,  which  may  be  regarded  as  stannic 
molecules  containing  3  at.  methyl  and  1  at.  of  a  negative  radicle,  are  produced  by 
aereral  reactions : — 

1.  The  iodide  is  formed,  together  with  stannodimethyl-iodide  (p.  832)  and  stannic 
iodide,  by  the  action  of  tin  on  methylic  iodide  at  130° — 160^ : 

6(CH«)I  +   Sn«     -     Snl«  +   2Sn(CH«)"I. 

2.  The  iodide  is  formed,  together  with  methylic  iodide,  by  the  action  of  iodine  on 
■tannic  methide  at  ordinary  temperatures : 

8n(CH«)<  +  P    =     CH"I  +  8n(CH»)»I. 

3.  The  oxide  is  formed,  together  with  stannic  oxide,  by  boiling  stannic  di-iododl« 
mothide  with  excess  of  potash : 

88n(CH»)*I»  +   3K»0     -     8n»(CH>)K)  +  SnO»  +  6KI. 

The  iodide,  Sn(CH')1,  is  best  prepared  by  heating  tin  with  methylic  iodide  to 
100^ — 160°  in  sealed  tubes,  and  separating  the  stannodimethyl-iodide  formed  at  the 
Mme  time,  b^  repeated  rectification.  The  portion  which  passes  over  between  180°  and 
200^,  tf  re^ified  till  it  no  longer  becomes  turbid  on  cooling,  and  no  longer  deposits 
cryitals  of  stannic  iodide,  yields  pure  stannotrimethylic  iodide.    (Cah  on  r  s.) 

Thif  iodide  is  a  thin  odourless  liquid,  of  specific  gravity  2*163 'at  18°,  and  boiling  at 
188^^190°.  Vapour-density  (at  260°)  -  10*326;  calc.  »  10049.  It  has  a  pungent 
odour  like  that  of  mustard-oil,  but  not  so  stit>ng  as  that  of  the  corresponding  eUiyl- 
oompound.  It  remains  liquid  at  the  temperature  of  a  mixture  of  ice  and  salt,  but 
soliaifies  immediately  at  that  of  a  mixture  of  ether  and  scdid  carbonic  anhydride. 
(Cabours.) 

Oxide  and  ffydraie. — When  the  iodide  is  mixed  with  excess  of  potash  ley.  the 
hydrate  remains  dis8olved,  but  passes  over  on  distilling  the  liquid,  and  cdlects  m  the 
receiver,  together  with  water,  as  an  oil  which  solidifies  to  a  crystalline  mass ;  and  by 
pceesing  this  mass  between  paper,  and  again  rectifying  it  may  be  obtained  in  colourless 
transparent  prisms.    It  volatilises  without  decomposition,  but,  when  heated  for  some 

Vol.  V.  3  H 
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time  to  a  temp«ratare  near  its  boiling-point,  it  ie  resolTed  into  water  and  anhyditmi 
■tannotrimetlijrl-oxide.  It  is  sparingly  soluble  in  water,  more  soluble  in  aloob<d ;  the 
solutions  are  alkaline,  and  neutralise  the  strongest  acids. 

Oxygefi'Malta, — These  salts  are  nearly  all  soluble,  czTstallise  easily,  are  isomoN 
phous  with  the  corresponding  stannotriethyl-salts,  and  volatilise  without  decompoti- 
tion,  emitting  a  pungent  odour. 

Formate^  Sn(CH')'(CHO'). — Somewhat  concentrated  formic  acid,  added  to  a  sitn- 
rated  solution  of  the  oxide,  produces  a  precipitate  which  redissolves  on  heating  ibe 
liquid,  more  easily  on  addition  of  alcohol.  The  solution,  if  leil  to  evaporate,  yields 
fine  prismatic  crystals,  which  melt  at  a  gentle  heat,  and  sublime  without  decoropon- 
tion  at  a  higher  temperature.  They  dissolve  easily  in  alcohol  and  ether. — ^The  oaUUe^ 
Sn(CH*/(C?HH)'),  is  prepared  like  the  formate,  which  it  resembles  in  eztenud 
chaiaeters.    It  volatilises  without  decomposition,  dissolTes  easily  in  alcohol,  l«ei 

It 

•asily  in  water.  —The  mUphaUt  8n*(CH*)*(S0*)'',  crystallises  in  small,  colourless,  shinrag 
prisms,  easily  soluble  in  wat«r  and  in  alcohoL    (C  a  h  o  n  r  s.) 

taante  MetMtfe,  or  ■taanof  trmmethyl,  8n(CH»y.  Stamnodimeth^,  Sim- 
nobimethyl, — ^This  compound  is  produced  by  the  action  of  sino-mathyl  on  stannic  di- 
lododimethide,  or  stannic  iodotrimethide,  thus : 

8n(CH»)«I«  +  Zn(CH»)«     «    ZnP  +     8n(CH«)«. 
2Sn(CH«)^    +  Zn(CH«)«    -    Znl«  +  28n(CH»y. 

Also,  together  with  metallic  tin,  by  the  distillation  of  stannous  methide:  28n(CH')^ 
-  8n(CH»)*  +  8n. 

It  is  a  liquid  having  an  ethereal  odour,  and  boiling  at  140^ — 145^.  Iodine  oonvetti 
it  into  methylie  iodide  and  stannic  iodotrhnethide. 

By  the  action  of  linc-ethyl  on  stannic  iodomethidee,  and  of  sne-methyl  on  stanoie 
iodo-ethides,  stannic  compounds  are  produced,  containing  both  ethyl  and  methyl,  m: 

2Sn(CH")«I     +  Zn(C»H»)«     -     ZnP  +  2Sn(C«H»XCHV. 
8n(C«H»)«I«  +  Zn(CH")«      -     ZnP  +     8n(C"H*)«(CH*)«. 
2Sn(C*H*)^    +  Zn(CH»)«      -     Znl«  +  2Sn(CrH»)»(CH»). 

StAimio  Bthotrlmetlilda,  Sn(CH*XOH")",  is  prepared  by  ^;radually  adding 
stannic  iodotrimethide  to  sine-ethyl  in  a  vessel  cooled  bv  immersion  in  cold  water,  the 
zinc-ethyl  being  kept  in  excess.  On  distilling  the  product^  and  mixing  the  distillate 
with  water  containing  a  little  acetic  add,  stannic  ethotrimethide  separates  as  a  heavy 
oil,  which  is  to  be  washed,  dried  with  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  of  specific  gravity  1*248,  and  boiling  between  123^  and  128^. 
Vapour-density,  obs.  ^at  200°)  —  6*716 ;  o^c.  «>  6*65.  It  has  an  ethereal,  somewhat 
pungent  odour.  'WltJi  iodine  it  fbrms  ethylic  iodide  and  stannio  iodotrimethide 
(Cahours): 

8n(C«H»XCH«)"  +  P    -     C^»I  +  Sn(CH»)«L 

StMuiie  IMetliotflmethidet  Sn(C*H*)*(CH*)*,  is  obtained  by  gradually  adding 
stannic  di-iododiethide  to  an  ethereal  solution  of  sine-methyl,  keeping  the  latter  ii 
excess,  and  proceeding  as  in  the  preparation  of  the  last-described  compmind. 

It  is  a  clear  colourless  liquid,  having  a  faint  ethereal  odour,  and  metallic  taste. 
Specific  gravity  -  1*282  at  19^.  It  remains  fluid  at  - 13°,  and  boils  between  144° 
and  146°.  Vapour-density,  obs.  (at  199°)  ■•  6*838;  cale.  »  7'188.  It  is  easily  set  on 
fire,  and  is  decomposed  by  chlorine,  bromine,  and  iodine,  which  takeftom  it  1  at  methjrl 

Iodine  dissolves  in  the  liquid  with  carmine-red  colour,  which  disappears  slowly  in 
the  cold,  more  quicklv  on  application  of  heat.  On  adding  an  excess  of  iodine,  remoring 
this  excess  after  a  while  by  means  of  metallic  mercury,  and  distilling,  methylie  iodide 
passes  over  first ;  the  boiline-point  then  quickly  rises  to  207°,  at  which  temperatme 
very  little  passes  over ;  and  there  remains  a  straw-coloured,  somewhat  oily,  intolerably 
pungent  liquid,  having  a  specific  gravity  of  2*033  at  16^,  and  the  oomooeition  of 
staiinosoetannic  iododiethide,  Sn*'(C''H*)'L  It  remains  liquid  at  — 13°,  and  begins  to 
boil  at  208° ;  but  the  temperature  quickly  rises,  and  at  230°,  an  abundant  separation 
of  iodide  of  tin  takes  places.  The  liquid  is,  perhaps,  a  mixture  of  stadnic  di-iododi- 
ethide,  Sn(C*H»)«I»,  and  stannous  ethide,  Sn(C»H»)*     (Frankland.) 

8tannic  diethodimethide,  treated  with  aqueous  hydrochloric  add,  gives  off  a  mixtori 
of  ethylic  and  methylie  hydrides  (more  than  four  times  as  much  of  Uie  former  at  of  the 
latter),  and  is  converted  into  a  crystalline  salt,  probablv  a  mixture  of  stannio  dichloro* 
diethide  and  stannic  dichlerodimethide.    (Frankland.) 

Staimlo  THethometmae,  Sn(C*H*)*(CH'),  is  produced  by  the  action  of  stannie 
lodotriethide  on  zinc-methvl,  and  separates,  on  treating  the  distillate  with  acidulated 
water,  as  a  heavy  oil,  which  may  be  purified  as  above.    It  is  a  colQUrless  liquid,  baring 
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ftn  •Iheraal  odour,  boiling  at  162^ — 163^  and  is  oonverted  by  iodine  into  methylie  iodide 
and  stannic  iodotriethide.    (Cahours.) 

f,  Amtl-compounds:  Stannamtls. 

These  compounds,  inrestigated,  under  L5wig^s  direction,  by  A.  Grimm  (Ann.  Ch. 
Pharm.  zdi.  383 ;  Jahresb.  1854,  p.  543),  are  produced  by  the  action  of  amylic  iodide 
on  an  alloy  of  1  pt.  sodium  and  6  pts.  tin,  the  process  beinff  conducted  as  in  Lowig^s 
method  of  preparing  the  stannethyls  (p.  826).  The  distilled  product  contains  Uie 
compounds  Sn'XC*H")«,  [.Sn*'(C*H")«]«,  and  Sn''(C»H'»)*,  homologous  with  the  stann- 
ethyls, and,  according  to  Grimm,  also  a  compound  containing  SnXC*H")F. 

The  staunamyls  are  unctuous  masses,  insoluble  in  water,  easily  soluble  in  ether,  and 
more  soluble  in  alcohol  in  proportion  as  th^  contain  less  tin.  They  hare  not  a  rery 
pungent  odour,  and  do  not  fume  in  the  air.  Tney  reduce  silver-solution,  and  are  oxidised 
with  great  yiolence  by  nitric  acid.  Bromine  also  acts  violently  on  them ;  and  iodine, 
in  alcoholic  solution,  attacks  them  with  evolution  of  heat.  Their  ethereal  solutions 
oxidise  when  evaporated  in  contact  with  the  air.  The  oxides  have  an  alkaline  reaction, 
dissolve  in  adds,  and  are  separated  from  the  solution  by  ammonia.  Neither  the 
radicles  nor  their  compounds  can  be  volatilised  without  decomposition.  According  to 
Grimm,  all  the  stannamyls  above  mentioned  act  as  radicles,  uniting  with  oxygen, 
chlorine,  iodine,  &c.  With  respect  to  stannic  amylide,  SnCCH*)^,  however,  this 
statement  is  very  improbable,  inasmuch  as  the  corresponding  ethyl-  and  methyl-com- 
pounds react  as  saturated  molecules,  not  as  radicles.  Altogether,  the  investigation  of 
tiie  stannamyls  must  be  regarded  as  imperfect;  they  have  not»  indeed,  been  separated, 
one  from  the  other,  with  sufficient  accuracy  to  give  any  value  to  the  special  description 
their  properties,  or  of  those  of  their  compounds. 

Syn.  with  Ttbolitb. 

TITAVZO  AOZB.I      ^^  TrTAKiUM  (p.  844). 
'  TZTAVZnsSOOS  ZSOV.    See  Titanatbs  or  Iboh  (p.  846). 

TZTAVXTB.  Syn.  with  Sfhxnb  (p.  398).  Hautefeuille  (Compt  rend.  lix. 
698 ;  Jahresb.  1864,  p.  216)  has  obtainea  crystals  having  the  form  and  composition  of 
sphene,  by  fusing  in  a  platinum  crucible  a  mixture  of  3  pts.  silica  and  4  pts.  titanio 
oxide  covered  with  chloride  of  calcium.  If  a  small  quantity  of  manganous  chloride 
be  added  to  the  mixture,  crystals  of  greenovite  are  obtained.  If  the  mixture,  in  the 
fused  state,  be  exposed  to  an  atmosphere  of  aqueous  vapour  and  carbonic  acid,  or 
(better)  of  air  saturated  with  aqueous  vapour  and  hydrochloric  add,  crystals  of  perows- 
k  i  te,  Ca Ti'O',  are  obtained.     (See  Tttamates,  p.  846.) 

TZTAJIIUM.  Symbol,  Ti ;  Atomic  weight,  60. — A  metallic  element  discovered, 
in  1789,  by  Gregor,  in  the  menaccanite  (titaniferous  ironsand)  of  Cornwall,  and 
thence  named,  by  Kirwan,  Menaehin.  Klaproth,  in  1796,  discovered  a  new  metal 
iu  nitile,  which  he  called  Titanium ;  but  on  subsequent  investigation,  in  1797,  be  found 
that  this  metal  was  identical  with  the  menaehin  of  Gregor.  The  name  titanium  has, 
however,  been  universally  adopted.  The  preparation  and  properties  of  titanium  and 
its  compounds  have  been  studied  chiefly  bv  Berzelius,  Wohler,  and  H.  Rose. 

Titanium  is  one  of  the  rarer  metals,  and  is  never  found  in  the  metallic  state.  The 
most  important  titanium  minerals  are  rutile,  brookite,  and  anatase,  which  consist  of 
titanic  oxide,  TiO',  and  the  several  varieties  of  titaniferous  iron,  consisting  of  ferrous 
titanate,  sometimes  alone,  but  more  generally  mixed  with  ferric  or  ferroeo-ferric  oxide. 
Titanium  likewise  occurs  native,  as  titanate  of  caldum,  in  perowskite ;  as  silico-titanate 
of  caldum  in  sphene  or  titanite;  and  as  titanate  of  cerium,  yttrium,  &c.,  together  with 
tantalates  and  niobates,  in  eschynite,  euxenite,  polymignite,  polycrase,  and  pyrochlore. 
Small  quantities  of  titanium  are  found  also  in  many  iron-ores,  and  it  has  been  detected 
by  Mazade  (Compt.  rend,  xxxiv.  952)  in  the  mineral  water  of  Negrac  (D^p.  d'Ar^e) 
in  France. 

When  titaniferoos  iron-ores  are  smelted  in  the  blast-furnace,  small  cubic  aystals  of 
ft  bright  copper-colour  are  found  on  the  slag  which  adheres  to  the  lower  part  of  the 
ftimace.  These  crystals  were  long  snpposeid  to  be  metallic  titanium,  but  Wohler 
(Ann.  Ch.  Pharm.  Ixxiii.  84)  has  shown  that  they  also  contain  carbon  and  nitro- 
gen,— ^being,  in  fiict,  a  compound  of  cyanide  of  titanium  with  nitride  of  titanium, 
TiCy«.3N»Ti". 

Pure  titanium  is  obtained  by  heating  the  double  fluoride  of  potassium  and  titanium 
with  potassium  in  a  covered  crucible.  The  metal  is  then  set  free,  with  vivid  incandes- 
cence, and  the  fluoride  of  potassium  may  be  removed  by  washing  with  water.  Titanium 
thus  obtained  is  a  dark-green,  heavy,  amorphous  powder,  which  does  not  exhibit  any 
nhade  of  copper-colour,  even  after  pressure :  under  the  microscope  it  appears  as  a 
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cemented  mass,  liaying  the  colour  and  lustre  of  iron.  Metallic  titanium  is  alto 
obtained  by  mizine  titanic  oxide  with  one-eixth  of  its  weight  of  charcoal,  and  exponing 
it  to  the  strongest  neat  of  an  air-furnace.  It  was  thus  obtained,  in  the  form  of  « 
copper-coloured  or  gold-coloured  powder,  by  Vauqnelin,  Lampadius,  and  others ;  but 
possibly  the  charcoid  which  they  ushI  may  haye  contained  nitrogen,  and  that  element 
may  have  united  with  the  reduced  metaL 

Pure  titanium  (prepared  from  the  double  flnoride)  bums  with  great  splendour 
when  heated  in  the  air,  and,  if  sprinkled  into  a  flame,  is  consumed,  with  brilliant  scin- 
tillations, at  a  considerable  distance  above  the  point  of  the  flame.  When  heated  to 
redness  in  oxygen-gas,  it  bums  with  a  splendour  resembling  a  discharge  of  electricity. 
In  chlorine-gas  it  exhibits  similar  phenomena,  requiring  also  the  aid  of  heat  to  set  it 
on  flre.  Mixed  with  red  lead  and  heated,  it  bums  with  such  violence  that  the  maw  it 
thrown  out  of  the  vessel  with  loud  detonation.  Titanium  does  not  decompose  water 
at  ordinary  temperatures,  but  on  heating  the  water  to  the  boiliog-point,  hydrogen 
begins  to  escape.  Warm  hydrochloric  acid  dissolves  titanium,  with  brisk  evolution  of 
hydrogen.  Ammonia  added  to  the  solution  throws  down  a  black  oxide;  and  on 
heating  the  liquid,  hydrogen  is  evolved ;  and  the  precipitate  flrst  turns  blue,  and  is 
afterwards  converted  into  white  titanic  add. 

Titanium,  in  its  most  important  compounds,  is  tetratomic,  titanic  oxide  being  TiO*, 
and  the  corresponding  chloride,  TiCl*,  analogous  to  the  oxide  and  chloride  of  silicon; 
it  also  forms  a  sesquioxide,  Ti'O*,  and  a  corresponding  trichloride,  TiCi*. 

TXTAHXUBIt  AZAOTS  OV.  These  alloys  have  not  been  much  examinied.  A 
compound  of  titanium  and  aluminiimi,  AlTi,  is  obtained  by  exposing  10  pis.  titaaie 
oxide,  80  pts.  cryolite,  and  30  pts.  of  a  mixture  of  equal  weights  of  potassium-  and 
Nodium-chiorides,  for  an  hour,  to  the  heat  of  melting  silver,  and  dissolving  o>Qt  the 
excess  of  aluminium  from  the  resulting  regulus  with  hydrochloric  acid.  It  fbnai 
pinchbeck-brown,  microscopic,  quadratic  laminae,  whidi,  when  heated  in  hydrochloric 
add  gas,  are  resolved  into  chlonde  of  aluminium  and  chloride  of  titanium.  (Wohler 
and  Michel,  Ann.  Ch.  Phann.  cxiii.  248 ;  czv.  102 ;  Jahresb.  1860,  p.  129.) 

Respecting  the  alloys  of  titanium  and  iron,  see  Ibon,  iii.  870. 

TZTAHXUBIt  BSOamiB  OV«  Only  one  bromide  of  titanium  is  known, 
namely  the  tetrabromide,  TiBr^,  which  is  obtained  by  passing  bromine-vapour  orer 
an  iffnited  mixture  of  charcoal  and  titanic  oxide.  It  then  distus  over  as  a  red  liquid, 
whidi  solidifies  in  tiie  receiver  to  a  crystalline  mass.  When  £reed  from  excess  of 
bromine  by  redistillation  with  mercury,  it  forms  an  amber-yellow  mass,  having  a  beau- 
tiful crystalline  strocture  and  a  density  of  2*6,  melting  at  SO^',  and  boiling  at  280^.  It 
quickly  absorbs  moisture,  and  in  contact  with  water,  is  resolved  into  hydirobromicaeid 
and  titanic  add. 


IB   OV«    Titanium  forms  two  chlorides,  TiCPand 
TiCK 

The  Triehloride,  or  7Htanou»  CHloridBf  discovered  by  Ebelmen  (Ann.  Ch. 
Phys.  [3J,  XX.  885),  is  produced  by  the  action  of  hydrogen  on  the  tetrschloride.  To 
prepare  it,  pure  and  dry  hydrogen-gas  is  passed  into  titanic  chloride  contained  in  « 
tvbulated  retort,  by  means  of  a  delivery-tiA>e  dipping  into  the  liquid.  To  the  neck  of 
the  retort  is  adapted  a  tube  of  ^lass  or  porcelain  (if  of  glass,  it  should  be  wrapped  in 
copper-foil),  which  passes  horizontally  through  a  furnace,  projecting-  considerablv 
b^ond  it,  and  terminating  in  a  tubulated  receiver  to  collect  the  titapic  chloride  which 
passes  undecomposed  through  the  tube.  As  soon  as  the  apparatus  is  completely  filled 
with  hydrogen,  the  tube  is  heated  to  redness,  and  the  retort  containing  the  titanic 
chloride  is  gently  warmed.  Titanous  chloride  is  then  produced,  and  condenses  is  the 
part  of  the  tube  which  projects  beyond  the  furnace,  the  process  being  finished  as  soon 
as  all  the  titanic  chloride  is  driven  out  of  the  retort  The  prqjecting  part  of  the  tube 
is  then  to  be  gently  warmed,  while  hydrogen  is  continually  pasted  through  it  in  order 
to  drive  all  the  undecomposed  titanic  chloride  into  the  receiver,  and  the  titanous 
chloride  is  then  left  to  cool  in  the  current  of  hydrogen. 

Titanous  chloride  forms  dark-violet  scales,  having  a  strong  lustre.  When  heated  in 
a  porcelain  dish  in  contact  with  the  air,  it  gives  off  vapours  of  titanic  chloride,  and 
leaves  titanic  oxide.  It  deliquesces  in  tlie  air  at  ordinary  tempemtures,  and  is  giadu* 
alljr  decomposed  in  the  same  manner.  Titanous  chloride  dissolves  in  water,  forming 
.a  violet-red  solution,  which  gradually  loses  its  colour,  and  deposits  titanic  add.  From 
the  aqueous  sohition,  alkalis  and  alkaline  carbonates  throw  down  dark-brown  titsnous 
hydrate ;  the  same  precipitate  is  formed  by  sulphide  of  ammonium ;  sulphuric  add  pro- 
duces no  reaction.  The  solution  of  titanous  chloride  is  an  extremely  powerfiil  deoxi- 
dising agent,  redudng  the  noble  metals  from  their  solutions,  oonveiting  cupric  and 
ferric  salts  into  cuprous  and  ferrous  salts  respectively,  and  separating  sulphur  from 
.sulphurous  add  when  heated  therewitii.    (ITbelmen.) 
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A  riolet-red  solution  of  titanous  chloride  is  also  produced  by  boiling  or  digestinc  li 
■olution  of  titanic  acid  in  hj'druchloric  acid  with  finely-divided  silver,    (v.  KobelT.) 

Tetrachloride  of  Titanium,  or  Titanic  Chloride. — This  compound  is  pro* 
duced  by  heating  titanium,  or  nitride  of  titanium,  in  chlorine-gas.  It  is  preparea  in 
the  same  manner  as  chloride  of  silicon — namely,  by  mixing  finely -divided  titanic  oxide 
to  a  paste  with  oil  and  charcoal,  heating  the  mixture  in  a  covered  crucible,  and 
igniting  the  charred  mass  in  a  porcelain  tube  through  which  a  current  of  chlorine  is 
passed.  The  titanic  chloride  is  collected  in  a  cooled  receiver,  freed  from  excess  of 
chlorine  by  agitation  with  copper  or  mercury,  and  then  rectified.  If  native  rutile  has 
been  used  in  the  pre}taration,  ferric  chloride  is  likewise  produced ;  but  the  titanic 
chloride  is  easily  separated  from  it  by  decantation  and  redistillation. 

Pure  titanic  chloride  is  a  colourless,  transparent,  heavy  liquid,  having  an  acid  pun- 
gent odour,  and  emitting  white  fumes  on  exposure  to  the  air.  It  has  a  specific  gravity 
of  1*7609  at  0^,  does  not  solidify  at  —25°,  and  boils  at  136^.  Vapour^ensity,  obs. 
=  6*836  (Dumas) ;  calc  (2  vols.)  ■-  6-653.  When  exposed  to  the  air,  it  absorbs  mois- 
ture, and  gradually  solidifies  to  hydrated  titanic  chloride,  which  dissolves  in  a  larger 
auantity  of  water.  According  to  Merz  (Bull.  Soc  Chim.  1867.  i.  401)  the  product 
lus  formed  is  an  oxychloride,  TiCl*.3TiOM6HK)  (nearly),  which  gives  off  part  of  its 
chlorine,  as  hydrochloric  acid,  when  placed  over  quicklime,  more  when  neated  to 
100°,  and  nearly  all  the  remainder  at  180".  On  mixing  the  anhydrous  chloride  with 
vnUer,  combinaticm  takes  place,  attended  with  so  great  a  rise  of  temperature  that  the 
mass  is  scattered  about.  To  obtain  a  clear  aqueous  solution  of  the  chloride,  it  must 
be  added  to  cold  water  by  small  quantities,  care  being  taken  that  the  liquid  does  not 
become  heated.  On  heating,  and  evaporating  the  aqueous  solution,  hydrochloiic  add 
is  evolved,  and  titanic  acid  is  precipitated.  Titanic  chloride  is  not  decomposed  by 
potassium  at  its  boiling-point ;  but  when  its  vapour  is  passed  over  heated  potassium 
or  sodium,  the  titanium  is  reduced,  with  incandescence,  and  evolution  of  heat  sufficient 
to  melt  the  glass  at  the  point  where  the  reaction  takes  plac<».    (H.  Bose.) 

Titanic  chloride  forms  a  number  of  compounds,  analogous  to  those  of  stannic 
chloride : — 

o.  With  Ammonia,  TiaUNH"  -  (N«H"Ti")Cl«  (Wohler);  TJC1*.6NH« 
(Persoz). — Dry  ammonia-gas,  passed  over  titanic  chloride,  is  rapidly  absorbed,  with 
great  evolution  of  heat.  The  saturated  compound  is  a  brown-ied  powder  (Rose), 
pale-yellow  (Persoz),  which  quickly  decomposes  in  contact  with  the  air.  When 
neateid  in  ammonia-gas,  it  is  converted  into  nitride  of  titanium  (p.  841).  By  ignition 
in  hydrogen,  it  yields  a  yellow  compound.  When  heated  by  itself,  in  a  g[la8S  tube,  it 
first  gives  off  ammonia,  then  chloride  of  ammonium  and  hydrochloric  acid,  leaves  a 
residue  of  metallic  titanium,  and  yields  a  yellowish-white  sublimate,  consisting  of  a 
double  chloride  of  ammonium  and  titanium,  containing  3NH^Cl.TiCl\  or  6NH^C1. 
TiCl\  according  to  the  mode  of  preparation.  This  double  salt  is  soluble  in  water. 
(U.  Rose.) 

0.  With  Chloride  of  Cyanogen,  2Tia*.Cy«Cl«.— Already  described  under  Cya- 
yoGux  (ii.  280). 

y.  With  Hydrocyanic  Acid,  TiCKHCy.    (See  ii.  220.) 

8.  With  Phosphoretted  Hydrogen. — ^Titanic  chloride  absorbs  dnr  phospho- 
retted  hydrogen-gas,  forming,  when  saturated,  a  brown  solid  body,  which  fumes  in 
contact  with  the  air.  It  is  decomposed  by  water,  hydrochloric  acid,  potash,  ammonia, 
and  their  carbonates,  giving  off  phosphoretted  hydrogen  with  effervescence.  Gaseous 
ammonia  likewise  expels  the  phosphoretted  hydrogen  at  ordinary  temperatures,  con- 
verting the  brown  compound,  for  the  most  part,  into  the  ammonio-tetrachloride  above 
described.  The  brown  compound,  when  heated  in  a  close  vessel,  gives  off  a  little 
hydrochloric  acid  and  phosphoretted  hydrogen,  and  yields  a  yellow  sublimate,  con- 
taining 3TiC1^.2H'P.2HCl,  which  likewise  gives  off  phosphoretted  hydrogen  when 
treated  with  water,  acids,  or  alkalis.    (H.  Rose,  Pogg.  Ann.  xlii.  527.) 

c.  With  Tetrachloride  of  Sulphur.     (See  p.  536  of  this  volume.) 

C  With  Chloride  of  Ammonium  (see  above). 

TXTAWZUBI,  CTAVn>B8  01>.    See  Cyakides  (ii.  273). 

TXTAJilUBA,  SBTBCTXOV  AV3>  BSTXMATZOlf  OV.  I.  Blowpipe 
Heactione. — The  oxides  of  titanium  are  not  reduced  to  the  metallic  state  when 
heated  on  charcoal  before  the  blowpipe,  a  character  by  which  titanium  is  distinguished 
from  tin. 

Titanic  oxide  mixed  with  borax,  or  (better)  with  phosphorus-salt,  forms  in  the  outer 
blowpipe-flame  a  colourless  glass ;  but  in  the  inner  flame,  a  glass  which  is  yellow  while 
hot,  but  assumes  a  violet  colour  on  cooling.  The  same  character  is  exhibited  by 
those  salts  of  titanic  acid  whose  bases  do  not  themselves  impart  any  colour  to  the 
bead.    If  the  titanic  oxide  contains  iron,  the  colour  of  the  bead  is  brown*red  or  blood* 
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red,  instead  of  violet  Many  titanatea  yield  the  riolet  oolonr  only  with  pho8i)hom«> 
salt,  not  with  bonuk  The  colour  is  produced  more  readily  by  heating  the  anbstanee 
on  charcoal  than  on  platinom-wire.  According  to  Riley  ^Chem.  Soc  Qn.  J.  zii.  13; 
Jahreab.  1869,  p.  678),  the  delicacy  of  the  reaction  ia  much  increaaed  by  melting  a  little 
metallic  fine  in  the  phosphoraa-aalt  bead,  a  distinct  ooloratioo  being  then  produced, 
aa  the  linc  ia  burnt  away,  eren  with  reiy  minute  quantities  of  titanium. 

2.  Reaeiionu  in  Solution. — ^Titanic  add  and  the  neutral  dtanates  are  insoluble 
in  water,  but  dissolre  in  adds,  especially  in  hydrochloric  and  sulphuric  adds.  From 
these  solutions  the  titanic  add  is  predpitated  by  boiling,  imperfectly  firom  the 
hydrochloric  completely  from  the  sulohuric  solution. — Caustic  aikalit  and  alkaline 
carbonates  likewise  throw  down  from  tnese  solutions  a  white  gelatinous  predpitata 
of  titanic  add.  In  the  hydrochloric  solution,  containing  as  little  free  add  aa  poeaible, 
infusion  oj  galls  produces  an  orange-coloured  predpitate. — Ftrrocyanide  of  potassium 
forms,  in  the  same  solution,  a  dark-brown  precipitate. — Metallic  tin,  immersed  in  a 
solution  of  titanic  add  in  hydrochloric  add,  eliminates  hydrogen,  assumes  a  Tiolet- 
blue  colour,  and,  if  the  solution  is  not  too  dilute,  throws  down  a  dark-violet  predpitate 
(protoxide  of  titanium  ?^,  which  gradually  turns  white  by  oxidation.  The  violet-bhia 
solution,  when  diluted  with  water,  assumes  a  rose-colour,  which  often  remains  unal- 
tered for  seveial  days.  This  reaction  serves  for  the  detection  of  very  small  quantities 
of  titanium,    (v.  K  o  b  e  1 L  ) 

Titanous  oxide  dissolves  in  adds,  forming  violet  solutions,  in  which  alkalis  and 
alkaline  carbonates  form  a  dark-brown  precipitate  of  titanous  hydrate,  gmduall^ 
changing,  with  evolution  of  hydrogen,  into  titanic  add. — Carbonate  of  calcium  predpi- 
tatee  titanous  oxide  completely  from  its  solutions. — Sulphydrie  acid  prodooes  do 
alteration ;  sulphide  of  ammonium  throws  down  brown  titanous  hydrate.  The  solu- 
tion of  titanous  salts  act  as  {>owerftil  redudng  agents,  predpitating  gfoid,  mercury,  sod 
silver  from  their  solutions  in  the  metallic  state.  Titanous  chbride  throws  down 
white  cuprous  chloride  from  the  solution  of  hcuprie  salt,  and  reduces /rrrt^  toftmme 
salts,    (Ebelmen). 

8.  Estimation  and  Separation, — Titanium  is  always  estimated  in  the  form  of 
titanic  oxide,  TiO'.  This  compound  is  best  predpitated  m>m  its  solutions  in  adds  by 
ammonia,  which  throws  it  down  in  the  form  of  a  veiy  buUcy  hydrate  (titanic  add) 
resembling  hydrate  of  alumina.  A  peat  excess  of  ammonia  must  be  avoided,  as  it 
would  redissolTe  a  small  portion  of  the  titanic  acid.  The  predpitate,  after  ignition, 
eontains  60  per  cent,  of  titanium. 

If  the  titanic  add,  after  precipitation  by  ammonia,  is  to  be  redissolved  in  adda, 
which  is  sometimes  necessary  in  order  to  separate  it  from  other  metals,  great  care 
must  be  taken  in  the  precipitation  to  avoid  aU  rise  of  temperaturo ;  and  the  predpitate 
must  be  washed  with  cold  water,  because  heat  haa  the  eflect  of  rendering  titanic  acid 
more  or  less  insoluble  in  acids  (p.  844). 

Titanic  add  ma;|r  also,  in  some  eaaes,  be  separated  firom  its  add  solutions  by  boilinff ; 
from  the  solution  in  sulphuric  add,  complete  predpitation  is  effected  by  this  method  ; 
but  when  hvdrochloric  add  is  the  solvent,  a  small  portion  of  titanic  add  always  re- 
mains in  solution  after  boiling. 

Titanic  oxide  (rutile,  &c.)  and  its  insoluble  compounds  aro  most  easily  rendered 
soluble  by  fhsion  with  acid  sulphate  of  potassium.  The  best  mode  of  proceeding  is  to 
fuse  in  a  platinum-crucible  a  quantity  of  the  add  sulphate  equal  to  about  six  times 
the  weight  of  the  titanate,  add  the  mineral  in  extremely  fine  powder  to  this  cooled 
mass,  and  fuse  again  till  the  whole  flows  quietly,  and  the  po'vmer  is  completely  dis- 
solved. The  AiMd  mass  is  then  dissolved  in  a  laige  quantity  of  cold  water,  and  the 
solution  predpitated  hj  boiling. 

Seequioxide  of  titanium  is  predpitated  from  its  solutions  by  ammonia,  and  the  pre- 
cipitate, after  standing  from  24  to  86  hours,  is  converted,  with  evolution  of  hydrogen, 
into  titanic  add,  in  which  form  it  may  be  estimated. 

From  the  alkalis  and  alkaline  earths,  titanic  add  may  be  separated  by  amwuh 
nia,  the  solution,  in  the  latter  caae,  being  carefuUv  exduded  from  the  air.  Baiyta 
and  strontia  may  also  be  separated  by  sulphuric  add. 

Titanic  add  is  separated  from  magnesia  by  boilinff,  if  the  two  are  dissolved  in 
sulphuric  add ;  and  by  predpitation  with  carbonate  <ff  barium,  when  hydrochloric  add 
is  the  solvent. 

The  separation  from  alumina,  gliicina,yttria,and  thorina  isalso  effecttd  by 
boiling  the  sulphuric  add  solution. 

From  zirconia,  titanic  add  maybe  segpuated  bv  mixing  the  nearly  neutralised 
solution  with  lumosulpkite  of  sodium,  and  boiling  till  no  more  sulpborous  anhjjrdrida 
is  ^ven  off.  Ilie  titanic  add  b  then  completely  predpitated,  while  the  siroonia  »»• 
in  solution. 
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From  cerium  and  the  allied  metals,  titanium  ia  separated  by  precipitating  the 
former  with  sulphate  of  potassium. 

From  the  metals  which  are  precipitated  as  sulphides  by  sulphide  of  ammonium  — 
Tis^  manganese,  iron,  cobalt,  nickel,  uranium,  and  zinc — titanium  is  sepa- 
rated by  mixing  the  acid  solution  with  tartaric  acid  and  excess  of  ammonia  (which 
then  forms  no  precipitate),  and  adding  aulphide  of  ammonium,  which  predpitates 
eveiything  but  the  titanium.  The  filtered  solution  is  then  evaporated  to  dryness,  and 
the  residue  ignited  in  a  platinum-crucible  to  expel  ammoniacal  salts,  and  burn  away 
the  carbon  of  the  tartanc  acid.  As  this  carbonaceous  matter  is  very  difficult  to  bum. 
the  ignition  should  either  be  performed  in  a  muffle-furnace,  or  a  stream  of  oxygen 
should  be  very  gently  dirtK:ted  into  the  crucible.  The  residue  consists  of  titanic  oxide, 
which  may  then  be  weighed. 

The  separation  of  titanium  from  iron  mav  also  be  effected  by  precipitation  with 
AypotulpkUe  of  wodiumy  the  process  being  conaucted  exactly  in  the  same  manner  as  in 
sepanitmg  aluminium  from  iron  (i.  155). — ^For  Riley's  method  of  estimating  titanium 
in  pig-iron,  see  Ibok,  CARBURKTrxD  (iii.  375). 

From  molybdenum,  tungsten,  and  vanadium,  titanium  may  be  separated  by 
means  of  sulphide  of  ammomum,  which  dissolves  those  metals  as  sulphides,  and  pre- 
cipitates the  titanium  as  titanic  acid. 

From  bismuth,  cadmium,  copper,  lead,  tin,  &c.,  titanium  is  easily  separated 
by  sulphydric  acid. 

Titanium  may  also  be  separated  from  t  i  n,  by  fusing  a  mixture  of  stannic  and  titanic 
oxides  with  sulphur  and  carbonate  qf  sodium.  On  treating  the  fused  mass  with  water, 
the  whole  of  the  tin  dissolves  as  sulphostannate  of  sodium,  while  the  titanic  add  remains 
undissolved,  together  with  a  small  quantity  of  sodic  titanate,  which  may  be  decom- 
posed by  ignition  with  sal-ammoniac ;  the  chloride  of  sodium  thereby  formed  may  be 
dissoly^  out  by  water,  leaving  pure  titanic  acid. 

From  silicon. — When  silicates  containing  small  quantities  of  titanic  acid  are 
decomposed,  in  the  usual  way,  by  treatment  with  adds,  or  by  fusion  with  an  alkaline 
carbonate,  the  silica  separated  by  evaporation,  &c.,  and  the  alumina,  ferrous  oxide, 
and  manganous  oxide  predpitated  by  ammonia,  the  greater  part  of  the  titanic  add 
will  be  found  in  this  predpitate,  while  the  smaller  portion  remains  with  the  silica. 
The  latter  is  treated  with  hydrofluoric  and  sulphuric  acids,  and  the  residue,  consisting 
of  titanic  oxide,  is  mixed  with  the  previoujuly  ignited  predpitate  of  alumina,  &c  This 
mixture  is  then  fused  with  twice  its  weight  of  add  sulpnate  of  potassium  till  the 
excess  of  sulphuric  acid  is  for  the  most  part  volatilised,  and  the  cooled  mass  is  dis- 
solved in  water ;  whereby,  if  the  operation  has  been  well  conducted,  and  the  silica 
completely  removed,  a  perfectly  clear  solution  will  be  obtained.  This  solution  is 
largely  diluted,  and  8ulphydri(^  acid  gas  is  passed  through  it,  till  the  whole  of  the 
ferric  oxide  is  reduced  to  ferrous  oxide  ;  and  the  solution,  without  previous  filtration, 
is  boiled  for  half  an  hour,  while  a  stream  of  carbonic  anhydride  is  continually  passed 
through  it  (to  prevent  oxidation  of  the  ferrous  salt).  The  titanic  acid  is  thereby 
completely  precipitated,  while  all  the  other  substances  remain  in  solution.  (Scheerer, 
Ann.  CL  Pharm.  cxii.  178.) 

In  treating  titaniferDUs  silica  with  hydrofluoric  add  to  expel  the  silicon,  the  addi- 
tion of  sulphuric  add  is  indispensable,  as  otherwise  a  portion  of  the  titanium  will  also 
be  volatilised  as  fluoride.    (Riley,  Chem.  Soc.  Qu.  J.  xv.  31 1 ;  Jahresb.  1862,  p.  590.) 

From  tantalum  and  niobium,  titanium  is  separated  by  fusing  the  mineral  with 
acid  sulphate  of  potassium,  and  treating  the  fused  mass  with  cold  water,  which 
dissolves  only  the  acid  sulphate  of  titanium  (iv.  51 ;  v.  664). 

Voiumetric  Estimation. — A  method  of  estimating  titanium  volumetrically  is  founded 
on  the  reducibility  of  titanic  oxide  to  titanous  oxide  by  zinc  in  an  add  solution,  and 
the  oxidability  of  the  latter  by  permanganate  of  potassium.  The  titanic  acid  is  dis- 
solved in  hydrochloric  acid  (if  sulphuric  add  is  present,  the  titanic  add  must  first  be 
piredpitated  by  ammonia  and  then  redissolved),  the  solution  warmed  with  metallic 
sine  (in  a  flask  provided  with  a  vertical  tube,  so  as  to  exclude  the  air  as  much  as  pos- 
sible), till  the  colour  of  the  liquid  no  longer  increases  in  depth ;  and  the  solution,  after 
dilution  with  de-aerated  water,  is  mixed  with  permanganate  of  potassium,  till  the  rose- 
red  colour  of  the  latter  becomes  manifest.  Each  atom  of  iron  corresponding  to  the 
permanganate  gives  1  at.  titanium.  (F.  Pisani,  Compt.  rend.  lix.  208  ;  Jahresb. 
1864,  p.  705.) 

A  mixture  of  titanic  oxide  and  zirconia  is  first  rendered  soluble  by  fusion  with  acid 
sulphate  of  potassium  ;  the  titanic  acid  is  then  determined  as  above,  and  the  zirconia 
by  difference. 

Ferric  oxide  is  reduced  by  zinc  before  titanic  add,  and  ferrous  oxide  is  oxidised  by 
the  permanganate  after  it.    To  estimate  iron  and  titanium  together,  the  permanganate 
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is  added  till  the  Tiolet  oolour  diBappean,  and  a  drop  of  the  liquid  begins  to  be  edonmi, 
by  snlphocjanate  of  potassium.  The  oaantitj  of  permanganate  required  for  this  pur* 
pose  gives  the  titanic  acid,  and  by  Airther  addition  the  iron  may  be  determined.  Or 
the  ferric  oxide  may  be  reduced  by  sniphnrons  or  su]phydricadd(neiUiar  of  which  acts 
upon  titanic  acid),  and  rolumf^trically  determined  by  itself.  In  a  miztnre  of  titanic 
acid,  zirconia,  and  ferric  oxide,  the  first  and  third  are  determined  as  just  described, 
and  the  zirconia  by  difference.    (P  i  s  a  n  i.) 

4.  Atomic  Weight  of  Titanium,— R,  Rose,  in  1829  (Pogg.  Ann.  xr.  146),  de- 
termined the  atomic  weight  of  this  metal  by  decomposing  a  weighed  quantity  of  titanic 
chloride,  TiCl\  with  water,  precipitating  the  titanic  acid  with  ammonia,  and  estimating 
the  amount  of  chlorine  in  the  filtrate  with  nitrate  of  silver.  In  four  experiments, 
100  pts.  titanic  chloride  yielded,  as  a  mean,  801*7  pts.  silTer-chloride;  whence  (for  Ag 
mm  108,  and  CI  »  35*5)  the  atomic  weight  of  titanium  was  found  to  be  «  48*26. 

An  essentially  similar  method  was  followed  by  Pierre  in  1867  (Ann.  Ch.  Phjs. 
[3],  XX.  257),  who,  however,  made  use  of  a  titrated  silver-solution,  instead  of  woighu^ 
the  chloride  of  silver.  In  five  experiments,  each  made  with  from  700  to  800  miUi- 
grammes  of  titanic  chloride,  he  found  that  100  pts.  of  that  compound  required  to  pre- 
cipitate the  chlorine  contained  in  them  from  224*58  to  225*53  pts.  silver.  Henee  Ti 
falls  between  49*50  and  60*38,  and,  as  a  mean  result  of  the  five  experiments,  Ti  «■ 
60*10.    The  whole  number,  50,  is  now  generally  adopted. 

TXTAVZITM,  r&VOSXBB  OV.  Titanous  Fluoride,  TiF",  is  obtauied 
(though  impure)  as  a  violet  powder,  by  igniting  potassio-titanic  fluoride  (it^fra)  in  • 
stream  of  hydrogen-gas,  and  treating  the  resulting  masv  with  hot  water.  (B.  Weber, 
Pofnr.  Ann.  cxx.  287 ;  Jahresb.  186§,  p.  211.) 

Titanic  Fluoride,  TiF^  is  obtained  bv  distilling  a  mixture  of  fluor-spar  and  tita- 
nic oxide  with  fuming  sulphuric  acid  in  a  platinum  apparatus ;  it  then  passes  over  as  a 
fuming  colourless  liquid  (Underdorben).  By  dissolving  titanic  add  in  hydrofluone 
acid,  and  evaporating,  a  syrupy  liquid  is  obtained,  which  deposits  ciystaLi  of  titanic 
fluoride.  These  crystals  are  resolved  by  water  into  soluble  nydrotitanic  fluoride,  and 
insoluble  titanic  oxyfluoride. 

HydroHtamc  Fluoride,  H'TiF"  -  2HF.TiF«,  is  produced,  as  just  stated,  in  the 
decomposition  of  titanic  fluoride  by  water ;  also  by  dissolving  titanic  oxide  in  aoueous 
hydrofluoric  add  (Berzelius).  It  is  an  acid,  and,  when  neutndised  with  oases, 
yields  double  stilts  of  titanic  fluoride,  represented  by  the  general  formula,  2MP.TiF*. 

Ammonio-titanic  Fluoride,  2NH^F.TiF\  is  produ(>ed  by  adding  ammonia  to  aqneoos 
hydrotitanic  fluoride,  till  the  precipitated  titanic  add  no  longer  rediseolves.  On  eva- 
porating the  liquid,  it  separates  in  shining  scales,  which,  when  heated  in  a  platinum 
apparatus,  yield,  much  fallow  a  red  heat,  a  sublimate  of  ammonium-fluoride,  leaving 
a  residue  probably  consisting  of  NH^F.TiF^.    (B  e  rs  e  I  i  u  s.) 

CaleiO'titanio  Fluoride  forms  prismatic  crystals,  which  dissolve  without  decomposition 
in  addulated  water,  but  are  decomposed  by  pure  water,  with  separation  of  a  whita 
powder. — Cupro^tiianic  fluoride,  obtained  by  mixing  the  solutions  of  the  component 
fluorides,  crystallises  in  long,  pale,  blue-green  needles,  soluble  without  decomposition 
in  addulated  water. — ^The /«rrk;  salt,  2FeP.TiF\  is  produced  by  mixing  the  solutions  of 
the  component  salts.  The  yellow  solution  leaves,  on  spontaneous  evaporation,  a  yellow 
syrup,  and  when  gently  heated,  a  pale-yellow  crystalline  mass,  soluble  in  water  without 
decomposition. — ^The  maonesium^ealt,  prepared  in  like  manner,  separates  by  spontaneous 
evaporation  in  long  neemes,  which  have  a  bitter  taste,  are  decomposed  by  pure  wates^ 
but  dissolves  without  decomposition  in  addulated  water. — The  Uad-ealt,  prrpared  in 
like  manner,  forms  small  colourless  crystals,  which  have  a  sweet  and  aiterwaxds  an 
astringent  taste,  and  dissolve  readily  in  water  without  decomposition  (Berzelius). — 
The  nickel-salt,  NiF'.TiF'.GH'O,  is  produced  by  dissolving  titanic  add  and  nickel-oxide 
in  hydrofluoric  acid,  and  separates  in  green,  easily  soluble  crybtals.     (Weber.) 

The  potaeeium-ealt,  2ElF.TiF^,  prepared  like  the  ammonium-salt,  crystallises  in 
scales,  which,  when  dry,  are  milk-white,  and  have  a  silky  lustre  (Berzelius).— 
Wohler  prepares  it  by  fusing  very  flnely-pounded  rutile  in  a  platinum-crudble  with 
twice  its  weight  of  potassic  carbonate,  and  dissolving  the  fused  and  pulverised  mass 
in  a  platinum-dish,  in  the  requisite  quantity  of  dilute  hydrofluoric  add.  The  double 
fluoride  then  partly  ciystallises  out,  and  on  heating  the  liquid  to  the  boiling-point, 
adding  water  if  necessary  till  the  sslt  is  redissolve<C  and  filtering  hot,  the  greater  j;>art 
separates  in  shining  scales,  so  that  the  entire  liouid  solidifies  to  a  pulp.  The  salt  la  to 
be  washed  on  a  filter  with  cold  water,  pressea  between  filter-paper,  and  ciystalliaad 
from  boiling  water.  It  forms  nacreous  scales  when  dry,  and  melts  without  deoompoai* 
tion  at  a  white  heat. 

The  sodium-ealt  forms  indistinctly  crystalline  crusts,  more  soluble  oian  ths  potaa* 
iium-salt.    (Berzelius.) 
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TZTAVZUaCtXOllXDB  OT.  Til«.  (E.  Weber,  Pogg.  Ann.  Ixz.  287.— Haute- 
feu  i  lie.  Boll.  Soc.  Chem.  1867,  i.  201.)— Fnxluced :  1.  Bypassing  iodine-Tapour 
oTer  ignited  titanium  (Weber). — ^2.  By  passing  diy  hydriodic  acid 'gas  into  titanic 
chloride  gradually  heated  to  its  boiling-point,  and  maintained  at  that  temperature  till 
the  tiansformation  is  complete :  the  small  quantity  of  free  iodine  which  gives  the  pro- 
duet  a  violet  tinge  may  be  removed  by  three  or  four  distillations  in  a  stream  of 
hydrogen  (Hautefeuille).— 3.  By  passing  the  vapour  of  titanic  chloride,  mixed 
with  hydrogen  and  iodine-vapour,  through  a  tube  heated  to  dull  redness.  The  iodide, 
which  is  not  very  volatile,  then  condenses  in  the  cold  part  of  the  tube,  mixed,  how- 
ever, with  a  large  quantity  of  free  iodine,  which  renders  it  more  difficult  to  purify 
than  that  obtained  by  the  second  method.    (Hautefeuille.) 

Titanic  iodide  forms  a  brittle  mass,  having  a  reddish-brown  colour  and  metallia 
lustre.  It  melts  to  a  brown  liquid  at  150^,  remains  in  a  state  of  surfusion  till  cooled 
somewhat  below  100^,  and  crystallises  on  further  cooline,  in  bulky  octahedrons,  which 
change,  in  a  few  days,  to  tufts  of  silky  prismatic  crystcds.  It  has  a  sensible  vapour- 
tension  at  ordinary  temperatures,  and  fumes  strongly  in  the  air.  It  boils  at  a  little 
above  360^,  and  distils  without  decomposition.  Vapour-density,  obs.  ^at  440^)  ■• 
18*054;  calc.  »  19*834.  The  lower  density  found  by  observation  indicates  an  in- 
creased coefficient  of  expansion  at  hieh  temperatures,  perhaps  arising  from  dissocia- 
tion.  The  superheated  vapour  bums,  in  contact  with  the  air,  with  a  very  bright  flame, 
yielding  iodic  and  titanic  oxides. 

Titanic  iodide  dissolves  rapidly  in  water,  but  with  less  rise  of  temperature  than 
the  chloride.  The  aqueous  solution,  when  exposed  to  the  air,  turns  brown,  and  yields 
titanic  acid. 

XZTAJiZIIM,  VZTRZDB8  OV.  By  heating  the  ammonio-chloride  of  titanium, 
4NH'.TiCl\  by  itself  (H.  Hose),  or  better  in  a  stream  of  ammonia-gas  (Liebig),  a 
copper-coloured  substance  is  obtained,  which  was  originally  supposed  to  be  metallio 
titanium,  but  which  Wohler  has  shown  to  consist  of  nitride  of  titanium,  Ti'N^  or 
more  probably  Ti«N*  -  STJN^Ti'N* ;  it  contains  28  per  cent,  of  nitrogen.  This 
compound  is  redder  than  the  cubic  crystals  of  the  blast-mrnaces,  which  have  a  tinge  ot 
yellow.  Another  nitride  of  titanium,  TiN^,  is  produced  when  titanic  oxide  is  strongly 
heated  in  a  stream  of  ammoniacal  ^.  Its  powder  is  dark-violet,  with  a  tinge  ot 
copper-colour;  in  small  pieces  it  exhibits  a  violf*t  copper-colour  and  metallic  lustre.  A 
thinl  nitride,  Ti^N',  or  more  probably  2TiN^.Ti*N',  is  formed  when  Rose*s  titanium  is 
subjected  to  the  action  of  a  stream  of  hydrogen  at  a  strong  red  heat.  It  has  a  brassy 
or  almost  golden-yellow  colour  and  metallic  lustre.  It  is  also  obtained  (mixed,  however, 
with  carbon)  when  titanic  oxide  is  heated  to  redness  in  a  stream  of  cyanogen-gas  or 
hydrocyanic  acid  vapour ;  no  cyanide  of  titanium  is  formed  in  this  reaction.  All  these 
three  nitrides  of  titanium  sustain,  without  decomposition,  a  temperature  at  least  equal 
to  that  of  melting  silver.  Mixed  in  the  state  of  powder  with  the  oxides  of  copper, 
lead,  or  mercury,  and  heated,  they  emit  a  lively  sparkling  flame,  and  reduce  the  oxides 
to  the  metallic  state.  When  fused  with  hydrate  of  potassium,  they  give  off  ammonia 
gas.     (Wohler,  Ann.  Ch.  Fharm.  Ixxiii.  34  ;  Jahresb.  1849,  p.  267.) 

Wohler  and  Deville  (Ann.  Ch.  Pharm.  ciii.  230;  cv.  108;  Jahresb.  1857,  p. 
174),  by  heating  fluoride  of  titanium  and  potassium  or  sodium  in  an  atmosphere  ol 
oitroi^n,  and  boiling  out  the  cooled  mass  with  hydrochloric  acid,  obtained  a  nitride  of 
titanium  in  the  form  of  a  dark-brown  powder,  composed  of  brass-yellow  laminae  and 
prisnui.  When  titanic  chloride  is  passed  through  a  strongly-ignited  glass  tube,  in  the 
fore  part  of  which  lumps  of  sal-ammoniac  are  placed,  so  that  Uiis  salt  may  be  volati- 
lised with  the  titanic  chloride,  hydrochloric  acid  and  nitride  of  titanium  are  imme- 
diately formed  (the  nitrogen  being  derived  from  the  air),  the  latter  coating  the  inside 
of  the  tube  with  a  copper-coloured  deposit.  Nitride  of  titanium  is  also  formed  by 
heating  a  mixture  of  fluoride  of  titanium  and  potassium,  chloride  of  sodium,  and 
chloride  of  potassium,  with  aluminium ;  or  by  heating  a  mij^ure  of  titanic  chloride  and 
hydrogen-gas  with  aluminium,  in  presence  of  nitrogen. 


01».  TiCy«.3Ti«N«.— This  is  the  copper- 
coloured  compound  already  spoken  of  as  occurring  in  iron-smelting  furnaces,  and 
formerly  mistaken  for  metallic  titanium.    (See  CrAinDBS,  ii.  273.) 

TZTAVIVBi^  OXXBSB  OV.  Two  oxides  of  titanium  are  known  with  cer- 
tainty, viz.  Ti*0',  and  TiO' ;  the  existence  of  a  lower  oxide,  TiO,  is  likewise  pro- 
bable. 

Vrotoslde  of  Tltaaiiiiiiv  TiO  ? — This  oxide  appears  to  be  formed  when  titanie 
exide  is  exposed,  in  a  charcoal-lined  crucible,  to  the  highest  heat  of  an  air-furnace. 
Where  the  oxide  is  in  contact  with  the  charcoal,  a  thin  coating  of  metallic  titanium 
is  formed;  but  within  it  is  changed  to  a  black  mass,  which  is  insoluble  in  all  acids. 
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18  not  othenriM  affect^  by  them,  and  is  oxidised  with  diiBoiilty  when  hetted  ti 
contact  with  the  air,  or  Aised  with  nitre.  The  same  oxide  appears  to  be  formed,  in  Uui 
wet  waj,  as  a  dark-purple  powder,  when  a  fragment  of  sine  or  iron  is  introduced  into  a 
solution  of  titanic  add  in  nydrochloric  acid ;  but  it  altera  Terj  quicklj  by  absorption 
of  oxygen,  so  that  there  is  considerable  difficulty  in  studying  its  properties ;  the  com* 
position  assigned  to  it  is  therefore  h^pothf'ticaL  The  blue  powder  is,  p6riiap8,acom 
pound  of  titanium-protoxide  with  oxide  of  cine  or  iron. 

■esqalojclde  of  Ttf  wlwiii,  or  Tltaaoas  Ozldaf  11*0*. — ^This  oxide  is  obtained, 
by  passing  dry  hydrogen-gas  over  ignited  titanic  oxide,  as  a  black  powder,  which, 
when  heated  in  the  air  to  a  very  high  temperature,  oxidises  to  titanic  oxide.  It  is  not 
attacked  by  nitric  or  hydrochloric  add ;  sulphuric  add  dissolres  it,  forming  a  rioUt 
solution  (£bel men). — A  hydrate  of  titanous  oxide,  or  titanons  hydrate,  isfonnei 
(according  to  Fuchs)  by  digesting  a  solution  of  titanic  add  in  hydrochloric  add  it 
40^  or  60^  with  metallic  copper,  and  pouring  the  resulting  riolet-blne  solution  tato 
aqueous  ammonia :  it  then  €Uls  down  as  a  dark-brown  predpitate,  while  enprons 
chloride  remains  in  solution.  Instead  of  copper,  silver  reduced  by  sine  may  be  uard 
in  the  preparation  (r.  K obeli).  The  hj/drate  is  likewise  formed  (according  to 
Ebel  men)  when  a  solution  of  titanous  chloride  is  predpitated  by  alkalis.  The  auk' 
brown  precipitate  thereby  formed  gradually  turns  black,  blue,  and  finally  white,  wfails 
hydrogen  is  eyolved.  The  blue  oSour  is,  perhaps,  due  to  the  formation  of  a  titinotis 
titanate. 

Titanous  oxide  dissolves  in  acids,  forming  violet  solutions ;  but  the  sulphate  is  thr 
only  titanous  oxysalt  that  has  been  obtained  in  the  solid  state  (see  Sitlfrates,  p. 
616).  Titanous  chloride  has  been  already  described.  The  solutions  of  titanous  sslti 
are  powerful  redudng  agents,  and  yield  a  brown  predpitate  of  titanous  hydrats  with 
alkalis  (p.  888). 

Biozlde  of  Ttf  ntnffi,  Tttanio  Oxide  or  Aiiliydiide«  TiO*.  Ankydrout  71- 
tonic  acid, — This  oxide  occurs  native  in  three  different  forms :  viz.,  as  rutile  nnd 
anatase,  which  are  dimetric,  and  as  brookite,  which  is  trimetric  Botile,  which  li 
the  most  common  form  of  titanic  oxide,  occurs  in  acuminated  dimetric  prisms,  isomor- 
phous  with  tinstone,  and  exhibiting  the  combination  P  .  ooP  .  Poo  .  odPoo  (Jiff.  332, 
11.  160),  also  without  Poo .  For  P,  the  lenf;;th  of  the  prindpal  axis  is  0*6442.  Angle 
P  :  P  a  123^  8*  in  the  terminal,  and  84<='  40'  in  the  lateral  edges.  Twin  crystals  occur, 
formed  in  the  same  manner  as  those  of  stannic  oxide  (p.  816).  The  crystals  eleare 
distinctly  parallel  to  ooP  and  odPoo  .  Hardness  »  o  to  6*5.  Specific  gravity  = 
418  to  4*25.  Lustre,  metallic  adamantine.  Colour  roddish-brown,  passing  into  rrd; 
sometime  yellowish,  also  black.  Streak  pale-brown.  Subtimnsparent  to  opaque. 
Fracture  subconchoTdal,  uneven.    Brittle. 

Rutile  occurs  in  granite,  ^eiss,  mica-slate,  and  s^enitie  rocks ;  sometimes  in  granu- 
lar limestone ;  generally  in  imbedded  crystals.  It  is  fouxi  in  Bradl,  at  Arrnoal  in 
Norway,  on  the  Saualp  in  Carinthia,  in  the  Urals,  in  the  TVrol,  on  the  8t.  Got- 
hard,  at  Yrieix  in  France,  at  Kromhennersdorff  near  Freibei^  in  OMtile,  at  Ohlspian 
in  Transylvania,  at  Cairngorm  in  Scotland,  at  Craig  Cailleach  near  EiUin,  ana  in 
Benzloe  in  the  isle  of  Murray,  Shetland ;  also  at  numerous  localities  in  Korth  America. 
It  always  contains  from  1|  to  2|  per  cent,  ferric  oxide,  and  sometimes  stannic  sod 
tungstic  oxides.  A  variety  from  Karingsbricka,  in  Sweden,  contains  a  imall  pcitcfi- 
tage  of  chromium,  and  is  the  titane  oxyiU  ckromifhe  of  Hauy. 

A natase,  the  purest  form  of  native  titanic  oxide,  is  also  dimetric;  but  its  fbnn  is 
incompatible  with  that  of  rutile,  from  which  it  also  differs  in  its  mode  of  desfsge, 
specific  gravity,  hardness,  and  other  phydcal  characters.  It  usually  occurs  in  veiy 
acute  unmodified  octahedrons,  having  tne  prindpal  axis  «  1*7783:  and  the  angle 
P  :  P  .  in  the  terminal  edges  —  97^  55',  in  the  lateral  edges  »  186°  SO' ;  sometimes 
nisr  in  a  combination  like  fig.  222  (ii.  235).  Respecting  its  physical  chambers,  sad 
the  localities  of  its  occurrence,  see  i.  289. 

Brookite,  or  Arkansite,  which  consists  of  titanic  oxide  mixed  with  about  3  to 
A\  per  cent,  ferric  oxide,  is  trimetric,  having  the  axes  »  05941 :  1 :  0*5611.  Angle 
P:  P(brach,)  =  135^  37';  P  :  P  (macr.)  =  101°  3';  P  :  P  (basal)  -  95°  22'; 
cn]^ :  ooP2  »  99°  50'.  The  crystals  frequently  exhibit  the  combination  tt^«o  . 
ocj^  .  P,  like  fig.  273  (ii.  148),  together  with  other  pyramids  and  horizontal  prisnu, 
and  are  generally  flat  between  the  predominant  faces  ool^ao  ;  often  also  of  pyramidsl 
character,  exhibiting  the  faces  P,  oo^  equally  developed,  like  fig.  272  without  F« . 
(K  o  p  p*  s  iryttaUographie,  2te  Aufl.  p.  267).  For  the  physical  characters  and  the  loca- 
lities of  broolute^  see  L  680. 

Prt^aratUm. — ^Pure  titanic  oxide  may  be  prepared  from  rutile,  or  from  the  semral 
varieties  of  titaniferoua  iron ;  in  the  latter  case  a  considerable  portion  of  the  iron 
may  be  removed  by  repeatedly  bdling  the  pulvwised  mineral  with  hydrochlaoo  add. 


TITANIC  OXIDE.  8+3 

ff .  Kose  tfuea  the  very  fiuely-divided  minenil  with  3  pts.  potassic  carbonato,  aud  treats 
the  fused  potatwic  titanate  thus  obtained  with  cold  water.    The  excess  of  alkali  is 
thereby  removed,  together  with  silicate,  manganate,  and  stannate  of  potassium  ;  whilst 
acid  titanate  of  potassium  remains  undissolved,   together  with  ferric  oxide,   and 
perhaps  a  small  quantity  of  stannic  oxide.    This  residue  is  washed  on  a  filter  with 
cold  water,  till  the  wash-water  begins  to  run  through  milky,  and  then  dissolved  in 
concentrated  hydrochloric  acid     To  obtain  pure  titanic  acid  from  this  solution,  Ber- 
thier  dilutes  it  with  a  considcruble  quantity  of  wat«r,  passes  sulphydric  acid  gas 
through  it  to  precipitate  any  tin  that  may  be  present,  and  adds  ammonia  to  the  Altered 
liquid  as  long  as  any  precipitate  is  thereby  produced.     This  precipitate  contains 
titanic  acid  contaminated  with  sulphide  of  iron,  and  perhaps,  also,  with  sulphide  of 
manganese.    The  liquid  (which  should  smell  strongly  of  ammonium-sulphide)  is  to 
be  well  shaken,  and  then  left  to   clarify  by  subsidence;  afterwards  decanted,  and 
the    precipitate    treated  with    concentrated   aqueous  sulphurous  add,  which    com- 
pletely dissolves  the  sulphides  of  iron  and  manganese,  but  leaves  the  titanic  acid 
undissolved ;  the  latter  may  then  be  collected  on  a  filter,  and  washed.    The  solution 
in  hvdrochloric  acid  may  also  be  boik-d  with  sulphite  of  ammonium  as  long  as  the 
resulting  precipitate  continues  to  increase;  this  precipitate  then  consists  (»f  pure 
titanic  acid,  the  whole  of  the  iron  remaining  in  solution  as  ferrous  salt.    The  precipi- 
tate must  be  washed  on  a  filter,  out  of  contact  with  the  air,  to  prevent  the  formation 
and  precipitation  of  ferric  oxide,  and  then  ignited.     (Berthier.) 

Wohler  melts  finely-pulverised  rutile,  in  a  platinum-crucible  standing  in  an  earthen 
crucible,  with  twice  its  weight  of  potassic  carbonate,  and  dissolves  the  pulverised  mass 
in  dilute  hydrofluoric  acid,  whereupon  potassio-titanic  fluoride  separates  in  crystals. 
To  dissolve  this  compound,  the  mass  is  heated  to  the  boiling-point,  with  addition  of 
water,  if  necessary,  and  the  liquid  is  filtered  as  hot  as  possible.  If  excess  of  hydro- 
fluoric acid  be  avoided,  the  solution  may  be  effected  in  a  glass  vessel.  The  potassio- 
titanic  fluoride,  which  separates  in  shining  crystalline  scales  on  cooling,  is  washed  on 
a  filter  with  cold  water,  and  purified  by  rccrystallisation  from  boiling  water ;  its  hot 
aqueous  solution  is  mixed  with  ammonia,  which  throws  down  titanate  of  ammonium  ; 
and  the  salt,  when  ignited,  gives  off"  ammonia,  and  is  converted,  with  incandescence, 
into  pure  titanic  oxide.  This  pi-ocess  is  also  well  adapted  for  preparing  titanic  oxide 
from  titaniferous  iron.  The  mass  obtained  by  fusing  this  minersd  with  carbonate  of 
potassium,  is  dissolved  in  dilute  hydrofluoric  acid,  which  leaves  behind  the  greater 
part  of  the  iron,  in  the  form  of  ferric  oxide.  After  the  greater  part  of  the  potassio- 
titanic  fluoride  has  cr^'stallised  out,  and  been  purified  as  above,  the  ferruginous 
atother-liquors  arc  treated  with  chlorine-water,  or  an  alkaline  hypochlorite,  to  bring 
th<i  iron  to  its  highest  stage  of  oxidation,  and  then  treated  in  tne  cold  with  dilute 
launonia,  which  precipitates  all  the  ferric  oxide,  with  only  a  small  portion  of  titanic 
acid.  This  precipitate  is  quickly  separated  by  filtration,  and  the  liquid,  when  boiled, 
deposits  titanate  of  ammonium,  which  may  be  converted,  by  ignition,  into  titanic  oxide. 
(Wohler,  Ann.  Ch,  Pharm.  Ixxiv.  212.) 

Merz  (J.  pr.  Chem.  xcix.  167 ;  Bull.  Soc.  Chim.  [1867],  ii.  400)  modifies  Wohler's 
pizoccss,  by  fusing  rutile  with  fuur  times  its  weight  of  potassic  carbonate,  digesting 
the  fused  mass  in  water,  dissolving  the  residual  acid  titanate  of  potassium  by  the  pro- 
longed action  of  strong  hydrochloric  acid,  and  boiling  the  resulting  solution  in  a 
leaden  dish  with  fluori<le  of  potassium.     The  liquid,  on  cooling,  solidifies  to  a  crystal- 
line   pulp  of  potassio-titanic  fluoride,  2KF.TiF^  which  may  be  purified  by  washing 
It  with  a  little  cold  water,  and  precipitating  traces  of  iron  with  a  drop  of  ammoniuni- 
snlphide.    It  is  then  to  be  redissolved  in  boiling  water,  and  the  titanic  acid  precipi- 
tated by  ammonia.  Another  method  is  to  melt  1  pt.  of  rutile  with  6  pts.  acid  sulphate 
of  potassium,  digest  the  fused  mass  in  water,  neutralise  the  liquid  with  kxIo,  and  heat 
it  to  the  boiling-point,  passing  a  stream  of  sulphydric  acid  gas  through  it,  at  the  same 
time,  to  bring  the  iron  to  the  state  of  ferrous  salt     Titanic  acid  is  then  precipitated 
fre«  from  iron.    (Merz.) 

A  yery  pure  product  is  likewise  obtained  by  decomposing  titanic  chloride  (pro- 
pared  by  igniting  a  mixture  of  rutile  and  charcoal  in  chlorine-gas)  with  water  or 
ammonia. 

Anhydrous  titanic  oxide,  obtained  by  ignition  of  the  precipitated  hydrate,  forms 
nddish-brown  lumps,  which  resemble  rutile  more  nearly  in  lustre  and  colour,  in  pro- 
portion as  they  have  been  more  strongly  heated.    It  may  be  obtained  in  the  cry^tal- 
line  form  by  passing  the  vapour  of  titanic  chloride,  mixed  with  steam,  through  a 
led-hot  tulie.     According  to  £bel men  (Com pt.  rend,  xxxii.  330),  it  is  obtained,  in 
long  needle-shaped  crystals,  by  exposing  the  amorphous  oxide,  mixed  with  micro- 
counie  salt,  to  a  temperature  somewhat  below  that  of  a  porcelain  furnace.     According 
to  Deville  and   Caron   {ihid,  xlvi.   704),  titanic  oxide  crystallised  in  the   form 
of  rutile,  may  be  obtained  by  deooinp«;Kiii;;  a  fusible  titanate,  especially  stannous 
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dtanate,  with  silica  at  a  high  temperature.  Devi  lie  finds  also  (Compi.  mid.  lillMi\ 
that  the  amorphous  oxide  ia  couTerted  into  quadratic  cuystalB  (like  rotile  or  aiatae) 
by  ignition  in  hydrodiloric  acid  gas ;  the  crystals  are  coloored  bine,  in  coosequMttof 
the  formation  of  a  small  quantity  of  a  lower  oxide.  Haute feuille  (Compt  rai 
Ivii.  148;  Ix.  188;  Jahresb.  1863,  p.  212;  1864,  p.  218)  has  also  obtained  enttl- 
lised  titanic  oxide  by  two  methods :  a.  By  decomposing  titanic  chloride  or  flnonoi 
with  aqueous  vapour. — /S.  By  crystallising  amorphous  titanic  oxide  in  an  aimo&fhet 
hydrochloric  or  hydrofluoric  acid.  The  second  method  is,  howeT«>r,  only  a  nodificv 
tion  of  the  first,  inasmuch  as  titanic  chloride  or  fluoride  is  first  formed,  and  fab» 
quently  decomposed.  Under  the  influence  of  hydrochloric  acid,  the  fematka  4 
crystailised  titanic  oxide  takes  place  only  at  very  hjgh  temperatures,  and  the  crfmk 
produced  have  always  the  form  of  rutiie :  under  the  influence  of  hydrofluocie  sod.  a 
the  contrary,  anatase  is  formed  at  the  lowest  red  heat,  brookite  at  a  somewhat  bighc 
temperature,  and  rutiie  at  very  high  temperatures. 

Anhydrous  titanic  oxide  melts  only  at  the  heat  of  the  ozyhydro|ir(*ii~hlowpipe.  It  i 
completely  insoluble  in  water,  and  in  all  acids  excepting  strong  sulphuric  anL  ^te 
heated  in  the  pulverised  state  with  this  acid  till  the  excess  is  driven  off,  the  nsim 
dissolves  in  water  after  cooling.  By  fusing  the  anhydrous  oxide  with  six  tioNs  u 
weight  of  acid  potassic  sulphate,  a  clear  yeUow  mass  is  obtained,  which  disaolTsi  p» 
fectly  in  warm  water,  forming  a  clear  solution. 

Potassium  SLnd  sodium  reduce  titanic  oxide  at  a  red  heat,  forming  oxide  of  potMBS 
or  sodium,  and  a  black  mass,  which  does  not  acquire  metallic  lustre,  and  appesn  t»b( 
a  mixture  of  metallic  titanium  with  titanic  or  titanous  oxide. — Charcoal,  ai  white  bic 
reduces  titanic  oxide  to  the  metallic  state. — Cktrbonic  disuiphid^.,  at  a  strong  red  hal. 
convertji  titanic  oxide  into  sulphide  of  titanium,  with  simultaneous  fonailki  d 
carbonic  oxide  and  carbonic  dioxide  (H.  Rose). — ^Wben  dry  chlorint-aaa  is  peaid 
over  an  ignited  mixture  of  titanic  oxide  and  charcoal,  titanic  chloricle  is  pndaid 
(p.  837).  The  oxide,  fused  with  alkaline  carbonaUs,  yields  titanates  of  alkaK-mrtal^ 
Ammonia-gas,  at  a  bright  red  heat,  reduces  titanic  oxide  to  violet  nitride  of  titaan^ 
TiN'   (Eisner.) 

Titanic  Htdkatbs  or  Acids. — There  appear  to  be  two  modificationt  of titaB 
acid,  analogous  in  some  respects  to  stannic  and  motastannic  acid. —  a.  One  of  tfM^ 
called  titaoic  aicid,  is  precipitated  by  ammonia  from  the  solution  of  titanic  (Uonii. 
It  is  a  white  powder,  of  specific  gravity  3'8  to  3*93  according  as  it  has  been  eipQ«!!a 
a  higher  or  lower  temperature.  When  heated,  it  assumes  a  tranaient  velkvec^ 
becoming  white  again  on  cooling.  Its  conversion  into  titanic  oxide,  at  a  Eiigjbn 
rat  lire,  is  attended  with  vivid  incandescence. 

Titanic  hydrate  dissolves  easily  in  sulphuric,  nitric,  and  hydrochloric  aeidii 
when  these  acids  are  rather  dilute ;  but  Uiese  dilute  solutions,  when  boiled,  ^ToMl 
metatitanic  hydrate  as  a  soft  white  powder,  which,  like  anlnrdrous  titanic 4n> 
is  quite  insoluble  in  all  acids,  excepting  strong  sulphuric  acid.  It  also  reeeilto  ts 
anhydrous  oxide  in  not  exhibiting  incandescence  wnen  heated.  Utanic  bjdntB,{i^ 
cipitatod  by  ammonia,  is  also  converted  into  insoluble  metatitanic  hydrate  br  vaA- 
ing  with  hot  water,  or  drying  at  a  high  temperature. — According  to  R.  Weber  «A|^ 
Ann.  cxx.  287 ;  Jahresb.  1863,  p.  210),  a  recently  prepared  aqueous  enlntioac'^ — 
chloride  is  not  clouded  by  sulphuric,  nitric,  or  hydrochloric  acid,  but  phoeplborie; 
and  hydriodic  acids  give  precipitates  with  it  immediately,  and  acidpoiusic  e 
after  some  time.  If,  however,  the  same  solution  be  heated  to  the  boiltng^point  ftr  fli|* 
a  few  seconds,  it  immediately  yields,  with  hydrochloric,  nitric,  sulphoric,  hydfolaK 
itnd  even  oiganic  acids,  a  white  precipitate  of  metatitanic  hydrate,  and  witk'didmtf 
of  potassium  an  immediate  orange-yellow  precipitate.  The  precipitated  BsMlv 
hydrate  dissolves  completely  in  a  large  quantity  of  water,  after  the  snpeniitaBl  ■i' 
hits  been  poured  off,  and  is  roprecipitat^d  from  the  solution  by  acids.  Metauv 
acid  is  also  produced  by  oxidising  metallic  titanium  with  nitric  add  of  specific  lEfftf 
125.     (Weber.) 

Titanic  hydrate  dried  over  oil  of  vitriol,  has,  according  to  H.  Rose,  the 
IPTiO*,  or  H^O.TiO*,  but  always  contains  a  little  ammonia  which  cannot  be 
by  washing.     According  to  Merz  {loc.  dt.),  titanic  hydrate,  after  drying  is  tWcr^ 
twenty-four  hours,  contains  H'TiO'.2H'0 ;  after  drying  for  seveial  wviekai,  ffTiO* JP 
When  dried  over  oil  of  vitriol,  it  quickly  loses  1  at.  water;  and  after  bei^  kft  fr 
(*ome  time  over  oil  of  vitriol,  or  dried  at  60°,  it  contains  aHTiO'.TiO*,  aBlfa£^ 
alter  drying  at  lOO^*,  HH'iO'.TiO*. 

Metatitanic  acid,  deposited  from  its  solution  in  sulphuric  acid  on  boiliK  «■'> 


after  prolonged  drving  in  the  air,  or  for  twenty-four  hours  over  oil  of  ritriol^'TiO':' 
60°,  it  contains  H«TiO«.TiO»;  at  100°  HrriO«.2TiO« ;  at  120«»,H«TIO».JT10";  Ml«^".  I^ 
iin'iO' 4TiO'.    In  shorty  metatitanic  acid  gives  up  its  water  aoce  sMihr  tbii  i 
acid.    (Merz.) 
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When  a  flolntion  of  titanic  hydiate  in  hydrochloric  acid  is  subjected  to  dialyvis, 
inaoluble  gelatinous  titanic  hydrate  remains  m  the  dialyser  (Qraham,  Chem.  So«.  J. 
XT.  256).  A  solution  of  gelatinous  titanic  hydrate  in  hydrochloric  acid«  prepared  in 
the  cold,  and  containing  only  1  per  cent  TiO',  when  left  in  the  dialyser  for  some  days, 
^elds  liquid  titanic  acid,  which,  when  subjected  to  the  action  of  alcohol  aud  other 
liquids,  form  compounds  analogous  to  those  produced  in  like  manner  with  silicic  acid. 
(Graham,  ibid.  xvii.  825 ;  Jahresb.  1864,  p.  178.) 

Titanic  Salts. — ^Titanic  hydrate  acts  as  a  weak  base,  and  likewise  as  an  acid, 
fbnning  salta  both  with  adds  and  with  alkalis.  The  salts  in  which  it  plays  the  part 
of  base  are  rery  unstable.  The  oxalate,  phosphate,  and  sulphate  have  been  partially 
•tudied  by  H.  Kose  (iv.  266»  584 ;  v.  606) ;  the  sulphate,  phosphate,  and  nitrate  also 
by  Merz  {loe.  cit.). 

HUraU, — Titanic  hydrate  dissolves  in  concentrated  nitric  acid,  and  the  solution, 
crmporated  over  quicklime,  first  becomes  covered  with  an  iridescent  film,  and  then 

yiolds  a  mass  of  shining  laminae,  containing  5Ti0^N'O*.6H'O,  or  6HrriO*.2HNO* 

Iliia  salt  dissolves,  though  imperfectly,  in  cold  water;  the  clear  solution,  heated  to 
100^,  deposits  titanic  oxide.    (Merz.) 

PhotpkaU, — ^Pbosphat^  of  ammonium,  added  to  a  solution  of  titanic  hydrate  in  hy- 
drochloric acid,  throws  down  nearly  all  the  titanium  in  the  form  of  a  white  gelatinous 
precipitate,  which,  when  washed  and  dried,  forms  a  porcelain-like  mass,  containing 
8TiO'.PO'.  Merz  is  of  opinion  that  the  original  precipitate  contains  TiO*.P*0*,  but 
that  the  phosphoric  acid  is  partly  removed  by  washing.    (Merz.) 

fkUphate, — The  solution  of  titanic  hydrate  in  sulphuric  acid  deposits  the  hydrate  on 
dilution  with  water.  Titanic  hydrate,  moistened  with  very  strong  sulphuric  acid, 
becomes  hot,  and  dissolves  completely  at  the  boiling  heat  The  solution  gelatinises  on 
eooling;  but  if  part  of  the  sulphuric  add  is  evaporated,  there  remains  a  white  powder, 
which,  when  dried  on  a  porous  tile  and  then  heated  to  180^,  contains  TiO^.SO*  or 
Ti'*cSO*)'.TiO^  This  salt  gives  up  all  its  sulphuric  acid  at  a  red  heat,  or  when  treated 
vith  water.  Hydrochloric  acid  dissolves  it  slowly  in  the  cold,  more  easily  when 
heated.    (Merz.) 

Titanates. — These  salts  have  not  been  much  studied.  Most  of  them  may  be 
irpresented  by  the  formul«  M«TiO*  -  2M«O.TiO»,  and  M»TiO«  «  M*O.TiO«, 
analogous  to  the  ortho-  and  meta-silicates.  The  titanates  of  calcium  and  iron 
occur  as  natural  minerals.  The  titanates  of  the  alkali-metals  are  formed  by  fiising 
titanic  oxide  with  alkaline  hydrates,  carbonates,  or  acid  sulphates — some  of  them 
also  in  the  wet  way.  When  finely  pulverised  and  levigated,  they  dissolve  in  mode- 
rntely  warm,  concentrated  hydrocnloric  acid ;  but  the  greater  part  of  the  dissolved 
titanic  acid  is  predpitated  on  boiling  the  solution  with  dilute  acids.  The  neutral 
titanates  of  the  alkali-metals,  Mn*iO',  are  insoluble  in  water,  but  soluble  in  acids. 
The  titanates  of  the  earth-metals  and  heavy  metals  are  insoluble,  and  may  be  obtained 

Spredpitation.  Hautefeuille  has  prepared  several  of  them  in  crystals,  the  form  and 
ysical  characters  of  which  are,  in  some  cases,  identical  with  those  of  native  titanates. 

Titanat9  of  Calcium^  CaTiO'. — This  compound  occurs  native  as  PerowakiUt  in 
■mall  cubes  and  other  monometric  forms,  with  cubic  cleavage  tolerably  perfect  Hard- 
Bnw  ■■  6*5.  Specific  gravity  «>  4*017.  Lustre  metallic  adamantine,  less  brighten 
the  cleavage-&ce8.  Colour  greyish  to  iron-black.  Streak  uncoloured  to  greyidi. 
Opaqfne  to  subtranslucent 

Aualytes: — a.  From  Achmatowsk,  near  Slatoust,  in  the  Ural:  black  (Jacob son, 
pQgff.  Ann.  Ixii  596). — 5.  From  the  same:  brown  (Brooks,  ibid,). — c.  From  the 
Fifioelen  Glader,  near  Zermatt  (Damour,  Ann.  Min.  [4],vi.  dlS),—d.  From  Vogts- 
baxg  on  the  Eaiserstuhl  (Seneca,  Ann.  Ch.  Fharm.  civ.  371): 


a. 

b. 

c. 

tf. 

Titanic  oxide     . 

.    58-96 

5900 

69-23 

5912 

Lime 

.     89*20 

36-76 

39-92 

35  81 

Magnesia  . 

•     •     . 

Oil 

Ferrous  oxide    • 

206 

4-79 

114 

611 

100-22       100-66       100-29       10104 

Sphene(ortitanite)i8a  silico-Utanate  of  caldum,  CaSiO'.CaTiO*  (p.  398).  Re- 
specting the  artificial  crystallisation  of  this  compound  and  of  calcic  titanate,  see 
TCTAinTE  (p.  835).  The  artificial  crystals  of  calcic  titanate  are  said  by  Hautefeuille 
to  be  dimetric,  whereas  those  of  natural  perowskite  are  monometric. 

Titanates  of  Iron. — o.  Ferric  titanate  \b  prepared  by  igniting  finely-pulverised 
titaniferous  iron  (p.  846)  with  several  times  its  weight  of  calcium-chloride,  treating  the 
€iiaed  mass  with  water  to  remove  calcium-chloride  and  ferric  chloride,  and  the  residue 
^th  concentrated  hydrochloric  acid,  which  dissolves  titanate  of  caloium.  Ferric  tita- 
nate then  remains  in  long,  thin,  opaque  needles,  having  a  dark  ptcel-groy  colour  and 
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brilliant  lustre.  The  ciystals  duK^Te  in  melting  add  potaasle  wlpihato,  fbmung  • 
yellow  liquid,  which  disBolves  in  water  when  oold ;  thej  are  not  altered  l^  ignition  ia 
contact  with  the  air,  or  in  chlorine-gaa,  or  by  boiling  with  strong  hydrochloric  or  inl* 
phnrieacid.    (Liebigand  Wohler.) 

fi.  Ferrous  titanaU,  Fe'TiO*  or  2FeO.TiO',  is  produced  by  Aising  a  mixtoie  of 
2  pts.  titanic  oxide,  6  pts.  ferroos  fluoride,  and  a  large  ezoess  of  sodium-chloride.  On 
treating  the  fused  product  with  a  large  quantity  of  water,  remorinff  th<*  lighter  sob- 
stances  by  lerigation,  and  heating  the  residue  with  dilute  acetic  add  till  aU  laminsr 
products  are  dissolved  out,  ferrous  titanate  remains  in  small  prismatic  crystals,  hariag 
a  dark-purple  colour  and  the  lustre  of  steel,  and  jrielding  an  ochre-yeUow  powder. 
Their  specific  gravity  is  4*37  ;  they  are  not  magnetic,  and  do  not  contain  any  fetrie 
oxide.    (Hautefeuille,  Jahresb.  1864,  p.  218.) 

y.  The  mineral  called  Tiiani/erous  Iron^  or  llmBnite—t^BO^  in  oertaii 
Tarieties,  CHchtoniU,  Menakan,  Menaccanite,  Kibdeiopkame,  Batanomsiame,  Hyt' 
tatiU,  Watkm^tonite,  MohaiU  —  consists,  sometimes  of  nearly  pore  fecrou 
titanate,  sometimes  of  magnesio-ferrous  titanate,  sometimes  of  iaomorphous  mix- 
tures of  ferrous  titanate  with  ferric  oxide  and  ferroso-ferric  oxide.  It  occurs  in  he- 
mihedral,  rhombohedral  crystals  (tetartobedral  to  the  hexagonal  ^rpe),  iaomorphoos  with 
iron-glance,  having  the  pnndpalaxis  » 1*3767,  the  angle  K :  R  in  the  terminail  edges* 
85^  43',  and  deaving  imperfectly  parallel  to  B  and  oR ;  where  the  dearage  appeartto 
be  perfect,  it  is  prolmble  that  combination-faces  of  different  individuals  exist  (Kopp*f 
Kry§taCographiet  p.  211).  The  ciystals  are  more  or  less  tabular,  often  forming  twias, 
united  by  the  face  R  or  oR ;  also  implanted  or  imbedded,  and  united  into  groups,  with 
scaly  or  granular  structure.  The  mineral  likewise  occurs  compact,  in  masnre  or  io 
loose  grains,  and  in  the  form  of  sand  (titaniferous  sand,  titaniferous  ironsand).  Hard- 
ness ■!  6*0  to  6'0.  Specitlc  gravity  •-  4*6  to  6*0.  Lustre  eubmetallic.  Colour  iron- 
black  to  steel-grey.  Streak  black  to  brownish-red.  Opaque.  Fracture  <vitM»hnM^«l. 
Slightly  magnetic  Before  the  blowpipe  it  is  infudble,  or  becomes  rounded  in  the 
reduction-flame  at  the  edges  only  (the  variety  from  Uddewalla,  in  Swed<*n,  is  ftisible, 
according  to  Plantamour).  With  fluxes  it  gives  the  reactions  of  iron ;  the  microoosmie 
salt  bead  becomes  red  or  brown-red  in  the  inner  flame,  and  violet  when  treated  with 
tin  upon  charcoal ;  many  varieties  give  the  manganese  reaction  with  soda  and  nitre. 
The  finely-pulverised  mineral  dissolves  with  more  or  Iass  fadlity  in  hydrochloric  sctd, 
leaving  a  residue  of  titanic  add.  The  solution  is  generallv  yellow,  containing  both 
fi'rric  and  ferrous  oxides.  When  heated  with  strong  sulphuno  acid,  it  acquires  adark- 
blue  colour,  which  however  disappears  on  addition  of  wat«»r,  titanic  add  then  remaio- 
ing  undissolved. 

Analvtes : — A.  CatUaming  lUtle  or  no  Ferrie  Oxide, — a.  From  St.  Christophe,  scat 
BourgaOisans,inDauphine :  Crichtonite;  spedflc  gravity  «=  4*727  (Harignac,  AnkCfa. 
Fhys.  [3],  xiv.  60).^4.  Ingelsberg,  near  Hofj^astdn.  in  the  Pinijgau:  A^otomoiu  bvm- 
ore;  Kibdelophane :  ^staliised;  non-magnetic,  or  very  slightly  magnetic;  a.  Sperifie 
gravity  -  4-661  (v.  ETobell,  Schw.  J.  Ixiv.  59,  246);  fi.  Specific  gravi^  -  4-639 
(Rammelsberg,  Mineralckemie^  p.  408).— «.  Bio  Chioo,  province  oi  Antioquia,  Kew 
Granada:  grains  from  the  auriferous  and  platiniforous  sand  (Dam our,  Ann.  Xia. 
[3],  li.  446T.— <2.  Layton'a  Farm  in  the  State  of  New  York:  aystalliaed,  yie)dii«  a 
brown-black  powder;  non-magnetic ;  spedflc  gravi^  « l'29a—4*818(Bamm«lsb«rg): 

Titanic  oxide 
Ferric  oxide 
Ferrous  oxide      . 
Manganous  oxide         • 
Magneeia     •        • 

10000       100-90        9904       100*01        99*14 

If  tne  small  quantity  of  ferric  oxide  in  a  and  &,  3  be  deducted,  and  the  magnesit  snd 
manganous  oxide  converted  into  their  equivalents  in  ferrous  oxide,  the  oompodtioa  of 
these  minerals  may  be  nearly  represented  by  the  formula  FeO.TiO*  or  FellO*,  whieb 
requires  63*72  TiO*  and  46*28  FeO. — c  is  also  nearly  the  tame,  but  may  be  more  doss^ 

represented  by  the  formula  8Fe0.9TiO'.— <2  ismagnedo-ferxous  titanate,  |^|TiO*,  or 

FeO.TiO*  ^  HgO.TiO',  the  calculated  composition  of  wfaieh  is  68*82  per  cent  TiO*, 
26-47  FeO,  and  1471  MgO. 

S  hep  hard's  paracoiumbiie  (iv.  841)  is,  according  to  Pisani  (Sill.  Am.  J.  [21 
xxxvii.  369),  a  ferrous  titanate,  difficult  to  separate  from  the  matrix.  It  has  a  hard- 
ness B  4-6 ;  specific  gravity  -t  4-363 ;  melts  to  a  black  magnetic  bead,  and  gsrct  by 
snalvsis : 


•. 

^. 

c. 

•. 

62*27 

6900 

68*08 

6709 

67*71 

1'20 

4*26 

2*66 

46*68 

3600 

88*80 

49*12 

86*82 

•      • 

1-66 

4-30 

0-80 

0-90 

•     • 

•      • 

1*66 

•     • 

18*71 
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35-66 


10-66 


A1«0». 
7-66 


Fe«0». 

3-48 


FeO. 

8908 


MgO. 
1-94 


CaO. 

2-06 


-     100-ff4 


B.  iMmorphouB  Mixtures  of  Ferrous  Titanaie  and  Ferrie  Oxide, — ^TitaniferooB  iron 
occurs,  containingthesecompoundsmized  in  YArious  proportioos,  between  OFeTiO'J'eK)' 
and  FeTiO'.ISFe'O*.  The  following  formula  must  be  regarded,  not  as  representing 
definite  compounds  of  ferrous  titanate  and  ferric  oxide,  but  merely  as  approximate 
expressions  of  the  composition  of  the  several  varieties  of  the  mineral  as  determined  by 
analysis.  For  the  discussion  of  the  formulae,  see  Rammelsberg's  Mii^eralckemu 
(pp.  409—419). 

a.  From  Egersund  in  Norway :  massive ;  nearly  black  ;  specific  gravity  w  4*744— 
4*791  (Rammelsberg).— 6.  fcrageroe,  Norway:  massive;  specific  gravity  ■■  4*701 
(Bammelsberg). — c,  St.  Paul's  &ky,  Canada:  massive,  granular,  slightly  magnetic; 
•pedfic  gravity  »  4*56— 4-66  (Hun t^  SilL  Am.  J.  [2],  xi.  231).— <;{.  Ciena^  Fro- 
nnce  of  Antioquia,  New  Granada  (Damour, /^.  eit.\—€.  Ilmen  Mountains,  near 
Hiask:  7?m«ni/« ;  crystallised ;  powder  brown-black ;  slightly  magnetic  ^Rammels- 
berg).— /.  ChAteau-Richer,  Caiuuia:  non-magnetic  grains ;  specific  gravity  w  4*66— 
4*68  (Hun  t). — ^.  Iserweiae,  in  the Riesengebirge:  Jaerin  (in  part) :  granules  varying  in 
specific  gravity,  magnetic  power,  and  composition ;  the  analysis  given  is  of  a  strongly 
mafpetic  ^in  (Rammelsber^). — A.  Lichfield.  Connecticut:  WaahingtoniU ;  crj^ 
tallised,  sliehtly  magnetic,  yielding  a  black  powder;  specific  gravity  »  4-986  (Ram- 
melsberg). — t.  £iMnach,  Thiiringerwald;  massive,  yielding  a  bl&ck  powder;  not 
magnetic;  specific  gravity  «  6*060  (Rammelsberg).— ^'.  I^dewalla,  Sweden:  mas- 
aire;  slightly  magnetic  (Plantamour,  J.  pr.  Chem.  xxiv.  302).—^.  Aschaffenburg : 
massive,  laminar,  mostly  polar-magnetic ;  specific  gravity  »  4*78  (v.  K obeli,  loc,  eii.). 
— I.  Snanim,  Norway :  massive,  accompanying  serpentine  and  hydrotalcite ;  specific 
gravity  »  4*943  (Rammelsberg). — m.  St.  Gothard:  crystallised,  yielding  a  black 
powder,  non-magnetic;  specific  pn^vity  a  6*187  (Rammelsberg). — fi.  Krageroe 


(«>-called  inm^Umce);    crystallised,  slightly  msgnetic;  specific  gravity   -i    6*240 
(Rammelsberg) : 
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y.  4FeTiO«.FeK)«      . 
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C.  taniferous  Iron  qf  abnormal  composition. — This  group  includes  ferric  titanates, 
fent)60-fernc  titanates,  and  isomorphous  mixtures  of  ferrous  titanates  and  ferroeo-ferric 
oxide  (msgnetic iron-ore). 

a.  Harthau,near  Chemnitz:  crvstallised in  six-sided  pistes  (Hesse,  Jahresb.  1866, 
p.  839  >. — b.  Iserweise,  in  the  Riesengebirge :  grains  with  octahedral  outline  (pro- 
bably rhombohedral,  with  the  faces  oR),  occurring  among  the  grains  of  iserin, 
hairing  a  much  lower  specific  gravity  than  the  latter,  and  rather  strongly  magnetic 
(Rammelsberg).^-^.  Unkel,on  the  Rhine  (formerly  called  scoriaeeous  magnetic  iron- 
ore)  :  crude  masses,  having  a  conchoidal  fracture,  inteigrown  with  basalt,  yielding  a 
black  powder;  specific  gravity « 4*906  (Rammelsberg). — d.  On  the  banks  of  the 
Mersey :  magnetic;  spMific  gravity  »  4*82  (Edwards,  J.  pr.  Chem.  xxi.  124)  : 

Tio«.  F*«0». 

a.   4Fe«0».9TiO«  .  .    6301  4736 

h.    4(FeO.TiO«).FeK)«.3TiO».    67*19  16*67 

c.  2(FeO.TiO«).3(Fe0.2FeW)    8*27  61*81 

d.  3(FeO.TiO0.6,FeO.Fe«O")    16*28  48*71 

A  titaniferous  iron-ore,  imbedded  in  the  diallage  and  augitic  gabbro  of  Baste  in  the 
Hats,  was  fo'ind  by  Streng  (Jahresb.  1862,  p.  716)  to  contain  46*77  per  cent.  TiO', 
44-56  Fe«0»,  and  0*66  Cr«0». 

Magnttic  Ironsand, — In  many  localities,  black  ferruginous  grains  occur,  strongly 
attracted  by  the  magnet,  and  partly  in  the  form  of  regular  octahedrons.    In  a  sped* 


FeO. 

MnO. 

MgO. 

•             • 

•      • 

•      • 

-     100*86 

2600 

•      * 

1-74 

-     100-60 

37*22 

2*03 

0*78 

-     lOOU 

36*01 

•     • 

•     • 

-     100 
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men  firom  the  coast  of  Finland,  Klapioth  found  14  per  cent./HaIjr  33  per  eent,  titanu* 
oxide ;  Cordier  has  found,  in  similar  specimens,  from  11  to  16  per  cent,  titanic  oxida. 
In  an  ironsand  containing  octahedrons  fix>m  the  Etna  Utas,  t.  Walterhanaen  fonikd 
12*38  per  cent.  TiO'  and  02*18  Fe*0",  which  is  an  excess  of  4*66,  indicating  Ute 
presence  of  ferrous  oxide.  A  specimen  of  rery  fine  ironsand  fh>m  the  MuggeTLskp, 
near  Berlin,  yielding  a  black  powder,  and  having  a  specific  graritj  of  6*075,  was  foond 
by  Rammelsberg  to  contain  6*20  per  cent.  TiO»,  61-36  Fe*0»,  30*26  FeO,  1*23  BInO, 
and  0*48  MgO  (  »  98*62),  which  may  be  nearly  represented  by  the  formula  FeO.TiO*. 
6(FeO.Fe*0') ;  but  all  these  substances  are,  perhaps,  merely  mixtures  of  feRQU 
Utanate  and  magnetic  iron-ore,  and  the  occurrence  of  definite  proportions  is  merely 
accidental. 

TitantferauM  Iron  containing  Tantalum  andNvohktm. — In  the  diamond-sand  of  Dit- 
mantino  in  firasil,  Damour  found  black  grains,  yielding  a  dark-green  powder,  and 
having  a  specific  gravity  of  4*82,  which  contained  74*32  per  cent.  TiO*,  6*67  TaK)* 
2*04  8nO«.  and  16*97  FeO. 

According  to  A.  £.  Nordenskjold  (Fogg.  Ann.  czxii.  616),  a  mineral  resemblii^ 
titaniferous  iron,  or  ilmenite,  but  containing  niobic  as  well  as  titanic  acid,  oocuts  actr 
the  village  of  Torro,  in  Finland. 

Titanate  of  MagnesiunL^The  numobasie salt,  M|;TiO*  «  MgO.TiO',  is  fbmed 
by  heating  1  pt.  titanic  oxide  to  whiteness  for  a  short  time  in  a  clMed  vessel,  with  10 
pts.  chloride  of  magnesium,  and  a  small  quantity  of  sal-ammoniac  On  treiiting  ths 
nised  product,  first  with  waiter  containing  acetic  acid,  then  with  pure  water,  the  mone* 
magnesio  titanate  remains,  in  shining  six-sided  crystals,  probably  belonging  to  tht 
trimetric  system,  and  coloured  reddish  by  a  trace  of  manganese.  They  scratch  glass, 
and  have  a  density  of  3*91.  If  the  chloride  of  ammonium  be  omitted  in  the  pr^ 
paration,  the  proportion  of  magnesium  in  the  crystals  will  be  somewhat  grfater 
(Hautefeuille^.— The  dibaaie  so/^,  Mg*TiO^  «-  2MgO.TiO',  is  obtained  by  Ausng 
2  pts.  titanic  osiae,  1  pt.  magnesia,  and  40  pts.  chloride  of  magnesium,  and  proceeding 
as  in  the  preparation  of  the  corresponding  ferrous  salt  (p.  846).  It  forma  rair 
brilliant  regular  octahedrons,  harder  than  glass  and  having  a  specific  gravity  of  3*42. 
(Hautefeuille.) 

Manganous  Titanates  (Hautefeuille). — ^The  dibasic  «a/^,  MnTiO*,  is  ob* 
tained  by  heating  titanic  pxide  with  fiuoride  of  manganese,  but  always  mixed  wiih 
the  laminar  monobasic  salt ;  neither  of  these  compounds  has  been  further  examined. 

Titanates  of  Potassium. —The  monobasic  salt,  K«TiO"  -  KK).TiO«.  is  ob> 
tained  by  fusing  titanic  oxide  with  excess  of  potassio  carbonate.  Tw»  fused  lasers  are 
then  formed,  the  upper  containing  the  excess  of  carbonate,  the  lower  the  monobasic  potxt* 
siura-titanate.  This  salt  forms  a  yellowish,  fibrous,  easily  fusible  mass,  which  is  resolved 
by  water  into  an  insoluble  acid  salt,  and  a  soluble  salt  containing  a  laiger  proportion 
of  base. — The  acid  salt  is  a  soft  white  powder,  which,  after  ignition,  contains  17*33  to 
18-01  per  cent  K'O,  and  8267  to  81*99  TiO".  On  treating  it  with  strong  hydrochlorie 
acid,  and  saturating  the  liquid  with  ammonia,  a  precipitate  is  formed,  which,  after 
ignition,  contains  91*3  per  cent.  TiO'  to  8*7  K'O.    (H.  Kose.) 

A  silico'titanate  of  pottissium  is  formed  by  igniting  titanic  oxide  with  excess  of 
silica  and  excess  of  potassium-carbonate,  and  remains  behind  on  treating  the  man 
with  water,  which  (ussolves  out  carbonate  and  silicate  of  potassium.  When  moist,  it 
dissolves  easily  in  concentrated  hydrochloric  acid,  forming  »  solution,  which,  wbea 
boiled,  deposits  fiocks,  somewhat  soluble  in  water,  and,  wMn  mixed  with  amaosis, 
yields  a  precipitate  of  silicic  and  titanic  adds. 

Titanatss  of  Sodium.— The  monobasic  salt,  Ka*TiO*  ■>  Na*O.TiO*,  prnaied 
like  the  corresponding  potassium-salt,  is  resolved  by  water  into  an  insoluble  acM  mlt 
and  free  soda.  This  acid  salt  forms  white  sandy  grains,  containing  16*14  to  15*80 
per  cent.  Na*0,  74*73  to  76*47  TiO*,  and  1018  to  9*23  water.  On  treating  it  with 
strong  hydrochloric  acid,  and  neutralising  with  ammonia,  there  remains  a  residue  con- 
taining 96*2—96*66  per  cent  TiO'to  3*8—8-44  NaK).    (H.  Rose.) 

Titanate  of  Zirconium  is  precipitated  on  mixing  the  solutions  of  xiroonic  and 
titanic  chlorides,  and  adding  sulphate  of  potassium  (Berseliu  s).  Titanate  of  siroo- 
nium  is  one  of  the  constituents  of  teschynite,  fergusonite,  and  polymignite  (L  69;  if. 
66,687). 

TITAWZinC,  OZTCS&OBZna  OV.    See  p.  837. 

TZTAVZVBI,  OZTT&VO&tBB  OV.    Sea  p.  840. 

TZTAVZVBI,  SVUraZBB  OV.  TiS*.— This,  the  only  known  sulnhide  of  tita- 
nium, was  discovered  by  H.  Bose,  who  prepared  it  by  slowly  passing  toe  vapour  of 
carbonic  disulphide  over  titanic  oxide,  very  strongly  i^ited  in  a  porcelain  tabe. 
Berselius  obtained  it  by  igniting  a  mixture  of  1  pt  pulverised  rutile,  I  pt  dry  esrcxA- 
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ate  of  flodium,  1  pt.  tiilpbiir,  and  }  pt.  charcoal,  in  a  crucible  lined  with  eharooal. 
Larger  quantities  are  best  prepared  by  passing  a  stream  of  diy  sulphydric  acid  gas 
into  a  tubulated  retort»  containing  titanic  chloride,  and  having  its  neck  connected  with 
m  glass  tube  laid  horizontally  over  a  furnace.  As  soon  as  this  tube  is  heated  to  com- 
inencing  redness,  the  retort  is  warmed  to  such  a  degree,  that  the  sulphydric  acid  gaa 
may  pass  into  the  tube  saturated  with  the  vapour  of  titanic  chloride,  at  a  temperature 
somewhat  below  the  boiling-point  of  the  latter.  Hydrochloric  acid  vapours  are  then 
given  off,  and  titanic  sulphide  remains  fb  the  tube.  (Ebelmen,  Ann.  Ch.  Fhys.  [3], 
3LX.  285.) 

Titanic  sulphide  thus  prepared  forms  large,  brass-yellow,  metallically  lustrous 
scales,  which,  when  rubbed  on  the  skin,  cover  it  with  a  shining  coating  like  mosaic 
gold.  When  ignited  in  the  air,  it  bums  readily,  yielding  titanic  oxide  and  sulphurous 
oxide,  which  is  volatilised.  It  detonates  when  heated  with  nitre.  It  is  decomposed  by 
dr^  chlorine-gas,  the  products  being  chloride  of  sulphur  and  chloride  of  titanium. 
With  nitric  acid  it  is  resolved,  with  rise  of  temperature  and  disengagement  of  nitric 
oxide,  into  titanic  oxide  and  sulphur.  It  is  oxidised  by  warm  nitromnriatie  acid, 
yielding  titanic  add  (the  greater  part  of  which  remains  undissolved)  and  Bulphurio 
acid.  It  dissolves  slowly  in  hydrochloric  acid,  with  evolution  of  sulphydric  aeid  (H. 
Koae).  At  a  tolerably  strong  red  heat,  it  decomposes  vapour  of  water  with  great 
fikcility,  and  is  converted  into  titanic  acid,  with  evolution  of  sulphydric  acid  and 
hydrogen-gas  (Regnault).  It  is  also  gradually  decomposed,  with  evolution  of  sulphy- 
dric acid,  by  exposure  to  moist  air.  When  digested  with  aqueous  potash,  it  is  rapidly 
converted  into  white  titanate  of  potassium,  which  is  precipitated,  and  sulphydrate  of 
potassium,  which  dissolves :  TiS*  +   2KH0  -  TiO*  4-   2KUS.    ^Kose.) 

TITAJi  lU M-OSSBW.  Ferrocvanide  of  titanium,  precipitated  bv  ferrocyanide 
of  potassium  from  a  solution  of  titanic  chloride,  has  been  recommended  as  an  inno- 
cuous substitute  for  Schweinfurt-green  and  other  arsenical  green  pigments;  its  colour, 
however,  is  far  inferior  to  that  of  Schweinfurt-green.  (Elsn  er,  Dingl.  poL  J.  cv.  130. 
— Gentelc.  ibid.  clx.  238  ;  see  also  Jahresb.  1847^8,  p.  1058.) 

TITAVXVaC-BAVB.    Pulverulent  titaniferous  iron  (p.  847). 

TITAJrillM-BTBB^    See  Ibon,  Allots  of  (iii.  370). 

See  Analysis,  Volitmbtbio  (i.  254). 

Boronatrocalcite,  occurring  in  lumps  in  the  deposits  of  nitrate  of  soda  in 
Peru  (i.  649). 

TOBACCO.  This  substance,  so  extensively  used  for  smoking,  snuffing,  and  chewing, 
is  prepared  from  the  leaves  of  several  species  of  JVi^^iona^hiefiy  N.  Tahacum,  Virginia 
tobaceo ;  N.  macrophyllcL^  Maryland  tobacco ;  N,  ru»tica^  and  N,  quadrivalvis.  The 
tobocoo-plant  is  indigenous  in  taropical  Amerioi,  but  thrives,  under  various  climatic 
conditions,  as  high  as  the  fiftieth  degree  of  latitude,  and  is  extensively  cultivated  in 
most  countries  within  those  limits. 

The  earliest  chemical  investigation  of  tobacco-leaves  is  that  of  Fosselt  and 
Beimann  (Geiger^s  Mag.  xxiv.  138;  xxv.  [2],  57),  who  found,  in  1,000  pts.: 

Malic  acid,  malates,  and 

nitrates  .  .  .9*7 
Other  potassium-salts  .  1*2 
Phosphate  of  calcium  .  1'7 
Woody  fibre,  water,  &C..  924-8 

According  to  later  investigations,  the  proportion  of  the  ^isonous  alkaloid,  nico- 
tine, is  much  larger.  Sch losing  (Ann.  Qi.Phys.  [3],  xix.  230)  found,  in  different 
■orts  of  tobacco,  from  2  to  8  per  cent,  nicotine,  the  better  and  milder  varieties,  such  as 
that  from  Havannah,  containing  the  smallest  quantity.    (See  Niootixb,  iv.  45.) 

Another  volatile  constituent  of  tobacco  is  nieotianine,  or  tobacco-camphor 
(It.  44).  Vauquelin  (Ann.  Chim.  Ixxi.  139) found  in  tobacco  an  organic  acid,  which 
lie  regarded  as  malic  acid,  a  result  confirmed  by  Posselt  and  Beimann.  Barral 
(Oompt  rend.  xxi.  1374)  regarded  it  as  a  peculiar  acid,  designating  it  as  nicotic  acid. 
Acooraing  to  Goupel  (Ann.  Ch.  Phys.  [3],  xvii.  503),  the  acid  of  tobacco-leaves  is 
malic  acid  with  a  lit^e  citric  acid :  from  100  grms.  of  the  dried  leaves  he  obtained  from 
S  to  4  grms.  of  arid  ammonium-malate. 

Tobacco  contains  a  considerable  amount  of  inorganic  constituents,  the  dried  leaves 
jidding  from  18  to  23  percent,  of  ash.  According  to  Casaseca  (Ann.  Ch.  Phvs. 
[3],  xlv.  479\  good  Havannah  tobacco  contains  from  16  to  16-8  per  cent,  ash;  infenor 
shirts  from  17'8  to  19*4  per  cent. ;  the  latter  contained  a  trace  of  iodine,  which  was  not 
found  in  the  better  kinds.    Vogel  (Report..  Pharm.  [1858],  vi.  100)  found,  in  Turkish 
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Nicotine      •        • 

.    0-6 

Nieotianine . 

.    01 

Bitter  extractive . 

.  28-7 

Besin  . 

.    2-7 

Albumin  and  Glutin 

.  181 

Gum   . 

.  17-4 
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tobaceo  from  rarions  localitieB,  17  tx>  23  per  cent. ;  in  Russian,  21*9  to  24*9 ;  in  Greenup 
19  per  cent.  ash.  Will  and  Presenilis  (Ann.  Ch.  Fharm.  L  387^  bare  analysed  ths 
ash  of  several  varieties  of  Hnngaiian  toba«»  (No.  i.  to  viii.  of  the  following  table),  and 
Merz  (ibid,  lirix.  109)  has  ai^ysed  that  of  tobacco  grown  in  the  neig^booriiood  of 
Niimbeig  (No.  ix.) : — 

Ash  of  To^aeeo, 


Ash  per  cent,  of  dry  substance : 

Leaves 

Sulks 

Potash 

■90C1&  •••••• 

Lime  .;•■•. 
Magnesia   •        •        •        .        • 
Chloride  of  sodiom     .        • 
Chloride  of  potassium         • 
Ferric  phosphate         .        • 
Phosphate  of  calcium  .        • 
Sulphate  of  calcium    •        • 
SiUca  .••••• 
Sulphuric  anhydride  .        • 


I. 


18-9 
22-9 


n. 


291 
2-2 

127-7 
7-2 
0-9 

8-8 
•    « 

6-4 
17-6 


99*9 


19-8 
82*6 


m. 


18-8 


230 
19-8 


IV. 


8*2 


27-8  42-8 

16-7  13-9 

11-4    2-2 

8-9    8*5 

6-8'  61 


211 


101 
6*0 


8*0 
9-8 


100*6  99*0 


19*6 
0*3 

44-6 

HI 
3*6 

•  * 
4*8 
6*0 
6-6 
6*1 


99*9 


T. 


23*3 


9*7 

49*3 

14*6 

4*6 

4*4 

6*2 

6*7 
6-6 


100*0 


▼I. 


23*8 


9-8 

49-4 

166 

3*2 

3*8 

6-7 

6*1 
6*3 


vn. 


22*8 


10*8 

39*6 

160 

6-4 

8*0 

7-6 

9-4 
8*3 


99*9  99*4 


▼in. 


27*8 


11-2 

47*0 

12*8 

2*6 

30 

6*3 

61 
12*0 


100*0 


n. 


26*9 
2*7 

39-5 
9*6 
9-6 

4*2 


4*6 
2*8 


99-8 


Schl5sing(J.  pr.  Chem.  Izzzi.  148)  has  determined  the  quantities  of  iiotash, 
lime,  magnesia,  sulphuric  acid,  and  chlorine  in  tobacco  grown  on  various  soui.  la 
the  air-dried  leaves  of  twelve  different  sorts,  he  found  90  pts.  of  dry  substance  and 
10  pts.  water: — 


I. 
1*0 

u. 

m. 

IV. 

1*7 

V. 

21 

VI. 

1*6 

VII. 

vm. 

IX. 

11 

X. 

0*8 

XI. 

1*4 

XD. 

2*0 

Potash      .... 

1*0   2*6 

2*2 

2*5 

Lime         .... 

7*7 

7-6   6-6 

7*2 

6*2 

7*3 

6*2 

6-6 

8-6 

8-3 

7-7 

74 

Magnesia  .... 

1*0 

0*8  1  0*8 

0-7 

0*6 

•      • 

0*6 

•       • 

1*0 

11 

09 

0*8 

Sulphuric  anhydride  . 

1*0 

0-9  1  1*0 

0*9 

0*8 

1*0 

0-8 

10   0*8 

0*8 

1*0 

1-0 

Chlorine   .... 

0*7 

0*6   0*4  1  1*6 

0*4 

0*4 

0*4 

0-5    1*8 

1*7 

.  * 

0-6 

The  combustibility  of  tobacco  is  influenced  to  a  considerable  extent  by  the  propor- 
tion of  the  potash  and  lime  contained  in  it,  and  the  manner  in  which  these  bases  are 
combined  with  adds.  The  ash  of  the  more  combustible  tobaccos  is  comparatively 
rich  in  carbonate  of  potassium,  showing  that  in  these  tobaccos  the  potash  is  ia  combi- 
nation with  organic  acids ;  whereas  the  ash  of  the  less  combustible  tobaccos  cuDtaiiu 
sulphate  and  dhloride  of  potassium,  together  with  carbonate  of  calcium,  instead  of 
carbonate  of  potassium,  showing  that  in  these  tobaccos  the  oiganic  adds  are  combined 
with  lime.  A  slowly-burning  tobacco  may  be  rendered  moro  combustible  by  adding 
to  it  an  oiganic  potassium-salt,  in  such  quantity  that  the  amount  of  potash  in  the  aih 
may  be  more  than  equivalent  to  the  sulphuric  and  hydrochloric  acids  present;  and,  on 
the  other  hand,  the  combustibility  of  tobacco  may  be  diminished  by  mixing  it  with 
such  a  quantity  of  sulphate  or  chloride  of  magnesium,  caldum,  or  ammonium,  that 
the  amount  of  hydrochloric  or  sulphuric  add  in  the  ash  may  be  more  than  equivalent 
to  the  potash,  so  that  ^e  ash  will  not  contain  any  potassie  carbonate.  (Schlo- 
sing.) 

Tobacco  always  contains  nitrates.  Aocordii^|  to  Schlosing,  these  salts  are  most 
abundant  in  the  midrib  of  the  leaf,  which,  in  different  varieties,  contains  from  0*16  to 
6*1  per  cent  nitric  add,  the  leaf,  deprived  of  its  midrib,  containing  from  0*02  to  2*0 
per  cent.  The  ready  inflammability  of  tobacco,  and  its  capability  of  burning  with  a 
smouldering  flame,  are  due,  in  great  part,  to  this  large  amount  of  nitrates. 

In  the  smoking  of  tobacco  an  imperfect  combustion  takes  place,  one  part  of  the  tobacco 
burning  in  contact  with  the  air,  and  producing  bv  its  combustion  a  quantity  of  heat 
sufficient  to  decompose  the  remainder  l^  destructive  distillation.,  producing  water  and 
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tir  (oil  ni  tobtcoo),  which,  when  tho  tobacco  is  smoked  in  s  pipe,  condense  as  liquid 
products.  Tobacoo>8moke  consists  partly  of  permanent  gases — namely,  carbonic  onde, 
carbonic  dioxide,  and  perhaps  also  one  or  more  hydrocarbons — partly  of  condensable 
vapours,  including,  according  to  Zeiss  (Ann.  Ch.  Pharm.  xlrii.  212),  ammonia, 
butyric  acid,  probably  also  acetic  acid,  paraffin,  empyreumatie  oil,  and  resin,  but  no 
creosote.  Melsens  found  nicotine,  the  presence  of  which  is,  indeed,  sufficiently  indi- 
cated by  the  narcotic  action  of  the  tobacco-smoke.  Vogel  (Repert.  Pharm.  yi  1 
155 ;  yii.  97,  614 ;  Tiii.  146)  found  sulphydrio  and  hydrocyanic  acids,  and  determined 
their  quantity,  as  well  as  that  of  the  ammonia :  from  100  grms.  tobacco  he  obtained 
0*7  to  2*8  grms.  ammonia.  The  proportions  of  the  several  constituents  of  tobaoco- 
•moke  Tary,  of  course,  according  to  tne  freedom  of  access  of  air  during  the  combus- 
tion :  hence  the  difference  in  the  action  of  tobacco,  according  as  it  is  smoked  in  pipes 
or  in  cipirs. 

Bespecting  the  manufacture  of  tobacco  and  snuff,  see  Ur^s  Dietitmary  qf  ArUt  &e^ 
iii.  007 ;  Handw.  d.  Chem,  yiii.  462. 


TOBACKJO-OAXySOS.    Syn.  with  NiooTiAivuni  (iv.  44). 

TOBACCO-OI&.    The  empyreumatie  oil  produced  in  the  destructive  distillation 
of  tobacco. 


TOB  ACCO-BBBB  OX^  Tobacco-seeds  are  said  to  yield,  by  pressure,  about  36 
per  cent,  of  a  ^rooninh-yellow,  mild,  inodorous  oil,  of  specific  gravity  0*023  at  16®, 
solidifying  at  —  25^,  and  quickly  drying  when  exposed  to  the  air. 

TOBBAXAA.    See  LoPB-BOOT  (iii.  783). 

TOBAX&IX-smbPBZBB.  (G^H*)^.— A  product  obtained,  together  with 
others,  by  the  dry  distillation  of  sulphide  or  dismphide  of  benzyl.  After  repeated 
erystallisation  from  alcohol,  it  forms  a  white  crystalline  powder,  very  sparingly  soluble 
in  alcohol,  more  easily  in  ether  or  in  benaene,  and  melting  at  143® — 146^.  (M&rcker, 
Ann.  Ch.  Pharm.  cxxxvi.  75.) 

TOUUTB.  C'*Hi*.— The  oily  constituent  of  tolu-balsam  (i.  498).  The  balsam 
distilled  with  water  yields  0-2  per  cent,  of  the  oil  i^Deville),  1*1  per  cent. 
(Scharling),  which  may  be  rectified  over  hydrate  of.  potassium.  Scharling  further 
treats  it  with  potassium,  and  then  rectifies  it  again. 

Tolene  ia  a  colourless  very  mobile  liquid,  having  a  pungent  odour,  and  a  spedfle 
gravity  of  0-858  at  10''(RKopp).  It  boils  at  170^  (Deville  ;  Scharling),  at  154^- 
160^(KEopp).  Vapour-density  »  5*1  (Deville).  When  exposed  to  the  air,  it 
quickly  takes  up  oxygen,  and  becomes  resinised ;  it  likewise  oxidises  when  boiled  with 
water  and  mercuric  oxide,  forming  a  small  quantitv  of  carbonic  anhydride ;  but  the 
oxidation  is  not  easily  completed,  and  does  not  yield  any  well-characterised  products 
(Schorl  ing).    Tolene  mixed  with  bromine  forms  a  black-brown  tarry  liquid. 

A  name  sometimes  applied  to  benzyl,  C^^ 

Syn.  with  ToLunrx. 

See  Balsams  (i.  498). 

,    C«H*NO*.— Syn.  with  Oxytoluamic  Acid  (iv.  321). 

XOBVBHBv  or  TOBVOB.  CTH*. — Syn.  with  Bsmztlic  Htdbtox,  under  whidi 
name  the  compound  has  been  already  described  (i.  574J. 

Besides  the  modes  of  formation  there  mentioned,  it  is  produced  : — o.  By  distilNng 
Tulpic  or  oxytolic  acid  with  potassium-hydrate  (Moller  and  Strecker,  Ann.  Ch. 
Pharm.  cxiii.  69).— /8.  In  the  dry  distillation  of  several  organic  substances,  namely  of 
dragon's-blood  (GlAnard  and  Bo udault,i5irf.  liii.  325),  wood  (Cahours;  Volc- 
kel),  and  coal  (Mansfield),  being,  in  fact,  a  constant  constituent  of  coal-tar 
oil.— 7.  By  the  action  of  methyi-iudide  and  sodium  on  monobromobenzene  (Fit tig 
and  ToUens): 

C«H»Br  +  CH«I  +  Na«     -     NaBr  +  Nal  +  (TH*. 
TTiiB  and  the  following  mode  of  formation  show  that  toluene  may  be  regarded  as 
methylic  bentene,  C«H»(CH"),  or  phenyl-methyl,  C*H».CH».  .        v  .      , 

8.  By  the  mutual  action  of  benzene  and  methylic  hydride  (marsh-gas)  in  the 
nascent  state,  as  when  an  intimate  mixture  of  2  pts.  acetate  and  1  pt..  benioate  of 
sodium  is  sulgectod  to  diy  distiUation   (Berthelot,  Bull.  Soc.  Chim.   [1867],  i. 

^'^^  C«H«  +    CH*     -     CH*   +   H«. 

Other  homologues  of  benzene— namely,  xylene,  C"H'»,  and  eumene.  C»H'»— are  woduced 
at  the  same  time  bv  similar  reactions.    The  formation  of  these  homologues  of  benzene 
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in  the  deetToctiTe  distillation  of  ooal  is  probably  due,  in  like  manner,  to  the  roactioii  ^f 
benzene  and  manth-gaa  at  the  moment  of  their  elimination  from  certain  oonstitafnts  of 
thecoaL — f.  Toluene  is  foond,  together  with  many  other  hydroearbons,  in  Rangoon  tnr 
(iv.  3). 

Toluene  is  most  adyantageoosly  prepared  from  ooaUnaphtha ;  in  ftct,  the  ootU 
naphtha  now  occurring  in  commerce  consists  mainly  of  toluene  and  its  higher  homo- 
logues.  It  may  be  obtained  tolerably  pure  by  oollec^inff  the  portion  of  the  nsphthn 
which  distils  between  100^  and  120°,  agitating  it  with  naif  its  weight  of  strong  mi* 
phuric  acid,  and  rectifying  it  repeatedly,  colUcting  apart  the  portion  which  distib 
between  lOS^'  and  llO^'. 

Toluene  has  a  specific  gravity  of  0*8654  at  16^  (Hendelejef,  Jahresb.  1860,  p  7); 
0*8824  at  O^,  0*8720  at  16<>  (Warren,  ibid,  1866,  p.  625).  It  boils  at  1103« 
(corrected).    (Warren.) 

Toluene-vapour  parsed  through  a  porcelain  tube  heated  to  bright  redness,  is  decom- 
posed, yielding  uncoudensable  gases  and  a  tarry  liquid,  which  may  he  resolved,  by  two 
series  of  r<*ctifications,  into  beosene,  C)*H*;  unaltered  toluene,  C'H*;  naphthaleofl^ 
C^'H';  bensyl,  C'*H'\  and  a  hvdrocarbon  apparently  isomeric  therewith;  anthracene, 
C'^**,  chrysene,  C'*H" ;  and  hydrocarbons  <^  higher  atomic  weight.  The  fbrmstioa 
of  these  hydrocarbons  may  be  represented  by  the  equations : 

2C'H«     -     C»*H>«  +  H«. 
Tohiene.  B«niyl. 

4(rH«      -     3Cm«  +   C"H"  +   3H«. 
Tolaeoe.  Btmiene.       Naphtlu- 

fene 

2(rH»     -.     C"H»«  +   3H«. 
Tolaeoe.  AnUir»- 


IBCm*     -     7C"H»«  +  80H». 

Toluene.  ChryMne. 

Or  the  chiysene  may  be  formed  from  bensene,  according  to  the  aquation  SCT'fl*  m 
C»*H"  +   3H«.    (Berthelot,  Bull  SocChim.  [1837],  i.  218.) 

Toluene  oxidised  with  dilute  nitric  acid  fields  oxytolie  acid,  0^*0*  (Fittig, 
iv.  321);  but  fuming  nitric  acid  converts  it  into  nitrodracylic  acid,  C^\NO^*, 
isomeric  with  nitrobenxoic  acid  (iv.  60). 

DerivaHvei  of  Toltime, 

The  rational  formula  of  toluene,  C*H^CH',  indicates  the  existence  of  two  series  gf 
substitution-products,  according  as  the  hydrogen  of  the  phenyl-molecule,  or  c€  ths 
methyl-molecule,  is  replaced  by  other  radidea,  eM, : 

C^KKH.CR*  C«a».CHK}l 

Monochloroio-  Bensjllc  chlo- 

lume.  ride. 

C^XHO).CH»  C«H».CH«(HO) 

CretoL  BensyUo  sloohoL 

C^«(NH«).CH«  C^».CH«(NH*) 

Tolutdine.  BentyUunina. 

These  isomeric  derivatives  differ  considerably  from  one  another  in  their  properties. 
Those  in  the  left-hand  column,  formed  by  replacement  of  hydrogen  in  the  pheny^mole- 
cule,  are  comparatively  stable  and  indifferent  compounds,  like  those  derived  in  like 
manner  from  benxene,  C*H*;  whereas  those  in  the  right-hand  column,  firmed  bv  te- 
placement  of  hydrogen  in  the  methyl-molecule,  are  more  active  bodies,  capable  of 
easily  exchanging  their  chlorine,  hydroxyl,  &c  for  other  radicles  by  double  decomposi- 
tion. Thus  benzylio  alcohol,  treated  with  hydrochloric  acid,  yields  bensylic  chloride; 
this  compound,  heated  with  alcohol  ammonia,  yields  benzyl8[mine ;  the  chloride  is  aim 
easily  converted  into  the  acetate,  cyanide,  &c.  by  treatment  with  the  oarrespooding 
potapsium-salts.  In  short,  these  la^t-mentioned  toluene-derivatives  exhibit  leactioni 
exactly  like  those  of  the  conresponding  compounds  of  the  hxty  seriea,  snd  may,  in  like 
manner,  be  supposed  to  contain  an  alcohol-radicle,  CH',  called  benxyl  or  tolyl,  sod 
referred  to  the  water-type,  ammonia-type,  &c:  e^,  ben^lic  chloride  —  C'H'.Cl; 
bensylic  alcohol  »  C'H'.H.O;  benzylamine  »  C'H^H'.l^&o. 

Amtdotolnene,  C'H»N  -  C*H»(NH«)  -  CJ^*(NH»).CH>.  Syn.  with  Torn- 
Dim  (p.  865). 


See  AurtoLvmuxMB  (p.  867). 
BromotolneaM.    (Glinier  and  Fittig,  Ann.  Ch.  Pharm.  nx^^i  47;  ezsxvL 
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SOI— Kekul^  Ann.  Ch.  FhamuexxzYii.  188,  192.— Lanth  and  Griraanx,  BulL 
8oe.  Chim.  [1866],  i.  647 ;  [1867]»  u  108). — ^Bromine  acts  directly  upon  toluene,  fonning 
monobtomotolnene,  or  bensylk  bromide,  aoourding  as  the  reaction  takes  place  at  low  or 
at  high  temperatorea.  Higher  snbetitutiou-prodncta  appear  to  be  formed  at  the  same 
time,  but  thej  have  not  beui  iaolated, 

MoMOBBOMOTOLunirB,  C*H'Br  s  C*H^Br.CH*,  is  prepared  by  gradually  adding 
bromine  to  tolut^ne  kept  cool  and  in  excess,  leaving  the  liquid  to  itself  for  a  few  days,  and 
purifying  the  product  by  agitation  with  potash-ley,  and  rectification  over  solid  potash. 
It  is  a  colourless  liquid,  having  a  faint,  not  unpleasant  odour  when  culd,  but  (accord- 
ing to  Lanth  and  Grimauz^  extremely  irritating  to  the  eyes  when  heated ;  according 
to  Fittig  and  Kekul^,  on  the  other  hand,  pure  bromotoluene  does  not  exhibit  this 
irritating  property.  It  has  a  specific  gravity  of  1'4092  at  15°,  and  boils  at  179® 
^Glinzerand  Fittig);  at  181''  (Lauth  and  Grimaux) ;  at  182-60— 183°  (Ke- 
k  ule).  It  is  a  very  stable  compound,  and  is  not  decomposed  by  heating  with  ethvlate 
of  sodium,  acetate  of  potassium,  acetate  of  silver,  cyanide  of  potassium,  or  idonholie 
ammonia. 

Benzylie  bromide,  CTH*.Br  ^  C*H*.CH'Br,  is  easily  obtained  by  the  action  of 
P^uwous  bydrobromic  acid,  or  the  saturated  aqueous  acid,  on  benzylie  alcohol ;  also  by 
the  action  of  bromine  on  boiling  toluene.  It  is  a  colourless  liquid,  fuming  slightly  in 
the  air,  and  boiling  at  198°— 199*^  (KekuU) ;  at  202°,  according  to  Lauth  and 
Grimau  x ;  but  their  product  was  probably  impure.  It  has  at  first  a  pleasant  aro- 
matic odour,  but  exposure  to  its  vapour  produces  a  copious  flow  of  tears.  It  gives  up 
its  chlorine,  by  double  decomposition,  with  great  facility,  being  rapidly  attacked  by 
acetate  of  potassium,  acetate  of  silver,  cyanide  of  potassium,  alcoholic  solution  of  hy- 
drate or  sulphydrate  of  potassium,  and  alcoholic  ammonia,  yielding  benzyl-compounds 
in  all  cases. 

DiBROMOTOLUBirx,  G'H'Br'. — Toluene  is  capable  of  yielding  three  dibromin- 
atod  derivatives,  corresponding  to  the  dichlorinated  toluenes  (p.  854) ;  but  the  only  one 
hitherto  obtained  in  the  pure  state  is  that  which  corresponds  to  chlorobenzol,  viz. 
dibromobenzol,  or  bromide  of  ben^lidene,  C'H*.Br*  ■»  C*H*.CBi*H,  which  is  produced 
by  the  action  of  phosphoric  pentaoromide  on  benzoic  hydride  ^bitter-almond  oil).  It 
is  decomposed  by  distillation  under  the  ordinary  atmospheric  pressure,  but  distils 
easily  in  a  vacuum.  When  treated  with  sodium,  or  sodium-amalgam,  it  yields  toluene 
and  benzyl,  C'*H'^  (Michaelson  and  Lippmann,  Ann.  Ch.  Pharm.  Supp.  iv.  113). 
See  p.  870. 

Lauth  and  Grimaux  have  likewise  obtained  other  brominated  derivatives  of  toluene, 
but  not  in  sufficient  quantity  for  accurate  investigation. — a.  If  the  first  drops  of  bro- 
mine be  added  very  slowly  to  the  toluene,  no  disengagement  of  hydrobromie  acid 
takes  place  ;  but  the  mixture,  which  remains  colourless,  deposits  a  small  quantity  of  a 
compound  in  hexagonal  tables,  perhaps  resulting  from  the  direct  fixation  of  bromine 
on  toluene. — /3.  mien  the  crude  bromotoluene  is  distilled  till  the  boiling-point  rises 
to  185°,  a  black  viscid  residue  is  left,  extremely  irritating  to  the  eyes,  ana  becoming 
filled,  after  a  few  days,  with  needle-shaped  crystals,  difiicult  to  purify  from  a  thick 
viscid  substance  with  which  they  are  impregnated.— 7.  When  toluene  was  treated 
with  2  at.  bromine  (for  the  preparation  of  dibromotoluene),  a  thick  liquid  was  formed, 
which  remained  coloured  even  after  the  excess  of  bromine  had  been  removed.  This 
li<^uid,  when  distilled,  began  to  boil  at  187°,  continued  to  give  off  hydrobromie 
acid  till  the  temperature  rose  to  210°,  and  left  a  black  residue  which  did  not  soli- 
dify. 

Cblorotolneiies. — The  action  of  chlorine  upon  toluene  gives  rise  to  a  number  of 
mibst it ut ion- products,  differing  in  constitution  according  as  the  reaction  takes  place  at 
hi^h  or  at  low  temperatures.  Compounds  isomeric  with  some  of  these  are  also  ob- 
tained from  benzylie  alcohol. 

Of  the  two  monochlorinated  compounds  whose  existence  is  indicated  by  theory,  viz. 
monochlorotoluene  and  benzylie  chloride,  the  former  is  produced  at  low,  the  latter  at 
high  temperatures,  as  is  the  case  with  the  corresponding  bromine-compounds. 

MoKOCHLOROTOLrBifB,C*H*Cl.CH*. — Doville  obtained  this  compound  by  saturat- 
ing toluene  (prepared  from  tolu-bal8am)  ^ith  chlorine  (i.  574);  and  Beilstein  and 
Oeitner  have  lately  shown  (Ann.  Ch.  Fharro.  cxxix.  331 ;  Bull.  Soc.  Chim.  [1867]» 
i.  251),  that  it  is  always  produced  when  cooled  toluene  is  treated  with  chlorine.  As, 
however,  the  action  is  attended  with  rise  of  temperature,  benzylie  chloride  is  apt  to  be 
produced  at  the  same  time ;  but  pore  chlorotoluene  may  be  obtained  by  treating 
the  crude  product  with  any  of  the  reagents  by  which  benzylie  chloride  is  decomposed. 
Pure  chlorotoluene,  free  from  benzylie  chloride,  is  also  produced  at  once  by  treating 
toluene  with  chlorine  in  presence  of  iodine.  The  same  compound  is  probably  formtnl 
by  tha  action  of  chlorine  on  cresoL 
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Chloiotolnene  boils  at  167°— 158^  (Beilstein  and  OeitnAr);  ml  16i^(oonect«d) 
(Limprioht).  Specific  gravity  «-  1080  at  14^,  It  ia  not  attacked  l^  water  at  2WP, 
by  ammoniacal  alcohol  at  100^,  or  by  alcoholic  Bulphide,  snlphydrata,  or  athylata  of 
sodium  at  150°.  Treated  with  sodium,  it  yields  toluene,  and  a  bydrocarboa  boiling 
at  about  200^,  but  no  benzyl;  nearly  the  same  deoomposition  takes  plaea  also  when 
the  vapour  of  the  compound  is  directed  upon  hot  soda-ume.  (Limprieht»  BnlL  8oc 
Chim.  1866,  iL  467.) 

Bens^lie  ehloride,  OH^.GH^l,  the  compound  isomeric  with  chlorototuene, 
first  obtained  by  the  action  of  h^rdiochloric  acid  on  bensy  lie  alcohol  (Can  n  issaro,  i.  673), 
is  likewise  produced  by  distilling  toluene  in  a  current  of  chlorine-gas,  keeping  the 
temperature  between  110°  and  140°;  above  that  limit,  more  highly  chlorinated  pro> 
ducts  are  formed.  The  condensed  product  is  redistilled,  collecting  the  portion  whidi 
goes  over  below  170°,  and  sgain  submitted  to  the  action  of  chlorine.  In  this  manner, 
after  a  few  rectifications,  a  quantity  of  ben^lic  chloride  is  obtained,  equal  to  about  91 
per  cent,  of  the  toluene  employed,  and  distilling  between  170°  and  180°,  the  greater 
portion  also  between  176°  and  176^ — a  certain  quantity  of  more  highly  chlorinated 
product  always  remaining  in  the  retort,  in  the  form  of  a  thick  irritating  oiL  (Lauth 
and  Grimaux,  BulL  Soc.  Chim.  1867,  i.  106.) 

Chloride  of  benzyl  boils  at  176°  (Canniezaro),  at  183°  (corrected)  (Limprieht).* 
Specific  giarity  »  1-07  at  14°  (Limpricht).  When  heated  with  nitrie  acid  diluted 
with  ten  times  its  bulk  of  water,  it  is  converted  into  benzoic  hydride  (bitter^almond 
oil): 

C»H*C1  +  NHO"     -     Cra«0  +  HNO«  +  HCL 

Benzoic  acid  is  also  formed  in  this  reaction;  but  if  nitrate  of  lead  is  used  instead  of 
nitric  add,  and  the  operation  is  conducted  in  a  current  of  carbonic  anhydride,  benzoic 
hydride  is  the  only  product  Benzylic  chloride,  boiled  with  recently  precipitated 
hydrate  of  lead,  is  converted  into  benzyHc  alcohol : 

2C»H'C1  +  PbHK)«     »     2C'H«0  +  PbCl« 

Heated  with  an  equivalent  quantity  of  potame  phenate,  in  alcoholic  solution,  it  yields 

benzylic  phenate,  n*Dr[  0*    Benzylic  vallate  is  obtained  in  a  similar  manner,  but  is 

decomposed  b^  distillation.  B^izylic  chloride  heated  to  116°  in  a  dosed  vessel  with 
roeanuine,  or  its  hydrochlorate,  in  alcoholic  solution,  yields  a  very  fine  violet  colouring* 
matter  in  the  form  of  a  dry  mass,  having  a  shining  lustre  and  bronze-green  oolottr, 
and  insoluble  in  water.  To  obtain  a  good  violet,  however,  the  treatment  must  be  re- 
peated three  or  four  times.  The  base,  set  free  by  soda,  is  colouriess  at  the  moment  of 
precipitation,  but  soon  turns  blue  on  exposure  to  the  air.    (Lauth  and  Grimaux.) 

Benzylic  chloride  heated  with  water  to  180°  yields  benzyl,  beoqrlic  ether,  and 
anthracene  (identical  with  that  from  coal-tar): 

40»H'a  +  2BP0     -     C>«H»*  +  C'^H»«  +  4HC1  +  2H*0. 

Beniyl.  Anthra- 

cene. 

2C'H'a  +  H«0     =    (C*H»)«0  +  2HCL 

Bensytle 
•th«r. 

The  bensyUe  ether  thus  produced  is  identical  with  that  which  Canniznro  obtained  by 
the  action  of  boric  anhydride  on  benzylic  alcohol    (Li  mpricht) 

DiOHLOBOTOLUBNB,  C'H*C1',  and  its  isomers. — ifekul^'s  formula  of  toluene^ 
G^H*.CH*,  suggests  the  possible  existence  of  three  dichlorinated  derivativest  via. : 

C«HH31«.CH»  C«H*CLCH«a  C«H».CHC1«. 

Dtchlorotoloene.  Chlorobenxylle  ChlorobtnsoL 

chloride. 

The  true  dichlorotoluene  does  not  appesr  to  have  been  yet  obtained,  at  least  not  in 
the  pure  state.  Monochlorotoluene  treated  with  chlorine  yields  a  body  which  gives 
up  one  of  its  chlorine-atoms  more  readily  than  the  other,  and  is,  therdbrs,  not  dichlo- 
rotoluene, but  chlorobenzylic  chloride. 

Chlorobenzol  is  formed  by  the  action  of  phosphoric  pentachloride  on  benzoic  hydrids: 
its  two  chlorine-atoms  are,  therefore,  situated  in  the  same  manner  as  the  single  oxygen* 
atom  of  benzoic  hydride  (which,  according  to  Kekuli's  theory,  is  CH*.COfi) : 

C^'.COH  +  PC1»    -     C^».Ca«H  +  TCLH). 

Benioio  BeniochloryU 

hjdride.  hydride  (cbloro* 

bentol). 

*  Lf mpricht*!  product  was  probably  Impure :  the  mode  of  prepi  ration  It  not  (ieaa. 
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CkhrobenMylie  chloride,  GfllK^LCIPCl  (otten  caUed  Dicklorotolwney—ThxM 
eofnpoiuid  is  produced,  a«  abore  stated,  by  the  action  of  chlorine  on  benzylic  chloride, 
or  on  monochlorotoluene,  and  therefore  also  by  the  action  of  chlorine  on  toluene. 
Beilstein  (Ann.  Ch.  Pharm.  cr?i.  336)  saturates  toluene  in  diffused  daylight  with 
chlorine,  either  at  ordinary  or  at  higher  temperatures ;  distils,  collecting  the  product 
which  passes  over  between  186^  and  220° ;  and  rectifies  it  several  times.  It  is  diffi- 
cult to  obtain  a  product  of  constant  boiling-point ;  that  of  the  pure  compound  appears 
to  be  somewhat  below  200^.  (Compare  liauth  and  Grimanx,  BulL  Soc  Chim. 
[1M7],  i.  108). 

Chlorobenzylic  chloride  is  a  colourless,  strongly  refracting  liquid,  the  vapours  of 

which  excite  tears.  It  easily  gives  up  one-half  of  its  chlorine,  but  the  other  half  is  more 

fixed,  as  in  true  subetitution-prodncts. — With  alcoholic  potash^  it  yields  a  chlorinated 

oil,  CH^'CIO,  boiling  at  215^— 220<>,  which  is  the  ethylic  ether  of  monochlorinated 

C*H*cl) 
benzyl-alcohol,     n      i  ^  (Naquet^  Ann.  Ch.  Pharm.  SuppL  ii.  240);  and  with  aleohoHo 

tulphide  of  votauinm,  a  beautifully  crvstallised  compound,  which  is  the  sulphydrate 

C'H*C1 ) 
or  mercaptan  corresponding  to  the  same  alcohol,      -a      [S     (Beilstein).     Chloro- 

benzyKe  chloride  is  not  converted  into  benzoic  hydride  by  heating  with  water  to  130^ 
— 140° ;  neither  does  it  yield  benzoic  acid  on  exposure  to  moist  air.    (Kaqu  et.) 

ChlorobenMoh  C*HH)1*  -  C«H».Ca»H.  (Cahours,  Ann.  Ch.  Pharm.  Ixx.  89; 
ibid.  Suppl.  ii.  253,  806.— Wicke,  Ann.  CHi.  Pharm.  cii.  856.— Engelhardt, 
Jahresb.  1857,  p.  470.— Naquet,  Ann.  Ch.  Pharm.  Suppl.  ii.  249,  258.)— This 
compound,  already  described  as  chloride  of  benzylene,  (C'H*)"C1'  (i.  577)t  w  pro- 
duced by  the  action  of  phosphoricpentachloride  on  benzoic  hydride.  According  to 
Lauth  and  Grimanx  (Bull.  Soc  Chim.  [1866],ii.  847),  it  is  also  formed,  together  with 
benzyHc  and  chlorobenzylic  chlorides,  when  toluene  is  distilled  in  a  current  of  chlorine, 
and  remains  in  the  retort,  together  with  chlorobenzylic  chloride,  after  the  benzylie 
chloride  has  been  distilled  off. 

Cfalorobenzol  is  a  colourless,  strongly  refracting  oil,  having  a  fiunt  odour  in  the 
cold,  strongly  irritating  when  heated,  and  boiling  at  206°.  Specific  gravity  ■>  1*296 
at  16°.  It  gives  up  the  whole  of  its  chlorine  with  |?reat  fieurility,  in  exchange  for 
Mcjlf^my  producing  benzoic  hydride,  the  reaction  being,  m  fact,  the  opposite  of  that  by 
which  it  is  produced : 

C^».CC1«H  +   H»0     =.     C*H».COH  +  2HCL 

Thus,  when  heated  with  water  or  aqueous  potash  to  120° — 130°,  it  is  converted  into 
benzoic  hydride;  and  in  contact  with  moist  air,  it  vields  benzoic  acid,  evidently 
resvlting  from  oxidation  of  the  previously  formed  hydride  (Cahours).  Heated  with 
alcoholic  tulphydrate  of  potaaHvm^  it  yields  the  sulphur-analogue  of  benzoic  hydride, 
en's,  commonly  called  gu/phoben^ol  (CAhoxiTB). ^Sodium  decomposes  it,  forming 
chloride  of  sodium,  and  benzylene,  C^H*.  When  its  vapour  is  directed  upon  ignited 
foda-lime,  benzene  is  formed,  together  with  carbonic  oxide  and  hydrochloric  add 
(Limpricht,  Bull.  Soc.  Chim.  1866,  ii.  467): 

C»H«a«  +  H«0     -     C*H«  +  CO  +  2HC1. 

Tbichlobotolubitx,  and  its  isomers. — Of  the  numerous  isomeric  compounds 
which  might  be  included  under  the  empirical  formula  CHH^l',  only  two  are  known 
with  certainty,  viz. : 

C«HK31«.CH»C1  and  C«H».CC1». 

Dichlorobensylic  Benzotrlchlo. 

chloride.  ride. 

Hie  true  trichlorotoluene,  C'H'Cl'.CH',  may  perhaps  be  formed  by  the  action  of 
chlorine  on  toluene,  but  it  has  not  been  isolated. 

J>iehlorobemylic  chloride,  C«H*C1-.CH*C1.— This  compound  is  formed  by  the 
prolonged  action  of  chlorine  upon  toluene,  and  separated  by  repeated  fractional  dis* 
tillation  (Naquet,  Ann.  Ch.  Pharm.  Suppl.  ii.  248).  It  is  commonly  regarded  aa 
trichlorotoluene,  but,  according  to  Kekule  {Lehrbuch,  ii.  561),  it  should  rather  l>e 
regarded  as  a  substitution-derivative  of  benzylic  chloride,  inasmuch  as  its  formation  is 
preceded  bv  that  of  monochlorobenzylic  chloride.  It  is  a  colourless  liquid,  having  a 
pungent  odour,  and  a  specific  gravity  of  1*44.  Under  the  ordinary  atmospheric  pres- 
Bore,  it  boils,  with  partial  decomposition,  at  240^ ;  but  under  a  reduced  pressure  of 
10  mm.  of  mercury,  it  distils  without  decomposition  at  135° — 143°.  It  may  be  heated 
with  water  to  200°  for  several  days,  without  forming  benzoic  acid ;  according  to 
Naquet,  however,  it  yields  that  acid  when  strongly  heated  with  alcoholic  potash. 

Benzotrichloride,  or  Chlorinated  Chlorohensol,  0*H*C1*.  (Schischkoff 
and  Rosing,  Jahresb.  1858,  p.  279. — Cahours,  Ann.  Ch.  Pharm.  Suppl.  ii.  306.— 
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Limpricht,  Und,  csxziT.  65,  czzzv.  80;  BulL  Soc  Chim.  1866,  ii.  468.)— T1i« 
substance,  analogous  in  composition  and  properties  to  chloroform,  was  disooTered,  in 
1848,  by  Schisc&off  and  Rosing,  who  ootained  it  by  the  action  of  phosphoric  penta- 
chloride  on  benzoic  chloride,  to  which  it  is  related  in  the  same  manner  as  odoro* 
benzol  to  benzoic  hydride : 

+  poa«. 


c«H».coa  +  pa« 

-  c^».cci« 

Bensoic 

Benso- 

chloride. 

trichloride. 

To  prepare  it,  bensoic  chloride  is  heated  with  pentachloride  of  phosphoros  to  180° 
for  48  nonrs.  It  is  also  formed  by  the  action  of  cnlorine  on  chlorobenzol.  (Cahoart.) 
Benzotrichloride  is  a  liquid  smelling  like  benzoic  chloride,  and  boiling  at  216°  — 
218^.  It  is  insoluble  in  water,  by  whidi,  however,  it  is  oonvertAd  (slowly  in  the  cold, 
quickly  at  140^)  into  benzoic  acid. — Sodium  does  not  act  upon  it,  even  at  the  boiling 
heat—Dxy  sUver-oxide oonvertB  it  into  benzoic  anhydride;  with  silyer-oxida  moistened 
with  alcohol,  it  forms  benzoic  acid  and  benzoic  ether.  When  heated  with  alcohol  to 
180^,  it  likewise  yields  benzoic  acid,  according  to  the  following  equation : 

CHKn*  +   8(C*H».H.O)     -     CHW  +  8C«HK31  +  H«0. 

Sulpkydrate  of  potauium  in  alcoholic  solution  acts  upon  it,  with  erolution  of  heat, 
Ibrming  a  crystallisable  sulpho-oompound,  not  yet  investigated. 

Benzotrichloride  heated  to  140^,  with  aoueous  ammonia,  yields  a  laiga  qiiantity  of 
benaonitrile,  behaving  in  this  resp«ct  just  like  chloroform : 

C»H»a«   +  NH«     »     C'H»N  +  8HCL 

It  also  reacts  like  chloroform  with  ethylaU  of  $odimm,  forming  a  eompoimd  (boiliBg 
at  220° — 226^),  analogous  to  the  so-called  tribasic  ibrmic  ether : 


(THK)!*  +  8C*H»NaO     -     8NaCl   + 


i^:n^- 


With  aeeiate  of  silver,  it  forms,  in  the  first  instance,  a  compound,  C*'H*H)*  which 
may  be  regarded  either  as  an  ace^l-compound  /ntH>oV  ( ^*'  ^'^"^'^^'^  ^  ^^  eUiylie 
ether  just  mentioned,  or  as  a  compound  of  acetic  and  aoetobenaoic   anhydride, 

C'H*0  [  ^  '  C^H)  1  ^'  '^^  ^^^  decomposes  easily,  apparently  with  separation  of 
acetic  ajihydride,  and  leaves  a  crystalline  compound,  which  has  the  composition  of  aceuv 
benzoic  anhydride,  rrrau\  [  0,  and  separates,  after  a  while,  into  acetic  and  benaoie  an- 
hydrides.   (Limpricht) 

((rH»r\ 

With  amliiu,  benzotrichloride  forms  a  base,  C^WIP  -  (OH')*  V  N*,  which  yields 

crystaUisable  salts.    (Limpricht) 

TxTRACHLOBOTOLUBKB,  C^KIH*,  and  its  isomers. — A  body  having  this  com- 
position, and  probably  consisting  of  trichlorobenzylic  chloride,  CH*C1*.CH*C1,  is  found 
among  the  products  of  the  action  of  chlorine  on  toluene.  It  forms  needles,  melting  at 
96°,  and  boils  without  decomposition  at  276°.  It  is  not  decomposed  by  heating  with 
water  to  230°.    (Limpricht) 

Chlorobmzoie  trichloride^  CH'CIH'.CCI',  the  analogue  of  the  true  chlorobensoic 
acid,  is  produced  (together  with  benzotrichloride^  by  the  action  of  phosphoric  pentA- 
chloride  on  chloride  of  benzoyl.  It  is  a  liquid,  Doiling  at  250°,  not  solidifying  at  0^, 
and  converted  into  chlorobenzoic  acid  by  heating  with  water  (Limpricht).  UestiaU 
with  this  is  tJie  tetrachloride,  which  was  found  by  Kammerer  and  Carius  (Ann. 
Ch.  Fharm.  cxxx.  168)  among  the  products  of  the  action  of  phosphoric  pentachloride 
on  chloride  of  benzoyl;  also  that  which  C  ah  ours  obtained  (ibid,  SuppL  ii.  264)  bj 
the  action  of  chlorine  on  chlorobenzol.  Kolbe  and  Lautemann  {imd,  czv.  196),  by 
distilling  salicylic  acid  with  pentachloride  of  phosphorus,  obtained  a  tetrachloride 
isomeric  with  Uie  preceding,  and  perhaps  consisting  of  C'H'CIH.CCI'.  It  melted  st 
80°,  and,  when  heated  with  water  to  160°  was  converted  into  chloroealylic  add, 
isomeric  with  chlorobenzoic  acid.    (See  p.  186.) 

FBirTA.CHLOROTOLUXNB,  G'HH^P. — A  bodv  having  this  oompontion  is  said  by 
Limpricht  to  be  obtained,  together  with  previously  described  products,  by  the  acdoo  of 
phosphoric  pentachloride  on  chloride  of  benzoyL 

Hbxchlobotoluxkb,  CTS?C\*. — A  body  of  this  composition  was  obtained  by 
Devil  le  (Ann.  Ch.  Fharm.  zliv.  304)  as  the  final  product  of  the  action  of  diloriae  en 
toluene  (from  tolu-balsam).    A  body  of  the  same  composition,  and  perhaps  identical 
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therawiUi,  was  obtained  by  Cahonzs,  by  treatinc^chlorobeiizol  with  chlorine.  It  forme 
eilkj  needlea,  which  anblime  without  decompoeition,  and  may  be  recryitallieed  from 
ether. 

Respecting  the  dibydrochlorate  and  tzihydrochlorate  of  pentachlorotolnene,  obtuned 
by  Deville,  see  i.  674. 

atbyttolueiiet C*H"  *  C'H^(C«H»)  -  C*H<(C«H»).CH«.  (Glinier  andFittig, 
Ann.  Ch.  Fharm.  czxxvi.  303;  Jahreeb.  1865*  p.  637.) — ^Thie  compound,  homologou* 
with  ethylbenzene  or  phenyl-ethyl  (iv.  484),  is  produced  by  the  action  of  sodium  on  a 
mixture  of  bromotoluene  and  ethylic  bromide.  It  has  a  peculiar  odour,  like  that  of 
methyltoluene  (infra),  boils  at  159^ — 160^,  and  has  a  specific  gravity  of  0*8652  at 
21^.  From  the  isomeric  body  cumene  (obtained  from  cuminic  acid  or  from  coal-tar),  it 
la  distinguished  by  its  boiling-point  (cumene  boiling  at  144^— 148^),  and  from  mesity- 
lene,  with  which  it  is  likewise  isomeric,  by  its  behaviour  with  reagents. — Cold  fuming 
nitric  acid  converts  it  into  an  oily,  non-distillable  nitro-compound,  probably  C*H'*(NO'-')^ 
— With  warm  nitric  acid^  it  forms  trinitro-ethyltoluene,  0*H*(NO')',  which  separates  in 
lar^  apparently  rhombohedral  crystals,  melting  at  92°. — Chromic  acid  oxidises  it  to 
terephtnalic  acid. 

Bjrdrozyltolnene.  OresoL  Oreaylio  Aleoliol.  C^'0-C«H*(OH).CH*.^ 
This  compound,  isomeric  with  benzylic  alcohol,  C*H*.CH'(OH),  and  related  to  toluene 
in  the  same  manner  as  phenol  to  benzene,  has  already  been  described,  under  the  last* 
mfutioned  name  (ii.  106),  as  a  colourless,  strongly  refracting  liquid,  obtained  from 
c«ml-tar  and  the  tar  of  fir-wood.  It  is,  however,  produced  in  a  state  of  greater  purity 
from  toluidine — namely,  by  treating  nitrate  of  toluidine  with  nitrous  acid,  converting 
the  resulting  nitrate  of  diazotoluene  into  sulphate,  and  decomposing  this  compound  by 
boiling  with  water  (p.  867).    As  thus  prepared,  it  is  solid  and  ciystalline. 

The  nitrocresols  are  described  under  Cbbstuc  Alcohol  (ii.  106).  Amidodi- 
nitrocresol,  C'H^NO*)'(NH'),  is  produced  by  saturating  an  alcoholic  solution  of 
trinitrocresol,  first  with  ammonia,  then  with  sulphydric  acid  gas.  The  deep  red  liquid  is 
evaporated  to  dryness,  the  residue  exhausted  with  ammoniacal  water,  and  the  filtered 
Bolution  acidulated  with  very  dilute  sulphuric  acid,  whereby  the  amidodinitiocresol  ia 
thrown  down  as  a  very  dark-coloured  precipitate,  which  may  be  purified  by  repeated 
crystallisation  from  hot  water  or  hot  alcohol.  It  then  forms  yellow  needles,  which  dis- 
solve but  sparingly  in  hot  water,  are  nearly  insoluble  in  cold  water,  but  dissolve  easily 
in  alcohol  and  in  ether.  The  salts  of  amidodinitrocresol  are,  for  the  most  part,  but 
•lightly  soluble. — ^The  magnesium-salt  is  the  most  characteristic;  it  separates,  on 
mixing  concentrated  solutions  of  the  ammonium-salt  and  magnesium-sulphate,  in 
rnnall  crystals,  the  solution  of  which  in  warm  water  yields  the  salt  in  needles  an  inch 
long.    (Kellner  and  Beil stein,  Ann.  Ch.  Fharm.  cxxviii.  164.) 

Metliyltolaene,  C»H'*  -  C'H;(CH»)  -  C«H\CH»).CH«.  (Glinzer  and  Fittip, 
Ice.  cU.) — This  compound,  isomeric  with  ethylbenzene  or  phenyl-ethyl  (iv.  484),  is 
pre|>ared,  similarly  to  the  latter,  by  the  action  of  sodium  on  a  mixture  o(  bromotoluene, 
niethylic  iodide,  and  ether,  perfectly  free  from  water  and  alcohol,  and  cooled  with  ice. 
It  is  a  colourless  mobile  liquid,  having  a  peculiar  odour,  not  like  that  of  benzene,  a 
specific  gravity  of  0*8621  at  195°,  and  boiling  at  139°— 140°  (six  or  seven  degrees 
higher  than  ethylbenzene).  It  is  probably  identical  with  xylene  from  coal-tar  oil,  and 
forms  with  fuming  sulphuric  acid  a  sulpho-acid,  whose  barium-salt  cnrstallisee,  like 
the  xylene-snlphite,  in  spherical  aggregations  ;  the  potassium-salt,  C*H*ESO',  forms 
silky  laminie. 

By  oxidation  with  chramio  acid,  methyltoluene  (like  xylene)  yields  terephthalic  acid, 
CH*0^,  whereas  ethylbenzene  yields  benzoic  acid. 

Methyltoluene,  warmed  with  fuming  nitric  acidf  forms  two  isomeric  dinitro-com- 
pounds,  C*H"(NO*)',  one  of  which  melts  at  123-6°,  and  crystallises  in  long  capillary 
ne«Kllea  ;  while  the  other,  which  melts  at  93°  (like  dinitroxylene),  forms  large,  colour- 
less, monoclinic  crystals.  When  methyltoluene  is  dropt  into  a  mixture  of  2  vols, 
nitric  and  1  vol.  fuming  sulphuric  acid,  cooled  at  the  commencement,  trinitrome- 
thyltoluene,  C*H'(NO')*,  is  formed  as  a  white  precipitate,  which  separates  from 
alcohol  in  rather  large  stellate  crystals,  melting  at  1 37^. 

Dioxymsthyltoluene,  C»H"0*  »  C'H«(CH*0)«.— Already  described  as  me- 
thylate  of  benzylene  (i.  577).  When  heated  with  acetic  acid,  it  is  converted  into 
benzoic  hydride  and  methylic  acetate : 

C'H«(CH*0)«  +   2(C«H"0JH0)     «     C^«0  +  2(C«H»0.CH»0)   +  H«0. 

Hydrochloric  acid  likewise  converts  it  into  benzoic  hydride.    (Cannizzaro,  BuU. 
8oc.  Chim.  [1866],  ii.  216.) 

Vltrotolneiies  (i.  574).  ^MononUrotoluene,  CH^NO*),  is  theredescribcd  ai  a  liquid ; 
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but,  acooxding  to  Jaworiky  (Jabresb.  1866,  p.  642),  a  purer  product  may  be  obUbe) 
by  dissolving  ordinaiy  nitrotoluene  in  filming  snlDbnric  acid,  and  treating  the  prodivt 
with  water,  whereupon  nitrotoluene-snlphuric  acid  (p.  860)  remains  dissoWed,  and  pore 
nitrotoluene  is  precipitated ;  also  by  redistilling  the  ordinary  product  of  the  action  of 
nitric  acid  upon  toluene,  and  couecting  the  portion  whidi  distils  above  240^  It 
separates  from  alcohol,  in  white  shining  ciystals,  which  melt  at  64^,  and  distil  without 
decomposition  at  238°. 

Chloronitrotolumff  C«H»(N0*)C1.CH',  is  formed  by  the  action  of  ftiming  nitric  add 
upon  chlorotoluene.  The  isomeric  compound  nitrobenzylic  chloride^  C*H*f  NO*).CH'Cl, 
is  formed  in  like  manner  from  benzyHc  chloride.  It  crystallises  from  aleohol  in  tliM 
colourless  laminse.     Chromic  acid  converts  it  into  nitrrodracylic  add. 

Benzylic  chloride,  treated  with  fuming  nitric  acid,  likewise  yields  an  oilv  liqud, 
slightly  soluble  in  alcohol,  which  has  not  been  much  examined.  This  li<^ui^  treated 
with  chromic  acid,  also  yields  nitrodracylic  acid.  (Beilitein  and  Geitner,  Bull 
8oc  Chim.  [1866],  ii.  469.) 

IrinUrotoluaney  C^^NO*)*,  is  obtained  bv  keeping  toluene  in  a  state  of  gentle 
ebullition  with  fuming  nitric  acid  for  several  days,  and  precipitating  with  water.  It 
forms  white  needles,  which  melt  at  82°,  are  very  slightly  soluble  in  cold,  easily 
soluble  in  boiling  alcohol  and  in  ether.  It  is  isomeric  with  chrysanisic  adj. 
(Wil brand,  Ann.  Ch.  Pharm.  czxviii.  178.) 

OzjtoUe  JLold,  CHH)*. — ^An  add  isomeric  with  ozybenaoic  and  salicylic  adds, 
produced  by  oxidising  tdnene  with  dilnte  nitric  add  (iv.  821). 

Sulphur-derivatiffes  of  Ibluene,  and  Compotmdi  iMomerie  wUk  them, 

MSrcker  (Ann.  Ch.  Pharm.  cxxzvi.  79;  Jahresb.  1866,  p.  643)  has  obtained  a 
ioluenic  sulphydrate  analogue  to  cresol,  and  the  isomerie  compound,  benj^lic  sulphy- 
drate,  analogous  to  bensylic  alcohol ;  also  toluenic  disulphide,  and  the  corresponding 
benxylic  disulphide ;  and  benzylic  protosulphide,  to  whidi  no  oorresponding  tohiaoe* 
compound  has  yet  been  produced. 

Be%Myl%e8ulfhydrat9,G'R*^^^^\B  -  C«H».CH«(8H),  is  obtained  by  mixij^ 

an  alcoholic  solution  of  potassic  stilphydrate  (or  sulphocarbonate)  with  chlorotohens 
or  bromotoluene  (?  benzylic  chloride  or  bromide),  adding  water  after  24  houn,  and 
rectifying  the  oil  thereby  precipitated  (Mareker,  Ams.  Ch.  Pharm.  axxri.  76; 
JiUiresb.  1866,  p.  643).  it  is  a  colourless  strongly  refractive  liquid,  having  a  dis- 
agreeable alliaceous  odour,  and  makes  the  eyes  water.  It  has  a  spedftc  gravity  of 
1-068  at  20^  and  boils  at  194*^—196°.  It  decomposes  mereurie  oxtds,  forming  the 
compound  C^^H'^Hg^S*,  which  ciystalUses  from  hot  absolute  alcohol  in  long  needJci,^- 

Witb  

C>*H' 

predpitate  of  plumboben^li(        .   ^  -     , 

saU$,  white  predpitates ;  with  niciel-  and  eopper-salts,  green  medpitates  ;  and  with 
iron-,  eobaU't  platmrnm-t  and  ^old-salts,  brown  predpitates.  Benzylic  sulphydmte  it 
converted,  by  exposure  to  the  sir,  into  benzylic  sulphide  (p.  869). 

Tolu€nie  or  Mttabensylie  Sulphydrate,  C*H\SH).CH*.  (Miircker,  he, 
cU, — Jaworsky,  Jahresb.  1865,  p.  642.)— This  oompuund,  isomerie  with  the 
preceding,  is  prepared  by  distiUinjg  toluene-sulphochloride,  C'H'SO'Cl  (p.  869\ 
with  zinc  and  dilute  sulphuric  add.  It  then  passes  over  with  the  vapour  of 
water,  while  the  less  volatile  toluenic  sulphide  remains  behind.  It  aystalHses 
▼ray  easily  firom  ether,  in  laige  white  lamm»,  unctuous  to  the  touch,  and  having 
a  peculiar  odour.  It  is  very  soluble  in  ether,  sparingly  soluble  in  alcohol,  in- 
soluble in  water;  melts  at  42*6^  to  43^,  volatilises  easily  with  vapour  of  water,  and 
distils  by  itself  without  decomposition.  The  alcoholic  solution  becomes  hfatfd  in 
contact  with  mereurie  oxide,  and  forms  the  compound  C^^H'^Hg*^,  which  crystaUi^ts 
in  laminn  having  a  satiny  lustre ;  with  mereurie  ehhride,  it  forms  the  componnd 
C^*W*^'8^Mg  CI*.— Lead-ealts  throw  down  the  compound  C»«H"Pb'^,  in  onnge* 
yellow  £>cks. — SUlver-ioUt  form  a  siskin-green,  platime  chloride  an  orange-yellow, 
auric  chloride  a  light-green,  niekei-scdts  a  green,  otppersalts  a  green,  and  chloride  of 
cobalt  a  violet  predpitate.  Toluylenic  sulphydrate  dissolves  in  warm  concentrated 
sulphuric  acid,  with  evolution  of  sulphurous  anhydride,  forming  a  deep-blue  solotioo, 
from  which  water  throws  down  a  reddish  resinous  body,  redissolved  with  blue  cobor 
by  sulphuric  acid.    Bensylic  sulphydrate  does  not  exhibit  this  reaction.    (Mareker.) 

Benzylic  sulphydrate  is  oxidised  by  strong  nitric  add,  forming  sulphuric  acid,  benzoie 
hydride,  and  small  quantities  of  other  products.  Toluylenic  s^pbydrate,  on  the  other 
hand,  when  added  to  nitric  acid  of  specific  gravity  1*3,  is  converted  into  tolnylenlo 
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diozyaalpbide,  C*'HH)'S',  while  nitrotolaeneHralphnrio  add  zemaiiui  in  solutioD. 
(Marcker.) 

Benzylic  Sulphide,  (C^')«  -  C^**CH«[^-    (^^'cker,  loc.  cit.).— This  com- 

pound  is  produced  by  the  action  of  an  alcoholic  solution  of  potassic  monoeulphide  on 
rlilorotolueno  (more  probably  tolylic  or  benzylic  chloride),  and  sepamtes,  on  dilution 
with  water,  as  an  oily  mass,  which  soon  solidifies.  It  is  insoluble  in  wattTf  but 
dissolves  easily  in  alcohol  and  ethert  and  crystallises,  by  slow  evaporation  of  its  solu- 
tions, in  long  needles  by  rapid  cooling,  in  shining  laminae.  It  melts  at  49^,  volatilises 
i»ithuut  deoom(>oaition,  and  is  not  precipitated  by  metallic  salts.  When  addeil  to 
cuol'jd  nitric  acid  of  specific  gravity  1*3,  it  is  converted  into  oily  ox^'benzylic  sulphide, 
(C'I1~)'80,  which  bveomes  cry8talline  on  being  mixed  with  water.  Benzylic  sulphide 
boiled  with  nifric  acid  of  specific  gravity  1*3,  or  treated  with  stronger  acid,  dissolves 
mlmost  completely,  with  formation  af  sulphuric,  benzoic,  and  nitrobenzoic  acids,  and  a 
•mail  quantity  of  a  yellow  acid,  the  barium-salt  of  which  crystallises  in  yellow  lamina. 

Benzylic  sulphide,  subjected  to  dry  distillation,  gives  off  a  large  quantity  of  sul- 
phydrio  acid  gas,  and  yields  (at  200^)  a  distillate,  cousisting  of  toluene  (i>oiling  at  112°) 
ami  benzylic  sulpli^'dratr.  Between  240°  and  250°,  tulvlene,  C'H*,  passes  over,  solidify- 
ing in  the  crystalline  form  as  it  cools ;  and  at  still  higher  temperatures,  the  distilla- 
tion being  ultimately  conducted  in  a  current  of  air,  two  other  crystalline  bodies  collect 
ill  the  neck  of  the  retort — viz.,  tolallylic  sulphide,  (C^H^)'S  (p.  851),  and  a  body  con- 
•l^ting  of  C**H"^,  which  is  insoluble  in  water,  very  sparingly  soluble  in  absolute 
aU^ohol  even  at  the  boiling  heat,  more  soluble  in  ether  or  benzene,  and  crystallises  m 
long  white  needles :  it  melts  at  180°,  sublimes  in  needles  or  laminae,  and  is,  perhaps, 
identical  with  Laurent's  thionessal  (p.  779). 

Benzylic  Oxysulphide,  (C'H')'OS,  formed  by  the  action  of  cooled  nitric  acid  on 

benzylic  sulphide,  crystallises  from  hot  water,  or  from  alcohol,  in  lamina  having  a  satiny 

lut^tre,  melts  at  130°,  and  solidifies  again  at  the  same  temperature.     It  dissolves 

xt-adily  also  in  ether,  and  melts  under  boiling  water  before  dissolving.    (Miircker.) 

C*H*  CH* ) 
Bensylic  Bisulphide,  C^H'^S"  ■■  ^Tr/n^t  [  S',  is  formed,  as  above  mentioned, 

hy  the  oxidation  of  benzylic  sulphydrate  in  contact  with  the  air,  more  quickly  on 
cvapoiatinff  a  solution  of  the  sulphydrate  containing  ammonia,  or  bv  the  action  of 
potaesium-disulphide  on  chlorotoluene  (benzylic  chloride),  in  alcoholic  solution.  It 
crystallises  in  white  shining  laminae,  melts  at  65°  or  67°,  dissolves  easily  in  ether  and 
iii  boiling  alcohol,  but  not  m  water.  It  decomposes  when  heated,  yielding  the  same 
Cumpounds  as  the  monoeulphide,  and  is  reconverted  by  nascent  hydrogen  into  ben- 
sylic  sulphydrate.    It  does  not  precipitate  metallic  salts.    (Mareker.) 

Toluenie  or   Metabeneylie    Bisulphide,    c«H^(CH*u^*'  isomeric  with  the 

preceding,  remains  in  the  residue  obtained  in  preparing  toluenie  sulphydrate 
from  toluene-sulphochloride,  and  is  likewise  formed,  on  evaporating  a  solution  of 
toluenie  sulphydrate  in  alcoholic  ammonia.  It  crystallises  in  large  needles  or 
laminc,  melts  at  41°  is  insoluble  in  water,  but  dissolves  easily  in  hot  alcohol, 
and  especially  in  ether.  By  hydrogen  it  is  reconverted  into  toluenie  sulphydrate. 
(Mareker.) 

Benzylic  Bioxy sulphide,  C>*H**0'S',  produced  by  the  action  of  nitric  acid  on 
toluenie  sulphydrate  (p.  858),  is  insoluble  in  water  and  in  aqueous  potash,  but  dis- 
•olTee  in  ether,  alcohol,  or  benzene,  and  crystallises  in  large  transparent  prisms,  which 
Bielt  at  74°,  solidify  again  at  the  same  temperature,  and  when  quickly  heated,  burn 
with  brilliant  scintillation.  The  alcoholic  solution  of  this  compound  is  not  precipi- 
tated by  mercuric  chloride.    (Mareker.) 

VO&UBVa-SVlkFBABaBa.  C'H'.SO'.NH*.  Syn.  with  SuLPHOTOi.roTJLMU>B 
(p.  527). — Produced  by  the  action  of  aqueous  ammonia  on  toluene-sulphochloride  or 
toloene-sulphobromide. 

VO&VBVB-BVXiPBOBROllKZDB.  C^'SO-Br.  (Otto,  Zeitechr.  f  Chem. 
1866,  p.  657. — Otto  and  v.  Gruber,  ihid,  1867,  p.  222.)— Produced  by  the  action 
of  bromine  on  toluene-sulphurous  acid  (p.  860)  suspended  in  water.  It  forms  long, 
obHqne,  rhombic  prismp.  insoluble  in  water,  easily  soluble  in  ether  and  in  benzene,  and 
neltinf;  at  95° — 96°.  By  warm  absolute  alcohol,  it  is  converted  into  ethylic  toluene- 
SQlphat4> ;  by  potash  into  potassic  toluene-sulphate ;  by  ammonia  into  toluene-sulpha- 
snide. 

VOX>UBBB-Sin;iFBOCB&aBZIIB.  C'H'SO'Cl.  (Fittig,  Ann.  Ch.  Pharm. 
cri.  280.-  Mareker,  ihid,  cxxxvi.  79. — Jaworsky,  Zeitechr.  f.  Chem.  1865,  p.  221. 
->  Otto,  ibid,  1866,  p.  657.) — Obtained  by  triturating  toluene-sulphate  of  soilium  with 
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an  equal  weight  of  phosphoric  pentachloride,  and  repeatedly  washing  the  product  with 
water.  It  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether,  and  beomie,  ud 
•eparstee  from  ether  in  beautiful  rhombic  plates,  ot  sometimes  in  large  prisms.  It 
melts  at  68^ — 69°,  and  boils,  with  almost  complete  decomposition,  at  260°. 

It  is  scarcely  attacked  by  water  in  the  cold,  but  is  slowly  decomposed  on  boiline, 
and  quickly  when  heated  with  it  in  a  sealed  tube  to  a  temperature  aboya  100°,  ji«id- 
ing  hydrochloric  and  toluene-sulphuric  acids.  The  same  decomposition  is  prodncH 
^  prolonged  boiling  with  alkalis  in  aqueous  solution,  rapidly  in  alcoholic  solntioo. 
The  chloride  acts  gradually  upon  alcohol,  eyen  in  the  cold,  forming  ethyltoloeod* 
sulphate.  With  aqueous  ammonia  and  solid  ammonium-carbonate,  it  easily  fonst 
toluene-sulphamide.  When  a  solution  of  toluene-sulphochloride  in  pure  and  diy 
ether  is  treated  with  sodium-amalgam,  toluene-sulphurous  acid  is  produced.  Tbt 
chloride,  treated  with  rinc  and  dilute  sulphuric  acid,  yields  toluene-sulphydrate. 

Toluene-sulphochloride  dissolves  without  alteration  in  a  mixture  of  nitric  and  sol- 

Shuric  acids,  and  is  not  attacked  by  strong  nitric  add,  eyen  at  the  boiling  heat  WW 
istilled,  it  gives  off  sulphurous  anhydride,  and  yields  a  liquid  distillate,  probaUj 
consisting  of  monochlorotoluene. 

TOIiVSVB-SlTXiPBintZC,  TOZiirO&-8VXiVBintZO«  or  UU^WMitTOUne 

ACZB.    CH'SO*  -  C'H'.SO«H  -  Cm*|soi-    (^«^ill«»    ^^*^    ^fc.   Phiia. 

xliv.  806. — Church,  Jahresb.  1866,  p.  684. — Fittig  and  Tollens,  Ann.Ch.PhMo. 
czzxi.  310. — ^Marcher,  ibid,  cxxxvi.  86.— Jaworsky,  Zeitschr.  £.  Chem.  1866,  p. 
220. — Otto,  ibid.  1866,  p.  666.)— This  acid,  already  partly  described  as  Bsmxtlsui^ 
pHtTBOus  Acid  (p.  663),  was  discovered  by  DeviUe,  who  obtained  it  by  the  action  ci 
faming  sulphuric  acid  on  toluene  from  tolu-balsam.  It  was  afterwards  prepared  io 
like  manner  by  Church,  though  in  an  impure  state,  from  the  toluene  of  coal-tar ;  and  hj 
Fittig  and  Tollens  from  synthetically-formed  methylbensene  or  phenjl-meUiyl  (ir. 
486).  Otto  obtained  it  by  oxidation  of  toluene-sulphurous  acid,  and  Marcker  pro- 
duced it,  together  with  nitrotoluene-sulphuric  acid,  by  treating  toluene-sulpfaydintt 
with  nitric  acid.    A  few  of  its  salts  hare  been  examined  by  Jaworsky. 

The  barium-tali^  C*'H'*Ba''SK)*,  obtained  by  dissolving  toluene  in  fuming  salphonc 
acid,  neutralising  with  water  after  a  few  days,  and  saturating  with  carbonate  of 
barium,  forms  crystals,  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol— 
The  Uad-aalt,  C^*W*Ph'^S*0*,  usually  forms  nodular  crystalline  masses,  but  maj  be 
obtained,  by  alow  evaporation,  in  needle-shaped  crystals ;  it  is  easily  soluble  in  wat« 
and  in  aloohoL 

Ethjflic  toluene-fulphate,  Cni'.SO«(C^*),  is  easily  produced  by  the  action  of  toluene- 
sulphochloride  or  toluene-sulphobromide  on  alcohol.  It  is  insoluble  in  water,  bnt 
soluble  in  alcohol  and  ether,  and  crystallises  in  fine  thick  prisms,  which  melt  at  82^. 

Amidotoluene-sulphuric  ^ctrf,C'H"(NH*).SO*H.  Syn.with  Sulpsotoltluoc 
oir  Bbnztlsulfhamic  Aan.    (See  Sulphurous  Ethsbs,  p.  627.) 

mtrotoluene-aulpkurio  Acid,  CmXHO^BOm  «  C«H*(NO«)j^^.-?tt« 

Stpear  to  be  two  modifications  of  this  acid,  the  one  produced  from  nitrotoluene  \jf 
e  action  of  fuming  sulphuric  acid,  the  other  by  that  of  nitric  acid  on  tolneoe- 
Bulphydrate,  being  evidently  formed  by  the  nitration  of  toluene-sulphuric  add.  But 
the  two  acids  have  not  been  sufBciently  examined  to  render  their  separate  existeaoi 
a  matter  of  certainty. 

Nitrotoluene-sulpnuric  acid  is  produced  by  treating  toluene-sulphydrate  with  nitxie 
acid,  of  specific  gravity  I'S,  and  remains  in  solution,  while  tduene-disnlphide  crystal- 
lises out  (p.  869).  By  evaporating  the  solution,  it  is  obtained  in  deb'quescent  crystals.— 
Its  barium-eaU,  [C'H*(N0>)S0*]*Ba".2HK),  forms  colourless,  teansparent,  foor-sidcd 
tablets,  which  dissolve  easily  in  hot,  slightly  in  cold  water,  are  inmlnble  in  aloobo), 
and  give  off  their  water  of  crystallisation  at  1 10°.— The  kad-wtU,  [CH^CNOOSOTPb^ 
4H*0,  forms  transparent,  very  bulky,  crystalline  lamine.    (Miircker.) 

Paranitrotflluen&'aulphtrie  acid  is  produced  by  gently  heating  nitrotoluene  with  film- 
ing sulphuric  acid.  Its  barium-salt  forms  shinmg  pale-yellow  crystals,  which  cootaia 
[C'H«(N0*)S0^*Ba".3H«0,  and  give  off  their  water  at  110°.  (Church;  Jawor- 
sky.) 

Toiivsra-sv^rairmoini  AciB.   C'H^SO«H  -  c^«|^^^7W|<iaf. 

phurou8  or  BeneyMpkurom  Hydride,  (Otto,  Zeitschr.  f.  Chem.  1866,  p.  666,)— 
This  acid  is  obtained,  similarly  to  the  homologous  compound  beusene-sulphurons  acid 
or  phenylsulphurous  hydride  (p.  664),  by  treating  toluene-sulphochloride,  dissolwd  in 
father  free  from  watex  and  alcohol,  with  sodium-amalgam,  and  decomposing  the  result- 
ing sodium-salt  with  hydrochloric  acid.   [At  the  same  time  thete  u  formed  a  seooodaiy 
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pfodveti  hftTing  the  empirical  formula  CH'*SO%  which  dieBolvee  in  hot  alcohol,  and 
czTftaliiMS  therefrom  in  oblique  rhombic  prisms,  melting  at  76*^ — 76^.] 

Toluene-eolphiironfl  acid  c^staUisee  from  water  in  rhombic  tables,  nnctnons  to  the 
touch,  and  having  a  brilliant  satiny  lustre ;  or  from  dilute  solutions  in  long  needles 
united  in  large  tufts.  Il  melts  at  85^,  dissolves  sparingly  in  cold  water,  easily  in 
boiling  water — also  in  alcohol,  ether,  and  benzene. 

It  is  easily  converted  by  oxidation  into  toluene-sulphuric  acid,  this  effect  being  pro- 
dued  even  l^  the  oxygen  of  the  air,  though  not  so  quickly  as  with  benzene-sulpburoua 
acid.  When  immersed  in  water,  and  siu)jected  to  the  action  of  chlorine  (best  at  a 
moderate  heat),  it  is  converted  into  toluene-sulphochloride,  hydrochloric  add  beinff 
formed  at  the  same  time.  With  bromine,  in  like  manner,  it  yields  hydrochloric  add 
and  toluene-sulphobromide. 

Toluene-sulphites. — The  barium^saltt  (CWSO^yBsi'tia  anhydrous,  and  ciys- 
tHllises  in  small  shining  laminae,  slightly  soluble  in  cold  water,  more  soluble  in  hot 
water  and  in  ether.— The  ealcium-salt,  (C'H'S0')*Ca".8H*0,  resembles  the  barium- 
»alt  in  form  and  solubility. — The  aUver-salt,  C'H^SO'Ag,  forms  anhydrous  iridescent 
laminse,  somewhat  soluble  in  boiling  water. 

Eikylic  taluene-wlphite,  C^H'.SO^C*H^),  is  easily  produced  by  heating  the  add  with 
Mlcuhol  containing  hydrochloric  add.  It  is  liquid,  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether. 


Syn.  with  Toltl  or  Bknxtl. 
YOZiir-XVOXVra.    Syn.  with  Euobno-toluic  Amhtoridb  (ii.  606). 
YOZiiroZiTCZO  ACZB.    Syn.  with  Toluric  Acid. 

YOI.UZO      AOZB.        C»H-0«      -      ^"h^|o    =   ^^icO«H      (^ekuU). 

Toiuolic  Acid.  Toluylic  Acid,  (Noad  [1847^,  Phil.  Mae.  [3],  xxxii.  19.— Kraut. 
JHagertation  uber  Cuminol  und  Cymm  [Gottingen,  1854],  p.  20. — Cahours,  Ann. 
Ch.  Pharm.  cviii.  315. — Cannizzaro,  ibid.  xcvi.  246;  cxix.  253;  cxxiv.  2A2; 
Jahresb.  1861,p.421;  1862,  p.  267. — Moller  and  Strecker,  Ann.  Ch.  Pharm.  dii. 
64. — Temple,  ibid.  cxv.  277.— Griess,  «&tW.  cxvii.  61. — Beilstein  and  Yssel  de 
Schepper,  ibid,  cxxxvii.  301 ;  Bull.  Soc.  Chim.  1866,  i.  286.— KekuU,  ibid.  1866, 
ii.  46.)— An  aromatic  add,  homologous  with  benzoic  acid,  and  isomeric  with  anisyloui 
add  and  methvlic  benzoate.  It  is  produced :  1.  By  the  action  of  dilute  nitric  acid  oi 
C7mene(Noaa),  or  xylene  (Be i  1  stein): 

C««H»<  +  O*     =     C»H»0»  +  CH'O*  +  2H«0. 

Cjrmeiie.  Toluic  Oxalic 

acid.  acid* 

C«H'»  +  0«     -     C«H«0»  +  H»0. 
Xjlene.  Toluic 

acid. 

2.  Synthetically  by  the  action  of  aodinm  and  carbonic  anhydride  on  bromololuMie  (Ke 

C*H«Br.CH»  +  Na«  +   C0»  =  NaBr  +  C*H«.CH«.CO«Na. 
Bromoto-  Tbluateofso* 

laena.  dium. 

The  toluic  add  obtained  by  dther  of  these  three  proeessefl  exhibits  exactly  the  same 
properties,  and  is  the  true  homologue  of  benzoic  acid.  A  modification,  called  alpha- 
tolnic  acid,  differing  from  toluic  acid  in  some  of  its  properties,  but  agreeing  with  it 
in  composition,  and  in  the  essential  character  of  being  resolved  by  heat  into  toluene  and 
carbonic  anhydride,  (C*H»0'  =  CH*  +  CO*),  is  produced  by  boiling  vulpic  acid  or 
^anide  of  benzyl  with  alkalis  (Cannizzaro).  Another  modification,  obtained  by 
Griess,  by  the  action  of  nitrous  acid  on  an  alcoholic  solution  of  amidotoluic  or  oxyto- 
laamic  acid  (iv.  321),  has  been  regarded  as  homologous  with  salylic  acid ;  but  as  this 
acid  has  lately  been  shown  to  be  identical  with  benzoic  acid  (p.  186),  it  is  probable 
that  the  toluic  acid  obtained  by  the  last-mentioned  process  is  likewise  identical  with 
ordinary  toluic  acid. 

Preparation  of  Toluic  Acid. — 1.  From  cymene. — One  pt.  of  cymene  is  distilled  in 
a  capadous  retort  with  4  pts.  of  a  mixture  of  common  nitric  acid  with  six  times  its 
Tolume  of  water,  the  distillate  being  repeatedly  poured  back  into  the  retort.  The 
reaction  takes  place  quietly,  the  oil  first  becoming  blue,  then  dark-yellow,  then  viscid, 
and  finally  sinking  to  the  bottom.  The  operation  is  finished  when  the  drops  of  oil, 
which  at  first  fioat  upon  the  distillate,  are  replaced  by  white  crystals,  and  on  cooling 
the  retort  becomes  filled  with  these  crystals  (Noad).  If  this  method  (which  requires 
Coctinuous  boiling  for  a  week)  is  exactly  followed,  and  the  toluic  acid,  as  it  is 
Ibrmed,  is  removeo,  to  as  to  prevent  any  further  action  of  the  nitric  acid,  the  acid  ia 
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obtained  perfectly  pure  fKraut). — ^The  toluic  acid  is  the  purer  the  weaker  the  nitne 
acid,  and  the  more  bIowIt  the  ^etillation  is  conducted ;  stronger  add  acts  riolently, 
and  forms  nitrotolnic  acid,  which  is  difficult  to  separate.  In  order  to  eiflbct  the  sppa- 
ration,  the  mixture  is  first  freed  from  nitric  acid  and  a  yellow  resin,  by  boiling  with 
milk  of  lime  ;  the  filtered  solution  of  the  calcium-salt  is  then  precipitated  oj  hydrochloric 
or  nitric  acid ;  the  precipitated  acids  are  dissolved  in  baryta- w^ar,  and  evaporated  on 
a  water-bath ;  the  residue  is  treated  with  water ;  the  solution  filtered  firom  the  nitrtv 
toluate  of  barium,  which  is  difficultly  soluble^,  is  next  eraporated,  again  treated  with 
cold  water,  and  filtered ;  and  this  treatment  is  repeated  tul  no  more  nitrotoluate  of 
barium  separates  out ;  the  liquid  is  then  precipitated  by  an  acid,  and  the  product  it  r< 
crystallise.    (No  ad.) 

2.  From  xylene. — The  hydrocarbon  is  oxidised,  as  in  the  preceding  process,  with 
nitric  acid  diluted  with  five  or  six  times  its  bulk  of  water,  and  the  ^oduct  is  freed 
from  the  small  quantity  of  nitrotolnic  add,  formed  at  the  same  time,  by  distillation  sad 
treatment  with  sulphide  of  ammonium.    (Beilstein  and  De  Schepper.) 

3.  From  toluene. — Bromotoluene,  mixed  with  toluene,  is  introduced  into  a  long- 
necked  fiask,  provided  with  an  upright  condensing-tube ;  sodium,  in  quantity  lather 
greater  than  that  required  by  theory,  is  added  in  small  pieces ;  the  whole  is  heated  ia 
a  water-bath ;  and  a  stream  of  carbonic  anhydride  is  passed  into  the  vessel  for  24  to 
48  hours.  The  sodium  soon  becomes  covered  with  a  blue  crust,  and  is  converted  into 
a  pasty  mass  of  the  same  colour.  As  soon  as  the  reaction  is  finished,  the  product  is 
treated  with  water ;  the  solution  is  filtered,  to  separate  oily  matters,  consisting  of  mi- 
altered  toluene  and  bromotoluene,  together  with  secondary  products ;  and  the  filterrd 
solution  of  Hodium-toluate  is  acidulated  with  hydrochloric  aad,  to  precipitate  the  toluie 
acid.     (EekuU.) 

ProperHee. — ^Toluic  add  is  precipitated  from  the  solutions  of  its  alkaline  sslts  hj 
adds,  as  a  white  curdy  mass,  which  appears  crystalline  under  the  microtoope.  It  it 
very  soluble  in  boiling  water,  and  crystillises  tnerefrom  in  needles  on  cooling.  It  dis- 
solves very  readily  also  in  alcohol  and  ether.  When  pure,  it  is  tasteless  and  inodoront. 
It  melts  at  a  temperature  above  100^  (at  175^  to  175'6^,  according  to  K  eknl^X  ^ 
sublimes,  without  decomposition,  in  fine  needles. 

Decompositions. — Toluic  acid,  heated  with  Ume  or  f>^'y^i  ^  resolved  into  tolueos 
and  carbonic  anhydride :  CJ'H'O*  —  C^*  ■♦'  CO*. — When  boiled  for  some  time  with 
strong  nitric  acidf  it  is  converted  into  nitrotolnic  add. — ^Ely  distillation  with  ^ra^i- 
chloride  of  phosphorus^  it  yields  toluic  chloride,  C*H'OCl  ((Jahours). — When  intro- 
duced into  the  animal  organism,  it  passes  into  the  urine  as  toluric  acid  (p.  868). 

A  mixture  of  toluate  and  formate  of  calcium  yields  by  distillation,  toluic  aldehydt, 
C'HH)  (Cannizzaro.p.  864): 

C»«H'<Ca''0*  +   Cr»H«Oa''0*     -     2C^»0   >  2Ca''C0«. 

ToluAte  of  Forroiito  of  TolujHc 

calcium.  calcium.  aldahyde. 

Toluatea. — ^Toluic  add  is  monobasic,  and  its  salts  are  mostly  crystalline ;  they  hart 
not,  however,  been  much  examined.^  The  ammoniufti'SaU  forms  small  prisms. — The 
btrmin-^altf  C**H*^Ba"0*,  obtained  by  neutralisation,  forms  confused  crystals.— Tba 
ealcium-^tt  C'*H'*Ch"OS  separates  from  its  concentrated  aqueous  solution  in  long 
shinin|;  needles. — The  cupric  salt,  C'*H*^Cu''0\  is  deposited,  on  mixing  the  potatdam- 
salt  with  cupric  sulphate,  as  a  blue  predpitate,  slightly  soluble  in  water. — The  pcist* 
stum-salt,  obtained  by  neutralisation,  forms  long  shining  needles. — The  silvir'SsU, 
CH'AgO',  is  obtained,  by  double  decomposition,  as  a  curay  predpitate,  aystattisiag 
from  hot  water  in  small  needles. — ^The  sodium-salt  is  more  soluble  than  the  potat- 
dum-salt,  and  does  not  crystallise. 

Derivatives  qf  Ihluic  Acid, 

loDOTOLuio  Acid,  C*mO'. — Produced  b^  the  action  of  hydriodic  acid  on  diaso- 
tolu-oxytoluamic  add  (iv.  322).  It  forms  white  laminse  or  needles,  slightly  sdnblt 
in  water,  freely  in  alcohol  or  ether.    (Q-riess.) 

NitbotoluicAcid,  C^'(N0*)0'. — This  add  is  easily  produced  by  boiling  toluie 
add  with  strong  nitric  acid.  It  may  also  be  prepared  directly  from  cymene,  by  boiling 
that  hydrocarbon  with  the  strongest  fuming  nitric  acid,  as  long  as  red  fumes  nre 
evolved.  The  residue  depodts  a  large  quantity  of  cnrstals  on  cooling,  and  gives  a  con- 
siderable predpitate  when  treated  with  water;  the  whole  mass  is  then  washed  on  a  filter 
with  cold  water,  then  digested  with  ammonia  and  filtered,  whereby  a  little  oily  matter 
is  separated.  The  filtrate  is  decomposed  with  hydrochloric  add;  the  precipitated 
nitrotolnic  add  is  washed  with  water,  dried,  dissolved  in  hot  alcohol,  and  boiled  with 
animal  charcoal ;  and  the  filtrate  is  left  to  evaporate. 

Nitrotolnic  add  forms  beautiful  pale-yellow  rhombic  piinni,  slightly  sdtible  in  cold 
water,  soluble  in  hot  alcohoL 
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yitrotoluate  of  Ammonium  forms  long  needles  :  it  easily  gives  up  port  of  its  am- 
Booia,  and  the  whole  when  boiled  with  animal  charcoal. — ^Tne  harium-galt^ 
C"H**Ba"(NO*)H)*,  is  thrown  down,  on  roixinc  the  ammonium-salt  with  chloride  of 
barium,  as  a  white  curdy  precipitate,  which  dissolves  abundantly  in  hot  water,  and 
separates  in  stellate  groups  of  ne&dles  on  cooling. — The  calcium^alt,  C'*H**Ca'*(NO')'0\ 
is  obtained  in  like  manner  as  a  crystalline  precipitate,  more  soluble  in  water  than  the 
bariom-salt,  and  crystallising  therefrom  in  oblique  rhumbic  prisms. — Cupric  salt, 
Caprie  sulphate  forms,  with  the  perfectly  neutral  ammonium-salt,  a  precipitate  con- 
sisting of  a  basic  salt. — The  potasgium-sa/t  is  very  soluble,  and  crystallises  with 
difficulty  in  small  needles. — The  rilvtr-salt^  C"H^AgrNO*)0',  is  a  white  curdy  precipi- 
tate, vexT  much  like  chloride  of  silver,  very  soluble  m  boiling  water  (blackening  if  too 
long  boiled),  from  which  it  separates  in  feathery  crystals  on  cooling ;  slightly  soluble 
in  alcohol. — The  sodium-salt  is  uncrystallisable. — ^The  strontium'Salt  is  very  much 
like  the  barium-salt,  excepting  that  the  crystals  are  laiger,  and  more  soluble  in  water. 
(Noad.) 

Nitrotoluie  Ethers.— The  ethylie  ether,  C«H«(C«H»)(NO«)0«,  is  prepared  by  dis- 
tilling the  alcoholic  solution  of  the  acid  saturated  with  hydrochloric  acid  gas,  till  the 
mixture  of  hydrochloric  acid  and  alcohol  begins  to  show  turbidihr  with  water ;  the  oil 
remaining  in  the  retort  then  solidifies  to  a  crystalline  mass,  which,  after  being  washed 
with  carbonate  of  potassium  and  with  water,  is  dried  between  blotting-paper.  The 
ether  melts  in  the  water-bath,  and  forms  a  clear  liquid,  which,  on  cooling,  solidifies  to 
a  radiated  crystalline  mass.  It  has  a  pleasant  odour.  It  is  decomposed  by  potash  into 
alcohol  and  toluic  acid ;  does  not  form  an  amide  with  ammonia.     (Noad.) 

Methylie  Nitrotoluate,  C«H^CH»)(NO«)0«,  is  prepared  like  the  ethyl-compound ;  but, 
as  it  is  generally  contaminated  with  black  greasy  secondary  products,  it  must  be  dis- 
solyed  in  strong  nitric  acid,  boiled  therewith  for  a  short  time,  and  precipitated  by  water ; 
H  then  falls  down  in  oily  drops,  which  soon  solidify  in  the  crystalline  state.  It  may 
be  completely  purified  by  distillation  with  water,  and  is  then  quite  colourless.  It  dis- 
•olTes  easily  in  ether,  and  is  resolved  by  potash  into  nitrotoluie  acid  and  methylie 
aleohol.    (Noad.) 

DiNiTBOTOLuicAciD,  C'H*(NO')*0'. — ^This  acid  is  obtained  by  digesting  nitro- 
toluie add,  for  two  days,  with  a  mixture  of  equal  parts  of  fuming  nitric  and  fuming 
snlphuric  acid ;  and  is  precipitated  from  the  solution  by  water,  in  crystals,  which  may 
be  parified  by  recrystaOisation  from  boiling  water. — The  sUvt'T'salt,  C*H*Ag(NO*)'0*, 
is  a  white  precipitate.     (Temple,  Ann.  Ch.  Fharm.  cxv.  277.) 


^H.O)JJ 


OxTTOLUAMic  AciD,  (C*H*0)  ^^  or  Amidotoluic  Acid,  C^^(NH*)0*, has  been 

already  described  (iv.  321). 

Diasotolu-oxytoluamic  Acid,  C«H«N«0«.C«H»NO«  (iv.  322). 

Appendix  to  Toluic  Acid, 

JUptaatolQlo  Aeid,  C*H*0*  =  G'H*.CH^CO«H.  (Cannizxuro,  Ann.  Ch.  Pharm. 
xcvi.216.— Compt.rend.lii.966;liv.l226;Jahreeb,1861,p.421;1862,p.2G7.— Moller 
aiiiiStrecker,  Ann.  (^h.  Phftmi.cxiii.  64.) — Cannizzaro  found,  in  ISo/i.  that  by  boiling 
cyanide  of  benzyl  (i.  573),  with  potash-ley,  an  acid  is  obtained  having  the  composition 
of  toluic  acid,  but  melting  below  100°.  MoUer  and  Streckcr,  in  1857,  by  boiliu;jf 
Tulpic  acid  with  baryta-water,  also  obttunod  an  isomer  of  toluic  acid,  which  they 
denominated  alphatoluic  acid;  and  Cannizzaro  subsequently  found  that  this  acid 
was  identical  with  that  which  he  had  obtained  from  benzylic  cyanide. 

Freparation.—BQTixjWQ  cyanide  (i.  673)  is  boiled  with  strong  potash-ley  till  the 
whole  18  dissolved,  and  no  more  ammonia  is  given  off;  the  liquid  is  then  dilutt*d  with 
water,  and  the  concentrated  filtrate  precipitated  with  hydrochloric  acid  (C a n n  i zzaro '. 

2.  Vulpic  acid  is  boiled  for  several  hours  with  a  solution  of  barium-hydrate,  saturated 

while  warm  (potash  or  soda  would  produce  oxotolylic  acid,  iv.  217),  till  the  liquid  has 
become  colourlops ;  the  solution  is  then  filtered,  to  separate  oxalat4>  of  barium ;  and 
the  filtrate  is  8uper8aturate<i  with  hydrochloric  acid,  which,  as  the  liquid  cools,  throws 
down  the  greater  part  of  the  alphatoluic  acid  as  a  crystalline  prei-ipitalc.  The  fil- 
tered solution,  when  evaporated,  deposits  a  small  additional  quantity  of  the  same  acid, 
together  with  a  large  quantity  of  barium-chloride. 

Alphatoluic  acid,  purified  by  recrystallisatiou  from  boiling  water,  forms  broad,  thin, 
colourless,  shining  laminae,  having  the  form  of  acute  rhombs,  very  much  like  benzoic 
acid.  It  has  an  odour  like  that  of  the  perspiration  of  horses.  It  melts  at  76*5**,  and 
givt^s  off  (even  below  100°),  vapours  which  excite  coughing.  It  boils  without  decompo- 
sition at  26o-6^  (corrected:  the  temperdtnre  directly  observed  was  262°).  The  specifio 
ip-arity  of  the  solid  acid  is  nearly  13;  that  of  the  fused  acid,  compared  with  water  at 
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4^,  if  1*0778  at  88^  and  1*0884  at  185^.  It  therefore  expands  T617  itroikrijr  in 
meltiiig.  It  dissolTee  sparin^y  in  cold,  freely  in  boiling  water,  and  the  solatioo, 
saturated  at  the  boiling  heat,  deposits  the  add  on  cooling  in  oily  drops,  which  after- 
wards solidify.    The  acid  is  also  ▼ezy  soluble  in  aioohoL 

The  alphatoluates  are  for  the  most  part  soluble :  those  of  the  alkali-metali  and 
alkaline  earth*  metals  crystallise  with  difficulty,  on  account  of  their  great  solubilitj. 
The  solution  of  the  ammonium«salt  gives  a  light-green  precipitate  with  cupric  sulphate. 
— The  siheT'Saltf  C*H^AffO',  forms  small  colourless  laining,  soluble  in  boiling  water. 

Decomporituma. — 1.  Alphatoluic  acid  is  but  slowly  attacked  by  oxidising  agents,  but 
when  boiled  with  dilute  sulphurie  acid  and  potasnc  chromaU,  or  mangamc  peroxvL, 
it  gives  off  carbonic  anhydride,  formic  acid,  and  benzoic  hydride. — 2.  When  wanned 
mrh/uming  nitric  acid,  it  dissolves,  with  transient  red  coloration ;  and  the  solotioo,  on 
cooling,  deposits  colourless  needles  of  a  nitro-acid,  which  forms  yellowish  solntionf 
with  alkalis. — 3.  With  pentachhride  0/ phosphorus,  alphatoluic  acid  yields  hydrochlorie 
add,  phosphoric  oxychloride,  and  alphatoluic  chloride,  which  distils  over  aa  a 
eolourless  heavy  liquid.  This  chloride,  treated  with  arnmonia,  yields  alphatolna- 
mide,  C*H'NO,  in  crystalline  scales  moderately  soluble  in  boiling  water. 

4.  A  mixture  of  alphatoluate  and  formate  of  calcium  yields,  by  distillation,  alpha- 
toluicaldehyde,  which  forms,  with  acid  sulphite  of  sodium,  the  crystalline  oon^onsd 
OH'O.NaHSO*.  On  separating  the  aldehyde  from  this  oompoand  by  carbonate  of 
sodium,  and  dissolving  it  in  ether,.it  remains  in  the  form  of  a  gelatinous  mass.  67 
oxidation  with  nitric  add,  it  yields,  not  alphatoluic  acid,  but  an  add  which  appeaa  to 
be  a  mixture  of  benzoic  uid  nitrobenzoic  acids.    (Cannizzaro.) 

VanMblorotolQle  Aeid*  C*H'C10*.— This  name  is  given  by  VoUrath  (Bait 
Soc  ChinL  1867,  i.  842),  to  an  add  which  he  obtains  by  oxidising  monochloroxyleae, 
C*H'C1,  with  chromic  add.  It  czystallises  in  slender  needles,  very  slightly  soluble  in 
water,  and  melting  at  208^.— The  barMm-saU,  C"H"Ba"Cl''0«.3HK),  and  tha  odctMi. 
salt,  C'*H'*Ca 'CP0*.8H*0,  crystallise  in  slender  needles,  soluble  in  water. 

TOIiVZO  AXASMTSa.  C*H*0  -  C'H^O.H.  (Cannissaro,  ^.  d<.)— This 
body  is  produced  by  distilling  a  mixture  of  toluate  and  formate  of  calcium  (p,  863). 
The  oily  distillate,  agitated  with  add  sulphite  of  sodium,  forms  a  ciystalline  compwiad, 
which,  when  treated  with  carbonate  of  sodium,  yields  the  aldehyde  as  an  oil  having  a 
peppery  odour,  and  boiling  at  204^.  On  exposure  to  the  air,  it  gradu^y  takee  np 
oxygen,  and  is  converted  into  toluic  add.  With  alcoholic  potash,  it  forms  potsftia 
toluate  and  toluylic  aloohd  (p.  869) : 

2C^H)   +  KHO     -     C^^0«  +  C«H»H). 


TO&irxO  AVBTBmiSat  (C^WOyO,  is  not  knowns-^Salieytotoluie  A  nkv' 
(C'H^O)") 
dride,  C**H*H)«  -  CH'O   \  O*,  is  formed  by  heating  dry  salicylate  of  sodium  with  aa 

H      ) 
equivalent  quantitjr  of  toluic  chloride.    On  agitating  the  product  with  a  mixture  of 
water  and  ether  till  it  dissolves,  and  leaving  the  Cereal  solution  to  evaporate,  it 
remains  as  a  yellowish  viscid  mass.    (Kraut) 

TO&irXO  CKIiOmiBa.  (^H'OCl.  ChUmds  of  Oxt/toiuyl  or  Thluox^ 
(Cahoura,  Ann.  Oh.  Pharm.  eviii.  815.) — ^Produced  by  distilling  toluic  add  with 
phosphoric  pentachloride.  Colourless,  strongly  refracting  liquid,  of  specific  gravity 
1*176,  boiling  at  214^ — ^216°.  Fumes  in  moist  air,  and  reacts  with  water,  sloc^ol,  and 
carbonate  of  ammonium  like  other  acid  chlorides.  Heated  with  salicylol,  it  yitldi 
tolusalicylol  (p.  170) ;  with  eugenic  add,  in  like  manner,  it  yields  eugenotoluie  anhy- 
dride  (ii.  605). 

TOIiVZO  WrmmMM.  Ethylic  toluate,  C*H'(G^*)0*,  is  obtained  by  passiog 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  toluic  add,  distilling  to  about  two* 
thirds,  and  adding  water  to  the  reeiduow  It  is  then  predpitated  as  a  heavy  blaek 
oil,  which,  after  washing  with  ammonia  and  water,  is  dried  over  chloride  of  odciam, 
and  rectified.  It  is  a  colourless  aromatic  liquid,  smelling  like  benzoic  ether,  having  a 
bitter  taste,  and  boiling  at  228^.    (K  o  a  d.) 

Ph&ntflio  tofuate,  C*H'(C^*)0*,  is  obtained,  by  distilling  salieylotoluic  anhydride 
(see  above),  as  a  colourless  oil,  which  quickly  solidifies,  and  may  be  purified  by  boiliog 
for  a  short  time  with  weak  potash-ley,  and  recrystallisation  from  ether-alcohol  It 
forms  white  nacreous  lamiiue,  melting  at  71^  to  72^»  and  smelling  like  gerariums  when 
heated.    (Kraut.) 

TO&VZDBWa,  or  BSMXTXiZBaVB.  C^*.— An  aldehyde-radide,  related  to 
tolylene  or  benzylene  (ii  577)»  in  the  same  manner  as  ethylidene  to  ethylen€.~The 
bromide,  C'HfBr*,  is  formed  by  the  action  of  phosphoric  pentabromide  on  bitter-almond* 
oil,  CH«0  (p.  868). 
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By  heating  tolnidine,  losaniline,  and  other  bases  with  bitter-almond-oil,  compounds 
«  obtained,  derired  fh)m  the  original  compound  by  substitution  of  1  at.  toluidene  fox 
3  at.  hydrogen. 

JBensylidene'rosanUins,  (C^H'*)^  IN',  is  a  copper-coloured,  crystalline,  feebly  basie 

H       j 
compound,  obtained  by  heating  rosaniline  with  bitter-almond-oil  to  100°  or  120^ 
(Schiff,  Compt.  rend.  Izr.  45).    The  other  substitution-products,  just  mentioned, 
will  be  described  under  Toluiuuyb  (p.  867)  and  ToLTLsms-DiAMiNE  (p.  872). 

TOZiirZDBS.  Compounds  homologous  with  the  anilides  (iv.  419),  deriyed  from 
toluidine-salts  by  abstraction  of  water,  or  from  toluidine  by  substitution  of  an  acid- 
Tsdide  for  hydrogen,  and  produced  in  many  instances  by  heating  toluidine  with  adds; 

C«H»O.H.O  +  C'H».NH«  -  H«0     =     C'H«(CrH«0).NH». 

Ac«Uc  acid.  Toluidine.  Acetotoluide. 

They  may  be  regarded  as  amides  containing  the  radicle  tolyl  or  benxyl ;  e.g.,  aceto- 

toloide  H  tolylaoetamide,    C'H'  vN.    See  Toltlacstamidb,  ToLTLBiNZAiaDS,  &e 

H    ) 
(pp.  871,  872). 


(TH'N*  =  Amidotoluene,C'^\^Br).—A.  crystalline  base,  produced 
by  the  reducing  action  of  sulphydric  add  or  ferrous  acetate  on  nitrotoluene.  It  has 
been  already  described  as  Bbnztlahinb  (i.  576) ;  but  Cannizzaro  has  shown  that  a  Imum 
having  the  same  composition  but  different  properties,  is  formed  by  the  action  of  alco- 
holic ammonia  on  benzylic  chloride  (p.  867).  The  compound  thus  formed  is  a  true 
ammonia-base  or  amine,  and  is  properly  designated  as  benzylamine  or  tolylamine, 

and  represented  by  the  formula    m  [  N ;  whereas  the  base  obtained  by  reduction  o1 

nitrotoluene  is  rather  to  be  rog-arded  as  amidotoluene  or  toluidine,  CH^NH*). 

PrtjHiratum.  (See  i.  576). — For  preparing  toluidine  on  the  large  scale,  Hugo 
Miiller  (Zeitschr.  f.  Chem.  1864,  p.  161 ;  Jahresb.  1864,  p.  423^  converts  oommer- 
cnal  toluene,  boiling  at  108^  to  114°  (pure  toluene  boils  at  111^),  into  nitrotoluene^  by 
pouring  a  mixture  of  nitric  and  sulphuric  acids  into  it  in  a  slow  stream  (if  the  actios 
becomes  too  rapid,  dinitrotoluene  is  also  formed),  and  reduces  tliis  product  with  iron 
and  acetic  acid.  The  crystalline  toluidine  thus  obtained  is  freed  from  adhering  liquid 
base  by  drenching  it  with  the  portion  of  American  petroleimi  or  Burmese  naphtha, 
irhich  boils  between  80^  and  100®  (chiefly  heptylic  hydride),  and  finally  reciystallising 
it  from  this  hydrocarbon.  K  Sell  (Chem.  Soc.  J.  zvi.  186)  prepares  toluidine,  in 
considerable  quantity,  firom  that  portion  of  the  residue  of  the  aniline  manufacturei 
(qiteues  d aniline),  whidi  boils  below  270°  (the  higher  portions  containing  paraniline^ 
iScc.,  iy.  352).  This  liquid  is  distilled  in  a  large  copper  retort  provided  with  a  Ions 
condensbg-tube  not  cooled ;  the  portion  of  the  distillate  boiling  between  180^  and 
230®  is  subjected  to  fractional  distillation  ;  the  several  portions  of  the  distillate  are 
treated  with  a  hot  solution  of  oxalic  acid ;  and  the  sparingly  soluble  oxalate  of  tolui- 
dine is  decompoeed  by  potash-ley  as  soon  as  a  sample  of  the  base  separated  by  ammonia 
solidifles  at  once.  The  orown  toluidine  thus  separated,  which  crystallises  on  cooling,  is 
washed  wiUi  water,  pressed  between  paper,  ana  distilled.  It  passes  over  between  198^ 
sand  200®,  and  solidifies  in  the  receiver  in  snow-white  crystals,  which  gradually  turn 
brown  in  contact  with  the  air.    (Sell.) 

Toluidine  boils  at  205® — 206®,  under  a  pressure  of  730  mm.  (Stadeler,  J.  pr. 
Chem.  xcvi.  65.) 

Reactions. — Toluidine  is  absolutely  incapable  of  neutralising  dilute  sulphuric  add 
(Wanklyn,  Laboratory,  i.  3).  When  moderately  heated  with  fuming  eulphurie  acii^ 
it  forms  tolylsulphamic  or  sulphotolylamic  acid,  C*H*NSC)*  (p.527 ;  Sell, 
ioe,  cit.). — An  aqueous  solution  of  sulphate  of  toluidine  mixed  with  eyanate  of  potas- 

(CO)'] 
jtit»i,deposit8  white  needles  of  monotolylcarbamide,  C'fl»    ^'(Sell).  Finely- 

H«    j 
divided  toluidine  combines  rapidly  with  ethylic  eyanate,  forming  tolyl- ethylearba* 
CO  '^ 


N«.    (Sell) 
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An  alcoholic  lolution  of  tduidine,  heftted  (notaborc  80°)  with  an  tqmX  fobme  of 

(CSr ) 
earhimie  duulpkkU,  forms  ditol7l8alphocarbamide,(C'H')nN*.    (SalL) 


Tolnidine,  fased  with  an  equal  weight  of  iucoinie  aeid,  forma  tolylanccinimide, 
C»H»     (N,andditolylauccinamide.  (C'H')«   [K«.  (Sell.) 

A  mixture  of  toltddine  and  acdic  acid^  treated  with  trichhride  of  pkotphonu,  yieldi 
•thenyl-ditolnidine,»C'«H»N*(Hofmann;  see  p.  8C7).— With  bmzoic  h^ridi 
(bitter4lmond-oil),  toloidine    forms    dibenzylidene-toljlamine,  C'*H*'N'  » 

in(C'H«)«(CrH»)'  (Schiff,  Jahreeb.  xriii  429).— With  manone  and  perehhromtifumt, 
tdaidine  forma  oomponnda  homologous  with  those  prodnced  by  aniline  (H  of  mans. 
IT.  426). — ^A  mixture  of  1  at.  hydrc^hlorate  of  toluidine  and  1  at.  atobtiuine  is  odd* 
Terted  (at  230°)  into  a  black  mass,  containing,  together  with  unaltered  toluidine,  a  rub^* 
red  colouring-matter  soluble  in  hot  water,  a  yiolet  substance  aomftwhat  less  soluble  la 
water,  and  a  blue  substance  soluble  in  alcohoL — With  mtrobensmte,  in  like  manner,  a 
tany  greenish  mass  is  formed,  which  does  not  contain  any  colouring-matters  (Stade* 
ler,  Jahresb.  1865,  p.  409).— Toluidine  heated  with  half  its  weight  of  aeetaU  o/nm^ 
niUfie,  forma  tritolyl-rosaniline  or  toluidine-blue,  C**H**(CH')'N*.  (Hof- 
mann,  ir.  472.) 

CTanotoluidine,  0*H'N'(i.676X  ]areaolTed,by«Tai)oratMmof  itshydroehknta^ 
aimilarly  to  cyaniline  ^iv.  4431  into  aal-ammoniac,  hydrocnloxate  of  toluidine,  oramide, 
monotolyloxamide,  ana  ditolyloxamide.  (Sell.) 

JkrivaiweB  qf  ToMdme  containing  JkoM'tadieUt, 

Phbntltoluidinx,  CP«H'*N  -  C'H\C^»).NH*.— This  base,  which  Hoftnam 
obtained  by  the  dry  distillation  of  a  salt  of  tritolyl-rosaniline  (iv.  472^  is  likewise  pro* 
duced,  together  with  diphenylamine  and  ditoWlamine,  by  heating  nydrochlorate  of 
toluidine  with  aniline,  or  hydrochlorate  of  aniline  with  toluidine.  The  three  baw« 
may  be  separated  by  fractionsl  distillation,  but  the  aeparation  is  difficult,  as  thdr 
boiling-points  do  not  differ  by  more  than  25°  or  30°.  Phenyltoluidine  boils  at  about 
380°.    (De  Laire,  Girard,  and  Chapoteaut,  Bull  Soc.  Chim.  1866,  ii.  860.) 

Bbnetltoluidinb,  or  Toltltoluidinb.  C"H>*N  -  C»H«(C^J?H». 
JDitolylamine. — Produced  by  heating  1  at.  hydrochlorate  of  toluidine  with  I^  at  of  the 
free  base,  to  210° — 240°,  in  a  long-necked  flask  provided  with  a  condensing-tube,  or 
more  quickly  by  heating  the  mixture  in  a  sealed  tube  under  a  pressure  of  fimr  or  fire 
atmospheres.  On  treating  the  product  with  hydrochloric  acid  diluted  with  tweotr  or 
thirty  times  its  bulk  of  water,  the  hydrochlorate  of  bensyltoluidine  ia  decomposed  by 
the  water;  and  the  ben^ltoluidine  thus  separated,  floats  on  the  surface  as  an  oil  whi^ 
aolidifles  on  cooling,  and  may  be  purifled  by  redystallisation.  It  boils  between  865° 
and  360°.  It  forms  unstable  salts,  which  are  decomposed  by  water.  Nitric  acid  turns 
it  yellow,  a  character  by  which  it  is  distinguished  tkan.  diphenylamine.  (De  Laire, 
Girard,  and  Chapoteaut,  he.  cU.) 

DiBBNSTLTOLuiDiNB,  C«»H"N  -  C'H»(C'B»)«jra«.— This  base,  isomerie 
with  tribenz^lamine,  (C'H^)H'N  (i.  576),  is  produced  by  heating  an  alcoholic  soIatioD 
of  1  at  tolmdine  with  2  at  benzylic  chloride,  and  subjecting  the  base,  separated  from 
the  product  by  potash,  to  a  repetition  of  the  same  treatment  It  crystallises  in  slen- 
der needles,  melting  between  54'5°  and  55°  (tribencylamine  crystallises  in  small 
tables,  and  melts  at  about  98°).  It  is  insoluble  in  water,  slightly  soluble  in  eold, 
easily  in  hot  alcohol,  and  becomes  yellowish  on  exposure  to  light — The  kydroMortU 
dissolves  readily  in  alcohol,  and  isKiecomposed  by  water,  with  sepsration  of  the  baie. — 
The  chlorofhtinafe,  which  is  also  decomposed  by  water,  ciystamses  firom  an  alcohoUo 
aolution  mixed  with  ether.    (Cannizzaro.) 

DeritfaHtfu  qf  Toluidine  containing  Aldehgdc-^adicles, 
These  compounds  are  formed  by  the  action  of  aldehydes  on  toluidine. — DictM^tiU' 

diUduidine,  C»«H"N«   -  C"H'»(C*S«)».(NH»)*   -   (C«'il*)».(C»HO«N«,  obtained  by 
the  action  of  acetic  aldehyde  on  toluidine,  crystallises  in  yellow  nodules,  and  furms 

red  resinous  salts  with  wndB^-^Diallylidene^itoluidine,  (C^b«)*(C'H*)*K*,  is  obtained 
in  like  manner  with  acrolein,  as  a  l»own  resinous  mass. — DibemtyUdcnMUtoluidinet 

•  Bthenvl,  C*H*  Is  the  trintomlc  radicle  conunooly called  rA^yf.  For  HoftnuMi**  lystcmabc  boomd* 
cUturc  of  hjrdrocarboiu,  tee  Proc.  Rof.  Soc.  xt.  U. 
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C"H»N«  -  (C*h«)«(C^')*N»,  produced  by  the  action  of  bitter-almond-oil  on  tolui- 
dine,  Beparates  from  alcohol  ns  a  yellow,  czyatalline,  indifferent  body,  which  melta 
in  boiling  water,  and  is  conrerted,  at  160^,  into  yellow  needles,  melting  at  120^ — 126^, 
and  capi^le  of  combining  with  acids  and  cUorides.  (Schif  f,  Zeltschr.  f.  Chem.  186A» 
p.  400.) 

Etkenyl^italuidine,  C'«H'"N«-C'<H"(C»H»r.(NH«)».  (Hofmann,  Proc  Roy.  Soc 
xv.  65 ;  Jahresb.  1866,  p.  416.) — This  base,  derived  from  2  at  toluidine  by  sabstitution 
of  the  triatomic  radicle  ethenyl  (vin^l)  for  8  at  hydrosen,  is  produced  by  the  action  of 
trichloride  of  phosphorus  and  chlonde  of  acetyl  on  toniidine  at  160^: 

aCH'N  +  SC'H'OCl  +  PC1«     -     8C»«H»N»  +  PHK)*  +  6HCL 

When  purified  by  reciystallisation  from  alcohol,  it  forms  white  lamina,  resembling  the 
corresponding  phenyl-compounds. 

AzotoluidiuM, 

AsoTOLUiDiKB,  or  DiAZ0T0LUENB,C^H'N' »  C'H^N^.NH*.  (GhriesB,  Chem. 
Soc  J.  xz.  86.) — ^The  salts  of  this  base  (which  has  not  been  obtained  in  the  frit  state) 
exhibit  considerable  analogy,  in  their  properties  and  modes  of  formation,  to  the  corree- 
ponding  aniline-derivatives  (iv.  430) ;  they  appear,  however,  to  be  somewhat  more 
stable,  and  to  crystallise  more  readily. 

The  nUrate^  C'H'N'.NHO',  is  best  prepared  by  the  action  of  nitrons  acid  on  an 
a/^neous  solution  of  nitrate  of  toluidine,  but  it  mav  also  be  formed  from  asoditolui- 
dine.  It  forms  long  white  needles,  which  are  decomposed  on  boiling  with  water, 
according  to  the  equation : 

C'H«N«.NHO«  +  H«0     -     C»HK)   +  NHO«  +  IT. 

Nitrate  of  Cresol. 

Asotoluldine. 

The  other  salts  are  obtained  from  the  nitrate  in  the  same  manner  as  the  correspond  ■ 
ing  phenyl-eomponnds.— The  cUoropUUinate,  2(C'H'N'.HCl).PtCl^  is  precipitated,  in 
Une  yellow  prisma,  on  adding  platinic  chloride  to  a  dilute  solution  of  the  hydrochlorate. 
When  ignited  with  soda,  it  yields  an  aromatic  oil,  having  the  composition  of  chloroto- 
htene,  C'H'CL 

The  tul^kaie,  C'H'N*.SHK)^  is  obtained  in  brilliant  pl>|;tMf  needles,  or  prisms, 
■ceording  to  the  circumstances  under  which  it  ciystallises.  When  heated  with  strong 
•nlphnrie  aeid,  it  gives  off  the  whole  of  its  nitrogen,  and  is  converted  into  disulpho- 
tolylenic  acid,  CTWSK)*  -  C'H«.2SHH)*.  the  barium-salt  of  which.  C»H«Ba''S»0% 
cijetalUses  in  long  white  needles. — The  perbromide,  C^H'N'.HBr',  is  precij>iteted  by 
tiromine-watcT  from  aqueous  nitrate  df  aiotoluidine,  as  a  yellow  ou,  which,  after 
eyapomtion  of  the  excess  of  bromine,  solidifies  to  a  crystalline  mass. 

AsoDiTOLuiDiKx,  C'*H"N'  -  C»*H»'N"'.(NH*)«,  or  Diazotoluxnb-amidoto- 
Lusm,  inrirvNH'V — '^^^  ^'^^  ^'  produced  bypassing  nitrous  acid  vapour  through  a 

solution  of  toluidine  in  a  small  quantity  of  strong  alcohol  mixed  with  two  or  three 
times  ite  volume  of  ether,  till  a  drop  of  the  rolution  leaves,  on  evaporation,  a 
lesidne  of  yellow  needles.  The  solution  of  these  crystals,  left  to  evaporate,  deposite 
the  base  in  yellow  needles,  which  must  be  washed  with  alcohol,  and  recrystallised 
from  a  mixture  of  alcohol  and  ether.  The  cxrstals  have  a  strong  lustre,  and  correspond, 
in  soliLbility  and  other  properties,  with  asodiphenyl-diamine  (iv.  469). 

The  eJUoroplatmate,  C*^H**N^2HCl.PtCl^  is  obtained  in  glittering  plates,  resembling 
iodide  of  lead,  on  mixing  an  alcoholic  solution  of  the  base  with  platinic  chloride ;  it 
deflagrates  at  a  high  temperature.    (Griess,  Chem.  Soc.  J.  xix.  67.) 

Aboprbntltoluidine,  C'«H"N«  -  C"H»N'".(NH»)«,  or  DuaoroLXJEKB-AifiDO. 

BBMiBMB,  nm»(NH'^  [  *  ^^^^^'^^  ^7  ^®  action  of  aniline  on  nitrate  of  aaotoluidine, 
crystallises  in  beauti^l  long  yellow  needles.    (Griess,  CheuL  See.  J.  xx.  87.) 

APFEimiX  TO  ToLUiscn. 

C^«N-^'|n.    (CaniLizzaro,  Bull.  Soc.  Chim.  1864, ii.  126; 

1865,  iL  218.) — ^This  base,  isomeric  with  toluidine,  is  formed,  together  with  tribenigrl- 
amine,  (C'H^)*N  (i.  674\  and  probably  also  with  dibenzylamine,  (C^')*HN,  by  the 
action  of  alcoholic  ammonia  on  benzylie  chloride,  C'H'Cl.  The  mixture,  after  a  few 
days,  deposite  tabular  crjstels  of  tribenzylamine,  and  on  evaporating  the  filtered 
li^^iid  in  the  water-bath,  and  treating  the  residue  with  hot  water,  a  farther  portion  of 

3x2 
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tribenzylamine  remains  undissolyod,  and  the  soluUon  contains,  together  with  sal- 
ammoniac,  the  hydroehlorate  of  benzyhimine,  and  probably  also  of  dibenzjlamine.  Tb« 
hjdrochlorate  of  benzylamine  is  separated  from  the  more  soluble  portion  bT  fractioul 
crystallisation ;  and  the  free  base  separated  from  this  salt  by  potash  is  dissolred  in 
ether,  freed  from  ether  by  evaporation,  dehydrated  by  fused  potash  out  of  contact  vi'J^ 
the  air,  and  then  distilled — the  portion  which  g^ves  over  at  182^  being  collected  apart 
For  complete  purification,  it  is  converted  into  the  solid  carbonate  by  exposure  to  a 
stream  of  dry  carbonic  anhydride ;  the  carbonate  is  washed  with  anhydrous  etbfr, 
and  dissolved  in  hydrochloric  acid ;  and  the  crystallised  hydroehlorate  is  deoompo99«d 
with  potash  as  above. 

Benzylamine,  thus  prepared,  is  a  colourless  liquid,  not  altered  by  light,  and  boilisf 
at  182^ — 183°.  (Toluidine,  described,  at  vol.  i.  p.  575,  as  benzylamine,  is  crystalUiMst 
ordinary  temperatures,  and  melts  at  40^).  It  mixes  with  water  in  all  propuitioBS 
(toluidine  is  but  slightly  soluble  in  cold  water),  and  is  separated  therefrom  by  potash, 
with  faint  yellowish  colour.  It  absorbs  carbonic  anhyc^de  rapidly,  formiog  a  cm> 
talline  compoimd ;  has  a  strong  alkaline  reaction ;  forms  white  fumes  with  hydroehl^- 
ric  acid,  and  unites  with  acids,  producing  rise  of  temperature.  Altogether,  it  apptti* 
to  be  a  stronger  base  than  toluidine. — Hydroehlorate  of  benrylamme,  C'H*N.HG, 
crystallises  in  striated  tables  ;  the  chloroplaiinaie  in  orange-coloured  lamins. 

Dibenzylaminet  (C'H')^HN,  isomenc  with  benzvltoluidine,  has  not  been  isolsttd, 
but  appears  to  be  formed,  together  with  mono-  and  tri-benzylamine,  in  the  pneos 
above  described. 

IWiheneylamine^  (C'H'/N,  isomeric  with  dibenzyltoluidine  (p.  866),  has  bca 
already  described  (i.  574). 

C«HM 

Phenyl'bensylamine.Om}^  «  C'H'>N.    (Fleischer,   Ann.  Ch.  Pbum 

H) 
cxxxviii.  p.  225;  Bull.  Soc.  Chim.  [1866],  ii.  235.) — ^This  base,  isomenc  with  Hrf- 
mann's  tolylaniline  (iv.  454),  is  produced  by  mixing  aniline  with  bensylic  cfaknidt 
(boiling  at  170°).*    The  mixture  becomes  hot,  and  deposits  white  crystals,  coosiadai 
of  hydroehlorate  of  aniline,  together  with  phenyl-benxylamine : 

CH'a  +   2C*H'N     -     C'H'N.Ha  +  C»»H"N. 

The  mixture  must  be  heated  to  160^  for  twenty-four  hours,  to  complete  the  rrsetim ; 
and  on  dissolving  out  the  hydroehlorate  of  aniline  from  the  product  by  water,  the  j^ieiijl* 
benzylamine  remains  as  an  oil,  which  is  converted  by  hydrochloric  acid  into  crvftals  d 
the  hydroehlorate,  C'*H^'K.H(71.  On  decomposing  this  salt  with  soda,  and  aistiIliB{ 
the  liberated  base  under  a  pressure  of  45  millimetres,  the  greater  part  passes  onr, 
between  200°  and  220°,  in  the  form  of  an  oily  liquid,  which  solidifies  at  a  lowtempcfs- 
ture,  and  may  be  purified  by  pressure  between  bibulous  paper,  and  lecrystallisitioi 
from  boiling  alcohoL 

Phenyl-benzylamine  crvstallises  in  colourless  four-sided  prisms,  insoluble  in  witir, 
but  soluble  in  alcohol  and  in  ether.  It  melts  at  32°,  remains  in  a  state  of  suHunoa  it 
12°,  and  boils  under  the  ordinary  pressure  at  a  temperature  above  310^.  (To]ylaaifii» 
melts  at  67°,  and  boils  at  334°).— The  hydroehlorate,  G"H"N.HC1,  forms  ralovriM 
crystals.— The  oxalaU,  (Ci*H>«N)^C*H'0<  forms  white  lamime. — The  base  fbnu.  wtk 
cktoride  ofcadmium^  the  compound  C"H"N.CJdCl'. 

Phenyl-benzylamine,  fused  with  mercuric  chloride,  forms  at  first  a  gieen  mi^ 
which  dissolves  in  alcohol  with  fine  blue  colour ;  but  by  the  polonged  acti<m  of  balk 
this  mass  assumes  a  dark  colour,  and  then  forms  with  alcohol  a  crimson  solottoo. 

Phenyl-benzylamine  treated  with  chhridf  ofbemoyl  forms  phenyl-beniyl-bti- 
zamide.  (OH»)(C'H')(C^H»0)N,  which  crystallises  in  oblique  prisms. 

TOXiVOXi.     Syn.  with  Toluenk. 

TOXiITOZiZd  ACn>.    Syn.  with  Toluic  Acid. 

TOZiITOMrZTRZZiB.    Syn.  with  Bbkztlcyanidb  (i.  sfs). 

TOZiITOSAZJtCTI,  or  TOZiVOSAZJCCTZiOZ..     See  Salictlol  (p.  1*0). 

TOZiITOXTlL.  C"H'0.—  The  radicle  of  toluic  acid  and  iU  derivatives.  (Footio^ 
p.  869.)  H 

TOZiVSZO  AOZB.    C'«H'»NO«   =  ^^^^)q  ^^"Toluglycic  And,     Glynett-H- 

H     I 
iuic  Acid.      (Kraut,  Ann.   Ch.  Pl.arm.  xcviii.  360.)— An   acid    homokgov  r>tk 

•  <'hlnrotoluen^  (according  to  F  •  e  i  tch  r  r),  but  th«  boiliiif-Miat  abowt  Chat  tbt 
wai  rMllj  teiiiylic  ( hlodde  (p.  g54;. 
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hippuric  arid,  prrjduced  in  the  passa^of  toluic  acid  throuj^h  th«  animal  body,  just  an 
hippuric  ucid  is  formed  from  bonsoie  acid  (iii.  158).  To  obtain  it,  toluic  acid  ii 
fiw;illowed  in  dosn  of  sereral  grammes  ^which  may  be  done  without  ii^ury  to  the 
health) ;  the  acid  urine  afterwards  voided  is  evaporated  to  a  svmp ;  this  residue  is 
exhausted  with  alcohol ;  the  solution  is  mixed  with  oxalic  acid  and  left  to  evaporate;  and 
the  residue  is  finally  exhausted  with  alcoholic  ether.  The  yellowish  tolunc  acid  still 
contaminated  with  oxalic  acid,  which  remains  on  evaporating  this  last  solution,  is 
boiled  with  calcic  carbonate ;  the  calcium -salt,  which  crystallises  out  on  cooling,  is 

Eurified  by  repeated  crystallisation,  and  then  decomposed  by  heating  it  with  dilute 
ydrochloric  acid ;  and  the  acid,  which  czystallises  out  on  cooling,  is  purified  by  solution 
in  boiling  water.  It  may  be  obtained  in  laige  crystals,  by  spontaneous  evaporation  of 
the  alcoholic  solution. 

Toluric  acid  crystallises  from  boiling  water  in  colourless  laminse ;  from  alcohol  in 
trimetric  prisms,  exhibiting  the  combination  ooF  .  odI^oo  .  Poo ,  also  with  oP ;  they 
are  as  harid  as  gypsum,  and  have  a  vitreous  and  nacreous  lustre.  The  add  is  inodo- 
rous, melts  at  160^ — 165°,  and  decomposes  at  a  stronger  heat,  emittine  an  aromatic 
odour.  It  dissolves  freely  in  boiline  water,  slightly  in  cold  water ;  in  aunoet  any  pro- 
portion of  hot  alcohol,  abundantly  uso  in  cold  alcohol,  sparingly  in  ether  firee  from 
alcohol. 

Toluric  acid,  boiled  with  hydrochloric  acid,  is  Tesolved,  similarly  to  hipporic  acid. 
Into  toluic  acid  and  glyoocine: 

C»»H'»NO«  +  WO     «     C»H«0«  +  C«H»NO». 

Toluric  add.  Toluic  Glycocine. 

acid. 

To lu rates. — ^Most  of  these  salts  are  soluble  in  water,  those  of  the  aUuli-metals 
being  the  most  soluble. 

The  barium-salt,  C''H^Ba"N'0'.5HK),  crystallises  in  small  needles,  apparently  tri- 
metric, exhibiting  the  faces  odP,  odPoo  ;  it  dissolves  easily  in  hot  water. — ^Tha 
ioiciuM'SaUf  CH**Ca"N'0'.3H'0,  forms  flattened  crystals,  one  or  two  millimetres  long, 
and  strongly  streaked  parallel  to  their  axis ;  very  soft,  and  having  a  silky  lustre ;  spar- 
ingly soluble  in  cold,  easily  in  hot  water. — The  sUver-salt^  C'H^'AgNO*,  obtained  bj 
double  decomposition^  is  very  soluble  in  hot  water,  and  separates  in  well-defined  crys- 
tals on  cooling. — The  sodium'Salt  cnrstallises  from  water  in  feathery  needles. 

The  solution  of  the  sodium-salt  forms  a  white  precipitate  with  neutral  acetate  of 
lead,  brownish-yellow  with  ferric  chloride.  The  latter  precipitate  is  soluble  in  alco- 
hol, and  melts  partially  when  boiled  with  water. 

TOZiinx*  CH*. — The  radicle  of  toluylic  akohol  and  its  allied  compounds ;  * 
isomeric  with  xylyl.  Free  toluyl,  nra»[>  obtained  by  the  action  of  sodium  on  to- 
luylic chloride,  is  a  thick  liquid,  boiling  at  299P,  (Vollrath,  Zeitschr.  f.  Chem.  [2]^ 
ii.  488  ;  Bull.  Soc.  Chim.  [1867],  i.  343.) 

■•    A  name  sometimes  applied  to  toluidine. 

A  name  sometimes  given  to  tolylene  or  benzylene,  C*BV  but 
more  properly  belonging  to  the  hydrocarbon  C*H*. 

TOIiinrXiZG  AOBTATB,  C*H"(C*H*)0*,  obtained  by  the  action  of  toluylic  ehloride^ 
on  acetate  of  potassium,  or  (better)  on  acetate  of  silver,  is  a  liquid  having  an  agreeable 
odour,  and  boiling  at  226^.    Alcoholic  potash  easily  converts  it  into  toluylic  alcohol. 

TO&mnuo  ACZB.    Syn.  with  Toluic  Acid  (p.  861). 

OWO  =   ^H*{0.     Thluic  or   Tdumylie  Alcohol. 

(Cannizzaro,  Compt.  rend.  liv.  1225  ;  Jahresb.  1862,  p.  267.) — An  alcohol  isomeric 
with  xylylic  alcohol,  obtained :  1.  By  the  action  of  alcoholic  potash  on  toluic  aldehyde 
(Cannizzaro): 

2C»H«0   +  KHO     =    C-HTCO*  +  C»H'»0. 

Toluylic  Toluate  Toluylic 

aUlehyde.  of  pota«.  alcohoL 

khiin. 

2.  By  the  action  of  alcoholic  potash  on  toluylic  aceUte  (Vollrath).  It  is  a  white 
crvgtalline  body,  which  melts  at  68-5^— 69*5°,  and  boils  at  217°  (xylylic  alcohol  is  an 
oil,  which  merely  becomes  viscid  at  — 18°,  and  boils  at  about  220°).  Toluylic  alcohol 
is  slightly  soluble  in  cold  water,  somewhat  more  freely  in  boiling  water,  and  separates 

•  Th/*  TiATre  toluyl  U  aluo  applied,  MmirtiniM,  to  C^II'O,  the  radicle  of  toUuc  ackl  ;  BomeClroet  to  the 
radicle  C~H^  mureproperlv  called  tolyl ;  which  latter  name,  on  the  other  hand,  it  Riven  by  Voll- 
rath to  the  radicle  CtH*.  ii'u  avoid  all  this  confusinn,  it  i<  ailvisaMe  to  designnie  C^U*  a»  tolyl  or 
b e  D  X  yl,  C^H'  as  tol  u  y  1,  and  Cf*n< O «•  o x y  I  o  1  u  y  1  or  t  u luu  sy  I. 


TO&UTXiZO  A&COBO&. 
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therefrom  in  oily  drops,  which  afterwards  solidify  in  needle-shaped  ctyBUls ;  it  ii 
easily  soluble  in  alcohol  and  in  ether.  Nitric  acid  converts  it  into  tdlnic  aldehyde. 
Heated  in  a  stream  of  chlorine-gas,  it  is  converted  into  toluylic  chloride,  (^H*C1 ,  and 
this  compound,  heated  with  cyanide  of  pptassium  in  alcoholic  solution,  it  tmnafi9rm^d 
intotoluylic  cyanide,  C^*N  »  C"H*CN,  which,  when  distilled  with  potaah,  yields  sl- 
phatoluic  acid  (p.  864). 

TO&im.ZC  CB&ORZBSt  C*H*a  (Vollrath,  Zeitschr  f.  Cbem.  [2],  ii.  m\ 

Eroduced  by  the  action  of  chlorine  on  i^lene,  C*H>*,  at  the  boiling  heat,  is  a  liquid 
aving  a  disagreeable  odour,  and  boiling  at  193°.    When  treated  with  cyaai<kof 
potassium,  in  presence  of  alcohol,  and  then  with  potash,  it  yields  alphazylylic  add, 

C»H»»0»  «  C«H*  I  ^]^*  COHO.    (^^  Xtltlic  Acid.) 

TO&imzC  •VXPBZna  and  •VXPBTII&ATB.  Both  sulphide  and  sal- 
pbydrate  of  potassium  act  very  strongly  on  toluylic  chloride,  producinff  in  the  onecsst 
the  sulphide  of  toluyl,  (C*H*)*S,  in  the  other  sulphydrate,  &B*:KA  Boik 
these  compounds  are  liquids  of  disagreeable  odour.  The  sulphydrate  forms  a  balky 
white  precipitate  with  an  alcoholic  solution  of  mercuric  chloride,  sjid  yellow  with  aecUts 
of  lead.    (Vollrath.) 


TOZiTX,  or  BBarZTXte  C'H'  <=  C*H«(CH*).-— A  monatomic  radicle,  which  may 
be  supposed  to  exist  in  benzylic  alcohol,  benzylamine,  tolylic  or  bensylic  bromide, 
chloride,  &c  The  name  bemj/l  is  the  most  conyenient  for  it,  as  tolyl  is  too  much  liks 
toluyl. 

Benzyl  in  the  free  state,  C**H'\  is  obtained  by  heating  benzylic  chloride  with  excea 
of  sodium  to  100^,  treating  the  product  with  ether,  and  eyaporating  the  ethereal  toli- 
tion.  It  then  remains  as  an  oily  body,  which  crystallises,  after  some  time,  in  seedls 
and  laminae.  When  purified  by  pressure  between  paper,  and  repeated  crystallisatioi 
from  strong  alcohol,  it  forms  white  monoclinic  crystals,  exhibiting  the  combtnatioB 
ooPoo  .  +  Poo  .  —  Poo  .  oP  .  —  JPoo ,  tabular  from  predominance  of  —  Poo ,  and  in- 
distinctly cleavable  parallel  to  odP  and  [odPoo].  The  following  imgnl^y  msgsh 
tudes  have  been  approximately  determinea:  odPoo  :  -t-Poo  ■•  160^;  [ooPce]:  ♦? 
s»  132"=";  oP  :  +Pao  -  131^''.  Benxyl  melts  between  61*6^  and  62-6<>,  distill 
without  decomposition  at  284°,  is  insoluble  in  water,  but  dissolves  in  alcobot  Mher, 
and  sulphide  of  carbon.  (Cannizzaro  and  Bossi,  Ann.  Ch.  Phann.  czxi.  250;  Jab* 
resb.  1861,  p.  548.) 

Benzyl  is  likewise  produced  by  the  action  of  sodium  on  bromide  of  benijlideaf, 
C'H*BH  (p.  853).  Sodium  acts  rapidly  on  this  compound  at  180^,  hydrobromie  add 
being  given  off,  and  a  thick  black  mass  formed,  which  is  partly  soluble  in  ethfr.  Oi 
dislilling  the  soluble  portion  of  the  product,  toluene  is  given  off  at  109^  ;  and  the  Hack 
resinous  residue,  if  further  distilled  in  a  stream  of  aqueous  raponr,  gives  off  an  tnh 
liquid,  which  soon  solidifies  to  a  crystalline  mass  of  benzyl,  G**H^*  (Miehaeltooaoi 
Lippmann,  Ann.  Ch.  Pharm.  Suppl.  iv.  113;  Jahresb.  1865,  p.  650).  The  anrhtn 
regarded  the  product  thus  obtained  as  isomeric  with  benzyl,  and  called  it  isob^nzyL 
because  it  appeared  to  unite  directly  with  bromine,  instead  of  forming  substitntioft- 
products,  like  the  ben^l  obtained  by  the  process  of  Cannizzaro  and  Bossi ;  bat  Fittif 
has  shown  (Ann.  Ch.  rharm.  cxxxviL  271),  that  benzyl  obtained  bj  either  proeaaiadi 
in  the  same  manner  with  bromine. 

Several  substitution-derivatives  of  the  molecule  C'*H'\  called  dibenzyl-eoB* 
pounds,  have  been  obtainedby  Stellingand  Fittig  (Ann.  Ch.  Pharm. exxxriL  157; 
Jahresb.  1865,  p.  547). 

Amidobeneyl  or  Diamidodihenzyl,  C'<H»«N«  »  C'«H»«(NH»)»,  is  piwhffd 
by  reducing  nitrobenzyl  (p.  871)  with  tin  and  strong  hydrochloric  acid,  and  is  throva 
down  by  ammonia — from  the  solution  previously  freed  from  tin — as  an  amoqrfioiu  pr»> 
cipitate.  It  resembles  the  homologous  compound,  amidophenyl  or  benzidine  (iv.  41U 
and  crystallises  from  hot  watt-r  m  colourless  scales,  which  are  nearly  insoinbia  ia 
cold  water,  very  soluble  in  alcohol,  melt  at  132^,  and  sublime,  almost  without  deeoopo- 
sirion,  at  a  higher  temperature.     It  is  a  base,  and  forms  crystalline  salta 

The  hydrochlorate,  C'*H'*N*.2HC1,  is  very  soluble  in  water  and  alcohol,  and  arpa- 
rates  from  strong  hydrochloric  acid  in  small  colourless  crystals.— The  cklonpimtiMtr, 
C**H'*N*.2IICl.PtCl*.  forms  easily  decomposible  needles,  united  in  concentric  gronp. 
—The  sulphate,  C'<H>«N».H-SO',  is  a  white  crystalline  powder,  slightly  adnble  u 
water.— The  neutral  oxa/aU.  C'*H>«N«.C«H«0*,  is  a  crystalline  precipitate;  the  *M 
oxalate,  C'<H'«N».2C«H«0'.3II«0,  is  deposited  in  haid,  transparent,  prismatic  ayrtak 
nearly  insoluble  in  cold  water. — The  phosphate  is  a  white  precipitate. — ^Ihe  eArmsSi 
forms  easily  decomposible  yellow  needles. 

Isonitrobenzyl  is  easily  reduced  by  tin  and  hydrochloric  acid  to  a  bssa^  wlii^  asoi 
changes  to  a  tarry  mass. 
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Bromohenzyla, — Benzyl,  suBpended  in  water  and  mixed  with  brommei  yields  a 
pasty  mass  consisting  of  sereral  substitntion-pioducts.  On  dissolving  the  product,  deco- 
lorised with  soda-ley»  in  hot  alcohol,  dibiomodibenzyl  crystallises  out  first,  while  the 
monobrominated  compound  remains  in  solution. — Mcmobroniodiberuylt  C'^H^'Br,  when 
purified  by  distillation,  is  a  colourless  yiscid  oil,  having  a  specific  gravity  of  1*398  at 
9^.  It  solidifies  below  0^,  in  the  crystalline  form,  boils  at  a  temperature  above  310^, 
and,  like  the  following;  compound,  is  not  decomposed  by  heating  to  140^  with  alcoholic 
solution  of  ammonia,  iodide  of  potassium,  or  cyanide  of  potassium. — IHbrojnodibenfyl, 
C'^H^Br*,  is  nearly  insoluble  in  cold  alcohol  and  benzene,  very  sparingly  soluble  in 
hot  alcohol,  melts  at  114^ — 115^,  and  crystallises  in  colourless  pnsms  or  needles. — 
Tnbromodibmzyl,  C'*H"Br"  (or,  perhaps,  C'*H»«Br.Br»),  is  formed,  together  with  di- 
bromodibenzyl,  when  the  quantity  of  bromine  used  is.suffident  to  cause  the  mass,  which 
is  pasty  at  fint,  to  become  solid  and  friable.  It  is  still  less  soluble  in  alcohol  than  the 
dibrominated  compound,  and  in  the  pure  state  forms  nacreous  laminae,  which  decom- 
pose at  170^,  without  previous  fusion. — Hexhromodibemyl,  C'^H'Br*,  is  obtained  bj 
Dringing  dibromodibenzyl  in  contact  with  excess  of  bromine,  and  reciystallising  the 
product  from  benzene,  in  hard,  colourless,  well-defined  prisms,  nearly  insoluble  in  al- 
cohol. 

Bromide  ofBeiufylf  or  Dibromide  ofDibmzyl^  C'^H'^Br*. — This  compound  is  formed, 
together  with  monobromobenxyl,  by  adding  bromine  to  an  etiiereal  solution  of  benzyl ; 
and  crystallises  in  colourless  silky  needJes,  not  fusible  without  decomposition.  It 
dissolves  in  boiling  alcoholic  potash,  with  formation  of  monobromodibenzyL  (Mich- 
aelson  and  Lippmann;  Fittig.) 

Nitrobeneyl,  or  Dinitrodibsnsyl,  C**H"^NO*)'. — ^Fuming  nitric  acid  acta 
▼iolently  on  benzyl,  even  in  the  cold,  converting  it  mto  two  isomeric  nitro-oompounds, 
which  may  be  separated  from  one  another  by  crystallisation  from  aloohoL  The  hot 
saturated  solution  first  deposits  long  slender  needles  of  nitrobenzyl,  insoluble  in 
water,  only  slightly  soluble  in  hot  alcohol,  ether,  chloroform,  or  benzene,  and  melting 
at  lo6° — 107^.  The  mother-liquor,  when  concentrated,  deposits  the  more  soluble  iao- 
nitrobengyl,  partly  in  crystalline  nodules,  partly  as  a  thick  oil.  This  compound 
enrstallises  from  alcohol  in  extremely  fine  needles,  which  form  a  bulky  woolly  mass 
when  dry,  and  melt  at  74^ — 76°.  These  nitro-compounds  aro  reduced,  by  tin  and 
hydrochloric  acid,  to  the  corresponding  amido-compounds  (p.  870). 

Nitrobromobemyl,  C"H**(NO')*Br',  is  produced  by  dissolvinp;  bromobenzyl  in  warm 
fuming  nitric  acid.  When  purified  by  washing  the  cirstals  which  separate  on  cooling, 
with  hot  alcohol,  and  recrystallising  the  undissolved  powder  from  benzene,  it  forms 
well-developed  sword-shaped  crystals,  which  melt  at  204^ — 206°,  aro  nearly  insoluble 
in  hot  alcohol,  more  soluble  in  hot  benzene. 


TOXtlXAOBTABKZBa*      or      aBVCTXAOaTAaOBB,      C*H"NO* 
C*H"0 1- N,  or  AOBTOTOIiUIBB,  C'H*(C*H'0).NH^    (Biche  and  Birard,  Ann. 


'H"01n, 
H     ) 


Ch.  Pharm.  cxxix.  77;  Jahresb.  1863,  p.  428. — Stadeler  and  Arndt,  JahresK 
1864,  p.  426.) — This  compound,  homologous  with  phenylacetamide  (iv.  418),  is  pro- 
duced by  distilling  1  at.  toluidine  with  1  at.  acetic  acid,  and  remains,  on  treating  the 
last  portion  of  the  distillate  with  acidulated  water,  as  a  white  residue  melting  at  \\h^ 
(Riche  and  Berard).  It  is  likewise  formed  in  the  manufacture  of  aniline  by  reduc- 
tion of  commercial  nitrobenzene  with  iron  and  acetic  add.  The  viscid  oils  which  pass 
over  towards  the  end  of  the  operation,  contain  a  solid  body  which,  when  purified  by 
pressure  between  paper  and  repeated  crystallisation,  exhibits  the  composition  of 
acetoluide  (Riche  and  Berard).  Stadeler  and  Amdt  found  the  solid  mass^  obtained 
hj  repeated  distillation  of  crude  commerdal  aniline  with  gladal  acetic  acid,  to  consist 
chiefly  of  acetanilide  and  acetoluide.  The  latter  was  separated  by  solution  in  strong 
sulphuric  or  acetic  add,  predpitation  with  water,  and  crystallisation,  or  sublimation  in 
a  stream  of  carbonic  anhydride. 

Acetoluide,  when  (sublimed  or  quickly  crystallis<^d,  forms  small  slender  needles  like 
snblimed  benzoic  acid ;  by  slow  crystallisation,  it  is  obtained  in  longer  and  thicker 
brittle  needles.  It  is  tasteless,  and  at  ordinary  temperatures  inodorous,  melts  at  145° 
— 145*6°,  evolving  aromatic  cough-exciting  vapours,  and  boils  at  310® — 350°.  It  is 
sparingly  soluble  in  cold  water  (in  1786  pts.  6*5''),  easily  soluble  in  boiling  water,  also 
in  alcohol  and  ether.  It  dissolves  in  concentrated  adds,  and  is  prccipitattni  therefrom 
by  water — not  df>composed  by  boiling  with  dilute  acids,  or  with  aqueous  alkalis 
(Stadeler  and  Amdt).  According  to  Riche  and  Berard,  it  is  slowly  decom- 
posed by  boiling  with  Hqueous  potish»  and  quickly  by  distillation  over  fused  potassium- 
oydrate,  into  toluidine  and  acetic  acid ;  the  same  decomposition  is  easily  produced  by 
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alcoholic  potash  (Stadeler  and  A  r  n  d  t).    Its  solution  in  stronff  sulphuric  acid  aequirH 
a  fine  green  colour  on  addition  of  potassic  chromate.    (S  t  ad  eler  and  Ar n dt.) 

Syn.  with  Benztlamine  (p.  867). 
L    <>H«(C^H').NH*.— A  hase  isomeric,  if  not  identical,  vitk 
phenyltoluidine  (iv.  464 ;  v.  866). 

TO&TXBBarKAMIBBfl  BBVZfXBBVXABKZOat  or  BSVXOTO&UIS^ 

C»«H'»N  *  C'H'.C'H*O.HN  =  C'HVC'H*0).NH«.  (Jaillard,  Compt.  rend.  li. 
1096  ;  Jahresb.  1866,  p.  428.) — Prepared  by  treating  chloride  of  benzoyl  with  tQlm- 
dine,  washing  the  resulting  hard  mass  with  acidiilatod  water,  and  c^ssolring  it  ii 
boiling  alcohol  of  90  per  cent.  It  then  crystallises,  on  cooling,  in  long,  ooloorlert,  sod 
inodorous  needles,  insoluble  in  water,  easily  soluble  in  alcohol  and  in  ether.  It  melts 
at  100°,  and  volatilises  without  decomposition  at  232°.  When  heated  with  alkalis,  it 
is  resolved  into  benzoic  acid  and  toluidine. 


If  or 

(CO)") 
C»H'»N»0     -    C'H'    "S^—Beneyl'urea  (Sell,  Chem.  Soc  J.  xri.  190;    JahxvL 

H«  J 
1866,  p.  426)  separates,  on  mixing  a  hot  aqueous  solution  of  tolnidine-sulphate  vidi 
a  recently  prepared  solution  of  potassium-cyanate,  in  white  needles,  which  have  a 
sweetiah  taste,  dissolve  sparingly  in  cold,  easily  in  hot  water,  also  in  alcohol  and  is 
ether,  and  are  resolved,  at  158-^,  into  ammonia  and  ditolylcarbamide.  It  ii  related  tj 
the  isomeric  compound  obtained  by  Nond  from  nitrotolylamide,  in  the  same  maimer 
as  the  true  phenyl-urea  to  the  compound  which  Chancel  obtained  by  redocdoo  of 
uitrubenzamide    (See  Cabbaitidbs,  i.  754,  766.) 

Tolyl-ethylcarhamide,  C'«H'*N^O  -  (CO)''(C'H'XC«H»)H*N»,  ia  obuined  ly 
direct  combination  of  toluidine  with  ethylic  cyanate,  and  separates  from  a  boiling  mil- 
ture  of  alcohol  and  water,  in  white  crystals.  It  is  insoluble  in  wat<*r,  bat  soluUc  is 
alcohol.    (Sell,  loc,  cit.) 

Ditolylcarbamide,  Cm^'^^O  -  (CO)''(C'H')»H«N«,  is  pzodoced  byboiUngia 
alcoholic  solution  of  ditolylsulphocarbamide  with  mercuric  oxide,  as  lonff  aa  memne 
sulphide  is  thereby  separated.  The  filtered  solutioa  yields  ditolylcarbamids  in  iHiite  ms- 
tals.  It  is  likewise  obtained,  together  with  the  products  of  decomposition  of  oxdinazrutSi 
by  the  dry  distillation  of  monotolylcarbamide.  It  is  insoluble  in  water,  easily  aoIiUe 
in  alcohol,  and  is  decomposed  by  strong  sulphuric  add,  in  the  manner  ahown  by  tbeeqai- 
tion,  into  tolylsulphamic  or  sulphotolyuunic  acid,  carbonic  anhydride,  and  vmtar(p).iSi): 

C"H'*N«0   +  2H»S0*     -     2(C'H»N.S0»)  +  C0«   +  HK). 


(CSr  ) 

-  (C'H')h: 

H«    J 


DitolyUulphoearhamide,  C»H><N%    -  (C'H')' [ N«,  is  obtsinsd  bj  wiiiaii« 

a  concentrated  alcoholic  solution  of  toluidine  with  an  equal  volume  of  carbonic  difsl- 
phide,  not  above  80°,  till  the  evolution  of  sulphvdric  acid  ceases,  distilling  off  tbi 
excess  of  carbonic  disulphide,  and  recrvstallising  the  remaining  crystalline  msis  froa 
alcohol.  It  is  insoluble  in  water  and  in  cold  alcohol,  has  a  bittar  taste,  and  foroi 
large  acuminated  prisms,  which  melt  at  164**,  and  sublime  without  deoompositioD.  (St IL) 

TOIiT&-J>XPBB«T&-KOAAJrZXJara.    See  Phkntulmutw  (iv.  47S). 

C'H*.— Syn.  with  Bknztlenb  (i.  577). 


TOIiTUOra-BZAMZVa.     CH^N*  -  ^^/^*(n«.     (Hofmann,  Proe.  Eoy. 

Soc.  xi.  618.) — This  base,  first  obtained  as  a  by-product  in  Colin*8  anilioe  heUar 
at  Paris,  is  prepared  by  distilling  dinitrotoluene  with  a  mixture  of  inm-filioci  ssi 
acetic  acid.  When  recently  prepared,  it  forms  czystaLs  which  become  slightly  eoloved 
on  oxDosuro  to  the  air,  but  may  be  rendered  colourless  again  bj  treatment  viib 
animal  chsrcoal.  It  meltit  at  99°,  and  distils  without  decomposition  at  about  2^. 
It  is  dissolvt^d  in  considerable  quantity  by  boiling  water,  and  separates  on  cooline  ii 
needles,  sometimes  an  inch  long.  It  is  easily  soluble  in  alcohol  and  ether.  Its  solntKOi 
hare  an  alkaline  reaction. 

Hf/droftromale  of  io/yUne-diamine,  C'H'«N«.2HBr,  forms  short  needle-shiped  cm- 
tttls,  soluble  in  water  and  in  alcohol.— The  hydrochlorate  is  easily  soluble  is  vtir. 
even  at  ordinary  temperatures,  but  crj'stallises  easily  from  strong  bydrochlorie  scid- 
Tho  rhhroplntinate  forms  y«»lIow  needles,  very  easily  soluble  in  water. — The  M//Asfe, 
ril'^.V^.H^O*,  forms  long  well-defined  needles,  which  become  reddish  on  exnmn  to 
tile  air. 

ToIvUno-tliamiue,  treated  with  opnanfhol,  forms  diccnanthylidene-toIrleD*' 
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diamine,  C»»H"N*  =  (C?H»*WC'H«)'T^^S  a»  a  heavy  non-bawc  oil,  Bolnble  in  alco- 
hol,   bat   insoluble  in  water.    With  bitter-almond-oil,    in  like  manner,  it  yields 

dibenzylidene-tolTlene-diamine,C«'H>«K»  ^{oCm')\0Cm^'^\  (Schmidt, 
Jahrt'sb.  1865,  p.  429.) 


TO&IXBVB-TXZAlIzraS.  (DeLaire,  Girard,  andChapoteaat,Compt. 
rend.  Ixiii.  964 ;  liv.  416.) — Hofmann  has  shown  that  rosaniline  (ir.  468)  has  um 
composition  of  ditolylene-phenylene-triamine,  (CH*)*(C^*)ffN',  being  formed  by 
elimination  of  6  at.  hydrogen  from  a  mixture  of  2  at.  toluidine  and  I  at  aniUne, 
Other  bases  of  similar  constitution  may  be  obtained  by  the  action  of  oadising  or  dehy- 
drogenising agents  on  toluidine,  aniline,  and  mixtures  of  the  two : 

a.  Tntotylene-trUmUn^,  or  Chryaotoluidine,C''E^^  ^^^'^^^  ii    a   yellow 

base,  resulting  from  the  oxidation  of  3  at  toluidine : 

8(c^0H«N  -  H«   -   ((rH«)«Brar«. 

3.  Triphenylene-iriamine,  or  Violanaine,  C>»H"N»  -  (^^^'jlP.isaTioletbas©, 
fanned,  in  like  manner,  from  3  at  aniline. 

(C*5a«)«) 
7.  LmkenyUne-tolylme'ro^anmnB,  or  MawfanUine,  G'^^'K"  -  ((TH*)"  \  N*.— Thii 

H«    ) 
base  is  formed  (together  with  Tiolaniline  and  a  small  quantity  of  rosaniline)  when  the 
aniline  used  is  not  quite  tne  from  toluidine : 

2(Cm»)H«N  +  (CH^H^  -  3H*     -    (C^«)«((rH«)H»N». 
AniUne.  Toluidine.  MaoranUiM. 

MaQTaniline  is  a  crystallised  base  of  light-brown  colour,  becoming  daiker  when 
heated.  The  crystals  are  hydrated,  containing  2C>'Hi'M*.H'0.  They  retain  their 
water  at  120^ — 130^,  and  give  it  up  only  at  a  temperature  at  which  they  begin  to 
decompose. 

Manvaniline  is  soluble  in  alcohol,  ether,  and  benzene,  insoluble  in  cold,  verr 
soluble  in  boiling  water.  It  dissolves  in  adds,  forming  crystallisable  salts,  whid^ 
have  a  bronze-green  reflex,  like  those  of  rosaniline.  They  are  slightly  soluble  in.  cold, 
moderately  soluble  in  boiling  water,  and  in  strongly  acidulated  water.  They  rival  the 
salts  of  rosaniline  in  tinctorial  power,  imparting  a  fine  mauve  colour  to  silk  and  wooL 

Violaniline,  manvaniline,  rosaniline,  and  chrysotoluidine,  form  an  arithmetic  series, 
whose  common  difference  is  CH*.  The  formation  of  violaniline,  manvaniline,  and 
chrysotoluidine  being  strictly  analogous  to  that  of  rosaniline,  these  bodies  may  also 
be  expected  to  residt  from  the  oxidation  of  commercial  aniline.  It  is  well  known, 
indeea,  that  the  quantity  of  rosaniline  obtained  in  the  preparation  on  the  large  scale 
is  considerably  less  than  that  which  corresponds  to  the  quantity  of  aniline  and 
toluidine  tranrformed,  and  that  there  is  produced,  at  the  same  time,  a  quantity  of 
resinous  matter,  of  violet  to  brownish-yellow  colour,  and  possessed  of  basic  properties. 
This  resinous  matter  is  a  mixture  of  several  compounds,  extremely  difiScult  to  separate, 
and  doubtless  consisting  in  great  part  of  the  three  homologues  of  rosaniline  just  men- 
tioned. The  authors  have,  in  fact,  detected  manvaniline  in  the  residues  of  the  prepara- 
tion of  rosaniline-salts ;  they  likewise  attribute  the  decided  violet  tint  exhibited  by 
certain  commercial  aniline-reds  to  the  presence  of  manvaniline,  and  the  yellow 
tint  sometimes  observed  in  commercial  rosaniline-salts  to  admixture  of  chrysotoluidine. 

S.  The  three  atoms  of  tvpic  hydrogen  in  each  of  the  bases  above  mentioned  may  be 
replaced  by  alcohol-radicles,  ethyl,  methyl,  phenyl,  tolyl,  &c,  forming  derivatives 
analogous  to  triethyl-  and  triphenyl-rosaniline  (iv.  471,  472),  and  obtainable  by  simi- 
lar methods. 

«.  The  secondaiy  monamines,  diphenylamine,  ditolylamine,  methyl-phenylamine, 
&C.,  subjected  to  the  action  of  dehydrogenising  agents,  likewise  give  off  6  at  hydro- 
gen, and  yield  substituted  triamines  of  rosaniline,  chrysotoluidine,  and  violaniline ;  e.ff, : 


3((?H')H»N  -  H«    -    jc'l^'l^' 

Ditolylamine.  Tritolyl-chryio- 

tolaldlne. 


Syn.  with  Toltl-bthtl-carbaiude  (p.  872). 

Syn.  with  Toltiaxiline  (iv.  454). 

«  ^_  - .  This  name  is  given  by  .T  a  i  1 1  a  rd  (Compt  rend.  Iz. 

1096)  to  a  compound  obtained  by  heating  a  mixture  of  toluidine  and  salicylol  to  60^f 
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and  crystallising  the  product  from  hot  alcohol.  It  forms  yellow  czyatali,  inodoxoH, 
insoluble  in  water,  soluble  in  alcohol  and  ether,  melts  at  1(K>^,  volatiliMs  at  a  hi^ 
temperature,  and  is  decomposed  by  alkalies.  According  to  Jaillard,  it  has  the  mim 
composition  as  tolylbenzamide,  G'^H^NO,  and  its  hydrochlonte  givea,  with  pUosk 
chloride,  a  double  salt,  conteining  2(C'<H'"N0.HC1)PlC1*. 

TO&TlbSirOCnRMXBat       or       BVCCZVOTOIiVIBB.  C^iHiiNO*     m 

^^(?ir*^  I  ^  "  C'H»(C*H^O*)".NH».— This  compound  is  formed  by  melting  eq^ 

weights  of  succinic  add  and  toluidine,  and  crystallising  the  cooled  maw  from  boifiw 
water.  It  volatilises  without  decomposition,  dissolves  easily  in  hot  water,  alcohol/al 
ether,  and  separates  from  solution  in  colourless  crystals. 


(C'H')«  ) 

(c*H*o*r[; 


DUolyltwxmaniide,  C^'E'^NK)*  -  (G^H^O*)"  ^N«,  is  the  portion  of  the  abovMMi. 

tioned  product  insoluble  in  hot  water;  it  czystalliaeB  from  hot  alcohol.    (SelL) 
TOXiTXiBir&VKintOini  BSOaOBa  and  Cni&OSIOB.     Syn.   with  Tou- 

BMB-SXTLFHOBBOMIDE  and  ToLUXm-eULFHOCHIOSIIXB  (p.  869). 

TOZiTZiSinbPSiniOira  BTBAIHa.    Syn.  with  Tor.mpnHtuiJ'MUBori  kSM 

(p.  860). 

TO&TXi-TBZOSZVAMZVBi  By  heating  toluidine  with  oil  of  mnstaid  li 
100^  for  several  hours,  a  mass  is  formed,  which  solidifies  in  laminie  on  oooling^ni 
may  be  purified  by  recrystallisation  from  alcohol.  It  is  inodorous,  insoluble  in  viur. 
easily  soluble  in  alcohol  and  ether,  melts  at  100^,  and  is  converted,  by  oxide  ol  M  m 
mercuiy,  into  a  non-sulphuretted  compound,  which  dystalliaea  in  needlea.  (Jail- 
lard.) 

TOBIBAC.  An  alloy  of  copper  and  sine  containing  about  80  per  ent  copfcs. 
(S<^  GoPFSB,  Alix>ts  of,  iL  47i  49.) 


TOMBAXZTB.    Breithaupt's  name  for  a  variety  of  nickel-glance  tnm  %  mm 
near  Lobenstein. 


TOWW  Ac WIB AWS*  The  fruit  of  Dipterix  odorata,  a  legnminons  tive,  indvisoa 
in  Guiana.  They  are  about  the  size  of  a  large  almond,  rather  cylindrical  thsa  to, 
and  pointed  at  both  ends.  The  outer  shell  is  dark -brown,  wrinkled,  and  has  sfiutr 
lustre.  The  beans  have  an  aromatic  bitter  taste,  and  a  very  agreeable  odoor,  ukt  tM 
of  melilot  and  woodruff!    They  contain  coumarin  (ii.  93),  and  a  fixed  oil,  besidtfSKK 

fnm,  starch,  malic  acid,  salts,  and  woody  fibre  (Boullar  and  BontroD-Cill^ 
ard,  J.  Pharm.  xi.  426;  ibid,  [S]  viL  160).    They  are  used  as  a  perfume,  mftmHj 
for  9nu£ 

The  so-called  English  tonka-beans  (from  JHpterix  opp(mi{foiid)  are  latbsr  fnlLr 
and  darker,  but  otherwise  not  essentially  different  from  thoee  jost  described. 


TO»A«.     Pkjftalite,     fyropkysaliU,    PyeniU,     ScMorlartiper    Beryl     fTifja 


the  terminal  edges  between  P  and  P ;  frequently  also  with  other  focss  snbofdis* 
AjKes  aib'.e  ^  0-5286 : 1  :  0*4770.  Angle  P  :  P  (beach.)  a  14lo  o**  P  ?(■!&) 
x=  lOP  40' ;  P  :  P  ^hasal)  -  87''  18'.  The  crystals  are  nsually  bemimonbo^lk 
tfxtremities  being  unlike.  Cleavage  veir  perfect  parallel  to  the  base.  Tbs  ^t—J 
also  occurs  granular,  coartw  or  fine.  HarduesB  «  8.  Spedfle  gravity  »  S'i--Hi 
Lustre  vitTvous.  Colour  yellow,  white,  grsen  or  blue ;  pale.  Stiss 
Tntnsparent  to  subcranslucent.     Fracture  snbcondioidal  to  nnevea. 

Inform  the  blowpipe  on  charcoal,  it  does  not  fuse,  but  when   strongly  heated 

covered  with  small  blisters,  whioh  crack  as  soon  as  formed.  The  pale-yellov  Timcia 
K^^ome  colourless  when  heated,  the  dark-yellow  become  rase-red  or  favaeistb-n^ 
AVhen  stroujElr  heated  in  a  glass  tube  with  microoosmic  salt,  it  eihibtts  the  fssni 
r^^aotion.  With  K^rax  it  slowly  fuses  before  the  blowpipe  to  a  eoloailfai  iIm: 
wi;h  mioroix^m'-c  salt  it  forms  a  silicioQS  skeleton,  the  bead  becoming  opalewal  a 
rvK^!in^ :  with  carN>nate  of  sodium  it  forms  a  tumid,  semitranspaicnt  «^Tg ;  with  s  kn 
(;u.«nti\r  of  the  si>iium-5alt,  a  rumefied  infhflble  mass.     It  is  insolnbls  in  uA;  mi 


-,.  —  —  3vwQpvesf> 

si.!in&.  54$$  to  5.^-96  alumina,  and  about  17  percent  finoiine.  ahowiw  that iMSt  wf 
W  regarvied  as  a  mixturvor  compound  of  tr.ba>ic  iluminzum-sillcate  wmi  silsco-ahvM 
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iooride  in  the  proportion  repretentad  \j  the  fomrala  (2Al'F"J3iF«).6(AlK)*^0'). 
The  older  analjaee  by  Benelins,  Vaoqaelin,  and  Klaproth  gare  the  amount  of  fluorine 
•bout  3  per  cent  too  low. 

Topes  oocnn  in  gneiaa  or  granite,  with  tourmaline,  mica,  and  beryl,  oeeaiiopally  with 
apatita,  flnor-epar,  and  tin ;  aleo  in  taleoee  rock,  as  in  Braril,  wiu  endase,  Ac,  or  in 
oica-elateu  line  topacee  come  from  the  Ural  and  Altai  Moontaine,  from  Miaak  in 
8ib«ia,  and  from  Kuntechatka,  of  green  and  bine  oolonri ;  from  Villa  Rica  in  Brazil, 
of  deep  yellow  oolonr ;  bine  ciyetaU  oeenr  at  Oaimgorm,  Aberdeenehirv,  and  in  the  tin- 
m%mm  it  Sohlackeowald,  Zinnwald,  and  Ehrenfriederadorf ;  smaller  cryitals  also  at 
Schneckenatein  and  Altenberg  in  Saxony,  and  on  the  Moame  Mountains  in  Ireland. — 
^fc^nt*  is  a  massiTe,  snboolnmnar  Tanety  of  topaz  from  Altenberg,  Schlackenwald, 
Sanwald,  and  Kongsberg. — PhytalUe,  or  PyropkytaliU,  is  a  coarse  nesrly  opaque 
Tirie^,  which  intnmesces  when  heated.  It  is  found  in  yellowish-white  onrstals,  of 
coasiderable  size,  at  Fossum  in  Norway,  and  at  Flnbo  and  Broddbo  in  Finlacd ;  a  crys- 
til  was  foond  in  this  last  locality,  weighing  eigh^  pounds.  Topaz  occurs  in  the  United 
States,  at  Tmmbdl  and  Middletown  in  Connecticut,  and  at  Oxowder's  Mountain* 
North  Carolina. 

The  flner  Tarieties  of  topas  are  much  valued  as  gems.  The  best  crystals  are  brought 
from  Minas  Oeraes  in  BrasiL  The  coarse  Tarieties  may  be  employed  as  a  subetitnte 
for 


TOFAS  BOOS.  This  name  was  applied  by  Werner  to  a  rock  composed  of  quartz* 
tourmaline,  lithomarge,  and  topaz,  forming  a  considerabla  rein  in  thio  micarsUte  of 
the  Saxon  Voigtland. 

TOFAXO&irBi    A  name  sometimes  applied  to  yellow  garnet* 

TOmSAVlTm  oar  TOmBAVB  mXMA  MIWEA'fci    See  Coal  (L  lOSS). 
TOBBSBITBi    See  Ubamitb. 


The  roots  of  TarmtmtiUa  tr^eta  were  formerly  used  in 
aa  Red  tormmtiUa.  They  contain,  in  the  fresh  state^  from  5  to  6  per  cent, 
of  a  tannin,  which,  according  to  Stenhouse,  forms  a  dark-green  precipitate  witn  fBrrous 
sulphate,  bluiah-red  wiUi  ferric  acetate ;  it  is  also  precipitated  l^  gelatin  and  by  tartar- 
rtnetic.  It  has  been  proposed  to  substitate  this  root  for  that  m  rhatany  for  use  in 
■Mdicme. 

The  leaTes  of  the  plant  contain,  according  to  Sprengel,  63  per  cent  water,  88  dry 
Tigetable  substence,  and  4  ash.  The  ash  contains,  in  100  pts.,  12*0  per  cent,  potash, 
8*0  soda,  227  lime,  2*8  magnesia,  10*8  ferric  oxide,  6*1  alumina,  41*4  silica,  2*0  sul- 
phuric anhydride,  0*6  phospnoric  anhydride,  and  0*8  chlorine. 

TOSFSBO.  The  electric  orsan  of  the  Torpedo  Galvann  has  been  examined  by 
Sehulze  (Jahreeb.  1859,  p.  622).  The  aqueous  extract  contains  a  proporUonally 
laige  quantity  of  urea  and  calcic  phosphate,  together  with  creatinine,  syntonin,  an 
organic  body  predpitable  by  tannin,  ana  several  compounds  precipitable  by  chloride  of 
sine— some  in  the  crystalline,  others  in  the  syrupy  form.  Bespecting  the  electric  pro- 
perties of  the  torpedo,  see  Elbctbxcitt  (ii.  476). 

The  name  torpedo  is  likewise  applied  to  explosire  engines,  which  are  sunk  in  the 
water  of  harbours,  aod  fired  by  electricity  on  the  approa^sh  of  a  hostile  resseL 

Syn.  with  Nioinra. 

VACnnm*  The  space  above  the  mercury  in  a  barometer- 
tube,  which  is  free  from  air,  but  contains  rapour  of  mercury ;  the  tension  of  this 
vapour,  however,  is  imperceptible  at  ordinary  temperatures. 

VOmOVOOTOA  or  TUIbUOUMA  OZ&.    Syn.  with  Casapa  On.  (i.  749). 

TOnxOVBOW  OZ&.  A  brown  train-oil  obtained  from  Pagmtu  Lairo,  and  used 
by  the  negroes  of  Senegal  as  a  remedy  for  rheumatism. 

VOVmiCA&nra.  Schorl.  BubeUiU.  IndieolUe.  ApkritUi.  Apkrite.  ZeuxUe. 
—A  well-marked  group  ci  rhombohedral  double  silicates,  characterised  geometrically 
•ad  physically  by  henumorphism  and  pyroelectridty,  and  chemically  by  the  presence 

«f  bonoe  add.  The  crystals  usuaUy  exhibit  the  combination  odP2  .  -^t  ^^munated 

by  B  and  other  rhombohedrons.  The  primary  form  may  be  assumed  to  be  a  rhom- 
bohedron  B,  having  the  prindpal  axis  equal  to  0*4472,  and  the  angle  B  :  B  in  the 
terminal  edges  m  188^  10' ;  W  the  masnitude  of  the  angle  differs  to  a  certain  ex- 
tent in  the  several  varieties.  The  dystals  exhibit  traces  of  cleavage  parallel  to  B. 
Th^are  brittle,  with  suboonchcudal  to  uneven  fracture. 

Hardness  •■  7  to  7*5.    Specific  gravity  *  2*94  to  8*8.    Lustre  vitreous.     Colour 
blidt,  brown,  blue,  green,  m,  or  white;  some  specimens  are  red  internally,  and 
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green  ezternallj;  others  red  at  one  extremity,  and  green.  Use,  or  black  tt  tht 
other.  The  crystals  exhibit  dichroism  (iii.  670).  Their  streak  is  anooloond. 
Thej  are  transparent  to  opaque ;  unlike  in  transparency  across  the  prism,  and  in  the 
line  of  the  axis.  Transparent  tourmalines  transmit  light  only  when  polarised  in  a 
plane  perpendicular  to  their  principal  axis  (iii.  655).  The  crystals  are  strongly  pjro* 
electric  (ii.  411). 

The  numerous  analyses  which  hare  been  made  of  tourmalines  (for  which  see  Rim- 
mel sberg' 8  A/tn«nilcAemt^,  pp.  673-679;  Dana's  Mineralogy,  ii.  273),  showthst 
these  minerals  contain,  as  protoxides,  magnesia,  ferrous  oxide,  manganous  oxide,  limi^ 
lithia,  potash,  soda,  and  that  the  relative  proportions  of  these  bases,  especially  of  the  mag- 
nesia, ferrous  and  manganous  oxides,  vary  within  very  wide  limits :  hence  RammaU. 
berg,  to  whom  the  greater  number  of  these  analyses  are  due,  divides  toormalioes  into 
magnesium-tourmalines,  magnesium-iron  tourmalines,  iron•io1l^ 
malines,  iron-manganese  tourmalines,  and  manganese-to^rmaliaet; 
the  last  two  varieties  contain  lithia,  the  others  do  not.  The  sesquioxides  oontaiaad  ia 
tourmalines  are  alumina,  and,  according  to  most  authorities,  likewise  ferric  and  man- 
eanic oxides;  according  to  A.  Mitscherlich,  however  (J.  pr.  Chem.  IxxxvL  1),  ths 
iron  and  manganese  in  tourmalines  are  wholly  in  the  state  of  protoxide.  All  tovma- 
lines  likewise  contain  boric  oxide  or  anhydride,  BH)*,  which  may  be  regarded  u 
replacing  part  of  the  alumina.  Ab  the  most  general  expression  of  the  compositioo  of 
tourmalines,  BammelBberg  gives  the  formula: 

(2M«O.SiO«) .  n(R«O^B*0»)SiO«, 

M  denoting  a  monatomic  metal  (2  at  of  which  may  of  course  be  replaced  by  IT^,  and 
R  a  triatomic  metaL  Most  tourmalines  contain  also  a  small  quantity  it  fluoriiif, 
which  (as  in  topaz)  may  be  regarded  as  replacing  part  of  the  oxygen.  For  the  M 
discussion  of  the  formula,  see  R  ammelsberg  {he.  cit.). 

The  following  are  examples  of  the  composition  of  the  several  varieties  of  tourma- 
line above  enumerate  according  to  analyses  by  Rammelsberg: — 

a.  Magnesium-tourmaline,  fromdouvemeur,  St. Lawrence  County, New  Yirt: 
brown;  specific  gravity  ■>  3*049.-5.  Magnesium-iron  tourmaline,  from  Texu, 
Lancaster  GounW,  Pennsylvania :  very  thin,  dark-green,  translucent ;  specific  gxavitj 
»  3*048. — c.  Iron-tourmaline,  from  Sonnenberg,  near  Andreasberg,  in  ^ 
Hare:  specific  gravity  *  3*243  (the  heaviest  tourmaune). — d.  Iron-manganese 
tourmaline,  from  Elba:  green,  often  reddish  or  blackish  at  one  end;  speoiflo  gra- 
vity B  8*112. — 0.  Manganese-tourmaline,  from  Paris,  in  the  State  of  Mams: 
dsfk-red;  specific  gravity  »  3*019: 

«•                 A.                 c.  rf.  r. 

Fluorine   .        .          2*28  2*36            1*64  2*35  2*58 

Phosphoricanhydride .     .  0*20            012  .     .  0*27 

Silica        .        .        88*85  38*45  36*51  38*19  88*88 

Boric  anhydride           8*25  8*48            7*62  7*39  9*00 

Alumina  .        .        81*82  84*56  82*92  39*16  48*15 

Manganic  oxide          .     .  .     •  •     .  4*74  1*12 

Feme  oxide      .          1*27  8*81            813  3*14 

Ferrous  oxide   .         .     .  0*09»          9*62t  ? 

Magnesia.        .        14*89  9  11            0*78  1*00  1*02 

Lime        .        *          1*60  0*71            0*72  0*84 

Soda         .        .          1*28  2*00            1*36  2*40  2*60 

Lithia 0*74  117 

Potash      .        .          0*26  078            0*58  0;34  0*68 

Loss  by  ignition          8*19  8*30            2*31  8*28  T61 

The  colour  of  tourmalines  varies  according  to  their  oompontion  :  red  tourmalinci 
(ruheUite^  siberiUf  daourite,  apyrite)  are  those  which  contain  lithium  and  manganese, 
with  little  or  no  iron  (manganese-tourmalines) ;  the  violet-blue  aod  green  virietiei 
ffenerally  contain  lithium,  iron,  and  manganese  (iron-manganese  tourmalines) ;  ihA 
black  (tchorl)  are  either  iron-  or  magnesium-iron  tourmalines ;  the  yellow  and  brown 
mostly  maffnesium-tourmalines.  Hence  the  chemical  characters  of  tourmalines  raiy 
to  a  consicuuiible  extent,  according  to  their  colour. 

Tourmalines  not  containing  lithia,  when  heated  before  the  blowpipe,  form,  with 
strong  intumesence,  and  more  easily  in  proportion  as  they  contain  more  iron,  white  er 
yellowish  masses,  which  afterwards  melt  to  white,  yellowish,  or  grey  slags.  Heated 
with  fluor-spar  and  acid  sulphate  of  potassium,  they  five — like  all  other  tourmalifiea^ 
the  reaction  of  boric  acid.  Magnesium-iron  tourmalines  yield,  after  swelling  up,  a 
white,  grey,  yellowish,  greenish,  or  brown  slag ;  iron-tourmalines,  after  intnmc 

Maofuioas  oxide.  f  ConUiniDf  0*11  raanfaAoat  oxide* 
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lirown  or  black  slags ;  iron- manganese  tourmalines  (the  dark-coloured  or  blue)  melt 
before  the  blowpipe,  with  difficulty  and  slight  intumescence,  to  grey  or  brownish  slags, 
and,  when  heated  in  a  furnace,  bake  together  to  compact  dark-brown  masses.  Green 
tourmalines,  heated  before  the  blowpipe,  become  white  and  opaque,  melt  on  yery  thin 
edges  to  an  enamel  covered  with  Bmall  bubbles,  and  when  heated  in  a  crucible,  form 
porcelain-like  masses  without  fusing;  only  the  green  tourmaline  of  Brazil,  and  that  of 
Chesterfield  in  Massachusetts,  swell  up  before  the  blowpipe,  and  yield,  partly  a 
greyish-yellow  slag,  partly  an  unfused  Tiolet-green  mass ;  when  strongly  heated  in  a 
crucible,  they  form  an  opaque  brownish  slag.  Manganese-tourmalines  generally  exfo- 
liate before  the  blowpipe,  becoming  white  and  opaque,  and,  when  heated  in  a  crucible, 
flometimes  sinter  slightly  together. 

At  a  strong  red  heat,  all  tourmalines  lose  several  percent,  of  their  weight,  in  conse- 
quence of  the  escape  of  silicic  fluoride,  and  perhaps  also  of  boric  fluoride.  It  is  only 
after  having  undergone  this  change  that  the  pulverised  tourmaline  can  be  decomposed 
by  hydrofluoric  acid  ;  whereas  this  acid  acts  but  slightly  on  the  original  tourmaline, 
and  other  acids  still  less  or  not  at  alL  According  to  v.  Kobell,  pulverised  tourmaline  ia 
imperfectly  decomposed  by  sulphuric  acid  before  fusion,  almost  completely  after  fusion. 

Tourmalines  are  usually  found  in  granite,  gneiss,  or  mica-slate ;  they  also  occur  in 
dolomite  or  granular  limestone,  and  in  sandstone  near  dykes  of  igneous  rocks.  Large 
black  tourmalines  occur  in  Greenland  ;  at  Horlberg,  near  Bodenmais,  in  Bavaria ;  at 
Kann^bricka,  in  Sweden,  and  near  Bovey  in  Devonshire.  Small  brilliant  ciystals, 
ooeumng  in  decomposed  felspar,  at  Andreasber^  in  the  Harz,  constitute  the  variety 
called  aphrite,  liubellite  and  green  tourmalines  occur  near  Ekatherinenbuig  in 
Siberia ;  pink  crystals  are  found  in  Elba ;  pale  yellowish-brown  ciystals  in  talc  at 
Windsch-Kappell  in  Carinthia;  green  at  Airolo,  in  Switzerland;  white  specimens 
(aehrefUe)  come  from  St.  Gothard,  Siberia,  and  Elba.  Black  tourmalines  occur  with 
the  emeiy  of  Naxos.  Magnificent  red  and  green  tourmalines  have  been  found  at 
Paris,  in  the  State  of  Maine,  some  above  an  inch  in  diameter,  transparent  ruby-red 
within,  surrounded  by  green  or  red  at  one  extremity,  and  green  at  the  other.  (Res- 
pecting other  American  localities,  see  Dana,  ii.  274.) 

TO  If  liM  A  TiTlff  g,  ASTZ7ZCXAIi.  This  name  has  been  applied  to  sulphate  of 
iodoquinine,  on  account  of  its  optical  properties.    (See  Quininx,  p.  25.) 

TOUHBKAUITB-KOCX.  TOVSMAUXTB-BKATB.  Tourmaline  and 
quartz  are  found  united  in  rooks  like  mica  and  quartz,  and  thus  form  tourmaline-rock 
and  tourmaline-slate.  The  former  is  a  crystallo-granular  mixture,  containing  also 
crystals  of  felspar ;  in  the  latter,  tourmaline,  varying  in  structure  from  acicular  to  gran- 
ular, occunt  in  alternate  layers  with  granular  quartz.  These  slates,  by  taking  up  mica, 
Cinto  mica-slate,  or  by  taking  up  felspar  into  gneiss ;  the  mixture  callwl  tourma- 
-rock  passes,  in  like  manner,  into  tourmaline-granite.   (Handw.  d.  Chem.  viii.  1046.) 

Syn.  with  Coppkb-ptbitks  (ii.  77). 

kCBTBOZA&ZTB.  This  name  is  applied  to  certain  rocks,  resembling  both 
trachyte  and  dolerite  in  external  appearance,  and  consisting  of  oligoclase  or  labr^orite 
and  amphibole  or  augite,  with  more  or  less  magnetic  iron-ore.  The  mixture  is  fine- 
grained, and  usually  forms  a  grey  or  brown  mass,  in  which  small  crystals  of  the 
abore-nam^Hi  minerab  are  imbedded.  Specific  gravity  « 2*7  to  2*8.  The  proportion 
of  silica  in  the  rock  is  from  60  to  60  per  cent.  On  the  trac^iydolerite  of  the  Sieben- 
gebiige,  see  De iters  (Inaugural  dissertation  ;  De  connexu  inter  trachyten  it  hasalttn, 
3'r-,  Bonnie,  1861 ;  Jahresb.  1861,  p.  1069);  on  that  of  Madeira  and  Porto  Santo, 
Cochius  (J.  pr.  Chem.  xciii.  129;  Jahresb.  1864,  p.  872). 


A  felspathic  rock,  having  a  rough  surface  of  fracture,  and  usually 
zonaisting  of  a  fine-grained  or  compact  ground  mass  of  sunidin,  oligoclaso,  albite,  or 
labradorite,  or  two  of  these  minerals  together,  enclosing  cryfi>tals  or  crystalline  particles 
of  these  felspars,  also  of  amphihole  or  augite,  and  daric-colourfd  mica.  When  the  fel- 
apathic  ground-mass  is  decomposed,  the  rock  becomes  an  indurated  day,  and  is  then 
■ometimcs  called  do  mite;  such  an  altered  trachyte  occurs  on  the  Puy-de-D6me. 
Nodules  of  trachyte,  bound  together  by  a  trachytic  cement,  form  t rachyte-con glo- 
me rate  or  tracliyte- breccia.  Trachyte -porphyries  are  trachytes  in  which  the 
gn>und-mass  is  more  or  less  compact,  and  the  imbedded  crrstals  of  sanidin  are  more 
distinct  than  in  ordinary  trachyte;  the  rock  also  frequently  contains  brown  or  black 
rryatals  of  mica,  and  sometimes  small  crystals  or  grains  of  quartz.  On  the  trachytes  of 
the  Eugenesian  Mountains,  near  Padua,  sh>  G.  v.  Kath  (Jahresb.  1865,  p.  916);  on 
thoae  of  Auveigne,  Kossmann  {ibid.  918). 

ns.    See  Gum  (ii.  955). 

LOOFOOOV.    Thr"  goat's-board.  Tragopogon  pratenxh,  a  composite  plant  of 
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the  solMrder  Oiekoracea,  contains,  according  to  Sprengel  (J.  1  tedin.  Cham.fiM« 
368),  in  100  ptfl.  of  the  freBh  plant,  79'0  water,  19*9  oiganie  snbitance,  and  MO  ailb 
The  ash  free  from  carbonic  acia  contains,  in  100  pts. : 


K«0. 

NaSO. 

CaO. 

MgO. 

Al«0». 

Fe«0». 

Mb'QS. 

«IO«. 

80». 

P"0». 

CU 

24*6 

2-4 

38-9 

7-4 

1-4 

0-3 

0-2 

3*9 

8*6 

9-8 

7-4 

MgO. 

K«0. 

N««0, 

CL 

80S. 

616 

606 

2-71 

0-46 

2*63 

7-66 

6-89 

1-41 

066 

278 

0*91 

1-26 

0*62 

0-41 

8-93 

1808 

907 

9*21 

118 

17-08 

i.TZOW.    A  term  applied  by  Qraham  to  the  passage  of  gases  and 
liquids  through  capillary  tubes.    (See  Gases,  ii.  820 ;  and  Liquids,  iii.  722.) 

TSAVBITBATZOW.  A  physiological  term,  denoting  the  passage  of  liquids  from 
the  bloodTessels,  without  laceration  or  perforation,  into  closed  or  open  cavities  of  the 
body,  into  the  parenchyma  of  the  organs,  or  sometimes  on  to  the  sur&ce  of  the  body. 
(See  SsROUS  Flxtids,  p.  236.) 

TXAV.  A  geological  term,  which  was  applied  to  melaphyre,  basalt,  dderiti^ 
diabase,  gabbro,  &c.,  and  generally  to  more  or  less  compact,  dark-coloured,  emptiTt 
rocks,  before  the  several  species  were  distinguished  according  to  their  constituenti. 
Tra^p-^porphyry  is  an  old  name  for  the  so-called  greenstone-porphyries,  melaphyres,  and 
phonolites. 

•nUkPA.  The  mineral  constituents  of  this  water-plant  and  of  the  water  of  a  pond 
near  Niimberg,in  which  it  grows,  have  been  examined  by  Gorup-Besanet  (Ann. 
Oh.  Pharm.  cxviii.  220 ;  Jahresb.  1861,  p.  761^.— A  is  the  compoeition  of  the  sjh  ti 
the  plant  gathered  in  June  (stem-leaves,  radical  loaves,  and  roots) ;  6,  that  of  tbe 
plant  gathered  in  May ;  C  that  of  the  fruit  (the  whole  in  pooentague,  after  deduction 
of  chiutK>al  and  sand) ;  D,  the  composition,  in  100  pts.,  en  the  ignited  water-residbi 
(amounting  to  0*8044  pt  in  10,000  pts.  of  water) : 

perM^e.       ^®*-       ^^^       lln»0«.       CaO. 

A.  16-92'    27*34      23*40      14*70      17*66 

B.  29*46      28*66      29-62        7*67       14*91 

C.  7-76        4*84      68-60        963        977 

D.  .    .  190        1-11        016      42*24 

From  the  considerable  proportion  of  iron-  and  maoffanese -oxides  in  the  ash  of  the 
plant,  and  from  the  different  proportions  of  the  several  oonstitnants  in  the  iJast-ash 
and  in  the  water,  Gorup-Besanes  concludes  that  water-plants  possew  the  power  of 
selecting  the  constituents  of  the  nutritive  matters  presented  to  them. 

TRASS.  A  volcanic  mass  resembling  pumice,  and  containing  silicates  deooinpoi- 
ible  by  slaked  lime,  so  that  it  is  available  for  the  preparation  of  cements.  (See  &u- 
CiLTBS  or  Calctom,  p.  261.) 

TSAVaBSBUbXra.  A  name  applied  by  Scheerer  (Pog^.  Ann.  zdii.  109) 
to  certain  pseudomorphs  of  hornblende  after  augite  (regarded  by  him  as  paramorphi, 
iv.  360),  occurring  at  Traversella  in  Piedmont  These  pseudomorphB  are  remarkable 
for  retaining  the  form  of  the  augite  crystals,  while  the  substance,  in  consequence  of 
the  transformation,  has  acquired  a  fibro-ciystalline  structure,  so  that  the  aogitie 
crystals  are  made  up  of  parallel  fibres. 

TBJBVXBTXWO.  Calcareous  tn£s,  occurring  at  Tivoli,  Viterbo,  Ascoli,  and  oth« 
places  in  Central  Italy. 

TBBKA&Af  or  TBXCUk&A.  A  substance  imported  from  Persia,  and  eoosisHiig 
of  the  hollow  cocoons  of  a  coleopterous  insect  (Larintu  maeiUaiuf),  The  larva  lA  this 
insect  eats  the  branches  of  Echviops  persica^  for  the  sake  of  the  eogar,  starch,  and  gom 
contained  in  them,  and  afterwarda  voids  these  substances  to  form  its  cocoon.  Tbt 
oisanic  portion  of  trehala  consists,  according  to  Guibourt (J.  Pharm.  [3],  xzxiv.  81; 
Juuesb.  1868,  p.  486),  of  66*6  per  cent,  starch,  4-6  sparingly  soluble  gum,  28*9  sngir, 
and  bitter  principle.  The  sugar,  called  trehalose,  appears  to  be  identical  with  the 
mycoee  of  ergot-of-iye  (iii.  1698).  The  starch  differs  nom  that  of  the  potato,  beiag 
more  like  that  of  sago,  or  still  more  like  the  insoluble  portion  of  gum-tiagaouth. 
Trehala  yields  4*6  per  cent  ash,  of  which  3  pts.  are  soluble  in  water,  and  consist  of 
alkaline  carbonates,  sulphates,  and  chlorides,  with  small  quantitiee  of  phosphate ;  1*4 
pts.  insoluble,  consisting  chiefly  of  calcic  carbonate  with  a  little  feirie  phosphate ;  aid 
0*2  sand.  Trehala  has  a  sweetish  taste,  swells  up  in  water,  and  is  converted  into  a 
thick  mucilaginous  paste. 

See  Mtcosb  (iii.  1068). 

A  genus  of  gelatinous  algae.  Tr,  meMntmca  was  found  by  Bnmdas 
to  contain,  in  the  dry  state,  84  pte.  of  a  substance  which  swelled  up  in  water,  sod 
6  pte.  of  a  peculiar  ciystallisable  resinous  body,  called  tremellin,  but  not  ftarther 
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iiiTQfltigated.     TV.  Noatoc  contains,  in  the  fresh  state,  97  per  cent,  water  and  2'5  drj 
■iibetanoe;  the  ash  consists  mainly  of  pot^issium-salts.    (Braconnot) 

TBSXBWBBXXXTa.  A  name  given  by  Piddington  to  a  black,  scaly,  metallically 
loatrons  mineral,  probably  an  impure  graphite,  containing  86*7  per  cent,  carbon* 
together  with  earthy  matters,  sulphide  of  iron,  and  water.   (Dana,  ii.  30.) 

TRSMO^XTB.    A  subspecies  of  hornblende  (iii.  169). 

In  this  Dictionary  the  syllable  trit  prefixed  to  the  name  of  a  radicle  occnrring 


tn  any  compound,  denotes  that  the  compound  in  question  contains  three  atoms  of  that 
zadicle :  e.  g.t  trichloride  of  bismuth  «  BiCl' ;  triozide  of  antimony,  SbH>* ;  trisodie 
phosphate,  Na*PO* ;  triethylamine,  (C'H^)'N,  &c.  The  prefix  ter  is  often  nsed  in  th« 
■ame  sense.    (See  Nombnclaturb,  iy.  126,  127.) 

Individual  tri-com pounds  are,  for  the  most  part,  described  under  the  several  general 
headings :  e.  g.,  trichloride  of  bismuth  under  Bismuth,  Chloridbs  op  ;  trisodie  fhos- 
pkate  nnder  Phosphates  of  Sodium  ;  triethylamine  under  Ethtlaminxs,  &c 

T»XA&&TXi-8ir&FBZOI>Z]>B.  (C*H*)*SI.  TriaUyleulfiniodur.—ThiB  eom- 
ponnd  is  obtained  by  heating  allylic  sulphide  with  methylic  iodide  in  prismatic  crystals, 
•olable  in  water,  and  forming  an  alaaline  liquid  with  sUver-oxide.  (Cahours, 
Jahresb.  1866,  p.  476.) 

TBZAXTXi-OliTCaRnr,    G>*H*H)*    »    l^nUo",  appears  to  be  produced 

lij  heating  1  toL  acrolein,  8  vols,  am^lic  alcohol,  and  0*6  voL  acetic  add,  to  110®  for 
twelve  hours.    It  is  decomposed  by  distillation.    (Alsberg,  Jahresb.  1864,  p.  496.) 

See  Tbiozamtlamimx. 


OUWMMMJLm    In  the  root  of  Trianoaperma  ficifolia,  a  climbing  cueurbi- 

teeeons  plants  indigenous  in  Brazil,  Peckholt  (Arch.  Pharm.  [2],  cziii.  104)  found 
m  drastic  bitter  principle  {toffuyin),  a  small  quantity  of  a  body  slightly  soluble  in  alco- 
hol and  water,  insoluble  in  ether,  and  ciystallising  in  pointed  nec^es  (tria$io$permm), 
and  another  (trianoapermiHn),  cnrstallising  in  white  grains,  soluble  in  ether,  but 
insoluble  in  alcohol  and  in  water,  besides  several  resins. 

Syn.  with  Tbshala  (p.  878). 

See  TRKEMAlfTHTLAXIirX. 

TmZOAEBAZiliTUEC  ACZB.  OH'O*  -  ^^g/^^"! O*.  Maxwell  Simp- 
son, Proc  Hoy.  Soc.  xii.  236;  xiv.  77;  Chem.  Soc  J.  xviii.  331. — Wichelhaus, 
Ann.  Ch.  Pharm.  cxxxii.  60. — Hlasiwetz,  Zeitschr.  Ch.  Pharm.  1864,  p.  734; 
Jahresb.  1864,p.  396.)— A  tribasic  acid,  formerly  called  earhcdlylie  add,  discovered 
1^  Maxwell  Simpson,  who  obtained  it  by  the  action  of  potash  upon  allylic  tiicyanide : 

C»H»(CN)»  +   8KH0  +  ZWO     -     C«H»K«0«   i-   3NH». 

Dcssaignes  (Compt.  rend.  Iv.  610),  by  treating  aconitic  acid  with  sodium-amalgam, 
obtained  a  peculiar  acid,  which,  however,  he  did  not  succeed  in  preparing  in  the  pure 
■tate ;  and  this  acid  has  been  shown  by  Wichnlhaus  to  le  identical  with  tricarballylie 

*     add.    Lastly,  Hlasiwets  has  obtaiined  the  same  acid  hy  the  action  of  sodium-amalgam 

"'     CD  aeonitie  ether. 

Preparation. — 1.  From  Allylic  tri cyanide. — 1  at.  allylic  tribromide  and  3  at. 

0     pore  potassium  cyanide  are  heated  to  100^  in  a  closed  flask  for  sixteen  hours  with  a 

Mzge  quantity  of  alcohol,  and  the  decanted  alcoholic  solution  is  boiled  with  potassium- 

.    hy^ttte  as  long  as  ammonia  is  evolved.    The   alcohol  is  then  distilled  off;  the 

'i    icmaining  potassium-salt  decomposed  by  nitric  add ;  the  dried  mass  exhausted  with 

^    aleohol ;  and  the  acid  remaining  afber  evaporation  of  the  alcohol,  first  converted  Into 
,    an  ammonium-salt,  then  into  the  less  soluble  silver-salt.    By  decomposing  the  latter 

*'  vith  aolphydric  acid,  the  tricarballylie  acid  is  obtained  pure  (Simpson). — 2.  From 
Aconitic  acid. — The  sodium-salt  obtained  by  the  action  of  sodium-amalgam  on 
aeonitie  add  is  predpitated  with  acetate  of  lead ;  the  washed  precipitate  is  decom- 
posed with  sulphydric  acid ;  the  acid  thereby  liberated,  is  repeatedly  crystallised,  and 
uion  converted  into  a  silver-salt,  to  finee  it  from  obstinately  adheringresinous  substance, 
and  this  salt  is  decomposed  by  sulphydric  acid  (Wichelhaus).— -When  ethylic  aconi- 
talo  is  mixed  with  a  quantity  of  sodium-amalgam  (containing  0*8  per  cent,  sodium), 
■■JBdent  to  form  a  thick  unctuous  mass,  the  mixture  being  cooled  from  time  to  time, 
and  this  mass  is  treated  with  ether,  the  ethereal  solution  boiled  with  potash,  then 
aootralised  and  precipitated  with  acetate  of  lead,  a  lead-salt  is  obtained,  which,  when 
docomposed  by  sulphydric  acid,  yields  tricarballylie  add.    (Hlasiwetz.) 

Properties.-  Tricarballylie  acid  forms  colourless  crystals,  which  (according  t« 
ICiller's  determination)  are  trimetric,  and  exhibit  the  combination  oof^oo  .  ooP  .  ^^oo 
.  aift2.2p2.     Angle  otf<xi  :  jtoo    =    113°  34';  Jpoo  :  jf  oo    -   131<»  62';    ocPoo 
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:  ooP  =.  13400';  ooP:  »P  =  92°  0';  oofoo  :  00 f2  -  162«  SS*;  oofoe  :  2^2 
-  142<»19';  0DP:2f2  -  147**  87';  oof  2  :  2P2  -  163°  1'.  The  OTrtala  cleave 
perfectly  parallel  to  oo!foo .  The  acid  is  easily  soluble  in  water  and  in  alcohol,  Bptr< 
ingly  soluble  in  ether,  and  has  an  agreeably  acid  taste.  It  resembles  succinic  ncid  in 
not  being  decomposed  by  nitric  acid,  and  in  forming,  aifter  neutralisation,  a  red-brown 
precipitate  with  ferric  chloride ;  but  it  is  distinguished  from  that  acid  by  melting  tt 
1 58°,  and  decomposing  at  a  higher  temperature.     (Simpson.) 

Tricarbailylates. — ^The  neutralised  solution  of  the  acid  sires  prednitates  with 
the  chlorides  of  barium  and  calcium  only  after  addition  of  aloohoL — ^The  bttrium^taU, 

C"H>•BaK)^^6HK>,  giyes  up  its  water  at  130°  (Hlasiwets).— The  cai<!mm^ 

C"H>*0a'0**.4H*0,  is  a  white»  amorphous,  slightly  soluble  powder. — Hie  cvpric  ioU, 

C»*H'«Cu»0«  is  a  bluish-green,  the  lead-salt,  C»»H»»Pb'0",  a  white  jMwcipitate.  The 
aqueous  solution  of  the  acid,  boiled  with  recently  precipitated  mercuric  oxide,  yieldi  i 
filtrate,  which  on  evaporation  deposits  white  crystals,  havinff  a  silyery  lustre.— The 
sUver-saU  contains  OH'AgH)'. — The  eodium-salta  of  tricarbaUylic  acid  are  easily  lola- 
ble,  and  difficult  to  crystallise. — The  disodio  edU  has  probably  the  oompositioB 
C«H«Na«0«.2H«0.    (Simpson.) 

■nuCASBAZ&TXJCC  STXXas.    The  «^^/u;0<;^,f^^|o\  is  farmed  by 

passing  hydrochloric  acid  gas  into  a  solution  of  tricarbaUylic  acid  in  absolute  alcohol, 
and  distilling  the  product,  after  freeing  it  from  excess  of  alcohoL  It  is  a  oolourhw 
liquid,  boiling  between  296°  and  305°,  slightly  soluble  in  water,  and  having  a  sharp 
taste.    (Simpson.) 

The  amylic  ether,^  /QtHiAsi^'*  P'^P^"^  ^^  ^^^  manner,  is  a  heavy  oily  liquid, 

haying  a  sharp  taste,  and  a  yery  high  boiling-point    (Si mp sod.) 

(C^W)"' 


Glycerm-tricarbaUplic  acid,     (CH*)**  V  0*  ?,  is  formed  by  heating  triearballyUc  a^ 

H*     I 
with  twice  its  weight  of  glycerin  to  200°  for  several  hours.    On  neutralising  the  pio- 
duct  with  baryta,  and  treating  the  salt  left  on  evaporation  with  absolute  akohol,  to 
remove  the  excess  of  glycerin,  a  barium-salt  is  obtained,  which  appears  to  have  the 

(C^H)7^) 
composition      (C*H*  /'  >0*.    (Simpson.) 

Ba^H*) 


Cu*AflK)'.6H*0. — A  euprie  arsenate,  allied  to  tyiolite,  ocew- 
ring  in  stellate  groups  and  dendritic  crusts  on  fahl-ore  at  an  unnamed  locality  in 
Siberia. 

It  has  a  verdi^s-green  colour  and  silky  lustre ;  hardness  ■*  2.  When  heated  io 
a  tube,  it  decrepitates  very  strongly,  gives  off  a  large  quantity  of  water,  and  becomes 
dark-brown.  The  dehydrated  mineral  melts  to  a  h^A  on  charcoal,  in  the  outer  blow- 
pipe-flame ;  in  the  inner  flame  it  gives  off  arsenic  yuK>urs,  and  is  reduced  to  grannlei 
of  copper.  It  dissolves  easily  and  completely  in  hydrochloric  and  in  nitzie  add, 
without  evolution  of  gas.    (R.  Hermann,  J.  pr.  Chem.  Ixxiii.  212.) 

TUOBOFTSXTB.  Syn.  with  CiLpnxABT  Ptbttes  or  Nattvs  SuLFHnn  of  Kicdl 
(iv.  42). 

Syn.  with  FAHLumTB  (ii.  615). 

Syn.  with  TmuDA-cnTx  (p.  788). 

TBZBBCnX,  BTB&XBB  OV.  C**H"  »  CH^.H.  Hydride  of  Coein^.^k 
hydrocarbon  of  the  marsh-gas  series,  occurring  in  American  petroleum.  It  boils  at 
216° — 218°,  has  a  strong  tuipentine-like  odour,  bums  vrith  a  yeiy  smoky  flame,  and  is 
converted  by  chlorine  into  ^oride  of  tridecyl,  C"H"C1.  (Pelouse  and  Cahoori, 
Jahresb.  1863,  p.  530.) 

yRZBTBT&GliTCBUir.  or  TKZaTHTXdOr.    C'H'K)'  -  ^^^Q^'  " 

This  compound,  which  Reboul  and  Lourcen^o  obtained  by  treating  diethyl-chlorh^ 
drin  vrith  sodiam-etliylate  (ii.  884),  is  likewise  produced  by  heating  1  vol.  acrolein, 
1  vol.  alcohol,  and  0*5  vol.  acetic  acid  to  100° ;  also,  in  small  quantity,^  gtotly  heating 
a  mixture  of  acrolein  and  alcohol  saturated  with  sulphurous  acid  gas  ;  but  in  this  ease 
brown  resinous  producta  are  likewise  formed. 

Triethylin  is  a  liquid  having  a  pleasant  ethereal  odour,  somewhat  soluble  in  water, 
boiling  at  186°,  and  of  specific  gravity  0-8955  at  16°.  (A  Is  berg,  Jahresb.  1865,  p. 
495.) 
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See  the  next  article. 


imbPBintOUB  COaKPOUWBS.  (A.  y.  Oeffele,  Chem.  Soc 
J.  zyii.  106;  Ann.  Gh.  Pharm.  czzxii.  82;  Jahresb.  1864,  p.  478. — Cahours,  Ann. 
C3i.  Pharm.  czxxt.  362;  cxxxri.  151;  Jahresb.  1865,  p.  476. — Dehn,  Ann.  Ch. 
Pharm.  Suppl.  iv.  83  ;  Jahresb.  1866,  p.  479.)— Ethylic  monoenlphide,  (C«H*)*S,  and 
ethjlic  iodide,  when  heated  together,  unite  and  form  triethylic  sulphiodide, 
(C*H*)'SI ;  this  compound,  decomposed  by  moist  oxide  of  silver,  yields  the  corresponding 
Bydroxylate,  (C''li^)'S(HO) ;  and  from  this,  which  is  a  strong  base,  the  correspond- 
ing chloride,  sulphate,  nitrate,  &c.,  may  be  prepared  in  the  usual  way.    (v.  Oeffele.) 

Bromide  and  chloride  of  ethyl  unite,  in  like  manner,  with  ethylic  sulphide,  but  less 
zeadily  than  the  iodide.    (Cahours.) 

Triethylic  sulphiodide  is  also  produced  by  the  action  of  ethylic  iodide  on  ethylio 
■ulphydrate  (mercaptan),  or  of  hydriodic  acid  on  ethylic  sulphide  (Cahours),  thus : 

C--H*.H.S  -»-   2C'H»I     -     (C«H»)»SI   +  HI. 
2(C»H»)«S   +   HI     =     (C«H*)»SI  +   C*H\H.a 

Triethylic  sulphobromide  is  further  produced,  together  with  other  sulphobromidea 
of  ethyl  and  ethylene,  by  heating  ethylic  sulphide  with  ethylenie  bromide  and  water^ 
the  reaction  taking  place  by  several  stages,  as  follows : 

(C«H*)*S  +  C«H«Br»     -     (C«H*)S  +   2C'H»Br. 

Ethvllc  Ethylentc  Etbyleoic  Ethylic 

•ulpnide.  bromide.  sulphide.  biomlde. 

C*H»S  +   C«H«Br»     =     (C«H«)«SBr«. 
Ethylenie         Ethyl*'Dic  Ethylenie 

■al|>hide.  bromide.  sulphodibro- 

mide. 

(C«H»)'S  +   C»H»Br      -     (C»H»)»SBr. 

Ethylic  Ethylic  Triethylic 

•ulpnide.  bromide.  sulphobro- 

mide. 


(C«H*)«S  +   C«H*Br»     =     (C»H«)(C«H*)«8Br«. 

Eihylic  Ethyle«iic  Ethylene-dlethylic 

sulphide.  bromide.  sulphodibromide. 


Tile  mode  of  separating  these  products  will  be  described  further  on. 
The  constitutions  of  these  trietnylic  sulphur-compounds  may  be  represented  in  thrae 
different  ways.    The  iodide,  for  example,  may  be  regarded : 

a.  As  triethylic  sulphiodide.  (C»H*)»    j.' 

0.  As  iodide  of  triethylsulphine,  (C*H*)»S''.I. 

y,  Ab  sulphurous  triethiodide,  S**  |  ^    j   ^  . 

In  the  first  of  these  formulsB  the  sulphur  is  diequivalent,  in  the  second  triequira- 

lent,  and  in  the  third  tetraequiyalent,  as  in  sulphurous  add,  jw^  [  0*.    The   last   ia, 

perhaps,  the  most  probable  view  of  the  constitution  of  these  bodies. 

In  the  ethylenie  sulphodibromide,  obtained  by  Dehn,  in  the  manner  above  men- 
tioned, the  sulphur  may,  in  like  manner,  be  regarded  as  hexequivalent,  as  in  sulphurio 
add;  thus: 

((C^H*)" 
(C«H*)*8Br«     -     Sulphuric  Diethylene^biomide,  S'*^  (C^H*)". 

^    Br« 

((C^*)" 
(0«H*XC*H»)«SBi«     =    Sulphuric  Ethylene-diethyldibromide,  8^i  (C*H»)«. 

(    Br« 

Sulphurous  Bromotriethide,  S(C*H*)^r. — This  compound  is  produced,  as 
abore  stated,  by  heatine  1  at.  ethylic  sulphide  with  1  at  ethybc  bromide,  to  130^ — 
140^»  for  eight  or  ten  hours.  It  crystallises  in  colourless  rhombic  needles,  is  ex- 
tzemely  soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether.  (Cahours; 
Dahn.) 

BulpkurouM  Chloroiriethide,  S(C*H*)'C1.— Ethylic  chloride  heated  to  100<> 
Ibr  sixty  hours  with  ethylic  sulphide  yields  only  traces  of  this  compound  (Cahours). 
Dehn  prepares  it  from  the  mixture  of  products  obtained  by  heating  ethylic  sulphide 
with  ethylenie  bromide  {mpra)  as  follows: — The  watery  portion  of  the  product^ 
containing  snlphurous  biomotriethide,  sulphuric  dibromo-diethylenide,  and  sulphurio 

Vou  VT  3  L 
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dibromo-ethylene^iethide,  is  separated  from  the  oily  lajer  (oontaining  dieClijleste 
sulphide),  and  eTaporated ;  the  residue  is  redissolved  in  water ;  the  filtnte  digevted 
with  recently-precipitated  silver-oxide,  and  a  small  quantity  of  silyer-snlphide ;  and 
the  liquid  (^eed  from  silver  and  sulphuric  acid)  is  supersaturated  with  hydrochloric 
acid,  concentrated,  and  fractionallY  precipitated  with  platinic  chloride.  The  firtit 
scanty  precipitates  thereby  obtained  consist  of  the  chloroplatinates  of  sulphuric  di- 
chloio-diethylenide,  S(C'£[*)'Cl^PtCl*,  and  sulphurous  dichloro-ethylene-dieCh}d% 
S(C^*)(Cm*)*Cl*.PtCl< ;  finally,  the  chloroplatinato  of  sulphurous  chlorotriethide 
crystallises  out ;  and  this  salt,  decomposed  by  sulphydrie  acid,  yields  sulphurous 
cMorotriethide. 

Sulphurous  chlorotriethide  rolatilises  with  yapour  of  water,  deliquesces  in  moist 
air,  is  insoluble  in  ether,  yery  slightly  soluble  in  alcohol,  and  crystallisn  from  a 
syrupy  aqueous  solution  in  white  needles.  It  unites  with'  metallic  chlorides.— Ths 
chloromercurate,  S(C^*)'C1.4Hg01*,  crystallises  in  needles  or  lamine,  which  dissolro 
in  65*8  pts.  water  at  20^  (or  in  8  pta.  at  80°),  melt  and  partially  sublime  at  a  tempe- 
rature a  little  aboye  100^< — The  cnlorostannate  is  a  yery  soluble  salt,  crystallising  ia 
needles.    (Dehn.) 

The  chloroplatinaUf  2S(C*H»)«ClPtCl*,  prepared  as  aboye,  crystallises  from  a  hot 
saturated  solution  in  small  light  red  needles,  and  by  slow  cooling  of  a  warm  oon-satn- 
rated  solution  in  garnet-red,  well-deyeloped  crystals,  which  (according  to  A.  Enop*f 
determination)  are  monodinic,  and  usually  exhibit  the  combination  odP  .  oP  .  ooPn . 
-I-  Poo ,  the  last  two  faces  being  subordinate,  and  sometimes  wanting,  whereby  the 
crystals  acquire  a  rhombohedraf  character.  Batio  of  axes,  a  :  b  :  e  ^  0*6745  :  I : 
M068.  AngleA:<7  -  65°  6';  ooP  :  ooP  (clinod.)  -  7S^  62';  ooP  :  oP  «  68' 
40'and  111O20';  oP :  +Poo  =  152O0';  odP  :  oePoo  =  129°  36*.  The  crystals 
melt  at  about  170^  dissohre  in  30  ota.  water  at  20°,  in  3  to  4  pta.  at  100^  are  nearlj 
insoluble  in  alcohol,  and  quite  insoluble  in  ether.    (Dehn.) 

SulpkurouM  HydroxyUriethide,S^A^^^^^*,oT Hydrate <tf  7We%2ni^AtRf, 

(0'H*)^.HO,  prepared  by  agitating  or  boiling  the  iodide  with  recently-precipitated 
silyer-oxide,  forms  a  strongly  alkahne  solution,  which  quickly  absorbs  carbonic  scid, 
precipitates  metallic  salts  like  hydrate  of  potassium,  and  dries  up  oyer  oil  of  yitriol  to 
a  crystalline,  extremely  deliquescent  majts  (y.  Oeffele).  According  to  Dehn,  it  diB- 
solves  the  skin  like  caustic  potash,  eliminates  ammonia  from  ita  nits  when  wannrd 
with  them,  emitting  at  the  same  time  a  slight  odour  of  ethylic  sulphide :  ^Drrofi  s 
green  precipitate  with  cupric  sulphate,  black  at  the  boiling  heat ;  white  with  rine-snl- 
phate  and  lead-acetate,  tne  precipitate  in  either  case  being  insoluble  in  excess ;  with 
alum.  &c.  it  forms  a  gelatinous  precipitate,  easily  soluble  in  excess. 

Sulphurous  lodotrietkide^  S(C*H*)1,is  prepared  by  heating  equiyalent  quan- 
tities of  ethylic  sulphide  and  iodide  to  105° — 110° ;  or  1  at.  mercaptan,  2  at  ethjiie 
iodide,  and  1  at.  absolute  alcohol  to  140°.  It  separates  from  alcoholic  solution  ia 
small  crystals,  belonging  to  the  trimetric  system,  and  exhibiting  the  oombinalioa 
odI^oo  .  Poo  .  Poo .  ooP,  often  tabular  from  pi^edominance  of  ool^oo ,  and  with  the&^ef 
l^oo  generally  occurring  hemihedrally.  The  salt  dissolyes  easily  in  water  and  in  hot 
alcohol,  but  is  nearly  insoluble  in  ether ;  when  heated  aboye  100°,  it  melts,  and  deooes- 
poses  into  ethylic  sulphide  and  iodide,  without  separation  of  iodine. — ^When  the  ether- 
alcoholic  mother-liquor  remaining  in  the  preparation  of  the  iodide,  and  containing  t 
large  quantity  of  free  iodine,  is  sl^en  up  with  mercury,  the  compound  S(C'H*)'LHgP 
is  formed,  and  crystallises  from  alcohol  in  light-yellow  needles  or  laminae,  spsringlj 
soluble  in  water.    (Dehn.) 

Sulphurous    NiiratotrUthide,   S^|^^7*  or  mtrate  of  TVieOyhtUphme, 

(C'H*)*.SNO',  obtained  by  treating  the  hydrate  with  nitric  acid,  forms  deliquescent 
meedles,  uniting  in  radiate  laminss ;  it  combines  with  nitrate  of  silyer,  forming  ths 
scaly  double  salt,  S(C^*)*(NO')jigNO',  sparingly  soluble  in  cold  water  and  is 
alcohol. 

Sulphurous   Sulphatotriethide,   ^\^^^T, or  SulphaU  of  THethyUulpimi, 

J(OH*)"S]*.S0*,  obtained  by  decomposing  the  chloride  with  sihrer-sulphate,  fSwoi 
indistinct  crystalline  aggregates,  easily  soluble  in  water,  sparingly  in  alconoL 

Acetate. — When  sulphurous  bromotriethide  is  decomposed  with  acetate  of  lead,  and 
the  filtrate  freed  from  lead  by  sulphydrie  acid,  crystalhne  erusta  are  forated,  which 
separate  from  alcohol  coyered  with  a  layer  of  ether,  in  laiige  crystals  containing  bro* 
mine — ^perhaps  a  compound  of  sulphurous  bromotriethide  with  snlphorous  aeetoCrieChide ; 
and  by  completely  remoying  the  bromine  with  acetate  of  silyer,  the  mcetotriethide^ 
or  acetate  of  triethyl8ulphine,(C'H*)'S(C'HK)*),  is  obtained  ftSAgwniqy 
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dightlj  aoluble  io  abeolute  alcohol,  and  precipitated  therefrom  in  flocks  bj  ether. 
(Dehn.) 

Sti^Hrou$  lodometkodiethide  and  lodo-^im^ittkuU  are  obtained,  like  sulphorons 
iodolnethide,  by  heating  ethylie  sulphide  with  methylic  or  amjlic  iodide.  The  former, 
tTMtfd  with  nlTer-oxide,  yielda  a  deliquescent  hydrate ;  and  from  this  a  platinum-salt 
Bsjr  be  obtained,  crystallising  in  needles,  and  containing  2GIH'(C«H*)'SC1J^1«. 
(Cahours;  Dehn.) 

rozra.    See  TiuTiLPmciia  (p.  895.) 

The  ash  of  three  species  of  this  genus,  used  as  fodder  for  cattle^ 
Tix^  TV.  pro^ffMe,  common  doTer  (L),  Dr.prateHaeperenfte  (IL),and  TV.  medimm(lIL)^ 
bMheen  analysed  bv  Way  and  Ogston  (Roy.  Agr.  Soc  J.  xi.  [2],  636 ;  Jahresb.  1860, 
p.  668),  with  the  folloi^ng  results :     '  i.  n.  m. 

Water,  in  100  pts.  of  air-dried  substance.        .        .81*0        81*0        78*6 
Ash  per  cent,  in  dry  substance        ....      9*66        8*46        7*97 
Sulphur  per  cent  in  dry  substance  ....      0*27        0*10        0-20 

Composition  of  tie  Ask  in  100|>te. 

R^O.  Na^O.  CaO.  Mga  F«>OS.  SO>  SiO*.  CO*.  VHfi.  KCl.  NaCi 

L  S6i  .    .  22-6  41  0-2  1*8  0*6  23-6        6*7  2*4     16 

n.  221  2-8  266  10*2  OS  21  1*1  22*7        8  6  .  .      8-4 

IIL  S4-7  .    .  24-6  4-6  0*2  1*1  0*6  26*6        6*4  0  8    2*6 

Way  (Hoy.  Agr.  Soc.  J.  xit.  [I],  171)»  has  also  determined  the  percentage  composi- 
tion ox  the  following  species : 

Water.      Alba-        Fat.        Sugar.     Cellu- 
min.  lo*^. 

TV.pratenm       ....  810  4*8  0*69  8*4  37 

.  810  3*6  0*78  8*0  4*9 

.  821  2-9  0*67  6-7  6*8 

.  741  6-3  0*92  9*4  62 

.  83-6  3-4  0*77  7*2  3*7 

.  79  7  3-8  0-89  81  6-4 


Tr.  pTotense  peren/ns 
TV.  ivcamatwn  . 
TV.  medium        , 
Tr,  proeunibenM  . 
TV.  ft  pens  . 


Volcker  (Scott  Agr.  Soc  J.,  July  1863),  gives  the  following  composition:  No.  L 
fior  TV.pratense  (red  dover) ;  Na  IL  for  TV.  repens  (white  olorer) ;  No.  III.  for  TV. Ay- 
hridum  (Alsike  dorer) :  ,^  j,^  jii^ 

Water 80*6  88-6  767 

Nitrogenous  substance  3*6  4*6  4'8 

Non-nitrogenous  substance          .  13*8  10-2  16*4 

Ash 2  0  1-6  20 

100  pts.  of  the  dry  seed  of  Tr.pratense  give  4*68  pts.  ash,  of  which  1*21  is  soluble  in 

whUt,  3*19  soluble  in  hydrochloric  add,  and  0*28  consists  of  silica;  14*6  grms.  of  the 

•ir4ried  plant  of  TV.  pratsnse  grown  in  sand  yielded  0*96  grm.  ash,  and  the  same 

4^uaotity  of  the  plant  grown  in  artiftdal  soil  yielded  1*6  grm.  ash,  containing  respec- 

tiTsly; 

Io  aand.       In  artificial 

•oil. 
Soluble  in  water    ....    0*62  0*66 

Soluble  in  hydrochloric  add  .        .    0*36  0*94 

Silica 0^9  0;08 

0-96  1*68 

TSZOBirzo  Acn.  CJ*HTJ»0«  -  (CN)H).C«H»(NH*)0.  (Wohler  andLie- 
big,  Ann.  Ch.  Pharm.  lix.  296.)— This  add,  containing  the  elements  of  cyanic  anhy- 
dride and  aldehvde-ammocia,  is  obtained,  together  with  other  products,  b?  passing  the 
rapoor  of  cyanic  acid  over  aldehyde.  The  action  is  violent,  and  therefore,  to  avoid 
projection,  only  a  few  grammes  of  aldehyde  should  be  used,  and  the  vessel  kept  cool 
with  \rt.  The  mass  soon  enters  into  ebullition,  giving  off  carbonic  anhydriae,  and 
roDcretes  into  a  thick  substance,  like  caldned  borax ;  frequently  also  a  sjrrupy  mass  is 
obtained,  in  which  ciystalline  crusts  gradually  form.  This  product  contains  trigenic 
add,  cyamelide,  aldehyde-ammonia,  and  perhaps  other  accidental  products.  On  dis- 
•olving  it  in  moderateljr  strong  hydrochloric  add,  boiling  the  sdution  as  long  as 
Taponrs  of  aldehjde  continue  to  go  off,  and  then  filtering,  the  trigenic  add  cmtalBses 
out  on  cooling;  if  yellow,  it  must  be  decolorised  with  animal  chucoaL  Its  UHrmatioii 
may  be  represented  by  the  equation : 

C«HH)  +  3CNH0     =    Cm'NW  +  CO*. 
AUekjde.  Cyanic  Trinnlc 

add.  adMd. 

31.2 


«0», 

801. 

4-9 

t-8 

(h6 

m 

684    TRIGLOCHIN— TRIHEPTYLIDENE-DmOSANILniE. 

Trigenic  acid  crystallises  in  small  prisms,  slightly  soluble  in  water,  nearlT  insolii* 
ble  in  alcohol.  When  subjected  to  diy  distillation,  it  melts  and  earbonises,  giving  off 
alkaline  vapours,  which  have  the  odour  of  chinoline,  and  appear  to  consist  of  that  alka- 
loid ;  cyanic  acid  is  also  produced. 

Trigenic  acid  is  not  precipitated  by  nitrate  of  silver  unless  ammonia  is  also  added, 
in  which  case  trigenate  of  iUver^  C^H'AgN'O*,  is  precipitated  in  the  f orm  of  a  powdo', 
appearing  under  the  micioscope  to  consist  of  crystalline  spherules ;  when  exposed  to 
light,  it  acquires  a  violet  tint.  It  dissolves  in  boiling  water,  and  is  deposited  in 
the  pulverment  state  on  cooling.  Between  120^  and  130°  it  gives  off  water,  and 
becomes  li^ht-brown ;  and  at  160°  it  melts,  turning  black,  and  giving  off  a  thick 
vapour  having  the  odour  of  chinoline. 

TRIO&OCHXV.  Arrouh^ass. — ^A  genus  of  plants  beloziging  to  the  juncaginaceow 
order.  TV.  mariiimum  contains,  according  to  Sprengel  (J.  techn.  Chem.  t.  298;  tl 
92),  in  100  pts :  76*0  water,  20*7  oiganio  substance,  and  2*24  ash  (L).  Tr.pt^utt 
contains  75*0  per  cent,  water,  22*7  organic  substance,  and  2*12  ash  (U.).  The  asheiof 
these  two  plants  contain,  in  100  pts. : 

K«0.        Na«0.        CaO.       MgO.      APO*.    FeH)S.  lfo<0>.  8iOS.         a. 
L  17*7        22-8         10-0        2*2        0*2        1*7      .   .      4*4       8*28 
II.  13*7        20-7        14*6        8*9        0-2        0*4      1*6      6*1       180 

The  root  of  TV.  maritimum  is  said  to  yield  a  laige  quantity  of  staxch. 

See  Gltcoujlmic  Acms  (ii.  906). 

{C'W*y^,~^TruEnantl^lantme.  (Petersen  and 
Gossmann,  Ann.  Ch.  Phann.  ci.  310;  cii.  312  ;  Jahresb.  1857t  P*  388. — ^Petersen, 
Ann.  Oh.  Phann.  cxxxii.  168;  Jahresb.  1866,  p.  420.) — ^This  base,  originally  regarded 
as  trihexylamine  (tricapron^rlamine),  is  produced  by  heating  sulphite  of  osnimthjlp 
ammonium  with  three  tunes  its  weight  of  a  mixture  of  quicklime  and  slaked  lime: 

3(C'H»*)(NH*)S0»  +  3CaO     =     (C'H")«N  +  2NH«  +   8CaS0<. 

It  is  also  formed  by  heating  cBnanthyl-ammonium-sulphite  by  itself  to  260° — 270^  ia 
a  sealed  tube.  When  purified  bv  boiling  with  sodic  carbonate,  washing  with  watfr, 
and  rectifying  in  a  stream  of  hydrogen,  it  forms  a  liquid,  pale-yellow  by  transmitted, 
greenish-yellow  by  reflected  light,  and  strongly  e£9orescent ;  it  has  an  alkaline  leac- 
tion,  a  peculiar  aromatic  odour,  and  an  alkaline  aromatic  t«iste,*  producing  aftenraida 
a  scratching  sensation  in  the  throat.  It  is  lighter  than  watAr,  and  nearly  insolabU 
therein,  easily  soluble  in  alcohol  and  in  ether.  It  precipitates  alumina  and  ferric  oxide 
from  their  salts,  and  redissolves  them  in  excess ;  does  not  decompose  ammonia-salts. 
The  base  turns  brown  on  exposure  to  the  air;  its  salts  are  all  deliquescent^  ^*^ 
alterable,  and  form  oily  drops  or  syrupy  masses. — The  chloroplatinaU,  2C**H*»NCu 
PtCl*,  separates  from  alcoholic  solution,  by  evaporation  in  a  vacuum,  in  yellow  shining 

scales. 

The  base,  left  in  contact  for  several  weeks  with  ethylic  iodide,  or  heated  with  it  to 
100°  for  24  to  48  hours,  forms  a  red  oily  mass,  consisting  of  iodide  of  triheptyl  ethyl* 
ammonium,  (C»H»»)XC'H»)NL 

TSZBaPTTUBBMa-BIBOaAVZXinra.    C^H'^N*    .    ^(^!^|n«    » 

(C*H*)«) 

(C^H'V  '^'* — Triananthylidene'diromniline,    (H.  Schiff,  Compt.  rend.  IxL  46; 

(C'H")») 

Jahresb.  1866,  p.  420.) — Produced  as  an  acetate,  by  the  action  of  csnanthol  on  oystal- 
lised  acetate  Gt  rosaniline  at  ordinary  temperatures,  and  separated  by  potash,  from  the 
blue  alcoholic  solution  of  that  salt,  in  red  crystalline  flocks : 

2(C"H")H»N«  +  SC^"0     =    (C*'H'«)«(C'H»«)»N«  +  8HK), 
RoMoiUne.  CEnanthol.  Triheptylldene-diroM. 

nlllne. 

It  forms  crystalline  copper-coloured  salts,  insoluble  in  water,  and  several  pUturam- 
salts.  BotL  the  base  and  its  salts  decompo«e  even  below  100°,  especially  in  presence  of 
excess  of  cenanthol,  yielding  a  yellow  resinous  mass,  consisting  mainly  of  heptyli* 
dene-dibenzylidene-diamine,  C"H"N«  -  (C»H»*)(C'H«)«N«.  This  eompooDd 
scarcely  exhibits  basic  properties,  but  nerertheless  forms  a  yeUow  platinum-«alt, 
2(C*']^N*.HCl)TtCl^  Its  formation  probably  takes  place  in  the  manner  reprasented 
by  the  equation : 

Triheptylidene-  Heptjiidene-  Heptjrtlden*- 

dlroMnillDe.  diphenvlene-  dibeniyliitaM* 

diamine.  Hiiintne. 
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^KOOAXSOXIXIC  ACIB.    See  Htdbocakboxtlic  Acms  (lii.  189). 

rz&p  VZTBATB  or.    Syn.  with  Nitratb  of  DiFmofTL- 
TBiiiXBCUBAMMOiiiTnc.     (See  Phbnyuimmoniums,  It.  475.) 

TmiMaTMTXi-aXiTCaKW.  or  TMMWPHYXXW,  C^"0-  -  ^^^m\o\ 

10  formed  by  heating  1  toL  acrolein,  3  voIb.  met  hylic  alcohol,  and  0-5  vol.  acetic  acid, 
to  100^  for  several  hoonk    It  is  a  liquid  having  an  agreeable  odour,  somewhat  soluble 
in  water,  boiling  at  148^  and  having  a  specific  gravity  of  0*9433  at  0^.    (Alsberg 
Jahresb.  1865,  ^  495.) 

TSXBKBTKT&SUXiPSnra.    See  the  next  artic 

TSZKBTHTl^SinbVBVROUB  COBKPOWBfl.  (Cahonrs,  Ann.  Ch. 
Pharm.  cxxxvi.  151 ;  Jahresb.  1865,  p.  476. — Dehn,  Ann.  Ch.  Pharm.  Snppl.  iv.  83 ; 
.lahrf^b.  1865,  p.  479.) — These  compounds  are  analogous  in  composition  to  the  tri- 
ethyUulphurous  compounds  above  described  (p.  881),  and  are  obtained  by  similar  re- 
actions. 

Sulphurous   lodotrimethide,    &^\^^^*,    or  lodidt  of  IHmethyUulphine, 

(CH*)'S.I,  is  produced  by  direct  combination  of  methylic  sulphide,  (CH')'S,  and  me- 
thylic  iodide,  CH'I ;  the  two  substances  unite,  at  ordinary  temperatures,  to  a  white 
crystalline  mass,  which  dissolves  easily  in  hot  water,  and  separates,  by  slow  evaporation, 
in  large  prisms,  quicklv  tumins  brown  on  exposure  to  light.  The  same  compound  is 
produced,  together  with  moth^'lic  sulphydxate,  by  heating  methylic  sulphide  with  hy* 
driodic  acid  in  a  sealed  tube  (Cahours) : 

2(CH»)-S  +  HI     -     (Cn«)«SI   +  CH«.H.S. 

A  mixture  of  methylic  sulphocyanate  and  methylic  iodide  also  solidifies  on  cooling  to 
a  crystalline  mass  consisting  mainly  of  sulphurous  iodotrimethide.  This  compound 
is  sUghtly  soluble  in  strong  alcohol,  insoluble  in  ether,  and  crystallises  from  aqueous 
alcuhol  in  white  needles,  made  up  of  small  rhombic  tablets.  The  aqueous  solution 
is  partly  decomposed  on  evaporation,  yielding  methylic  sulphide  and  free  iodine. 
(Dehn.) 

The  iodide,  decomposed  with  recently-precipitated  silver-oxide,  yields  snlphuront 

hydroxyltrimethide,  S**jWq  ^,     or    hydrate    of      trimethylsulphine, 

(CH')SHO,  which  is  a  strongly  alkaline  base,  and,  when  neutralised  with  hydrochloric 
arid,  yields  the  corruspoiiding  chloride  in  colourless  deliquescent  prisms. — ^The 
chJoroplatinate,  2(CH')'SCl.PtCl\  crystallises  from  hot  water  in  sparingly  soluble 
orauge-yellow  prisms. — The  c/Uoroaurate  and  chloromercurate  also  crystallise  distinctly. 
The  other  saltx,  obtained  by  decomposing  the  iodide  with  silver-salts,  are  crystallisable 
and  deliquescent  (Cahours). — The  nitrate  forms,  with  nitrate  of  silver,  a  sparingly 
soluble  double  salt,  which  crystallises  in  needles.     (Dehn.) 


f(CH>)« 
Sulphurous  lodo-ethyldimethidSt  S'^'jC^*    ,is  produced  by  the  combina- 
tion of  methylic  sulphide  with  ethylic  iodide.     (Cahours.) 

Sulphurous  Dibromodimethide,  S**  J^-u  •  ' ,  is  produced  by  adding  bromine  to 

methylic  sulphide  diffused  through  half  its  bulk  of  water,  and  treating  the  resulting 
reddish-yellow  crystalline  compound  with  a  few  drops  of  methylic  sulphide.  It  is 
deliquescent,  and  separates  from  its  colourless  aqueous  solution,  by  evaporation  in  a 
vacuum  over  oil  of  vitriol,  in  amber-yellow  octahedral  crystals.  Moist  silver-oxide 
converts  it,  at  ordinary  temperatures,  into  the  corresponding  oxide,  S(CH')'SO,  which 
does  not  exhibit  any  alkali ne  reaction.    (Cahours.) 

Sulphurous  DibromO'ethylenc-tetramethide,  8-<(CH')*,  is  produced,  by 

(  Br« 
heating  1  at.  ethylenic  bromide  with  2  at.  methylic  sulphide  to  100°,  as  a  crystalline 
mass,  which  dissolves  readily  in  water,  and  crystalliRes  in  a  vacuum,  in  colourless 
well-defined  crystals.  It  is  deliquescent,  is  dissolved  in  all  proportions  by  hot  water, 
lew  easily  by  alcohol,  is  insoluble  in  ether,  and  is  precipitated  by  ether  from  the  alco- 
holic solution  in  white  prisms.  With  silver-salts  it  yields  silver-bromide,  and  very 
deliquescent  saltn;  with  recently- precipitated  silver-oxide,  a  caustic  alkaline  solution, 

ifintaining  the  oxide.  SV  (CH=»)<.--The   ehlorophtinate    (C-H«)(CH»)*S^Cl=.PtCl*,  it 

(      O 
orauge-yellow  and  ciybtalline.    (Cahours.) 
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I 

SulpkurouM  Tr%hromo-€tK€nylh€xm€ih%d€,  S"v(C*H')*,i0  prodxieedbjcoBi* 

(     Br* 
bination  of  8  at.  methylic  sulphide,  ^CH')'S,  with  1  at.  monobromethjlenie  bromide, 
C^H'Br.Br*.    It  is  crystaUisable,  dehquesoent,  and  reacts  with  silyer-oxide  like  the 
preceding.    (Cahours.) 

Iodoform  dissolves  easily  in  methylic  sulphide,  and  crystallises  out  unaltered,  on 
leaving  the  liquid  to  evaporate;  but  the  mixture,  if  heated  to  180^,  turns  brown,  and 
deposits  a  dark-coloured  crystalline  mass,  analogous  in  composition  to  the  bromide  last 
decribed.    (Cahours.) 

TRiaiBTKT&-TaiAinROU8  COBKPOUWlMk    (Cahours,^.  eU,y-TtU 

lurouM  iodotrimethide,  Te**]^    j  ^,  produced  by  direct  combinadon  of  methyUe 

telluride  wiUi  methylic  iodide,  is  crystalline,  slightly  soluble  in  water,  easily  soluble 
in  alcohol.    The  alkaline  base,  obtained  from  it  by  Uie  action  of  silver-oxide,  yields, 
when  neutralised  with  hydrochloric  acid  and  treated  with  platinie  chloride,  a  ck/oro 
flatmate^  2(CH')'TeCl.PtCl*,  isomorphous  with  the  corresponding  sulphurK^mpoimd. 
Similar  compounds  are  formed  with  ethylic  telluride  and  iodide ;  alao  with  tne  tat' 
responding  selenides  and  iodides. 

See  DiMOBPHisic  (iL  831). 

A  mineral  from  the  palagonite  tufa  of  Cape  Passaro,  in  Sidly, 


in  which  it  occurs  mixed  with  siderosilicite.  It  contains  31*82  per  cent.  SiO*,  33*96 
FeK)»,  6-26  AlW,  2-52  CaO.  457  MgO,  419  Na»0,  and  3-4  K«0.  (S.  ▼.  Walters, 
hausen,  Vtdeatiiwhe  Ge8teine,y.  232.) 

TWtXtBMJkM  TH  » Jb  A M ITWL    Syn.  with  TsimiPTTULXiifs  (p.  884). 

T&XCBVAVTBT&IDBMB-BXXOSAVZ&ZVa.    Syn.  witii  TsmBPTTLmoi. 

DXBOSAKILQni  (p.  884). 

TBXOZ&ZTB.  A  name  applied  by  Haidinger  to  the  sulphide  of  iron,  FeS,  occnr- 
ring  in  meteorites.    (Jahreeb.  1863,  p.  906.) 

TUOZAlRXAMZVa.  (C^H»0)*N.  (J.  Erdmann,  Ann.  Ch.  Fhaim.  exzx. 
211 ;  Jahresb.  1864,  p.  420.)— A  base  produced  by  heating  anhydrous  valeral-ammo- 
nia,  or  a  mixture  of  Taleral  and  strong  aqueous  ammonia,  to  180^  in  sealed  tubes  taax 
or  eight  hours : 

8(C»H»«0JNH»)     =     (C»H»>0)«N  +  2NH». 

Erdmann  designated  this  base  as  triamyHdenoxydanvmoniOt  or  trioxamyliden$  \  tlie 
name  and  formula  above  given,  which  represent  the  base  as  analogous  to  hydrobensa- 
mide,  &c.,  were  suggested  by  Petersen.    (Ann.  Ch.  Pharm.  cxxxiL  158.) 

To  obtain  the  pure  base,  the  oily  layer,  which  floats  on  the  liquid  when  the  reactieo 
is  completed,  is  distilled  with  water;  the  non-volatile  portion,  separated  from  the 
water,  is  dissolved  in  strong  hydrochloric  acid ;  and  the  hydrochlorate,  (C*H"0)'N.Hn, 
which  separates  from  the  solution  in  crystalline  crusts,  is  washed  with  a  little  water, 
pressed  between  filter-paper,  recrystallised  from  alcohol,  washed  with  ether,  and  then 
shaken  up  with  ammonia  and  ether.  The  resulting  solution  yields  the  base^  on  evapo- 
ration, as  a  colourless  viscid  oil,  having  a  pimgent  odour  when  warm,  and  a  specific 
gravity  of  0*879  at  22^.  It  is  partially  decomposed  bv  distillation,  with  evolu^on  of 
ammonia,  has  a  stronc  alkaline  reaction,  is  but  slightly  soluble  in  water,  easilj  soh- 
ble  in  alcohol,  and,  when  once  separated,  unites  but  slowly  with  adds,  forming  ciys- 
tallisable  salts.— The  ehloroplatmaU,  2(C>*H>*0^.HCl)JHXn^  is  resinou^  and  cryt- 
tallises  from  alcohol  in  yellowish-red  gnuiules. 

Trioxamylamine,  heated  ffxt  several  hours  with  etk^ie  iodide,  is  partially  acted  on, 
Ibrming  an  iodide,  which,  when  treated  with  silveisoxide,  yielda  a  Tsry  bitter  alkaline 
base,  obtainable  in  the  form  of  a  soft  yellowish  resin. 

Syn.  with  PssuDOPUJiFUBiir.    (See  Pubfubdt,  iv.  751.) 

See  Pbotsdi  (iv.  788). 

ITOWBi    A  variety  of  anhydrous  calde  sulphatd,  eomposed  of  oontorted 
plates. 

Syn.  with  SpoDUXsifB  (p.  403). 

Lithio-fenoso-manganoufl    phos]^hate,    (LL*;Fe;M&'^*P*0*. 
(See  Phospeatbb,  iv.  572.) 

TXIFU  SAXiTB.  A  name  sometimes  applied  to  nits  oontftising  three  difb- 
rent  bases,  such  as  microcosmic  salt,  Na(NH^)IlPO^ 
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lATfli    Fcnoto-maiigaiioaB  phosphate.  (See  Pbospbatis,  ir.  671.) 

OOXiASB.    Syn.  with  THOXSOMin  (p.  784). 

^OUC.  Quarg  alumimflre  tripoUen,  Araile  iripoUenne.  Terra  iripolUa$ui. — 
A  minertil  coosiBting  chiefly  of  silica,  with  imali  quantities  of  alumina,  ferric  oxide, 
and  water,  occurring  massive  in  beds  and  nodules  in  various  formatiuns.  Its  struc- 
ture is  coarsely  or  finely  earthy,  sometimes  rather  slaty  in  the  mass ;  of  whitish,  yel- 
lowish, greyish  to  blackish  colour;  sometimes  spotted  or  striped;  dull;  opaque; 
somewhat  rough  to  the  touch;  soft  to  friable,  and  of  specific  gravity  1'86  to  2'7.  It 
may  be  regarded  as  an  earthy  variety  of  opaL 


H*S*0*.    See  Sulfuub,  OxTosir-AciDe  of  (p.  6S9). 

A  name  sometimes  applied  to  the  gluten  of  wheat. 

A  genus  of  grasses  including  wheat.  The  rootstock  of  TV.  repeng 
(couch-grass)  is  distinguished  by  its  sweetish  taste.  Pfaff  found  in  it  a  peculiar  sugar, 
which  Benelius  regarded  as  mannite.  Stenhouse  (Ann.  Ch.  Pharm.  li.  354),  by 
exhausting  the  extract  of  the  plant  with  alcohol,  obtained  no  mannite,  but  needle- 
ahaped  crystals  of  acid  potassic  oxalate,  and  an  uncrystallisable,  easily  fermentalde 
ktii^ir.  \  dicker,  however  (ibid,  lix.  380),  has  frequently  observed  the  occurrence  of 
xriannite  in  the  extract  of  couch-grass  root;  he  found,  indeed,  that  the  extract  of  roots 
grown  in  the  hot  and  dry  summer  of  1849,  solidified  almost  entirely  to  a  mass  of 
needles  of  mannite.    (Handw.  d.  Ghem.  viii.  1031.) 

Respecting  the  composition  of  wheat  (2K  vulgare,  &a),  and  of  its  ash,  see  Cmbmais 
(i.  824—828). 


A  hydrated  silicate  of  cerium,  lanthanum,  calcium,  &c.,  occurring 
in  the  syenite  of  the  island  of  Lamo,  near  Brevig  in  Norway,  in  imbedded  tetrahedrons 
exhibiting  no  distinct  cleavage,  but  only  a  concho'idal  fracture.  Hardness = 5*6.  Specific 
gravity  *  3-90  to  4*66.  Colour  brown  to  yelluw;  streak  yellowish-grey.  Lustre 
avmi- metallic  Opaque  or  translucent  on  the  edges  only.  When  heated  before  the 
blowpipe,  it  often  splits  violently,  swells  up,  and  turns  white.  With  borax,  it  forms 
a  reddish-yellow  bead,  becoming  colourless  on  cooling ;  when  heated  in  a  tube,  it  gives 
off  water  and  fluorine.  In  the  pulverulent  state,  it  dissolves  in  hydrochloric  acid,  with 
evolution  of  chlorine  and  separation  of  gelatinous  silica. 


I.  A  term  formerly  used  to  denote  the  third  in  a  series  of  oxides,  the 
first  and  second  terms  of  which  were  called  protoxide  and  deutoxide.  (See  NoMszr- 
CLATURB,  iv.  123.) 


(better  known  as  VXOFTZi)  is  the  third  radicle  of  the  series  OH^'*'*. 
Kx  si!ng  in  combination,  its  formula  is  G'H'.  In  the  free  state  it  can  hardly  be  said 
tn  be  known  as  an  actual  substance,  but,  in  accordance  with  received  doctrines,  its  for- 
mula must  be  C*H'^,  and  it  is  probably  identical  with  the  hydride  of  hexyl  occurring 
in  petroleum  (iii.  168). 

Isotrityl,  or  isopropyl,  differs  from  propyl,  and  has  been  obtained  by  Schor- 
lemmer  (Froc.  Boy.  Soc  xvi.  35),  by  acting  on  iodide  of  isopropyl  with  sodium  in 
presence  of  ether.  It  is  a  colourless  mobile  liquid,  resembling  the  hexyl-hydride  of 
petroleum  in  smell,  bat  having  a  lower  boiling-point,  viz.  68°.  Specific  gravity  at  10^ 
•=  0*6769.  It  is  easily  attacked  by  chlorine  in  the  cold,  yielding  C*H"C1.  With  chlorine 
and  iodine  it  gives,  not  C*H"C1,  but  C*H'*Cl*,  and  products  still  moTB  highly 
ehlorinattd.     Dilute  chromic  acid  oxidises  it  to  acetic  and  carbonic  acids. 

Isopropyl  combines  with  alcohol-radicles  when  it  is  liberated  nascent,  in  presence  oi 
the  radicles  also  in  the  nascent  state.  Thus  Schorlemmer  {loc.  cit,)  obtained 
mmyliKopropyl,  C'H^',  a  colourless  liquid,  boiling  at  109^ — 110*^,  and  of  specific 
gravity  06980  at  16*6°,  by  attacking  a  mixture  of  iodide  of  amyl  and  iodide  of  isopropyl 
with  sodium. 

The  difference  in  structure  between  normal  trityl  and  isotrityl  is  expressed  by  the 
following  formule : 

Compound  of  Compound  of 

normal  tritrl.  Isouityl. 


C 


/CHKJH* 
H  pj 


IB 


t 


OH 

H 

IB 


(Rec  Secokdabt  Alcohols,  p.  216).    Our  knowledge  of  the  entire  tzilyl-groiip  is  Tifj 
iiupexfect,  and,  for  the  most  part,  of  very  recent  date. 
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Of  normal  tzityl-oompomidB  we  know  cammon  bntyrie  add,  wliidh  If 

I  CH«CH«  I  _. 


C 


being  "propylated**  acetic  acid,  or,  what  ia  the  same  thing,  a  compound  of  nonnil 
propyl  with  oxatyl  (0 » C-OH/.    (Frankland  and  D a p p a.) 

Propylamine,  obtained  by  Mendius,  who  treated  cyanide  of  ethyl  with  naflceat 
hydrogen,  ia  a  normal  trityl-oompoond,  giving,  as  Chapman  and  Thoip  haTe  shown, 
propione-^ldehyde  and  propionic  add  when  subjected  to  the  process  of  "limitd 


oxidation.'' 


Hydride  of  propyl  must  belong  to  both  the  normal  and  the  iso-aeriea^  as  is  obrioni 
on  inspection  of  the  formula : 

Normal  propylic  hydrkl*.  IiopropyUc  bydrldo. 

rCH«         *         'CH» 


'CH«CH»  CH» 

g  or  6h* 

JSL  6r* 


^'       or        6h» 

'iJBP 


H  6. 


In  both  normal-  and  iso-hydride  of  propyl,  there  is  an  atom  of  carbon  whidi  is 
directly  united  with  two  atoms  of  hyorogen  and  with  two  equivalents  of  carbon  be- 
longing to  separate  atoms  of  carbon.* 

With  the  exception  of  butyric  add  and  ita  deriTatiyee,  propylamine  and  its  deriTs- 
tives,  cyanide  of  propyl  and  propyl -hydride,  wherdn  the  two  series  become  fosed 
together,  there  is  at  Uie  present  date  (1867)  no  known  compound  which  can  be  said 
with  certainty  to  contain  normal  propyL  Whether  a  numerous  set  of  normal  propyl- 
compounds  is  inherently  impossible,  or  only  not  disoorered,  remains  to  be  seen. 

One  of  the  earliest  (if  not  the  earliest)  recognitions  of  the  trityl-group  is  to  be  fimod 
in  Chancel's  note  in  the  Comptes  Rendus,  xxxvii.  410  (1853),  which  describes  a 
trityl-aloohol  extracted  by  fractional  distillation  from  laige  quantities  of  crude  amylio 
alcohoL  Great  uncertainty  surrounds  this  research  of  Chancel's,  which  requires  eon- 
firmation  by  the  much-improved  methods  of  later  years,  before  we  can  recdve  it  as  an 
established  fact  that  some  varieties  of  fosel-oil  contain  tritylic  alcohoL 

Attempts  to  form  normal  trityl-alcohol  by  synthesis  have  hitherto  failed.  Attempts 
have  been 'made  to  produce  it  by  means  of  propylamine,  prepared  by  the  method  of 
Hendius  from  cyanide  of  ethyl  and  nascent  nydrogen.  Nitrous  add  attacks  the  pro> 
pylamine,  but  no  modification  of  the  method  of  experimenting  has  yet  succeeded  in 
converting  the  propvlamine  into  the  normal  alcohoL  The  attempt  to  make  it  through  the 
aldehyde— which,  if  Williamson's  reaction  were  of  general  appbcation,  should  be  fonued 
by  the  distillation  of  a  mixture  of  propionate  and  foimate  of  barium — has  miscuried 
even  earlier  in  the  process,  for,  according  to  recent  researches,  propione-aldehyde  itself 
fails  to  be  formed. 

It  yet  remains  to  try  to  add  hydrogen  to  the  normal  propione-aldehyde  obtained 
by  the  oxidation  of  Mendius's  nropylanune,  or  to  chlorinate  the  hydride  of  propyl,  and 
then  proceed,  through  the  resulting  chlorine-compound,  to  the  acetic  ether  and  alcohoL 

Isopropyl-compounds  are,  on  the  other  hand,  obtained  with  facility,  and  in  a  per- 
fectly satis&etoiy  condition. 

Berthelot  has  shown  thai  propylene,  the  olefine  of  the  groi^,  is  easOy  hydnted 
by  means  of  adds : 

C»H«  +  H«0     =    CHH). 

Propy-  IiopropfU 

firlenmeyer  has  transformed  glycerin  into  iodide  of  iaopropyl,  which  is  capable  of  girisg 
the  isoalcohol ; 

HH30H  HK5H 

h60H    +  6HI      -        h6i     +  8HH)  +  2P. 

H«AoH  H«fcH 

Gljcerln.  Iodide  of 

liopropyl. 

*  A  ftrikloff  ezmiple  of  the  raloe  of  tbete  latest  developnentt  of  di«mic«l  theory  haiJait  beet 
given  by  SehorlenuBer,  who  has  prepared  hydride  of  iaooroprl  by  tb«  actloo  of  tine  and  bydrochlorie 
add  <Hi  iodide  of  itopropyl.  It  is  identical  with  uorm«l  hydride  of  propyl,  giving  normal  chlorMt  ol 
yn^l  when  atiaAed  by  dtlorlne  in  preeence  of  iodine. 
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FiDAlly,  PHedel  haa  added  hydrogen  to  acetone,  and  prodneed  the  iao-aloohoL    Thia 
important  reacticn  eompletelj  clean  up  the  stractnre  of  the  iaopvopyl-compoiinda : 

'CH«  CH» 


+   H«     -     C 


OH    "    HyO^ 

CH«  H« 


AcetoDe.  IsopropyU 

alcobol. 

(See  Sbcoiidabt  Alcohols,  p.  215.)  J.  A.  W. 

TRZTT&  A&COBOlbB.  Nonnal  tritjl  alcohol  ia  not  known  with  certainty.  It 
in  8aid  to  boil  at  96°  to  97^,  and  to  be  a  fruity  liquid,  Teiy  soluble  in  water,  but  not 
•ulublein  all  propordone,  and  to  be  contained  in  some  tampleaof  crude  amylic  alcohol. 
(Chancel,  Oompt.  rend.  [18581  xxxvii.  410.) 

A  tritylsulphuric  acid,  formed  by  the  action  of  sulphnric  add  on  the  alcohol,  is  also 
deacribed. 

Uotrityl  alcohol^  or  Isopropyl  alcohol,  or  P^eudopropyl  alcohol,  or 
Propylens'hydrate. — ^Formed,  as  just  described,  from  propylene,  glycerin,  or 
•eetone. 

Preparation,— a.  From  Oxalate,  or  Acetate  of  Isopropyl,  which  may  be  easily 
d(KX>mpoeed  by  potash  or  soda.  If  the  alcohol  is  wanted  in  large  quantities,  this 
mould  prob&bly  proTe  the  most  convenient  process,  inasmuch  as  the  iodide  of  isopropyl, 
fn)m  wliich  the  oxalate  or  acetate  may  be  readily  prepared,  is  easily  obtained  pure 
and  in  large  quantity. 

$,  From  Acetone. — One  toL  of  acetone  is  added  to  5  vols,  of  water,  and  then  treated 
with  sodium-amaleam.  After  a  while,  an  oil^  layer  separates.  The  whole  liquid  ia 
til  en  to  be  distilled,  and  the  oily  distillato  mixed  with  water,  and  again  treated  with 
•odium-amalgam.  By  repeating  this  process  six  times,  a  transformation  of  much  of 
the  acetone  into  the  isoalcobol  is  effected.  In  order  to  purify  the  product,  it  is  dried 
with  carbuoato  of  potassium  and  distilled,  then  rubbed  up  with  powdered  and  well- 
dried  chloride  of  calcium.  The  mass  is  subsequently  dried  in  a  Tacuum  oyer  sulphuric 
acid,  when  the  acetone  evaporatce,  leaving  a  dry  powder,  consisting  of  the  compound  of 
iMialcobol  with  chloride  of  calcium.  Simple  heating  drives  off  the  isoalcohol  from 
thia  compound,  and  rectification  sufSces  to  purify  it  completely.  (Linnemann,  Ann. 
Ch.  Phana.  cxxxvi.  37.) 

iV(>p«r^t««.— Isopropyl  alcohol  is  a  colourless,  not  Teiy  mobile  liquid,  having  a 
peculiar  odour,  not  at  all  resembling  that  of  amyl  alcohol.  Boils  at  83° — 84°,  imder 
ft  pressure  of  739  mm.  At  15°,  its  specific  gravity  is  0*791.  It  does  not  freeze  at 
—  20°.  It  does  not  act  on  polarised  light.  It  is  very  difficult  to  dry,  mixing  with 
water  in  all  proportions,  and  forming  several  hydrates  of  considerable  stability.  The 
aodstonce  of  these  hydrates  was  first  observed  by  Erlenmeyer,  and  afterwards  confirmed 
1^  Linnemann.    The  following  is  the  composition  of  these  hydrates : 

L  (80^K).2HK))  boils  at  78°— 80° ;  specific  grarity,  0-882  at  15®. 
IL  (2C»H«0.H«0)  „  80° 

IIL  (30^H).HK))  „  81°;  specific  gravity,  0*800  at  16°. 

The  second,  discovered  by  Erlenmeyer,  simulates  common  alcohol,  having  exactly 
the  same  percentage  composition  as  that  substance.  It  boils  only  slightly  higher 
than  common  alcohol,  and  retains  water  so  strongly,  that  it  docs  not  render  blue 
the  whito  anhydrous  sulphate  of  copper.  In  order  to  dehydrate  it  completely,  it  is 
well  to  use  a  little  metallic  sodium.  To  distinguish  between  this  hydrate  and  common 
•thylic  alcohol,  the  readiest  plan  is  to  submit  the  liquid  to  the  action  of  iodine  and 
phoaphonUj  which  transforms  the  one  into  iodide  of  isopropyl,  and  the  other  into  iodide 
of  ethyL  The  resemblance  extends  very  far.  Both  compounds  yield  acetic  acid 
on  oxidation,  the  hydrate  of  isopropyl  alcohol  giving,  however,  carbonic  acid  in 
addition. 

The  characteristicproperty  of  isopropyl  alcohol  is,  that  it  yields  acetone  by  oxidation 
with  dilute  chromic  acid.  This  important  observation  was  made  by  Friedel,  after  it 
}tmA  been  predicted,  in  a  most  remarkable  manner,  by  Kolbe,  who  had  had,  so  to 
apenk,  a  vision  of  the  secondary  alcohols  with  their  leading  characteristics.  On 
pushing  the  oxidation  further,  the  acetone  breaks  up  into  aoebc  acid,  carbonic  anhy- 
dride, and  water: 

y^    +  O     B      C]CH»  +  fl«0. 


C 


H 

Isopropvl  Aeetone* 

•IcoboL 
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{OH*  /CH» 

0H»  +  0«    -      OJO      -h  00»  +  HK>, 
o  (oh 

AcetoB«.  Ac«tlc 

acid. 

Bromme  attacks  isopiropyl  alcohol,  withdrawing  hvdrogeo,  axid  leaving  acetone.  Li 
practice,  this  reaction  is  Very  complicated,  the  ny(irobromic  acid  resulting  &om  this 
change  attacking  some  of  the  iAoalcohol,  and  giving  bromide  of  isopropyl*  and  tba 
acetone  suffering  a  further  attack. — Distilled  with  acetate  of  potassium  aad  fulphurie 
acid,  it  yields  acetate  of  isoprop^L — Digestion  at  140^  with  acetic  acid  also  gives  Ui« 
acetate  of  isopropyl.    The  butync  ether  is  formed  similarly,  and  distils  at  about  130^ 

J.A.W. 


TRTTYlt  WTHMUBm  The  normal  trityl  ethers  are  scarcely  known,  but  several 
ieotrityl  ethers  have  been  prepared : — 

Bromide  of  Isopropyl,  CH'Br,  is  obtained  by  heating  the  alcohol  with  hjdro- 
bromic  acid,  idso  by  the  action  of  bromine  on  the  iodide  of  isopropyL  It  is  a  Hqnid. 
Specific  gravity  »  1-820  at  13^    Boiling-point  -  eO^*  to  63*^  at  739  nun.  presfnrf. 

Chloride  of  Isopropyl,  OH'Cl,  prepared  by  the  action  of  hydrochloric  addon 
the  alcohol,  is  a  liquid,  boifing  at  36^  to  38^,  at  741  nun.  pressure.  Specific  grentv 
at  10^  =  0-874. 

Cyanide  of  Tritvl,  CH'.CN.  (See  Buttbokitbxij^  i.  698.) — ^This  compound  is 
obtained  from  normal  butyric  acid,  and  yields  normal  butyric  acia  and  ammonia  whea 
it  is  made  to  take  up  water. 

Cyanide  of  Isopropyl,  (?WC^,  ^Erlenmeyer.) — ^When  1  at.  iodide  of  iso. 
propyl  and  1  at.  cyanide  of  potassium,  dissolved  in  alcohol,  are  digested  in  the  wate^ 
bath,  iodide  of  potassium  is  formed,  the  liquid  acquires  a  very  diaaereeable  smell,  and 
there  results  an  alcoholic  solution  of  cyanide  of  isopropyL  It  is  £ificult  to  sepcrate 
the  alcohol  from  the  cyanide,  which  boils  at  about  80°.  On  boiling  cyanide  of  isopro- 
pyl with  alcoholic  potash,  ammonia  is  evolved,  and  isobutyrate  of  potassium  produced : 

CH'CN  +  2HH)     -    CH'COOH  +  NH«. 

Isobutyric  acid  is  quite  distinct  from  butyric  acid,  and  was  the  first  recognised  example 
of  an  iso-ffttty  acid. 

Iodide  of  Isopropyl,  C"H^L  (Erlenmeyer,  2^it8chr.  Ch.  Pharm.  1861,  pp. 
362,  673.) — Obtained  by  the  action  of  hydriodic  add  on  propylglvool,  iodide  of  all^ 
isopropyl  alcohol,  propylene,  or  glycerin.  It  is  most  conveniently  prepared  bj  die- 
tilling  glycerin  with  a  great  excess  of  strong  hydriodic  add : 

CHW  +  6HI     =     C«m  +   3H«0   +  2P. 

The  reaction  is  perfecUv  neat,  if  proper  precautions  be  taken.  The  oonditions  to  be 
satisfied  are  these : — The  hydriodic  acid  used  must  be  sufiidently  strong  (boiUng-point 
about  126^) ;  if  too  dilute  it  may  be  concentrated  by  distillation,  the  strong  add  re- 
maining behind  in  the  retort.  There  must  be  always  great  excess  of  hydnodic  add 
The  iodine  set  free  should  be  reconverted  into  hydriodic  add  by  means  of  phoephonuL 
TliC  operation  succeeds  either  on  the  small  or  the  laige  scale.  The  iodide  of  isopropyl 
has  been  recently  maou&ctured  in  quantity. 

Preparation,^\0(i  lbs.  of  iodine,  d  lbs.  of  phosphorus,  and  100  lbs.  (or  rather  more] 
water,  are  employed.  A  littb  of  the  water  is  warmed,  and  put  into  a  large  vessel ;  sod 
the  iodine  and  phosphorus  and  water  are  added  by  degrees,  and  well  stirred  op.  Tbe  sdr- 
ring  renders  tne  reaction  quite  manageable.  The  first  quantity  of  water  is  warmed  to 
Btartthe  reaction,  afterwards  the  water  is  added  cold.  In  this  way  there  is  obtained  a 
Btrong  solution  of  hydriodic  add  containing  also  some  phosphoric  add.  This  solution 
is  put  into  an  iron  still  and  distilled,  until  very  concentrated  hydriodic  add  begins  to 
pass  over.  When  the  ooncentzation  is  sufficient,  a  charge  of  1 1  lbs.  of  glycvrin  is  pnt 
into  the  stiU,  and  3  lbs.  of  phosphorus  added  by  degrees.  A  very  energetic  action  is  thus 
set  up,  and  iodide  of  isopropyl  distils  over  very  rapidly,  accompanied  by  water  and  hy- 
driodic acid.  When  the  action  has  become  moderate,  a  second  chaise  of  1 1  Ibe.  of 
glycerin  and  3  lbs.  of  phosphorus  is  introduced  into  Uie  still.  When  £e  second  change 
has  worked  off^  a  small  third  charee  may  be  put  iiL 

Ultimately  the  products  are  iodide  of  isopropyl,  hydriodic  add,  and  phosphoric  add. 
When  the  phosphoric  add  has  accumulates^  it  is  necessary  to  distil  off.  The  hydriodic 
add  is  ready  for  a  seceod  operation.  By  operating  as  above  described,  a  quantity 
of  iodide  of  isopropyl  may  be  obtained,  very  dose  upon  that  required  by  theory,  ana 
in  a  series  of  operations  very  nearly  all  the  iodine  used  may  be  transformed  into  the 
organic  iodide. 
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The  iodine,  as  it  is  set  free,  ie  transformed  into  hydiiodic  add  by  the  action  of  the 
phoephorns  and  water,  and  becomes  available. 

If  an  insufficient  quantity  of  hydriodic  add  be  allowed  to  act  on  the  glyoeiin  in  the 
al>ove  process,  the  iodide  of  isopropyl  will  be  contaminated  with  iodide  of  allyL 

HaxwftU  Simpson  has  shown  that  iodide  of  allyl  is  tnuisformed  into  iodide  of  iso- 
propyl by  treatment  with  hydriodic  acid. 

I'ropertUs. — Iodide  of  isopropyl  is  an  oil,  boiling  at  89^  to  90°,  under  a  pressure  of 
735  mm.  Specific  grayity  1*70  at  16^.  In  smell  it  resembles  iodide  of  ethyl.  It  is 
joiirly  insoluble  in  water,  and  dissolves  phosphorus  and  iodine. 

With  sodium^  in  presence  of  ether,  it  gives  propylene,  hydride  of  .propyl,  and  di- 
if<opropyl  (Schorlemmer). — Bromine  drives  out  the  iodine,  forming  a  bromide  of  the 
raaicle. — CA/mn«  attacks  it  more  deeply,  giving,  among  other  products,  trichlorhydrin, 
C-*H*C1*. — With  oxalate  of  tdver,  it  gives  oxalate  of  isopropyl. — With  acetate  of  silver^ 
it  yields  acetate  of  isopropyl,  boiling  at  90° — 93^,  according  to  Friedel. 

With  oxide  of  silver  and  water,  it  gives  isopropyl  ether,  nsurfO,  isopropyl  alcohol, 

And  propylene,  C*H*. 

With  alcoholie  potash  it  gives  propylene.  It  reacts  on  ammonia,  giving  some  pro- 
pylene and  an  organic  base.  It  forms  new  bases  when  made  to  act  on  aniline  or  on 
rosaniline, 

Can^fully  oxidised  with  dilute  chromic  acid,  it  gives  acetic  and  carbonic  adds,  and  no 
propionic  acid.    (Chapman  and  Thorp.)  J.  A.  W. 

TXXTTXh  BTOSZBB'OF.  This  compound  appears  to  occur  in  American  petro- 
U-um  (Ronalds).  By  heating  to  276^  a  mixture  of  bromide  of  propylene,  CH^r*, 
ioiiide  of  potassium,  and  water,  with  metallic  copper,  there  is  obtained  propylene,  hy- 
dride of  propyl,  and  carbonic  acid.  Hydride  of  propyl  is  a  gas,  which  is  soluble  in 
alcohoL  J.  A.  W. 
rC»H» 

TKZnXAMZVXf  or  PXOPTXJkMZVX.    K/  H    . — This    base    is  isomeric 

Is 
vith  trimethylamine,  which  has  often  been  mistaken  for  it.     The  only  process  by 

vhich  it  has  been  prepared  is  that  of  Mendius,  viz.,  by  the  hydrogenation  of  cyanide 

of  ethyl; 

C»H»CN  +  H*     =     C«H»N. 

To  prepare  propylamine,  36  grms.  of  cyanide  of  ethyl,  600  grms.  of  common  alcohol, 
200  grms.  of  water,  and  600  grms.  of  20  per  cent,  hydrochloric  acid,  are  allowed  to 
act  on  excess  of  granulated  zinc,  and  then  distilled.  The  distillate  is  put  back  once, 
and  400  grms.  of  hydrochloric  acid  are  added.  The  product  is  distilled  to  get  rid  of 
the  alcohol,  then  excess  of  alkali  added  to  the  residue,  and  the  distillation  continued, 
VI  hereupon  propylamine  and  water  come  over. 

From  36  grms.  of  the  cyanide  of  ethyl,  9  grms.  of  pure  propylamine  have  been  ob- 
tained ^Mendius).    Propylamine  is  dried  by  distillation  from  solid  potash. 

Propfrtiett. — Bright,  colourless,  highly  refracting,  very  mobile  liquid,  possessing  a 
picnliar,  strongly  ammoniacal  odour,  very  different  from  that  of  methylunine.  It  is 
iniacible  wich  water,  becoming  hot  in  contact  with  it.  Boils  at  50^.  Its  aqueous  solu- 
tion precipitates  the  oxides  of  iron,  copper,  lead,  aluminium,  nickel,  cobalt,  and 
mercury,  and  does  not  dissolve  the  precipitate  when  added  in  excess. 

The  precipitate  formed  with  silver-solutions  is  soluble  in  excess. 

The  propylamine,  prepared  as  iust  described,  is  a  true  normal  propyl-compound, 
giving,  on  oxidation  with  dilute  chromic  acid,  propione-aldehyde  and  propionic  acid, 
and  not  giving  any  carbonic  acid  or  acetic  acid.    (Chapman  and  Thorp.) 

It  combines  with  acids,  forming  ciystallisable  salts. — The  chloridt;  NC'ii'HCl, 
forms  very  deliquescent  crystals,  freely  soluble  in  alcohol,  almost  insoluble  in  ether. 
A  little  above  100°  it  melts,  and  sublimes  unchanged.  It  may  be  obtamed,  in  large 
■quare  plates,  by  crystallisation  from  strong  alcohol. — The  chioropfatinate,  'iNCH'HJL 
I'tCl*,  is  moderately  soluble  in  hot  water  and  alcohol,  and  insoluble  in  ether.  It  often 
Ibniis  fine  crystals,  a  quarter  of  an  inch  Ions. 

Sulphate  of  propylamine  is  crystalline  and  deliquescent 

On  treating  propylamine  with  iodide  of  ethyl,  the  following  products  are  obtained: 

(C»H»  CC«H'  (CH' 

N-JCH*  N-^C«H*  N}C»H». 

(H  lc«H»  <C«H» 

HI  HI  C»H»L 

The  last  compound,  iodide  of  triet^f-propylammonium,  is  a  white  crystalline 
ai.aoloble  in  potash-ley.    From  its  alcoholic  solution  it  crystallises  in  loog  needkii. 
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Oxide  of  nlver  reacts  upon  it,  giying  a  strongly  caustic  solutioii  of  hydcate  of  tiie 
ammooiam-base.— The  cfUoro^atmate,  2NCH'(C*H*)*CI^C1\  fbrns  deep  onnge. 
coloured  octahedrons,  rather  sdiible  in  alcohol  and  water.  (Mendi  na,  Ann.  Ch.  Phum. 
cxxL  129.)  J.  A.  W. 

TJt  IT  I  MdMKM,  or  MftOFTXAVBf  O'H*,  the  define  of  the  tritjl-group,  wm 
discoTered  bj  Reynolds  in  1861.  It  is  obtained,  more  or  less  impure,  when  fusel-oil 
or  valerianic  add  is  passed  through  a  red-hot  tube ;  by  the  destmctiTe  distillataon  of 
oleic  acid  with  lime  or  soda-lime ;  and  by  the  destructive  distination  of  sugar  mixed 
with  an  equal  weight  of  soda-lime.  According  to  Dusart  (Ann.  Ch.  Pharm.  xerii. 
127),  it  is  obtained  on  distilling  an  intimate  mixtnre  of  equivalent  quantities  of  oxa- 
late of  calcium  and  acetate  of  potassium. 

It  is  prepared  most  conveniently  by  actinff  on  iodide  of  allyl  with  mercury  aad 
strong  hydrochloric  acid.  The  mercury  shoiud  contain  a  trace  of  sine,  according  to 
the  observation  ofvonThan.    The  following  are  the  details  of  the  process : — 

Iodide  of  phosphorus  is  prepared  by  acting  on  1  pt.  of  phosphorus  with  8  pts.  of 
iodine.  60  gnns.  of  this  ioaide  of  phosphorus,  and  60  grms.  of  glycerin,  distilled 
together,  yield  30  grms.  of  iodide  of  allyL  From  this  quantity  of  uie  iodide,  8  litra 
of  propylene  may  be  obtained  by  emplo^ring  160  grms.  of  mercury  and  60  grms.  of 
fuming  hydrochloric  acid.  The  gas  obtained  in  this  operation  is  chemically  pure  pro- 
pylene.   (Berthelot  and  De  Luca,  Ann.  Ch.  Pharm.  xciL  306.) 

According  to  Bieth  and  Beilstein,  chloride  of  carbon,  acted  upon  by  zinc-ethyl, 
yields  a  mixture  of  propvlene,  ethylene,  and  chloride  of  ethyl,  also  chloride  of  xioe. 
Iodide  of  isopropyl  and  alcohdic  potash  also  eive  propylene. 

Properties, — Colourless  gas,  not  condensable  at  - 140®.  It  has  a  distinct  phosDhorie 
odour,  as  is  generally  the  case  with  the  olefines,  and  a  sweetish  taste.  Acooruqg  to 
Ton  Than : 

100  vols,  of  water  absorb  44  vds.  of  prc^ylene  at   (P. 

36  ,»  „  6^. 

28  „  „  10° 

23  „  „  16«. 

22  ..  ..  20O. 

Absolute  alcohol  dissolves  12  to  16  times  its  volume  of  this  gas — glacial  acetic  add 
6  volumes. 

Like  ethylene,  it  combines  readily  with  cKUtrine  and  bromine^  and  is  capable  of 
uniting  with  iodine ;  the  resulting  compounds  are  C*H*C1*,  CH*Br*,  C'H'P. 

It  is  absorbed  by  cuprous  chloride,  but  not  to  the  same  extent  as  Xylene.— .FWuiy 
sulphuric  acid  absorbs  it  very  readily. — Common  oil  of  vitriol,  h^roehlorie,  hydn- 
bromic,  and  hydriodic  acids  combine  with  it  finr  more  readily  than  with  ethylene. 
These  acids  convert  it  into  isopropyl-compounds. — On  oxidation  with  dilute  ckroruk 
acid,  it  gives  acetic  and  carbonic  acids.  It  is  not  very  readily  oxidisod. — With  ptr- 
manganate  of  potassium  in  an  acid  liquid,  it  nves  the  same  products  as  with  chromio 
acid ;  with  permanganate  in  an  alkaline  liquid,  acetic  and  formic  acids.       J.  A.  W. 

TSZTTXiavZC  A&OOBO&.    C*HK)*    »    ^^^  [o*.  TrUyl,  or  Propylglyeti 

— Prepared  from  the  tritylenic  acetate  just  described,   by  distillation  with  oanstie 
potash,  in  the  oil-bath.    It  is  a  colourless  oily  liquid,  sweet  to  the  taste,  soluble  in 
water  and  alcohol  in  all  proportions,  and  soluble  in  12  to  18  pta.  of  ether.    Its 
specific  gravity  at  0°  is  1*061.    Boiling-|)oint  188°  to  189®. 
Platinum-black  oxidises  it  to  lactic  acid: 

C^W  +  0»     -     C«H«0»  +  HH). 

Tritylenic  hydrate.  Lactic  add. 

Digested  at  100°  for  some  hours  with  strong  hydriodic  acid,  it  gives  iodide  of  iso* 
propyl  (Wurts): 

C«HH)«  +  3HI     =     CH^  -I-  2HK)  +  P. 

With  pentachloride  of  phosphorus  it  gives  chloride  of  pn^ylene,  CH*C1'. 

Heated  with  dilute  nitric  acid,  it  is  broken  up  into  glycdlic  add,  whilst  coneeotnted 
nitric  acid  resolves  it  into  oxalic  acid.  J.  A«  W. 
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The  flc«tete,C^'«0«  -  (c^o)«|^*'   ''■•  ^ 


covered  by  Wurtz.  320  grms.  acetate  of  silver,  192  grms.  bromide  of  propylene,  and 
sufficient  glacial  acetic  acid  to  bring  the  mixture  into  a  semifluid  state,  are  heated  in  the 
water-bath  for  fuur  days,  then  mixed  with  ether  and  filtered,  and  the  filtrate  is  distilled. 
The  tfr<>tiit4*  is  a  colourless  neutral  liquid,  soluble  in  10  pts.  of  water,  and  boiling  at 
180°.     Its  specific  gravity  at  0*>  -   1-109. 
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Hw  bromide,  CH'Br',  formed  directly  from  propjlene  and  bronune,  is  a  eolonr- 
leM  oily  liquid.  Specific  gravity  a  ]  '974.  Boiling-point  144**.  It  is  a  convenient 
eoompound  for  the  preparation  of  proplylene-derivativee. 

The  chloride,  C«H«C1«,  is  a  Hquid  boiling  at  103°.     Specific  gravity  -  M61. 

The  cyanide,  C*H*(CN)*,  was  discovered  by  Maxwell  Simpson.  1  at.  trit^lenic 
bromide  and  2  at.  cyanide  of  potassium  are  heated  with  a  large  quantity  of 
alcohol  to  100°  for  about  16  hours.  The  product  is  then  filtered,  and  deprived  of 
alcohol  by  evaporation.  The  residue  is  treated  with  ether,  and  the  ethereal  solution 
evaporated  to  get  rid  of  the-ether,  and  then  distilW.  In  this  way  tritylenic  cyanide 
is  obtained  as  a  liquid,  boiling  between  277°  and  290^.  It  is  soluble  in  water,  alcohol, 
and  ether. 

Heated  with  1^  vols,  of  strong  hydrochloric  acid  to  100°,  it  suiTers  a  very  interesting 
ehan^,  yielding  pyrotartaric  acid.  In  order  to  extract  this  acid,  the  residue,  after  the 
xeaction,  is  treated  with  absolute  alcohol,  which  dissolves  the  acid ;  the  alcoholic  solu- 
tion is  evaporated,  to  drive  off  the  alcohol ;  and  the  residue  crystallised  from  aqueous 
aolntion,  and  finally  di8solved  in  ether,  which  on  evaporation  leaves  the  pyrotartario 
acid  in  a  state  of  purity : 

C>H«(NC)«  +  4S?0     -     C»H"0«  +  2NH«. 
Cyanidi*  or  FyroUrtarie 

propylrae.  add. 

The  iodide,  0*11*1*,  is  a  liquid  which  does  not  solidify  at  — 10°.  It  was  discovered 
lljBarthelot  and  De  Luca  (Ann.  Ch.  Pharm.  xcii.  311).  Prepared  by  exposing 
kdine  in  contactwith  propylene  to  sunlight,  or  by  heating  it  to  50^  or  60°.  The  result^ 
ing  liquid  is  freed  from  excess  of  iodine  by  treatment  with  potash.  It  is  decomposed  by 
alcoholic  potash  into  propylene  and  other  products. 

The  sulphide,  C'H*S*,  is  a  white  amorphous  powder,  obtained  by  the  action  of 
tritylenio  bromide  on  an  alcoholic  solution  of  sulphide  of  sodiuuL 

The  eulphocarbonate,  CHIOS',  is  easily  obtained  from  an  alcoholic  solution  of 
aulphocarbonate  of  sodium  and  tritylenic  bromide.  It  is  a  thick  liquid  of  disagreeable 
■mail,  and  of  a  yellowish-brown  colour.  Specific  gravity  a  1*81  at  20^.  It  may 
be  distilled  in  a  stream  of  hydrogen.  J.  A.  W. 

TKZTTXiPBTCZTa    or    FBOFTXiPBTCZTa.     C*H*0«    »   ^^^!^'*|o«   - 

(C"H7'(H0)«.  Glycerylenic  Alcohol,  (Carius,  Ann.  Ch.  Phamu  cxxxiv.  71; 
Jahresb.  1865,  p.  498).— A  tetratomic  alcohol,  homologous,  at  least  in  composition, 
with  pbycite  or  erythromannite,  C*H**0*  (ii.  604 ;  iv.  633).  The  corresponding 
dichlorhydrin,  (C*H*)Cl*(nO)',  is  produced  by  addition  of  hypochlorous  acid  to  ordi- 
glyceric  epichlorhydrin  (i.  894) : 


{cmT\o 


^   +  CIHO     -     (C«H7'|J^' 


HHO)' 

and  firom  this  compound,  the  alcohol  is  obtained  by  the  action  of  aqueous  alkalis : 
(0»H«)C1«(H0)»  +  2KH0     -    (C«H«)»'(HO)*  -i-  2KCL 

To  prepare  propylphycite,  the  dichlorhydrin  just  mentioned,  or  the  corresponding 
dichlorobromhydrin  (p.  894),  dissolved  in  3  vols,  alcohol,  is  mixed^  with  10  vols, 
water,  and  gradually  with  nn  excess  of  finely-divided  hydrate  of  barium  suspended 
in  water,  the  liquid  being  ultimately  warmed  till  it  becomes  inodorous.  The  baryta 
is  then  carefully  precipitated  with  sulphuric  acid ;  the  filtrate  is  exactly  neutralised 
with  carbonate  of  lead ;  the  dissolved  lead  removed  by  sulphydric  acid  ;  the  chlorine 
by  careful  addition  of  silyer-carbonate ;  any  silver  still  remaining  dissolved  by  sulphy- 
drie  acid ;  and  the  solution,  which  is  genejrally  colourless  (if  not,  it  must  be  decolorisr-d 
with  animal  charcoal),  is  evaporated  over  the  water-bath.  The  residue,  after  being  re- 
dissolved  and  evaporated,  consists  of  pure  propylphycite.  If,  however,  the  dichlorhydrin 
need  in  the  preparation  is  not  free  firom  ordinary  glyceric  dichlorhydrin,  the  product 
will  be  contaminated  with  glycerin.  In  this  case,  the  solution,  freed  from  barium  and 
chlorine,  must  be  precipitated  with  basic  lead-acetate  not  added  in  excess,  and  the 
washed  precipitate,  C"HMI*Pb''0*,  decomposed  by  sulphydric  acid, 

Propylphycite  is  a  colourless,  solid,  amorphous  mass,*  which,  on  exposure  to  the  air, 
quickly  deliquesces  to  a  glutinous  liquid.  It  has  a  sweetish  taste,  is  easily  soluble  in 
alcohol,  does  not  decompose  at  160®,  and,  if  carefully  heated,  volatilises  with  only  par- 
tial decomposition.  In  its  chemical  relations  it  resembles  phycite,  C*H**0*.  Like  the 
sugars,  it  is  very  easily  altered  by  acids,  alkalis,  and  oxidising  agents.  On  evaporating 
it  with  dilute  adds  or  bases,  it  turns  brown,  and  a  humus-like  body  is  separated. 

•  In  removing  the  chlorine  with  ■ilTer-carbonate,  or  the  chlorine  and  barium  by  •"▼•'-•"jRfiJj^* 
rryttalline  labstance  waa  obuined,  nearly  reUt«d  to  propylphjrcite,  and  perhaps  contsinlDg  C"H«0«« 
iC^riua.; 
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With  cnpric  oxide  und  potash,  it  forms  a  blue  solution,  which  does  not  depottt  eavroos 
oxide  op  boiling,  even  if  the  propylphycite  has  previously  heax  treatea  vith  ^Uta 
sulphuric  acid.  From  a  neutral  silrer-solution,  it  reduces  the  metal  at  the  boiUox 
heat ;  from  an  ammoniacal  solution,  even  at  ordinary  temperatures. 

Propylphycite  contains  four  atoms  of  hydrogen  replaceable  by  metals  or  other 
radicles,  two  of  them  apparently  with  greater  facility  tnan  the  other  two.  In  concen- 
trated solution  it  takes  up  lime,  baryta,  lead-oxide,  and  even  lead-  or  silversarboDate. 
The  solution  containing  lime,  baryta,  or  lead-oxide  yields,  with  alcohol,  whits  bulky 
precipitates,  soluble  in  water,  and  decomposible  by  carbonic  acid.  The  lead-compouo(( 
in  aqueous  solution,  is  not  completely  decomposed  by  sulphydrie  acid,  the  filtrate  still 
giving  a  precipitate  with  sulphide  of  ammonium.  The  compound  formed  on  adding 
basic  acetate  of  lead  to  a  solution  of  propylphycite,  is  a  bulky  precipitate,  boob 
becoming  granular,  and  containing  C'H*.H'^"0^ 

Nitropropyl^hj/citet  CH^.H*(NO*)0\  is  formed  by  dropping  a  scarcely  liquid  soludoa 
of  propylphycite  into  cooled  fuming  nitric  acid,  and  separates,  on  pouring  the  liqnid 
into  water,  as  a  colourless  viscid  mass,  nearly  insoluble  m  water,  but  soluble  in  alco* 
hoi  and  ether.  The  nitro-compound  becomes  mobile  at  100^,  distils  for  the  most  part 
without  decomposition,  if  carenilly  heated,  but  when  quickly  heated,  decomposes  sod- 
denly,  though  without  explosion.  Zinc  and  hydrochloric  acid,  added  to  its  <^lwholio 
solution,  px^uce  chloride  of  ammonium  and  propylphycite. 


TKITT&VBTOXTIC      or       WWMWTT^B,  1 VITIO    JkCJIB.       C^«0»     . 

^^4    ^|0^.    {ChTixiB,lpo.cit) — ^Produced  by  dissolving  propylphycite  in  nitec 

acid  of  specific  gravity  1*2,  diluted  with  an  equal  volume  of  water,  repeatedly  evapo- 
rating ^e  solution,  neutralising  with  carbonate  of  barium,  filtering  m)m  oxalate  of 
barium,  and  precipitating  the  concentrated  filtrate  with  alcohol.  The  add,  separated 
fix>m  the  barium-salt  by  sulj^uric  add,  is  a  colourless,  amorphous,  ttrcmgly  acid, 
deliquescent  mass,  which  decomposes  at  160^,  either  in  the  f^  state  or  combined  with 
bases,  yielding  oxalic,  acetic,  and  perhaps  also  glvooUic  acid. 

The  propylpbydtates,  excepting  the  lead-  and  silver-salts,  are  easily  soluble ;  the 
sUtfeT'Salt  IS  very  quickly  retiuceid  in  ammoniacal  solution. — The  add  bttriun-4altf 
C«H'«Ba"0'»  -  C"H*Ba"6».C»H«0».  is  an  indistinctly  crystalline  powder.— The  aad 
ealciiim-aalt,  (>H»»Ca''0"  -  0«H*Ca".O».C»H«O»,  is  not  crystallisable,  but  is  pwdpi- 
tated  by  alcohol  from  its  aqueous  solution  in  flocks. — The  acid  lead-salt,  CH**Pb*0  - 
C»H*Pb"0».C*HH)*,  predpiuted  by  neutral  lead-acetate,  is  fiocculent  at  first,  btit 
afterwards  changes  to  a  crystalline  powder,  composed  of  microscopic  prisms. — ^Tbe 

normal  lead-salt,  O^HTbH)*,  predpitated  by  basic  lead-acetate,  is  an  amoiphoui 
powder. 

TKITTXiVBTCinO     OF     FSOVTXiPBTOnrZO      HiTCMMMMMTOMXM* 

<?H«C1'K)«  -  C"H^C1«(H0«).  Glycerylemc  DichUyrhydroxyU^,  (Carina,  foe.  cU.)-- 
This  compound  is  formed,  as  already  stated  (p.  898),  by  addition  of  hypoehloroosacid 
to  glyceric  epichlorhydrin. 

To  prepare  it,  epichlorhvdrin  is  added  in  the  dark,  and  with  firequent  agitation,  ro 
a  cooled  solution  of  hypoonlorous  add  (prepared  by  passing  chlorine-gas  into  wattr  ia 
which  mercuric  oxide  is  suspended,  and  containing  nom  6  to  8  per  cent,  of  the  aridX 
till  the  odour  becomes  barely  perceptible ;  the  solution,  filtered  from  mercuric  oxychli^ 
ride  and  diluted,  is  immediately  treated  with  sulphydrie  acid  gas,  till  the  excesi  of 
hypochlorous  add  is  decomposed  and  the  mercury  is  precipitated ;  the  filtrate  is 
then  saturated  with  common  salt ;  and  the  dichlorhydrin,  already  partly  separated  us 
an  oily  liquid,  is  further  extracted  by  agitation  with  ether,  and  purified,  after  enpo- 
ration  of  the  ether,  by  heating  it  to  160® — 170^  in  a  stream  of  dry  carboois 
anhydride,  whereby  anv  glyceric  ouchlorhydrin  formed  at  the  same  time  is  decomposed. 

Propylphycitic  dichloniydrin,  thus  obtained,  is  a  liquid,  rather  mobile  iriien  warn, 
but  of  the  consistence  of  glycerin  at  ordinary  temperatures ;  it  is  heavier  than  water, 
has  a  somewhat  randd  odour,  dissolves  easily  in  alcohol  and  in  ether,  but  is  nearly  ineo- 
luble  in  salt-water.  When  heated  above  200°,  it  deoon^KMes,  giving  off  hydrochloric 
add,  and  vapours  smelling  of  acrolein.  By  potash  in  aqueous  solution,  it  is  easily 
converted  into  propylphyate : 

ITOZTIO    or   MftOVTUPHTOinO  PMIH  mTiOWIOMKT» 

r,  C*H<  j^^^'*,  is  produced  by  heating  1  at  of  the  dichlorhydrin  to  lfO°.  in 
iaaled  tubes,  with  1  at  dry  bromine.  It  is  a  mobile  liquid,  having  a  ihaip  odour,  decoffl« 
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pomng  at  lOO^,  insolablA  in  wat«r,  bat  deoompoeed  by  it,  with  lepttratum  of  bsomino 
and  hydrochloric  add.    With  alkalis,  it  reacts  like  the  dichlorhjdrin.    (C  a  r i  u  s.) 

nUTTXiFBTOITIO  or  PXOPT^LPBTCITIC  MTUflJIS.  (C  a  r i  n  s,  ^.  ei^.) 
— JHaceto^ro^lphyoite,  C*HM£*(CH"0)*0*,  is  obtained  by  heating  the  dichlorhydrin  to 
100®  with  sodic  acetate  and  glacial  acetic  acid,  neutralising  with  sodic  carbonate,  and 
exbanstinff  with  ether.  It  is  a  viscid  bitter  liquid,  easily  soluble  in  water,  not  capable 
of  being  distilled  without  decomposition.  Barjrta  decomposes  it  into  acetic  acid  and 
propylphycite. 

Trieth^lj^ofylphycite,  C*H'.H{C*H*)*0*,  is  produced  by  gradually  mixing  an  aloo- 
holic  solution  of  the  dichlorobromhydrin  with  diluted  and  cooled  sodium-ethylate,  or 
by  heating  it  to  150°  with  absolute  alcohol.  It  is  a  colourless,  faintly  smelling  liquid, 
easily  soluble  in  water  and  in  potash-ley,  heavier  than  water,  and  dissolving  calcium- 
chloride  in  considerable  quantity.  Boiling-point  —  192'8°  at  0'768  met.  Vapour- 
density,  obs.  —   6*66 ;  calc.   =   6*79. 

TetrethylpropylphyeUe,  C*H*(C*H*)*0',  is  produced,  as  shown  by  the  equation : 

(CH?nI|0*  *  C-S'I    -    Nal  +  (cS?):|0.. 

by  warming  the  triethvlic  ether  with  sodium  as  long  as  hydrogen  is  thereby  evolved, 
»nd  distilling  the  resulting  sodium-compound  with  an  equivalent  quantity  of  ethylio 
iodide.  It  is  a  rather  mobile  colourless  liquid,  which  boils  between  160°  and  160^, 
and  exhibits,  more  plainly  than  the  preceding  compound,  the  odour  of  sugar  heated 
above  its  melting-point. 

IHaeeUhdiethylfropylfhycite,  C«H«(C«H«0)»(C^*)«0*,  is  formed,  together  with 
ethylic  acetate,  by  heating  txieth^lpropylphycite  to  160°  for  several  hours,  with  3  vols, 
glacial  acetic  acid.  It  is  a  thick  colourless  liquid,  which  boils  at  about  210^,  and  is 
decomposed  by  baryta-water  into  barium-acetate,  and  a  liquid  compound  soluble  in 
water,  probably  consisting  of  diethylpropylphycite. 

LZTS.     Syn.  with  Thrombolitb  (p.  788). 

Native  tetrasodic  carbonate,  or  sesquicarbonate,  2N'a*O.HK).3CO*.2aq. 
(See  CiABONATBS,  i.  796.) 

TB008TZTX.  A  silicate  of  manganese  and  zinc,  from  Sterling,  in  New  Jersey 
(p.  254). 

See  the  next  article. 


The  common  nasturtium,  Tropaolum  mqfus,  contains  in  100 
pta.,  besides  the  ordinary  plant-constituents,  2*1  pts.  volatile  oil,  8*6  lime,  2*3  silica, 
And  0*9  of  a  peculiar  acid  called  tropaeolic  acio.  The  volatile  oil  and  the  tropseolio 
acid  are  found  in  the  entire  plant,  especially  in  the  fruit  and  seed-coatings.  The  vo- 
latile oil  has  a  peculiar  odour,  a  sharp  burning  taste,  and  reddens  the  skin. 

Tropaeolic  acid  is  extracted  from  the  herb  or  the  seed  with  alcohol;  snd  on 
boiling  the  solution  with  water,  and  evaporating  the  filtrate,  the  acid  crystallises 
in  slender  needles.  It  is  white,  reddens  litmus  strongly,  and  forms  crystallisable 
•alts  with  potash  and  soda  (Mil Her,  Ann.  Ch.  Pharm.  xxv.  208).  Whether  this 
body  is  resdly  a  peculiar  acid,  further  investigation  must  decide.  According  to  expe- 
riments by  V.  Payr,  communicated  by  Rochleder  ^Jahresb.  1857,  p.  522),  the 
crystals  obtained  by  Miiller  were  nothing  but  sulphate  of  potassiam,  which,  however, 
does  not  agree  with  Miiller's  statement  that  they  were  soluble  in  alcohol  and  ether. 

The  seeds  and  flower-buds  of  TV.  nutjus  pickled  with  vinegar  are  sometimes  used 
instead  of  capers. 

TKOPZva.  C»H»*NO.  (Kraut,  Ann.  Ch.  Pharm.  cxxviii.  280;  cxxxiii.  87; 
Jahresb.  1863,  p.  448;  1866,  p.  448.) — An  organic  base,  produced,  together  with 
atropic  acid,*  by  the  decomposition  of  atropine  with  alkalis : 

C"H»NO«      -      C»H«0»    +    C«H"NO. 

Atropine.  Atropic  acid.  Troplne. 

Atropine,  heated  with  hot  saturated  baryta-water,  disappears  almost  entirely,  while 
only  traces  of  a  volatile  base  are  produced.  On  precipitating  the  baryta  from  the  re- 
sulting solution  by  carbonic  acid,  atropate  of  tropine  remains  in  solution ;  and  on 
agitating  the  filtered  liquid  with  hydrociilonc  acid  and  ether,  the  atropic  acid  is  dis- 
solved by  the  ether,  while  hydrochlorate  of  tropine  remains  in  the  watery  liquid.  The 
bnse  separated  from  this  salt  by  silver-oxide  solidifies  in  the  crystalline  form  over  oil 
of  vitriol,  and,  when  distilled  at  a  temperature  above  230°,  passes  over  as  a  turpen- 
tixio-like  mass,  and  ultimately  forms  crystals  containing  CH'*NO.^H^O. 

«  The  nAvnn  "atropir  acid'*  has  also  been  given  to  an  imperfectly  known  acid,  said  by  Rkhter  to 
exist  in  beUadunna  (L  474  )l 
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Atropine  is  likenrise  reeolvied  into  atropic  acid  and  tropioe,  bj  fhe  aetiaB  of  ftabg 
hydrocnioric  acid. 

Tropine  is  inodorous  in  the  cold,  but  gives  off  odorous  Ti^nrs  when  heated.  It 
has  H  strong  alkaline  reaction,  dissolves  easily  in  water  and  in  alcohol,  and  remains 
Hs  an  oil  on  evaporation.  From  solution  in  aiihydrous  ether,  it  crystallises  over  oil  of 
vitriol  in  colourless  anhydrous  tables,  C*H'*NO,  which  melt  at  61*2^.  It  does  not 
absorb  carbonic  acid  from  the  air,  forms  salts  which  crystallise  well,  and  its  aqneous 
solution  precipitates  the  oxides  of  silver  and  copper,  the  precipitates  not  being  soluble 
in  excess  of  the  reagent  From  the  solution  of  nydrochlorate  of  tropine^  C*H"5&0.HCa, 
strong  potash-ley  throws  down  oily  drops,  soluble  in  ether  and  in  water. 

The  ckloroplatmaU,  2(C^>*N0.HCn.PtClS  forms  laige  orange-red  oystals,  essQy 
soluble  in  water,  but  insoluble  in  alcohoL  The  double  salts  formed  h^  the  hydzo* 
chlorate  with  mercuric  chloride,  and  by  the  hydiiodate  with  mereoric  iodide,  aie  also 
sparingly  soluble,  and  easily  czystallisable.  Auric  chloride  forms,  in  the  solution  of 
the  hydrochlorate,  a  yeUow  precipitate,  which  melts  and  dissolves  in  warm  water,  and 
then  crystallises.— Pfcro<»  of  tropine,  C"H"NaC"H»(NO«)K),  is  a  yellow  pieapiUte, 
which  crystallises  from  water  in  needles. — Mropate  of  tropme,  0'H'*K0'.(7HH)'. 
4HH),  is  uncrystallisable,  nearly  solid,  and  ropy  at  ordinary  temperatnres,  deliquMoeot 
at  higher  temperatures.  In  a  2  per  cent,  aqueous  solution  it  does  not  produce  dilate* 
tion  of  the  pupiL 

Tropine  is  not  decomposed  by  boiHus  with  hydriodic  acid,  or  by  heating  to  140°, 
with  hydrochloric  acid.  When  distilled  with  dry  hydrate  of  bariam,  it  gives  off  sn- 
monia  and  methylamine,  together  with  other  products. 

Hydriodate  of  Ethyltropine,  C«Hi«(C*H*)NO.HI,  is  easily  formed  by  diMol?- 
ing  tropine  in  ethylio  iomde.  The  free  base  separated  from  it  by  silver-oodde  is  a 
brown  amorphous  mass,  which  is  insoluble  in  ether,  soluble  in  absolute  alcohol,  and  does 
not  take  up  another  atom  of  ethyl  when  treated  with  ethylic  iodide. — The  jphtmim' 
salt,  2rC*H>*(C*H*)N0.Ha].PtClS  is  a  li^^t-yellow  ciystalline  powder,  preapitahletor 
alcohoL 


Tuber  eibariwm  (Lffcopodon  tuber,  L.). — ^An  edible  fnngns,  bekog* 
inff  to  the  family  of  the  Ghisteromycetes,  forming  round*  blackish,  warty  knoU, 
yellowish-white  within,  veined  like  nutmegs,  having  a  peculiar,  agreeable^  muskltka 
odour,  and  aromatic  taste.  Truffles  grow  underground,  often  in  groups :  the^  occur  in 
all  temperate  climates,  especially  in  Sak,  beech,  and  chestnut-woods,  and  thnvebsstin 
a  calcareous  marly  soil. 

The  aroma  of  the  truffle  is  verv  volatile,  and  passes  over  with  water  in  distillation. 
According  to  Lefort,  truffles,  when  perfectly  ripe,  contain  about  70  per  cent  water. 
Tiie  organic  constituents  of  the  truffle  are  mannite,  malic  acid,  citnc  add,  a  non- 
saponifiable  fat,  besides  the  ordinary  constituents  of  vegetable  substances.  Olocosr, 
which  (according  to  Vauquelin,  Braconnot,  and  Lefort)  occurs  in  Jgeriate 
edulis,  is  not  found  in  truffles  (according  to  Lefort).  The  peculiar  odoriferous  prin- 
ciple of  the  truffle  does  not  belong  to  the  class  of  volatile  oils :  the  colouring-matter 
exists  chiefly  in  the  spores. 

TSOHBFPXXMITB  or  TMCBMWMMM  ITJi.  A  silicotitanate  of  iron, 
eerium,  &c..  occurring  massive  and  apparently  amorphous,  near  Miask  in  the  Omen 
Mountains.  It  is  nearly  opaque,  wim  velvet-black  colour,  dark-brown  streak,  and 
strong  vitreous  lustre.  Hardness  »  5'0  to  6*5.  Specific  gravity  —  4*50  to  4'5& 
Fracture  flat  concho'idal.  When  heated  before  the  blowpipe,  it  quickly  glows,  svells 
up  very  strongly,  turns  brown,  and  melts  to  a  black  bead.  With  fluxes  it  gives  the 
reactions  of  iron,  manganese,  and  silica.  When  heated  in  a  tube,  it  leaves  a  Uttls 
water.  It  dissolves  in  hydrochloric  acid,  leaving  a  jelly  of  silica.  It  contains,  ac- 
cording to  an  approximate  analysis  by  H.  Bose  (Pogg.  Ann.  Ixii.  691) : 

SiOS.  TiOS.  CeO;  LaO;  DiO.    FeO.  C«0.  MfO.  MdO.    KSQ;  Nt'-O. 

21*04  2017  47*29  11*21  8*60  0*22  0*88  0*IS; 

whence  its  composition  appears  to  be  expressible  by  the  formula  BTBiO'lTTiO'. 
A  mineral  from  Goromandel,  analysed  by  Dam  our  (Jahresb.  1861,  p.  824)  appears  to 
htve  the  same  composition.  Another  mineral,  analysed  by  8chubin(Berz.  lahreeb. 
xxvi.  373),  and  designated  as  tschewkinite,  has  been  shown  by  Kokscharow  to  consist 
of  orthite. 


T80BBV.  Chinese  coins  of  brass-yellow  to  bronse-vellow  colour,  containing  (in 
100  pts.)  56  to  64  per  cent,  copper,  26  to  36  sine,  generally  from  1  to  2  pec  cent.  tin. 
2  to  4  per  cent  iron,  and  between  1  and  6  per  cent,  lead ;  some  of  them  contain  also 
small  quantities  of  antimony,  arsenic,  and  nickeL  (Fopplein,  Ohem.  Centr.  1869, 
p.  494.) 
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Ammonia-altim  (p.  580),  occurring  in  a  bed  of  lignite  at 
Tschf-rmig  in  Bohemia;  also,  according  to  Peters  (Leonh.  Jahresb.  f.  Min.  1861, 
p.  566),  in  that  of  Tokod,  near  G-ran  in  Hungary. 

TBCBBW&ZWITa.     Syn.  with  TscHBFFiuinTB. 

TBCK0SV08BM.     Russian  black  earth.     (See  Soils,  p.  344.) 

T8X-KOXrCk  A  mixture  of  white  lead  with  alumina,  ferric  oxide,  and  silica,  used 
by  the  Chinese  as  a  red  colour  for  painting  on  porcelain.    (Salv^tat) 

T8ZVCI-&nar  is  another  red  colour,  used  for  porcelain-painting,  consisting chif -fly 
of  stannic  and  plumbic  silicates,  together  with  small  quantities  of  oxide  of  copper,  or 
cobalt  and  metallic  gold.     (Salvetat.) 

TUBXB  OXBA&ZUM.    Syn.  with  Tbuffle. 

TUBSITB.  A  mineral  allied  to  lithomarge  or  kaolin,  occurrioe  on  the  banks  of 
the  Tweed.  It  is  massive,  compact,  with  a  blnish-white  colour,  and  sb'ghtly  waxy  to 
dull  lustre ;  opaque ;  sectile.  Hardness  »  2*5.  Specific  gravity  —  2*4  to  26.  Before 
the  blowpipe  it  becomes  light-blue  and  brittle,  and  forms  a  colourless  glass  with  borax. 
The  following  analyses  are  by  Thompson  and  Richardson  {ThomtorC$  Outlinesof 
Mintralogy^  i.  244) : 

SiO«.  AI*OS.        CaO.  MgO.'         FeO.  WO, 

44-30        40-40         0-75        0*50  .     .         1350     -       9945. 

43-80        4010         0*64        055         0*94         1421     =     100-24. 

TUVA,  CAZiCABSOVS.  This  name  is  applied  to  agaric  mineral,  or  rock-milk 
(iii.  697),  when  so  hard  as  not  to  be  friable. 

T1T7A,  VO&OAVZC.  Earthy  or  compact  masses  with  white  fracture,  consisting 
of  the  hardened  mudTormed  by  mixture  of  volcanic  ash  (i.  420)  with  water. 

TUXiZP-TBBB.  Liriodendron  tulipffera. — The  root-bark  of  this  tree  is  said  by 
£mmet  to  contain  a  crystallisable  bitter  principle  called  liriodendrin  (iii.  7263» 
which,  however,  Bouchardat  was  unable  to  prepare.  The  latter,  however,  obtained  from 
tulip-tree  bark  a  crystalline  body,  which  he  called  pi  peri  n. 

VUUrCJTMJLf  TV&ZOOOVA,  or  TAUUCOOVA  OI^  Syn.  with  Carapa- 
oiz.  (i.  749). 

VUJbUV U II  Uff •  G'^H'^O*. — A  crystallisable  bitter  principle,  contained,  according 
to  Gaventou  ( J.  Pharm.  [3],  xxxv.  189;  Jahresb.  1859,  p.  583),  in  the  bark  of 
Carapa  Tulucuna,  Is  is  prepared  by  exhausting  the  aqueous  extract  of  the  bark  with 
mlcohol,  mixing  the  solution  with  milk  of  lime,  evaporating  it  after  the  insoluble 
matter  has  settled  down,  and  treating  the  residue  with  chloroform.  The  resulting 
solution,  when  left  to  evaporate,  yields  tulucunin  as  a  light-yellow,  amorphous, 
resinous  mass,  having  a  very  bitter  taste,  slightly  soluble  in  water,  easily  soluble  in 
alcohol  and  in  chloroform,  insoluble  in  ether.  It  is  turned  blue  by  sulphuric  acid  in 
the  cold,  and  by  oxalic,  tartaric,  or  citric  acid  when  heated. 

TUWOBTATB8.     See  p.  904. 

TUW08TMW I  also  called  Wolf  ram.  Atomic  tonffht^lSi,  Symbol,  W, — A  metallic 
element,  occurring  as  tungstate  of  iron  and  manganese  in  wolfram,  a  mineral  some- 
what abundant  in  Cornwall,  Saxony,  Bohemia,  and  other  localities :  it  occurs  also  as 
tungstate  of  calcium  (scheelite  or  tungsten)  in  Bohemia,  Saxony,  and  other  places ; 
and  as  tungstate  of  lead  (scheeletine)  at  2iinnwald  in  Bohemia,  Bleiberg  in  Carinthia, 
lud  in  Chile. 

Metallic  tunesten  is  obtained:  1.  By  heatinc  trioxide  of  tungsten  (tungstic  oxide  or 
anhydride)  to  bright  redness  i^  a  stream  of  hydrogen. — 2.  By  mixing  the  trioxide 
to  a  stiff  paste  with  oil,  charring  the  mixture,  and  then  heating  it  intensely 
for  several  hours  in  a  crucible  lined  with  charcoal. — 3.  By  passing  the  vapour  of 
tungstic  chloride  or  oxychloride  mixed  with  hydrogen  through  a  red-hot  glass  tube. 
(Wohler,  Ann.  Ch.  Pharm.  xciv.  255.) 

4.  By  passing  the  vapour  of  tungstic  chloride  over  strongly  heated  sodium,  and  washing 
out  the  resultmg  sodium-chloride  with  water.    (A.  Riche,  Ann.  Ch.  Phys.  [3],  1.  5.) 

5.  By  igniting  nitride  of  tunssten  in  hydrogen-gas,  or  in  a  porcelain  crucible  sur- 
Toondea  with  charcoal-powder.    (Wohler,  Jahresb.  1850,  p.  303.) 

Tungsten  obtained  by  the  first  process  is  described  by  Wohler  as  a  steel-grej 
powder,  which  melts  into  globules  at  a  very  intepse  heat.  According  to  Biche,  tlM 
metal  obtained  as  above  forms  small  crystalline  grains,  which  acquire  metallic 
lustre  by  biunishing,  and  scratch  glass  with  facility ;  it  is  infusible  in  the  strong^ 
forge-fire,  but  may  be  melted  by  the  current  of  a  Bunsen*s  battery  of  200  pairs, 
being  pairtially  oxidised  at  the  same  time,  and  burning  with  a  blue  flame.  The 
metu  obtained  by  the  second  process  is  also  heavy,  of  iron-grey  colour,  very  hard, 
and  difficult  of  fusion.  The  third  process  yields  the  metal  as  a  shininff,  dark  steel- 
grey,  specular  deposit,  which  may  be  detached  from  the  glass  in  hard  brittle  crusts. 
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The  specific  gnvitj  of  tungsten  reduced  by  hydrogen  is  17'2  to  17*6  (Wohler) ;  17'9to 
18*2  (Bernoulli,  Jahresb.  1860,  p.  162);  that  ofthe  metal  reduced  by  charcoAl  is  17i 
to  17*2  (fiernoulli) ;  of  thatredu(^  from  the  chloride  by  hydrogen,  16-54.  (Wdhler.) 

Tungsten  reduced  from  the  nitride  (4)  is  pulTerulent-,  and  has  a  specific  grarit j  of  17*6 ; 
that  obtained  by  igniting  add  potaasium-tungstate  in  hydrogen,  has  a  specific  gravitf 
of  18-26.     (Wohler.) 

Pulverulent  tungsten  heated  in  the  air,  bums  easily  to  tungstic  oxide ;  but  compact 
tungsten  may  be  heated  in  the  air  without  sensible  change,  excepting  at  the  rtrj  high 
temperature  of  the  electric  current,  as  above  mentioned.  Nitric  acid  and  nitromuriatic 
acid  convert  tungsten  into  tungstic  acid,  and  the  same  change  is  produced  by  heatiog 
it  in  contact  with  the  alkalis  or  with  nitre.  Pulverulent  tungsten  is  also  oxidised  ana 
dissolved,  by  boiling  it  in  a  solution  of  caustic  alkalis  or  alkaline  carbonaVes. 

Tungsten  forms  two  classes  of  compounds,  in  one  of  which  it  is  tetratomic,  and  io 
the  other  hexatomic : 

Tungstous  Chloride,  WCl*.  Tungstic  Chloride.  WCl*. 

Tungstoua  Oxide,  WO".  Tungstic  Oxide,  W0«, 

There  are  also  compounds  of  intermediate  composition,  which  may  be  regarded  ai 
resulting  from  the  union  of  tungstous  and  tungstic  compounds:  e.ff,,  yf*Cl^  -> 

wa*.wa«, 

TUVOBTaVf  AXAOT8  OF.  These  alloys  have  not  been  much  studied. 
Wdhler  and  Michel  (Ann.  Ch. Pharm.  cxv.  102), by  fasine  15  pts.  tungsten-trioxid^ 
30  pts.  cryolite,  30  pts.  of  a  mixture  of  potassium-  uid  sodium-chloride  in  equivalent 
proportions,  and  15  pts.  aluminium  at  a  full  red  heat,  obtained  a  regulus,  which, 
when  the  excess  of  aluminium  was  dissolved  out  by  dilute  hyd|Dchloric  add,  left  an 
alloy  of  tungsten  and  aluminium,  Al^W,  as  an  iron-grey  crystalSne  powder,  of  Bjpea&c 
gravity  5*58,  and  appearing  under  the  microscope  to  consist  of  rhombic  {nisms.  Thii 
alloy  IS  not  attacked  by  concentrated  acids  in  tne  cold,  but  is  oxidised  by  hot  nitne 
add,  wit^  separation  of  vellow  tungstic  acid.  Hydrochloric  acid  dissolves  it  with 
deep  brown  colour.  It  is  aecomposed  by  hot  soda-ley,  which  dissolves  the  aluminitun, 
and  leaves  pure  tungsten. 

Tungsten  alloyed  with  s  t  eel  in  the  proportion  of  9  or  10  pts.  of  the  former  to  90°of 
the  latter,  yields  an  alloy  of  extraordinary  hardness.  According  to  F.  A. B er  nonlli, 
(Pogff.  Ann.  cxL  573;  Jahresb.  1860,  p.  158),  a  veiy  hard  tungstiferous  cast-steel 
mayoa  obtained  by  fusing  turnings  of  grey  cast-iron  with  tungsten-trioxide.  The 
reduction  of  this  oxide  to  metallic  tungsten  is  effected  only  by  the  mechanically  mixed 
carbon  of  the  grey  cast-iron,  not  by  that  which  is  chemically  combined  with  the  iron; 
aocordin^y,  white  cast-iron  fused  with  tungsten-trioxide  does  not  yield  tungsten-steel, 
and  after  addition  of  charcoal  merely  an  alloy  of  tungsten  and  iron. 

Copper,  lead,  zinc,  antimony,  bismuth,  cobalt,  and  ni<^el  unite  with  tungsten,  onlj 
when  the  two  metals  are  simidtaneously  reduced  from  their  oxides.  The  aUoys  which 
they  form  are  so  difficult! v  fbsible,  that  those  which  contain  more  than  10  per  cent 
tungsten  do  not  yield  reguline  masses ;  and  those  which  contain  vdatile  metals  decom- 
pose when  strongly  heated,  leaving  nothing  but  metallic  tungsten.  Iron  is  the  onlj 
metal  which  alloys  with  tungsten  in  all  proportions  up  to  80  per  cent,  of  the  latter,  with 
which  proportion  a  mass  is  formed,  not  fusible  at  any  attainable  temperatore. 
(BernonllL) 

TUVCNMnnr,  BmOBOBas  or.  (Bonnet,  J.  pr.  Chem.  x.  206.— Borek, 
Urid,  Hv.  254 ;  Jahresb.  1851,  p.  344.— Hiche,  Ann.  Ch.  Fhys.  1.  5  ;  Jahresb.  1867. 

S.  185.— Blomstrand,  J.  pr.  Chem.  Ixxxii.  408;  Jahresb.  1861,  p.  227.)~Tnng8teo 
eated  in  bromine-vapour  unites  directly  with  it,  forming  products,  the  composition  df 
which  has  been  variously  stated  by  different  chemists.  According  to  Bordk,  the  pn>> 
duct  consists  partly  of  the  tetrabromide,  or  tungstous  bromide,  WBr*;  p^7 
of  thepentabromide,  or  tungstoso-tungstic  bromide,  WTBr**  >»  WBr*.WBi*, 
both  of  which  sublime  in  black  needles,  the  former,  however,  being  more  volatile  than 
the  latter,  and  very  deliquescent. — According  to  Riche,  tungsten  heated  to  redness  in 
bromine-vapour,  is  converted  into  the  hexbromide  or  tungstic  bromide,  WBi*, 
partly  in  the  form  of  a  fused  mass,  partly  in  sublimed  needles,  of  a  chestnut-brom 
odour.  This  compound,  when  exposed  to  moist  air,  is  converted  superficially  into  the 
liolet  oxybromide,  WBr^O,  and  finally  into  tungstic  acid ;  water  converts  it  immedi- 
ately into  tungstic  acid,  with  brisk  effervescence. — According  to  Blomstrand,  the  pco- 
duct  of  the  action  of  brondne-vapour  on  heated  tun^ten  consists  mainly  of  the  peata- 
faromide,  W'Br>*  (probably  resulting  ^m  the  combination  of  WBr*  and  WBr*),  mixed, 
if  air  and  moisture  have  not  been  excluded,  with  the  oxybromides,  WBrK)  and  WBrO*. 
The  black  needles,  described  by  Borck  as  the  tetrabromide,  consist^  according  to 

Blomstrand,  of  the  former  of  these  oxybromides.  

The  pentabrbmide,or  tungstoso-tungstic  bromide,  WHBr**,  after  rspeated 
flttblimation,  has  a  bluish-black  colour;  it  boils  and  sublimes  near  ita  melting-point, 
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fftriBg  off  a  dark  purplo-red  Tapour,  which,  on  cooling,  condenses  to  a  compact  ciystal- 
lioe  mass,  or  to  snining  quadratic  pribms.  In  contact  with  water  or  moist  air,  it  is 
converted  into  hydrobromic  acid  and  blae  oxide  of  tungsten,  WO*.  Alkalis  dissolve 
it,  without  evolution  of  hydrogen.  When  heated  in  contact  with  the  air,  it  is  converted 
into  the  ozybromide,  WBr'^O*,  which  sublimes,     (fi ore k.) 

Oxybromidet. — ^Two  of  these  compounds  are  known,  derived  from  tungstic  oxide, 
WO*,  by  replacement  of  1  and  2  at.  oxygen  by  equivalent  quantities  of  bromine. — 
Tungstic  dioxybromide,  WBr^O*  or  WBr«.2W0»,  first  observed  by  Bonnet,  is  formed, 
together  with  the  pentabromide,  in  the  first  stAge  of  the  reaction  of  bromine  on  metallic 
tungsten  when  air  is  not  completely  excluded  ;  and  in  a  purer  state  by  the  action  of 
bromine  on  the  dioxide.  It  forms  yellow  crystalline  scales,  of  the  colour  of  brass  or 
mosaic  gold.  It  is  infusible,  is  resolved  by  heat  into  tungstic  oxide  and  tungstic  mon- 
oxy bromide,  and  converted  by  water  into  tungstic  acid.    (Blomstrand.) 

The  numoxybromide^  WBr*0  =  2WBr*. WO*  (described  by  Borck  as  the  tctrabromide, 
p.  898),  is  best  obtained  by  the  action  of  bromine,  at  a  gentle  heat,  on  sulphide  of 
tungsten  (prepared  in  the  wet  way),  or  upon  a  mixture  of  tungstic  oxide  and  charcoal ; 
it  likewise  inrariably  occurs,  as  an  intermediate  product,  when  the  pentabromide  and 
the  dioxybromide  are  simultaneously  produced.   Its  colour  is  very  much  like  that  of  the 

Eentabromide,  only  of  a  lighter  black-brown ;  its  vapour  is  brown-red ;  it  crystal- 
ses  in  woolly  needles,  and  yields  tungstic  acid  with  water.    (Blomstrand.) 
The  compound  W^r**.W''0*,  described  by  Bonnet,  does  not  appear  to  exist. 

TUVOSTSir,  OB&OSZBas  or.  (Wdhler,  Pogg.  Ann.  ii.  345.— Mai  a  gut  i. 
Berz.  Jahresb.  xv.  103. — H.  Bose,  ibid,  xviii.  200. — Borck,  J.  pr.  Chem.  liv.  254; 
Jahresb.  1851,  p.  345.— Rich e,  Ann.  Ch.  Fhys.  [3],  1.  5;  Jahresb.  1856,  p.  372; 
1857,  p.  184.— Blomstrand,  J.  pr.  Chem.  Ixxxii.  408;  Jahresb.  1861,  p.  228. — 
Forcher,  Wien.  Akad.  Bor.  xliv.  159;  Jahresb.  1861,  p.  232. — ^Debray,  Compt. 
rend.  Ix.  820;  Jahresb.  1865,  p.  212.)— Chlorine,  like  bromine,  acts  directly  upon 
tungsten,  forming  products,  the  composition  of  which  has  been  variously  stated 
by  different  chemists.  According  to  recent  investigations,  however,  the  compounds 
obtained  by  heating  metallic  tungsten  in  dry  chlorine-gas,  are  WCl*  and  W^Cl'*, 
analogous  to  the  bromides ;  but  the  hexchloride  is  more  easily  obtained  in  the 
separate  state  than  the  hexbromide,  apparently  because  a  lower  temperature  is  suffi- 
cient for  its  formation.  If  oxygen  is  present,  oxychlorides  are  also  formed,  analogous 
to  the  oxybromides  above  described.  According  to  Wohler  and  Borck,  the  tetra^o- 
ride,  WCl',  is  obtained,  as  a  dark-red  compound,  by  heating  tungsten  in  chlorine-gas ; 
but,  according  to  Blomstrand,  this  red  product  is  obtained  only  when  oxygen  is 
present,  and  is  really  an  oxychloride ;  the  tetrachloride,  indeed,  does  not  appear  to 
exi!»r,  at  least  in  the  separate  state,  not  being  formed  even  when  one  of  the  higher 
chlorides  is  heated  in  hydrogen-gas  (Blomstrand).  Riche,  on  the  other  hand,  states 
that  it  is  produced  in  this  manner,  but  is  very  difficult  to  obtain  pure,  being  easily 
resolved  into  the  hexchloride  and  metallic  tungsten. 

Hexchloride  of  Tungsten^  or  Tungstic  Chloride,  WCl*. — This  compound 
is  formed,  together  with  the  following,  when  tungsten  bums  in  chlorine-gas;  in 
smaller  quantity  also  by  heating  sulphide  of  tungsten  in  chlorine  ;  and,  together  with 
oxychlorides,  by  the  action  of  chlorine  on  an  ignited  mixture  of  tungstic  oxide  and 
charcoal  It  is  less  volatile  than  the  pentachloride  and  oxychlorides,  which  may  there- 
fore be  removed  from  it  by  sublimation.  It  forms  dark-violet  scales,  or  fused  crusts, 
having  a  blackish-grey  colour  and  bluish  metallic  iridescence ;  by  caref^  sublima- 
tion it  may  be  obtained  in  blackish-violet  needles  having  a  metallic  aspect.  It  melts 
at  183°  (C  a  hours),  at  180^  (Forcher),  to  a  black  hquid.  and  yields  a  dark-red 
Tapour  (Forcher);  reddish-yellow  (Blomstrand);  it  decrepitates  on  cooling 
(Bl  cm  strand).  The  vapour-density,  taken  at  the  heat  of  boiling  mercury,  is,  accord- 
ing to  Debray,  11*50;  at  the  heat  of  boiling  sulphur,  11 '86;  the  calculated  density 
for  a  two-volume  condensation  is  13*75,  which  is  considerably  higher  than  the  experi- 
mental numbers.  Debray  observes,  however,  that  it  is  very  difficult  to  obtain  the 
hesichloride  auite  firee  from  pentachloride  (which  has  a  lower  vapour-density)  even  by 
repeated  sublimation  in  chlorine-gas.*  The  hexchloride,  heated  in  contact  with  the 
air,  is  converted  into  dnnabar-red  flocks  of  WCl^O,  and  soft  yellowish-white  flocks  of 
hydrated  tungstic  acid,  WH'O^HH),  or  W0'.2HK) ;  in  moist  air,  or  in  contact  with 
water,  it  is  completely  resolved  into  hydrocJiloric  and  tungstic  acids.  It  dissolves  in 
alkalis,  forming  tnngstates ;  with  alcohol  it  yields  ethylic  chloride  and  blue  tungsten- 

•  J.  Perios  (Ann.  Ch.  Phjri.  [4],  1. 98 :  J«hre»b.  lAfiS,  p.  il3)  T^gudt  ttxantn  as  «  mrul  tKleof* 
inft  to  the  arsMiic  and  ant  inony  group,  lU  oxldfi  beirg  repmrnted  by  the  fonnul«  In^C*,  TuK>*, 
Tu*0^,  the  chlorides  aod  bromioet  bv  rorretponding  formula,  and  ihr  air  mic  weight  of  the  metal  betof 
I  A3  3.  According  to  thli  view,  the  Tapour-deniity  of  tungktfc  chloride,  TuCl»,  ihoald  be 
Iia3  4-    5.3&-5  y  ^Qg^  ^  11^  ^IjJ^Ij  agrect  very  nearl)  with  Dcvtlle'i  dcleraBioattaw 
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oxide,  WK)*,  which,  in  contact  with  the  air,  is  quickly  eonvertad  into  ydlow  tnngitie 
oxide.    (Fore  her.) 

The  Pentaehloride,  or  Tungatoso-tunff site  Chloride .WH^l^*  =WCi*,WC\\ 
ifl  produced  by  the  combustion  of  metallic  tungsten  in  chlorine,  and  in  smalltf 
quantity  by  heating  the  sulphide  in  chlorine,  mixed  in  both  cases  with  the  hexclUo- 
ride,  from  which,  and  from  the  oxychloride  formed  at  the  same  time,  if  moisture  ii 
present,  it  may  be  separated  by  sublimation,  as  its  boiling-point  lies  midway  between 
that  of  the  hexchloride  and  that  of  the  oxychloride  (Fore her).  Th«>  pentachloride 
is  likewise  obtained  by  gently  heating  nitride  of  tungsten  in  chlorine-gas,  and  by  the 
action  of  chlorine  on  an  ignited  mixture  of  tungstic  oxide  and  charcoal. 

Pentachloride  of  tungsten  forms  dark-red  needles,  or  lai^ger  crystals  of  a  purple-rea 
colour.  It  is  more  volatile  than  the  hexchloride,  melts  to  dark -red  drops,  and  iti 
vapour,  which  resembles  nitrous  anhydride,  quickly  condenses  in  soft  crystalline 
masses.  By  water  or  moist  air  it  is  converted  into  yellowish-green  tungstic  add^ 
alkalis  dissolve  it  slowly,  with  evolution  of  hydrogen,  and  transient-blue  coloration, 
forming  solutions  of  tungstates.    (Forcher.) 

According  to  Bloro strand,  on  the  other  hand,  the  pentachloride  is  much  len 
volatile  than  the  hexchloride,  and  to  obtain  it  pure,  the  mixture  of  pentachloride  and 
hexchloride,  produced  as  above,  must  be  heateid  in  an  atmosphere  of  hydrogen ;  can 
being  taken  tnat  the  heat  does  not  rise  too  high,  in  which  case  metallic  tungsten 
would  be  separated.  The  pentachloride  thus  obtained  may  be  resublimed  in  hjdn>- 
gen-gai,  or  better  in  carbonic  anhydride.  Its  colour  is  like  that  of  the  hexchloridi^ 
but  of  a  darker  bladdsh-grey,  without  the  violet  tint.  It  melts  and  volatilises  mnch 
less  easily  than  the  hexchloride ;  yields  a  greenish-yellow  gas ;  crystallises  readily 
in  shining  blackish  needles ;  and  solidifies  from  fusion  in  thecrystalliEe  form.  Water 
decomposes  it,  with  considerable  rise  of  temperature,  and  separation  of  a  blue-bUdt 
oxide,  while  the  liquid  assumes  a  deep  greenish-fellow  colour,  which  it  loses  after 
some  time,  and  more  quickly  when  heated,  depositing  a  greenish  precipitate.  The 
same  appearances,  but  with  deeper  colours,  are  produced  by  treating  the  compoosd 
with  alkalis  or  with  hydrochloric  acid. 

It  is  clear,  from  the  preceding  statements,  that  the  so-called  pentachlorides  obtained 
by  Blomstrand  and  by  Forcher  were  not  identical.  -It  is  most  probable  that  Forcher  • 
compound  is  the  true  pentachloride,  inasmuch  as  Riche  (Jahresb.  1856,  p.  873),  by 
heating  the  hexchloride  in  hydrogen-gas,  obtained,  not  the  pentachloride,  but  the 
tetracUoride,  WCl*,  though  he  states  that  this  compound  is  veiy  diflicult  to  prepare 
in  a  definite  state,  being  easily  resolved,  by  too  strong  a  heat,  into  metallic  toogiten 
and  the  hexchloride.  Altogether  the  chemistry  of  the  chlorides  and  bromidei  of 
tungsten  is  still  in  a  veiy  unsatisfactory  state,  anid  requires  further  investigation. 

OxjeblorlAes. — ^Two  of  these  compounds  are  known,  analogous  to  the  oxybromides, 
and  producible  by  similar  reactions.— TWn^s/ir  dioxychhride,  WC1«0',  or  WCl«.2W0», 
is  most  easily  prepared  by  heating  the  dioxide  in  chlorine-gas ;  it  is  ailso  produced,  in 
considerable  quantity,  when  a  mixture  of  the  trioxide  and  charcoal  is  iguited  in 
chlorine-gas,  especially  when  the  proportion  of  charcoal  to  tungstic  oxide  is  as  5  : 1  or 
4:1.  mue  oxide  of  tungsten  aLso  yields  this  compound  when  heated  in  chlorine, 
either  idone  or  with  charcoal ;  and  it  is  even  produced,  though  in  small  quantity  and 
impure,  when  dry  chlorine  is  passed  over  native  wolfiram,  finely  pulverised  and  ignittd 
(Forcher).  Tne  dioxychlonde  forms  lemon-yellow  or  deep  golden-yellow  flo^  or 
shining  scales,  which  volatilise  between  266^  and  267°i  in  vapours  of  a  deep  but  pan 
yellow  colour  (colourless,  according  to  Blomstrand).  It  is  converted,  sbwlyby 
moist  air,  more  quickly  by  water,  into  hydrochloric  acid  and  yeUow  hydrated  tungitie 
add,  WHH)^.H^.    Alkalis  dissolve  it,  forming  tungstates.    (Forcher.) 

The  monaxffckloride,  WC1*0,  or  2WC1*.W0',  is  formed  when  the  preceding  com- 
pound is  heated,  the  condition  essential  to  its  formation  being  not  so  much  a  high 
tempemture,  as  a  sudden  raising  of  the  heat  above  140°.  It  is  aLw>  invariably  pro- 
duced, together  with  the  yellow  dioxychloride,  in  the  processes  above  given  for  the 
preparation  of  the  latter,  and  when  tungsten  or  the  sulphide  is  burnt  in  chlorine- 
gas,  the  presence  of  air  or  moisture  not  being  completely  excluded.  It  is  of  a  Ainw^h^y 
or  scarlet  colour,  but  sometimes  crystallises  in  slender  needles  of  a  lighter  red  tint, 
or  in  oranffe-yellow  flocks  made  up  of  slender  crystals ;  in  fused  crusts  it  has  a 
carmine  colour.  It  is  the  most  fusible  and  volatile  of  all  the  chlorine-compound*  of 
tungsten,  and  forms  a  deep  reddish-yellow  vapour,  which,  in  contact  with  the  air,  is 
converted  into  /ellowish-white  hydrated  tungstic  acid.  By  water  and  moist  air,  it  it 
quickly  converted  into  hydrochloric  and  tungstic  acids,  and  by  alkalis  into  a  tungitate. 
(jBlomstrand;  Forcher.) 

The  vapour-density  of  this  oxychloride  was  found  by  Debray  to  be  10*74  at  tht 
tenpentturs  of  boiling  mercuiy,  10  27  at  that  of  boiling  sulphur.    The  density, 
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l»tpd  from  the  formula  WC1*0,  for  a  two-Tolame  condeDsation,  if  lt'86 ;  according  to 
the  formula  and  atomic  weight  proposed  bj  Persoz  (footnote,  p.  899),  it  is  9*87. 

TUVOSTaV,  BBTaOTZOV  AVB  B8TZaiA.TZOV  Or.  1.  Blowpipt 
Reactions, — AU  tungsten-compounds  form  colourlf^ss  beads  with  bonix  and  phos- 
phorus-salt, in  the  outer  blowpipe-flame.  With  borax,  in  the  inner  flame,  they  form  a 
yellow  gltibs,  if  the  quantity  of  tungsten  is  somewhat  considerable,  but  colourless  with 
a  Miialler  quantity.  With  phosphorus-salt  in  the  inner  flame  they  form  a  glass  of  a 
pure  blue  colour,  unless  metallic  oxides  are  present,  which  modify  it ;  in  presence  of 
iron,  the  glai<s  is  blood-red,  but  the  addition  of  metallic  tin  renders  it  blue. 

2.  Reaetions  in  Solution. — The  only  soluble  compounds  of  tungsten  are  the 
tungstates  of  the  alkali-metals  and  alkaline  earth-metals,  most  of  the  metatungstates 
(formed  from  ordinary  tungstates  by  addition  of  tnngstic  add  or  abstraction  of  part  of 
the  base),  and  certain  sulphotungstates.  Insoluble  tungsten-compounds  may  be  aecom- 
posed  by  fusion  with  alkaline  carbonate  and  nitrate,  whereby  an  alkaline  tungstate  is 
formed,  which  may  be  dissolved  out  by  water.  The  behaviour  of  tongsten-solutioni 
towards  many  reagents,  differs  according  as  the  solution  contains  orunary  tongstio 
acid  or  metatungstic  add,  the  metatungstates  being  more  soluble  than  the  corro* 
sponding  tungstates ;  but  the  following  characters  are  common  to  both  modifications :— > 

i.  A  soluble  tungstate,  supersaturated  with  sulphuric,  hydrochloric,  phoHphoric* 
oxalic,  or  acetic  acid,  yields,  on  the  introduction  of  a  piece  of  rmc,  a  beautiful  blue 
colour,  arising  from  the  formation  of  blue  oxide  of  tungsten  ;  this  effect  is  not  produced 
with  nitric,  tartaric,  or  citric  acid. — A  soluble  tungstate,  mixed  with  9ulpkide  of  am^ 
moniumt  and  then  with  excess  of  acid,  yields  a  light-brown  predpitate  of  tungstio 
sulphide,  soluble  in  sulphide  of  ammonium. — Sulphydrlc  acid  does  not  precipitate  the 
acidulated  solution  of  a  tungstate,  but  turns  it  blue,  owing  to  the  formation  of  the  blue 
oxide.  These  characters,  together  vrith  the  blowpipe-reactions,  are  sufficient  to  dis* 
tinguish  tungsten  from  all  other  metals.  The  distinguishing  characters  of  tungstates 
and  metatungstates  will  be  described  further  on  (pp.  905,  912). 

3.  Estimation  and  Separation. — ^Tungsten  is  always  estimated  in  the  form  of 
tuDgstic  oxide,  WO*.  When  tungstic  acid  is  present  in  a  solution  not  containinff  any 
other  fixed  substance,  it  is  sufficient  to  evaporate  to  dryness,  and  ignite  the  residue. 
The  tungstic  oxide  is  then  obtained  in  a  state  of  purity,  and  contains  79*3  per  cent,  of 
the  metai.  Tungstous  oxide,  WO^  is  easily  converted  into  tungstic  oxide  by  fusion 
with  carbonate  of  sodium. 

The  best  method  of  separating  tungstic  acid  from  the  fixed  alkalis  is  to  treat  the 
solution,  after  exact  neutralisation  with  nitric  acid,  with  a  solution  of  mercurous  ni" 
irate,  Mercurous  tungstate  is  then  precipitated,  and  the  mercury  may  be  expelled 
from  the  dry  predpitate  by  careful  ignition  in  a  good  draught. 

The  separation  of  tungstic  acid  from  the  earths  may  be  effected  by  decomposing 
the  compound  with  nitric  add,  and  treating  the  decomposed  mass  with  carbonate  of 
ammonia,  which  dissolves  the  tungstic  acid. 

Tungstic  acid  may  be  readily  separated  from  many  metallic  oxides—such  as  the 
Oixidesof  iron,  manganese,  nickel,  cobalt,  lead,  &c — ^by  fusing  the  whole  with 
carbonate  of  sodium,  and  digesting  the  fused  mass  'vith.  water,  whidi  dissolves  the 
tungstic  acid,  and  leaves  the  oxides  undissolved. 

Fromtitanic,tantalic,andniobic  acids,  tungstic  acid  is  separated  by  ammonta,. 
which  dissolves  only  the  latter.  The  separation  is  facilitated  by  addition  of  ammo- 
nium-sulphide. If,  however,  the  substance  containing  these  acids  has  been  ignited* 
mere  digestion  in  ammonia,  or  sulphide  of  ammonium,  will  not  dissolve  the  tungsten : 
in  this  case  it  is  best  to  fuse  the  mixture  with  sulphur  and  carbonate  of  sodium, 
whereby  the  tungsten  will  be  converted  into  soluble  sulphotungstate  of  sodium. 

The  separation  of  tungstic  from  chromic  acid  may  be  effected  by  treating  the 
solution  with  excess  of  hydrochloric  acid,  and  boiling  with  alcohol.  The  chromic  add 
is  thereby  reduced  to  chromic  oxide,  which  may  be  precipitated  by  ammonia,  the 
tongstio  add  remaining  in  solution. 

Tx>  separate  tungstic  from  molybdic  acid,  it  is  best  to  dissolve  the  two  in  an  al- 
kali, add  tartaric  add  and  excess  of  hydrochloric  acid,  which  produces  no  precipitate, 
and  throw  down  the  molybdenum  as  sulphide  by  svJphydric  actd. 

From  silicic  acid,  tungstic  acid  may  be  separated  b^  fusing  the  mixture  with  acid 
atdphate  qf  potassium,  and  digesting  the  fusea  mass  with  water,  which  will  dissolve 
the  tungsten  as  alkaline  tungstate,  and  leave  the  silica.  The  tungstic  acid  may  then 
be  precipitated  from  the  solution  by  mercurous  nitrate.  Tungsten  has  not,  however, 
been  found  in  any  natural  silicate. 

The  separation  of  tungsten  from  tin  is  especially  important,  as  wolfram  is  often 
mssociated  with  tin-ores,  and  the  two  metals  likewise  occur  together  in  many  tantalites 
and  columbites.    When  biannic  and  tungstic  acid  exist  together  in  soUtiftn,  they  ars 
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easily  separated  by  sulphydric  acid,  which  precipitates  tlie  tin  from  the  aodnkted 
liquid  as  stannic  sulphide,  and  leayes  the  tungsten  in  solution.  When  stumie 
and  tungstic  oxides  are  mixed  together  in  the  solid  state,  the  separation  maj  be 
effected  by  igniting  a  weighed  quantity  of  the  mixture  in  a  corered  porcelain  crucible, 
and  passing  a  stream  of  hydrogen-gas  into  the  crucible,  through  a  hole  in  the  eorer. 
The  loss  of  weight  thereby  occasioned  is  about  equal  to  that  which  would  correspond 
to  the  complete  reduction  of  the  tin-oxide  to  metal,  and  of  the  trioxide  of  tungsten  to 
dioxide.  The  ig:nited  residue  is  then  boiled  with  hydrochloris  acid,  the  tin  is  precipi- 
tated &om  the  filtered  solution  by  hydrochloric  acid,  and  the  precipitated  sulphide  is 
converted  by  roasting  into  stannic 'oxide.  Lastly,  the  dioxide  of  tungsten  is  conrerted, 
by  ignition  in  the  air,  into  trioxide,  and  the  latter  is  weighed.  The  separation  cannot 
be  effected  by  fusing  the  mixture  with  acid  sulphate  of  potassium  (H.  Rose  and 
Dexter,  Pogg.  Ann.  xcii.  835;  Jahresb.  1854,  p.  781).  According  to  Bam mels- 
berg  (Pogg.  Ann.  cxx.  66;  Jahresb.  1863,  p.  678),  the  separation  effected  by  the 
preceding  method  is  not  complete,  unless  the  heat  applied  is  strong  enough  to  reduce 
the  tungsten  as  weU  as  the  tm  to  the  metallic  state,  and  in  that  case  a  small  quantity 
of  tin  is  volatilised.  He  recommends,  as  a  better  method,  to  ignite  the  mixture  of  tlm 
two  oxides  repeatedly,  and  till  no  more  loss  of  weight  takes  place,  with  6  or  8  pts.  of 
sal-ammoniac.  To  prevent  the  deposition  of  stannic  oxide  on  the  outside  of  the  cru- 
cible, it  should  be  enclosed  within  a  larger  one,  and  heated  rather  quickly.  The 
residual  tungstic  oxide  is  finally  ignited  in  contact  with  the  air. 

4.  Atomic  Weight  of  Tungsten,  ^Theolder  determinations  of  the  atomic  weight  of 
this  metal,  by  Berzelius  and  others,  did  not  lead  to  correct  results.  Schneider  (Ann. 
Ch.  Pharm.  Ixxvii.  261),  by  reducing  tungstic  oxide,  WO*,  in  a  current  of  hydrogen, 
found  that  100  pts.  of  the  oxide  yielded  79*316  pts.  of  metallic  tungsten ;  and  on 
reoxidising  the  metal,  he  found  that  79*327  pts.  of  tungsten  yielded  100  pts.  of  the 
trioxide.  The  mean  of  these  results  gives  W  »  184*12.  Marchand(i^.  IxxviL 
261),  by  similar  experiments  of  reduction  and  oxidation,  found,  as  a  mean  value, 
W  »  1841 ;  Borck  (J.  pr.  Chem.  liv.  254)  found,  in  like  manner,  the  number  184 ; 
and  the  name  result  has  been  obtained  by  Dumas  (Ann.  Ch.  Pharm.  cxiii.  23). 
This  last  number  may  be  regarded  as  the  true  atomic  wei^t  of  tungsten,  supposing, 
MS  most  of  the  chemical  relations  of  tungsten  seem  to  show,  that  its  highest  oxide 
has  the  composition  WO*,  and  the  corresponding  chloride  WCl*. 

The  proposal  of  Persoz  to  regard  tungstic  oxide  as  Tu'O*,  the  corresponding  chloride 
as  TuCP,  the  atomic  weight  of  tungsten  being  163*3,  has  already  been  noticed  (p.  899). 
The  agreement  of  the  vapour-density  of  tungstic  chloride  calculated  from  this  formols 
with  Debray's  experimental  number,  is  certainly  remarkable;  but,  on  the  other  hand, 
the  specific  heat  of  the  metal,  as  determined  by  Regnault,  agrees  better  with  the 
atomic  weight  184  (according  to  the  law  of  Dulong  and  Petit)  than  with  153*8 
(see  Heat,  iii.  30) ;  moreover  the  composition  of  the  tungsten-compounds  is,  on  the 
whole,  more  conveuiently  represented  by  the  ordinary  formula,  than  by  those  suggested 
by  Persoz. 

TUVOBTXV,  niTOSZXIB  OF.  Tungstic  oxide,  after  ignition,  is  but  sparingly 
dissolved  by  hydrofluoric  acid ;  precipitated  tungstic  acid  forms,  with  hydxoflooric  acid, 
a  yellow  milk^  liquid,  soluble  in  a  leu^e  quantity  of  water.  The  solution,  when  slowly 
evaporated,  yields  a  yellow  syrup,  which  at  a  higher  temperature  gives  off  a  portion  of 
its  acid,  and  solidifies  to  a  greenish  fissured  mass.  This  mass  is  not  decomposed  by 
ignition  in  a  close  vessel ;  it  redissolves  imperfectly  in  water,  forming  a  milky  liquid ; 
the  insoluble  part  consists  of  tungstic  acid,  which  retains  a  portion  of  Uie  hydroflaorie 
acid  so  obstinately,  that  the  latter  can  only  be  expelled  by  igniting  the  tungstic  add 
with  lumps  of  ammonium-carbonate.  The  solution  contains  tungstic  add,  with  excess 
of  hydrofiuoric  acid.   (Berzelius.) 

Tungstic  fluoride,  WP,  forms,  with  the  more  basic  metallie  fluorides,  oompoundt 
which  nave  not  yet  been  isolated,  and  are  known  only  in  combination  with  tuugstates 
(Berzelius).  These  double  oxy fluorides,  which  are  produced  by  treating  tungstates 
with  hydrofluoric  acid,  appear  to  be  isomorphous  with  the  corresponding  nuosihoates, 
fluostannates,  and  fluotitanates.  Thus  cupric  oxyfluotungstate,  CuWOT*,  and  eopric 
fluotitanate.  CuTiF*,  form  isomorphous  compounds  with  fluoride  of  ammonium  ;  whence 
it  appears  as  if  oxygen  could,  in  certain  cases,  replace  fluorine  atom  for  atom,  although 
the  ratio  of  the  atomic  weights  of  these  elements  is  not  the  same  as  that  of  their 
equivalents.    (Marignac,  Ann.  Ch.  Pharm.  cxxv.  362 ;  Jahresb.  1862,  p.  144.) 

TUVCMTBV  MXaimiAXN  Native  tungstate  of  calcium,  also  called  sc  h  eelt  tt 
(p.  907). 

TUflCNMnnr,  VZTKZBB  or.  When  either  of  the  chlorides  of  tungsten  is 
placed  at  the  sealed  end  of  a  long  glass  tube,  and  in  front  of  it  a  few  dried  lumps  of 
sal-ammoniac,  the  empty  part  of  the  tube  then  heated  to  redness,  and  the  beat 
gradually  extended  to  the  closed  end,  so  th.it  the  two  salts  may  be  volatilised  and 
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mix  in  the  gaseotiB  form  at  a  red  heat,  doable  deoomposition  takes  place  ;  and  after 
tht"  excess  of  sal-ammoniac  has  been  removed,  the  entire  inner  sur&oe  of  the  tnbe  is 
found  to  be  covered  with  ablack  specular  semimetallic  coating,  which  may  be  separated. 
partly  in  brittle  crusts,  partly  as  a  black  powder.  This  pn)duct  consists  either  of 
nitride  of  tungsten,  or  of  a  compound  of  that  substance  with  an  amide  of  tungsten, 
calU'd  by  Wohhr  tungsten-nitretamide,  and  containing  either  2 WN*.W(NH*)', 
or  W'N-.2W(N1I^)*.  It  gives  oflf  a  large  quantity  of  ammonia  when  fused  with  potash, 
and  is  converted  into  tunjstic  oxide  by  ignition  in  the  air.  By  the  action  of  ammonia- 
gas  on  tungstic  oxido,  at  a  mr^orate  red  heat,  compounds  are  formed  cont-aining 
nitrido,  amide,  and  oxide  of  tungsten.  When  finf ly-divided  tungstic  oxide,  spread  in 
a  thin  layer  on  the  inside  ot- a  glass  tube,  is  heated  in  dry  ammonia-gas,  tangsten- 
nitretamidoxide,  3WK^2W(NH0.2WO«,  is  formed,  as  a  black  substance  which  is 
not  decomposed  by  acids  or  alkalis,  gives  off  ammonia  when  heated  alone,  and  when 
heated  in  the  air,  burns  with  vivid  glow  to  yellow  tungstic  oxide.  (Wohler,  Ann.  Ch. 
Pharm.  Ixxiii.  190;  cv.  2-38;  Jahresb.  1860,  p.  303;  1858,  p.  168.) 

TU»08TB«,0XZBB8  OF.  Tungsten  forms  three  oxides--viz.  WO*,  WO*,  and 
W-0* — neither  of  which  exhibits  basic  properties,  so  that  there  are  no  salts  of  tungsten 
in  which  the  metal  replaces  the  hydrpgen  of  an  acid,  or  takes  the  electropositive  part. 
The  dioxide  forms  a  definite  compound  with  soda,  and  the  trioxide  exhibits  decided 
acid  tendencies,  uniting  with  basic  metallic  oxides,  and  forming  definite  crystalli sable 
salts  called  tang  states.  The  oxide,  W-0^  may  bo  regarded  as  a  compound  of  the 
other  two,  that  is  as  a  tungstate  of  tungsten,  WO*.  WO'. 

BloziAe  of  Tongrsteiif  or  Tangrstoiis  Oxide,  WO*. — ^This  oxide  is  obtained  as  a 
brown  powder  when  tungstic  oxide  is  reduced  by  hydrogen  at  a  temperature  not  ex- 
ceeding low  redness.  Tungstic  oxide  may  also  be  deprived  of  oxygen  in  the  wet  way, 
by  pouring  diluted  hydrochloric  acid  over  it,  and  placing  zinc  in  the  liquor :  the  tri- 
oxide then  gradually  changes  into  the  dioxide,  in  the  form  of  brilliant  crystalline 
plates  of  a  copp<>r-red  colour.  No  saline  compounds  of  this  oxide  with  acids  are 
known.  When  digested  in  a  strong  solution  of  potassic  hydrate,  it  dissolves,  with 
disengagement  of  hydrogen-gas  and  formation  of  potassic  tungstate. 

A  UtngHtite  of  sodium^  Na'W''0*=Na*0.2W0*,  is  obtained  by  adding  to  fused  tung- 
state of  sodium  as  much  tungstic  oxjde  as  it  will  take  up,  and  exposing  the  mass,  at  a 
red  heat,  to  hydrogen-gas.  After  dissolving  out  the  neutral  undecomposed  tungstate 
by  water,  the  tungstite  remains  in  golden-yoUow  scales  and  regular  cubes,  possessing 
the  metallic  lustre  and  a  striking  resemblance  to  gold.  This  compound  is  not  decom- 
posed by  sulphuric,  nitric,  or  nitromuriatic  acid,  or  by  alkaline  solutions,  but  yields 
to  hydrofluoric  acid.     It  cannot  be  prepared  by  uniting  soda  directly  with  the  dioxide. 

Trioxide  of  Tniiflrsteii,  Tangretlo  Oxide  or  Anttydride*  WO*. — 
This  oxide  occurs  native  as  tungstic  ochre,  wolfram-ochre,  or  wolframine, 
accompanying  wolfram  or  other  ores  of  tungsten,  in  Cumberland,  at  SL  Leonard 
nr'ar  Limoges,  in  Moumo  County,  Connecticut,  and  in  Cabarras  County,  North 
Carolina ;  sometimes  in  cubes,  sometimes  pulverulent  and  earthy,  of  a  bright-yellow 
or  yellowish-gr»^n  colour. 

Tungstic  oxide  is  prepared  from  schcelite  (native  tungstate  of  calcium),  or  from. 
wol  fram : 

1.  Finely-pulverised  scheelite  is  decomposed  by  nitric  or  hydrochloric  acid ;  the 
Boluble  nitrate  or  chloride  of  calcium  is  washed  out  witli  water,  and  the  remaining 
tungstic  acid  is  ignited. 

2.  Finely-pulverised  wolfram  is  repeatedly  digested  with  strong  hydrochloric  acid. 
At  last  with  addition  of  a  little  nitric  acid,  to  dissolve  out  the  iron  and  manganese, 
the  tungstic  acid  which  remains  is  washed  and  dissolved  in  aqueous  ammonia ;  the 
solution  evaporated  to  dryness  ;  and  the  residual  acid  ammonium-salt  heated  in  contact 
with  the  air:  tungstic  oxide  then  remains  in  pale-yellow  scales. — 3.  One  pt  of  pul- 
Terised  wolfram  is  fused  with  2  pts.  carbonate  of  potassium ;  the  fused  mass  is  digested 
with  water;  the  filtered  solution  mixed  with  s«il-aminoniac  and  evaporated;  and  the 


calcium  ;  the  fus<-d  mjiss  is  treated  with  water,  which  leaves  tungstate  of  calcium  un- 
dissolved;  this  salt  is  decomposed  by  boiling  with  hydrochloric  acid;  the  residual 
tungstic  acid  is  dissolved  in  ammonia  (to  free  it  from  silica) ;  and  the  ammonium-salt, 
obtained  on  evaporating  the  filtrate,  is  ignited  in  contact  with  the  air.     (Wohler.) 

The  solution  of  alkaline  tungstate  obtained  by  either  "of  the  preceding  methods  may 
also  Ije  mixed  with  mercurous  nitrate,  whereby  a  precipitate  of  mercuious  tungstate  is 
obtained,  which  on  i^ition  leaves  pure  tungstic  oxide. 

Anhydrous  tungstic  oxide  is  a  lemon -yellow  or  sulphur-yellow  powder,  darker  or 
lighter  according  to  the  mode  of  prepardtiou.    Nordenskjold,  by  fusing  the  tungstic 
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hydrate  with  borax  in  a  pottarj-farnaoe,  obtained  the  anhydrouB  oxide  !n  small  trant- 
parent  tables  or  short  prisms  belonging  to  the  trimetric  system.  Bebray  (Compt 
rend.  ly.  287 )t  by  strongly  igniting  a  mixture  of  sodic  carbonate  and  tongstate  in  a 
current  of  hydrochloric  acid  gas,  obtained  the  tungstic  oxide  in  octahedral  crystals^ 
some  small  and  translucent  with  yellowish  colour,  others  larger,  blsck,  and  opaque. 

TiingStic  oxide  has  a  specific  gravity  of  5*27  (Herapath),  6*12  (d'Elhujar),  7*14 
(K  ros  t  en).  It  is  tasteless,  insoluble  in  water  and  in  most  acids,  only  slighUy  soluble 
iu  strong  hydrochloric  and  in  hydrofluoric  acids.  When  heated,  it  becomes  transiently 
darker  and  greenish,  at  very  high  temperatures,  but,  according  to  Bernoulli  (Jahresh. 
1860,  p.  153),  the  greenish  and  the  yellow  oxides  have  exactly  the  same  composidoa. 
Tungstic  oxide  melts  at  the  heat  of  a  forge-fire,  and  volatilises  quickly  when  heated  oa 
charcoal  before  the  oxyhydrogen-blowpipe.  When  heated  for  ten  or  twenty  minutes 
before  the  oxyhydrogen-blowpipe,  in  a  covered  platinum-crucible,  it  forms  a  crystaUine 
crust,  the  sur&ce  of  which  exhibits  crystals  apparently  formed  by  sublimation  ;  no  sub- 
limate is,  however,  formed  on  the  sides  of  the  crucible.  In  hydrochloric  acid  gas,  tungstic 
oxide  volatilises  easily,formingasublimate  ofpale-yellow  stellate  needles.  (SchafariL) 

Tungstic  oxide  turns  greenish  on  exposure  to  light*  probably  in  eonsequenee 
of  the  reducing  action  of  organic  particles  in  the  air.  According  to  Liesegang 
(Jahresb.  1866,  p.  214),  when  exposed  to  lisht  in  contact  with  org€mic  $ubatance$^  it  is 
reduced  to  blue  oxide.  When  heated  to  redness,  in  contact  with  charcoal  or  Aytfn^m, 
it  is  reduced  to  dioxide  or  metal,  according  to  the  temperature  and  the  duration  of  the 
action ;  by  ignition  with  potassium  or  sodium^  it  is  reduced  to  metal ;  by  ignitioo  in 
dry  ammonia-gas^  it  is  converted  into  oxynitretamide  of  tungsten  (p.  903),  hj  heatiog 
with  sulphur  to  blue  oxide. — ^When  it  is  heated  with  pefUachloride  of  phosphorus,  oxy* 
chloride  of  phosphorus  passes  over,  together  with  smi^  quantities  of  tungstic  chlorida 
and  oxychloride,  WCI*0 ;  the  greater  part  of  the  tungsten,  however,  remains  in  the  ro- 
sidue  which,  when  treated  with  water,  yields  hydrochloric  add  and  a  mixture  of  tungstic 
oxide  with  the  blue  oxide.  (Qerhardt  and  Chiozza,  Ann.  Ch.  Pharm«  lxxxvii.290; 
Jahresb.  1853,  p.  395 ;  see  also  Schiff,  ibid.  1857,  p.  106  ;  Weber,  ibid,  1859.  p.  79.) 

Tungstic  oxide  is  also  reduced  by  zinc  and  hydrochloric  acid,  by  tianncus  cJUoride, 
or  by  boiling  with  organic  bodies  and  water — first  to  the  blue  oxide,  then,  bj  fintlMr 
reduction,  to  the  brown  dioxide. 

TuKQSTio  Acid. — Tungstic  oxide  dissolves  in  aqueous  alkalis  or  alkaline  csr- 
bonates,  slowly  in  the  cold,  more  quickly  at  the  boiling  heat,  forming  solutions  of 
tungstates ;  and,  on  prfoipitating  the  hot  solutions  of  these  salts  with  an  acid,  tung- 
stic monohydrate,  or  tungstic  acid,  H'WO^ »  H'O.WO',  is  obtained  as  ayellov 
precipitate ;  it  dissolves  in  hydrofluoric  acid,  and  separates  from  the  solution  in  oystali 
on  evaporation. 

By  mixing  a  dilute  solution  of  an  alkaline  tungstate  with  hydrochloric,  nitric,  or 
sulphuric  acid,  a  white  ^latinous  precipitate  is  obtained,  having,  when  siiMlried,  ths 
composition  of  tungstic  dihydrate  or  hydrated  tungstic  acid,  2fl*0.W0'  » 
H^WO^.H'O. — ^This  hydrate  is  likewise  formed  by  the  decompoaition  of  tungstic  cfalo> 
ride,  or  oxychloride,  with  water ;  after  washing  and  drying,  it  is  sometimes  yt^llowiflh- 
grey  and  translucent,  sometimes  black  and  opaque ;  when  finely  pulverised,  it  is  said 
to  dissolve  in  200  pts.  of  boiling,  and  300  pts.  of  cold  water.  (Anthon,  J.  pr. 
Chem.  ix.  6. — Riche,  Ann.  Ch.  Phys.  [3],  1.  6.) 

Tungstic  acid  reddens  litmus,  and  dissolves  in  aqueous  fixed  alkalis,  and  in  ammonis. 

T  UNO  STAT  Bs. — ^Tungstic  acid  unites  with  bases  in  various  and  often  in  very 
unusual  proportions.  The  salts  have  been  examined  by  Berselius  (Poeg.  Ann. 
iv.  147;  viii.  267),  Anthon  (J.  pr.  Chem.  viii.  399;  ix.  6,  8,  and  337),  Margue- 
ritte  (J.  Pharm.  [3],  vii.  222),  Laurent  (Ann.  Ch.  Phys.  [5],  xxi.  54),  Lots  (Ann. 
Ch.  Pharm.  xci.  49;  Jahresb.  1854,  p.  339),  Scheibler  (Berl  Akad.  Ber.  1860, 
p.  208;  Jahresb.  1860,  p.  154),  and  Marignac  (Ann.  Ch.  Phys.  [3],  Ixix.  5;  Jah- 
resb. 1862,  p.  143) ;  but  the  results  of  these  investigations  are  not  very  accordsat, 
inasmuch  as  the  salts  often  differ  considerably  in  composition  and  properties,  accord- 
ing to  the  mode  of  preparation  adopted.  Laurent,  from  the  behaviour  of  the  ammo- 
nium-tungstates,  was  led  to  admit  the  existence  of  five  isomeric  or  polymeric  modi- 
fications of  the  tungstates ;  but  from  recent  investigations,  it  appears  that  the  num- 
ber of  modifications  of  tungstic  acid  and  its  salts  may  be  reduced  to  two,  vis. : 

1.  Ordinary  tungstic  acid,  which  is  insoluble  in  water,  and  forms  insolubls 
salts  with  all  metals,  except  the  alkali-metals. 

2.  Metatungstic  acid,  which  is  soluble  in  water,  and  forms  soluble  salts  with 
nearly  all  metals* 

Ordinary  Tungstates. 

Ordinary  tungstic  acid  forms  both  neutral  and  acid  salts.  The  neutral  tongstatcfl 
contain  M*WO*,  or  MH).WO' ;  the  acid  salts  were  formerly  supposed  to  be  either 
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diacid,  Br0.2W0»  «  M»WO*.WO«,  ortriacid,  MK).3W0»  -  M*W0*.2W0».  Accoiding 
to  Scheibler,  however,  the  acid  tungstates  have  inffeneral  the  formula 8MH).7 WO* 
4HK),  and  may  be  regarded  as  double  salts  composed  of  seequituigstatea  and  teira- 
tungstates-— (.e.,  as  2M>0.3WO>  -t-  WOAWO*,  or  perhaps  of  diadd  and  triadd  salts, 
2(M^O.2W0«)  +  M^.3W0»  (according  to  Per  8Oz,2M'O.2H»0.3TuK)*).  According  to 
Laurent,  the  empirical  formula  of  the  acid  8altsis5M^0.12WO*.fH'0;  and  according 
to  Murignac.  this  formula  agrees  with  the  analytical  results  more  nearly  than  that 
given  by  Scheibler;  but  the  percentage  composition  deduced  from  the  one  formula 
diflers  so  little  from  that  given  by  the  other,  that  it  is  difficult  to  decide  between  the 
two  by  analysis.  ScheiblePs  formula,  however,  which  is  the  more  simple  of  the  two,  is 
geneRillj  preferred.  Marignac  designates  these  salts,  which  he  reganls  as  containing 
6  at.  basic  oxide  to  12  at.  tungstic  anhvdride,  or  6  at.  monatomic  metal  to  6  at.  tung- 
sten, as  paratung  states;  he  finds  that  the  ammonium-sAlt  having  this  composition 
cannot  be  converted  into  the  neutral  tungstate  by  digestion  with  ammonia.  They 
are  produced  more  easily,  and  crystallise  better,  than  acid  tungstates  contaiuing  any 
other  proportion  of  base  and  acid. 

Of  the  ordinaiy  tungstates,  only  those  of  the  idkali-metalB  and  magnesium  are  so- 
luble in  water,  and  these  are  but  sparingly  soluble.  They  may  be  prepared  in  the  wet 
way  by  dissolving  tungstic  oxide  or  tungstic  acid  in  alkalis,  or  aOumne  carbonates, 
most  easily  at  the  boiling  heat  They  are  also  easily  formed  by  fusing  tungstic  oxide 
with  the  hydrates,  carbonates,  or  acid  sulphates  of  the  alkali-metals.  They  have  a 
bitter  metallic  taste,  and  excite  an  \mpleasant  feeling  in  the  throat.  The  insoluble 
tungstates  are  prepared  by  igniting  tungstic  oxide  with  metallic  oxides  or  carbonates, 
or  from  the  soluble  salts  by  precipitation ;  also  by  fusing  an  alkaline  tungstate  with 
the  coiresponding  metallic  chlorides  (chloride  of  (»ldum,  for  example) ;  on  exhausting 
the  mass  with  water,  the  insoluble  tungstate  remains  in  the  crystalline  state  (Manross, 
Ann.Ch.  Pharm.  Ixxxi.  243;  Ixxxii.  356,  357).  Larger  crystals  are  obtained  by  adding 
chloride  of  sodium  to  the  fused  mixture.  (Geuther  and  Foraberg,  ibitL  **^^.  268. — 
Schultse,  i6u2.  cxxvi.  56.) 

Those  tungstates  which  are  insoluble  in  water  are  also,  for  the  most  part,  insoluble 
in  dilute  acicu ;  by  heating  with  concentrated  acids,  thoy  are  decomposed^  with  separa- 
tion of  tungstic  acid  (a  character  by  which  they  are  distinguished  from  the  meta- 
tungstates);  in  the  case  of  phosphoric  add,  the  predpitated  tungstic  add  dissolves  in 
excess.  At  ordinary  temperatures,  tungstates  are  but  imperfectly  decomposed  by 
concentrated  acids,  chiefly  because  a  certain  quantity  of  soluble  tungstic  add  is  formed 
at  the  same  time  (p.  911^.  Alkaline  tungstates  in  solution  are  decomposed  by  sul- 
phuric, hydrochloric,  nitnc,  and  acetic  acios,  the  greater  part  of*  the  tungstic  add  being 
separated  as  a  yellow  or  white  hydrate,  which  does  not  dissolve  in  an  excess  of  the  pred- 
pitating  acid  (except  phosphoric  acid) ;  it  dissolves,  however,  in  a  large  quantity  of  water. 

The  precipitate  obtaincNl  from  cold  solutions  is  frequently  white,  but  gradually  turns 
yellow  even  in  the  cold,  and  more  quickly  when  heated.  The  composition  of  this 
white  precipitate  has  been  variously  stated.  Scheele  regarded  it  as  pure  tungstic 
oxide,  which  however  is  not  correct;  according  to  Anthon  and  Kiche,  it  is  the 
di hydrate,  W0*.2U'0 ;  according  to  Marignac  and  others,  it  contains  a  basic  tung- 
state, or  it  is  a  compound  of  tungstic  acid  with  the  precipitating  acid.  Whether  the  pre- 
cipitate retains  alkali  or  add  depends  on  the  relative  quantity  of  the  precipitating 
add,  the  dilution  of  the  liquid,  and  perhaps  also  on  the  temperature. 

Lisoluble  tungstates,  whoso  bases  are  insoluble  in  alkaline  carbonates,  are  decomposed 
by  fusion  with  alkaline  carbonate. 

Solutions  of  alkaline  tungstates  give  white  predpitates  with  salts  of  barium,  Biran^ 
Hum,  calciuTH,  aluminiitm,  tine,  lead,  and  mereuricum ;  yellowish-white  with  mercti- 
reus  nitrate;  peach-blossom-coloured  with  chloride  of  cobalt;  bluish-white  with 
nitrate  of  copper. — Stannous  chloride  forms  a  yellowish  predpitate,  which,  when 
warmed  with  nydiochloric  or  sulphuric  add,  turns  blue,  from  formation  of  blue 
tungsten-oxide. 

Ferroeyanide  of  potassium  forms  in  solutions  of  alkaline  tungstates,  after  addition 
of  hydrochloric  add,  a  brown  flocculent  precipitate,  soluble  in  pure  water  fi^e  from 
acid  (distinction  from  metatungstates).  Solutions  of  alkaline  tungstates  are  not 
altered  by  tincture  of  galls,  till  an  acid  is  likewise  added,  in  which  case  a  thick  cho- 
colate-coloured predpitate  is  formed.  Tungstic  acid,  previously  precipitated  b^  acids, 
is  also  coloured  brown  by  tincture  of  galls.  Alkaline  tungstates,  ignited  with  sal- 
ammoniac,  out  of  contact  with  the  air,  yield  a  tungstate  of  tungsten  and  the  alkali- 
metal,  together  with  a  black  substance,  probably  consisting  of  oxynitretamide  of 
tungsten  (p.  903).  For  the  blowpipe-reactions  of  tungstates,  and  the  reactions  of 
soluble  tungstates  with  zinc  and  with  sulphide  of  ammonium,  see  p.  901. 

Alkaline  tungstates  arc  sometimes  used,  in  place  of  stannates,  as  mordants ;  they  are 
also  employed  for  rendering  light  fabrics  noc-inflammublo  (i.  1 102). 
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TuKOSTJLTBS  OF  Alvminiuil — The  neutral  salt,  obtained  by  preeipitatiflg  t 
neutral  alkaline  tongstate  with  alum,  is  white,  floccnlenti  inaolnble  in  water,  bat  8oliible 
in  aqueons  ammonia  and  in  acids.— The  acid  wit,  AlK)*.7WO*.9H^O  (at  100^),  obtftined 
by  precipitation  with  an  acid  tongstate  of  alkali-metal  is  cnrdy,  nniti^d  in  resinouf 
lumps,  and  forms,  when  dry,  a  vitreous  mass,  having  a  conchoi'dal  fracture.    (Lots.) 

Tttnosta-Tes  of  AifMONitJM.— a.  The  neutral  salt  is  formed  by  digf^ting 
tungstic  acid  or  oxide  with  aqueous  ammonia ;  on  evaporating  the  solution,  ammonia  ii 
given  off,  and  an  acid  salt  remains. 

/8.  The  sesquiacid  salt,  2(NH«)20.3WO».8H»0  «  (NH<)«H«(W0*)».2fl«0,  sometime 
crystallises  from  a  very  concentrated  neutrul  solution  of  tungstic  acid  in  ammonia,  io 
warty  crystals,  which  give  off  ammonia  in  contact  with  the  air,  leaving  the  following  salt 

7.  3(NH*)*0.7WO».6H»0  =  (NH*,«H«(W0*)'.2H«0.— This  salt,  to  which  Marig. 
nae  assigns  the  formula  5(NH*)'0.12WOMlH*0,  is  obtained  by  slow  evaporation  of 
s  cold  solution  of  tungstic  acid  in  ammonia  (Lotz;  Scheibler).  It  forms  vitrMnu 
rhombic  tables  or  prisms,  acuminated  with  four  fices  resting  on  t^e  edges  of  ths 
prism.  It  has  a  biting  bitter  taste,  reddens  litmus  slightly,  dissolves  in  26  to  2B  pti. 
of  cold  water,  is  sparingly  soluble  also  in  aqueous  ammonia,  and  insoluble  in  alcohol 
The  solution  gii^es  with  nitric  acid  a  white  precipitate,  which  turns  yellow  gradually 
in  the  cold,  immediately  on  boiling.  When  ignited  in  a  close  vesseC  it  leaves  bla« 
oxide  of  tungsten,  and,  when  ignited  in  contact  with  the  air,  it  leaves  pure  tungstie 
oxide,  which  retains  the  form  of  the  crystals. 

When  the  solution  is  evaporated  by  heat,  small  shining  crystals  are  obtained 
(oblique,  striated,  rhombic  pnsms,  according  to  Marignac),  containing  3(NH*)K). 
7WO».3H«0  [or,  according  to  Laurent,  6(NH*)«0.12WO».4H»0;  according  to  Ma- 
rignac,  6(NH<)«0.12WO*.6H»0] ;  they  give  off^  at  water  at  160°,  and  are  recon- 
Terted  into  the  hexhydiated  salt  by  solution  in  water,  and  slow  evaporation.  (Scheibler.) 

«.  An  amTiumiO'trihydric  tetratungstate,  (NH*)K).3H»0.4WO»  «  (NH*)'H«(WO«V, 
is  always  formed  (according  to  Riche)  when  a  solution  of  ammoninm-tungstate  is 
left  to  evaporate  slowly ;  and  separat4«  at  ordinary  temperatures  in  shining  lamiiie 
containing  3  at.  water ;  at  40*^--d0^,  in  needles  containing  2  at.  water. 

According  to  Wo  hie  r  and  Anthon,  an  acid  tungstate  of  ammonium  is  produced, 
with  evolution  of  ammonia,  when  tungstate  of  potassium  or  sodium  is  boiled  with  sal* 
ammoniac.  According  to  Laurent,  Lotz,  and  others,  the  salt  thereby  formed  is  a 
double  tungstate  of  ammonium  and  potassium  or  sodium. 

e.  The  salt,  2(NH*)*0.6WO«.6H«0  -  (NH;)«H«(W0*)*.2H*0,  crystallises  on  co.>l. 
ing  from  a  solution  of  the  salt  7,  saturated  while  hot,  in  rhombic  octahedrons,  soluUe 
in  26  to  29  pts.  of  water.  On  recrystallising  it  from  water,  thin  nacreous  needles  an 
sometimes  formed,  containing  2[(NH<)»H»(WO*)*].3H»0.    (Marignac) 

TuN0STATB8  0FBa.BiuM.--a.  The  neutral  salt,  'BsTWO*  «-  BaO.WO",  is  ob- 
tained, in  the  anhydrous  state,  by  precipitation  from  the  solution  of  a  neutral  tungstate 
of  alkali-metal.  It  is  a  white  powder,  insoluble  in  water,  decomposed  by  the  stronger 
acids,  and  also  by  alkaline  carbonates,  both  in  the  wet  and  in  the  dry  way.  Aooordioff 
to  Scheibler,  the  precipitate  formed  by  chloride  of  barium  in  a  solution  of  neotn! 
flodium-tungstate  is  always  a  mixture  of  different  salts ;  but  the  neutral  tungstate  may 
be  obtained  pure  by  heating  the  metatungstate  with  hydrate  of  barium,  or  by  drop- 
ping baryta-water  into  a  moderately  dilute  and  boiling  solution  of  acid  tungstate  of 
sodium,  (3NaK).7WO'),  as  long  as  the  resulting  precipitate  is  redissolved;  the  solatioo 
on  cooling  deposits  a  double  salt,  and  the  cooled  mother-liquor  yields,  with  excess  of 
baryta -water,  a  white  bulky  precipitate,  which  soon  becomes  dense  and  crystalling 
and  then  forms  spicular  octahedrons  of  pure  neutral  barium-tungstate.  The  salt  thus 
obtained,  as  well  as  that  prepared  from  the  metatungstate,  contains  2Ba'lV0*.H'0. — 
The  anhydrous  salt  is  formed,  in  the  dry  way,  by  fusing  together  2  pts.  sodium-tung- 
state,  7  pts.  barium-chloride,  and  4  pts.  sodium-chloride,  and  crystallises  in  coloorleea 
octahedrons,  apparently  isomorphous  with  the  caldum-salt ;  they  are  decomposed  by 
strong  nitric  aad  at  the  boiling  heat  only.    (Geuther  and  Forsberg.) 

/8.  Acid  salt,  8BaO. 7 W0«.8H«0.— Obtained  by  precipitation  from  the  add  iodinoi. 
salt.    White ;  becomes  anhydrous  and  yellowish  by  ignition.    (Lots.) 

Sodio-baric  tungstate,  ^*^|7WOM4HK)  (Scheibler),  or  g^^^j  12WO«.24H«0 

(Marignac),  separates  in  thin  plates  on  cooling,  from  a  hot  solution  of  add  sodium- 
tungstate,  after  addition  of  baiyta-water. 

TuNOSTA-TBOF  CiLDMiUM  is  obtained  in  colourless  crystals,  perhaps  isomor- 
phous with  the  caldum-salt^  by  fusing  4  pts.  sodium-tungstate  with  11  pts.  cadmium- 
chloride  and  16  pts.  common  salt  (Geuther  and  Forsberg). — An  ammonio^adme 
tungstate,  4(3Cd0.7WO«).[3(NH<)«0.7WOn  +  Z5W0,  is  obtained,  as  a  white  bulky 
predpitate,  on  mixing  the  solutionB  of  add  ammonium-tungstate  and  cadmium-sul- 
phate.   (Lota.) 
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TvvGSTATs  OF  Calcium,  Ca'^0\  or  CaO.WO*,  ooenn  native,  as  ichealite  or 

tangsten,  in  quadratic  pyromida  F,  modified  by  the  &ce8  2Poo  and  -^  the  latter 

occnrriDg  hemihedrallj.  For  F,  the  length  of  the  principal  axis  is  1*0858 ;  the  angle 
F  :  F  in  the  terminal  edges  i-  107"^  20';  in  the  lateral  edges  -  IIZ^  61'.  ^le 
crystals  cleave  indistinetlj  parallel  to  F,  more  distinctly  parallel  to  2Foo.  The 
mineral  likewise  occurs  reniform,  with  columnar  structure,  and  massive  granular. 
Hardness  —  46  to  6.  Specific  gravity  =  6  to  6*076.  Lustre  vitreous,  incnuing  to 
adamantine.  Colour  white,  inclining  to  yellow  and  brown.  Streak  white.  Sub- 
transparent  to  subtranslucent.  Fracture  uneven.  Brittle.  Scheelite  is  usually 
associated  with  crystalline  rocks,  and  is  found  associated  with  tin-ore,  topaz,  fluor-spar 
apatite,  or  wolfram,  in  quartz.  It  occurs  at  Caldbeck  Fell,  near  Keswick,  in  fine 
cr^'sfals ;  also  in  Bohemia,  Saxony,  Hungary,  and  Sweden,  at  Coquimbo  in  Chile,  and  in 
Monroe  and  Huntingdon  counties,  Connecticut. 

Tungstate  of  calcium  maybe  obtained  in  crystals,  by  fusing  wolfram  with  excess  of 
caldnm- chloride,  and  boiling  out  the  soluble  salts  from  the  slowly-cooled  mass 
(Manross,  Ann.  Ch.  Fharm.  boxi.  243)— also  by  heating  the  amorphous  salt  with 
lime  in  a  stream  of  hydrochloric  acid  gas  (Deb  ray,  ibid,  cxxv.  97).  The  same  salt  is 
obtained  by  precipitation  as  a  white  powder.  It  is  insoluble  in  pore  water,  and  in 
acidulated  water. 

TuNGSTATEs  0FCHB0MiuiL--The  neutrol  sa/^Cr*0*.8WO«.13H«0,  obtained  by 
precipitation,  is  light-green,  easily  soluble  in  acids,  and  turns  yellowish-grey  in  drying. 
— ^An  acid  salt,  CrK)'.7WO*.9H*0,  obtained  by  precipitation  from  the  acid  ammonium- 
salt,  is  a  light  greyish-green  powder,  greenish  straw-yellow  after  ignition.    (Lots.) 

TuxGSTATB  OF  CoBALT,  CoWO^  is  obtained  in  blue-greenish  translucent 
crystals,  by  fusing  1  pt  sodium-tungstate,  2  pts.  cobalt-chloride,  and  2  pts.  common 
salt.     (Schultze.) 

TuNosTATB  OF  CoppEB. — The  mixture  obtained  by  fusing  2  pts.  sodium- 
tungstate  with  3  pts.  cupric  chloride  and  4  pts.  common  salt,  leaves,  after  treatment 
with  dilute  nitric  acid,  white  translucent  quadratic  pyramids,  on  which  yellowish- 
brown  crystals  are  implanted.    (Schultze.) 

Tdnostatxs  of  Iron. — a.  Ferric  tungstate  is  obtained,  by  precipitating 
ferric  chloride  with  acid  ammonium-tunffstate,  as  a  cream-colouI^ed  powder,  which 
disiiolves  in  tungstate  of  ammonium  on  boiling,  and  in  ferric  chloride  even  at  ordinary 
temperatures.  Ferric  tungstate  is  also  precipitated  by  ammonia  from  solution  of  ferrie 
metatungstate,  while  an  ammonio-ferric  tungstate  remains  dissolved.  The  same 
double  salt  appears  to  be  formed  by  the  action  of  ammonia  on  the  crude  tungstic  acid 
obtained  by  treating  wolfram  with  nitrorauriatic  acid.  Borck  obtained  in  this  manner 
a  double  salt  containing  Fe«0«.6(NH«)K).6WO«  +  6HK). 

/9.  Ferrous  tungstate,  Fe"WO*,  is  formed,  by  precipitating  ferrous  sulphate  with 
acid  tungstate  of  ammonium,  as  a  brown  precipitate,  becoming  darker  when  heated 
out  of  contact  with  the  air.  The  same  salt  is  obtained  by  fusing  1  pt.  tungstate  of 
sodium  with  2  pts.  ferrous  chloride  and  1  pt.  common  salt,  in  thick,  deep  black,  highly 
lustrous,  opaque  crystals,  having  the  form  of  native  wolfram ;  they  are  non-magnetic, 
their  powder  is  of  a  dark  violet-brown  colour,  and  specific  gravity  a  7*1  (Geuthor 
and  For s berg).  Debray,  by  igniting  a  mixture  of  tungstic  oxide  and  ferric  oxide 
in  a  stream  of  hydrochloric  acid  gas,  obtained  crystals  of  ferrous  tungstate  (together 
with  crystals  of  magnetic  iron-ore  and  tungstic  oxide),  exactly  like  those  of  native 
wolfram. 

Ferroso-manganous  Tungstate,  (Fe;  Mn)nj70*,  or  (FeO ;  MnO).WO*. -- 
This  is  the  composition  of  wolfram,  the  principal  ore  of  tungsten,  which  occurs  in 
trimetric  crystals  having  the  axes  a  :  b  :  c  =  0-8231  :  1  :  0-861.  Angle  ooF  :  ooF 
(macr.)  =  78°  56';  ooF2  :  ooF2  -  44«  44';  Poo  :  Poo  (basal)  -  80°  48 :  i^oo  : 
4^00  »  64°  40'.  Observed  combination  ooF  .  <»F2  .  ooFoo  .  jPoo  .  Foo  .  F. 
Cleavage  parallel  to  ooj^oo .  It  also  occurs  lamellar,  columnar,  and  massive  granular, 
the  particles  being  strongly  coherent.  Hardness  =  6  to  5*5.  Specific  gravity  =  7*1 
to  7 '65.  Lustre  submetidlic.  Colour  dark-grey  or  brownish-black.  Streak  dark 
reddish-brown.  Opaque,  sometimes  feeblv  magnetic.  According  to  the  proportions 
of  iron  and  manganese  in  wolfram,  the  vanetics  may  be  included  in  three  groups,  re- 
presented by  the  formula  MnW0«.3FeW0*.  MnW0*.4FeW0*,  and  MnW0*.6FeW0*. 

Wolfram  is  often  associated  with  tin-ores;  also  with  galena  in  veins  traversing 
ffieywacke ;  also  in  quartz  with  native  bismuth,  tungstate  of  calcium,  pyrites,  galena, 
blende,  &c.  It  occurs  in  Cornwall  and  Cumberland,  on  the  island  of  Rona  in  the 
Hebrides,  at  Limoges  in  France,  and  at  numerous  localities  in  Saxony  and  Bohemia ; 
also  in  the  United  States.  The  crystals  from  Zinnwald,  Bohemia,  are  remarkable  as 
hemitropcs.    (Dana,  ii.  363.) 
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Geuther  and  Fonberg  hare  obtained  several  ciyBtaUiaed  tnngiUtef  of  mm  tad 
manganese,  by  fusing  tungstate  of  sodium  with  chloride  of  manganese  and  dilotide  of 
iron  in  variouB  proportions. 

TuwosTATBS  OF  Lbad.— The  neutral  Bolij  Pb'^O*,  or  PbO.WO*,  occurs  natm 
aBscheeletine,a  mineral  occurring  in  quadratic  crystals,  isomorphous  with  mdybdtts 
of  lead  (iii.  1039).  Length  of  principal  axis  »  1*6692.  Angle  P  :  P  in  the  terminal 
edges  —  99^  42',  in  the  lateral  edges  ->  131°  30*.  The  crystals  are  often  indistioctly 
aggregated.  Cleavage  imperfect  parallel  to  oP,  still  more  imperfect  parallel  to  P. 
Hardness  »  2*75.  Specific  gravity  »  7*87  to  8*13.  Lustre  resinous,  subadamao- 
tine.  Colour  green,  yellowish-groy,  brown,  and  red.  Streak  uncoloiured.  Faintly 
translucent.  The  mineral  occurs  at  Zinnwald  in  Bohemia,  with  quarts  and  mica; 
in  Carinthia  with  molybdate  of  lead ;  and  in  Chile,  probably  near  Coquimbow 

Neutral  tungstate  of  lead  is  produced  artificially,  as  a  white  powder,  by  predpitatioD 
firom  the  neutral  sodium-salt.  By  fusing  tungstate  of  sodium  with  4*7  pts.  of  chloride 
of  lead  in  a  closed  crucible,  a  dark-green  mass  is  obtained,  having  ita  cavities  lined 
with  colourless  shining  czystals  of  tungstate  of  lead.  (Manross,  Ann.  Ch.  Pharm. 
Ixxxii.  867.) 

The  acid  lead-salt,  8PbO.7WO*.10H*O,  is  formed,  on  mixing  acid  ammcmiom-tuigk 
state  with  a  soluble  lead-salt,  as  a  white,  flocculent,  afterwards  pulverulent  pfedph 
tate,  insoluble  in  water,  dilute  nitric  add,  aqueous  nitrate  of  lead,  or  tungstate  of 
ammonium,  but  soluble  in  caustic  soda.    It  gives  off  7  at  water  at  10(P. 

TuNOSTATKS  OF  LiTHiuM. — ^Tho  fieutral  salt  is  prepared  with  tungatic  add 
and  carbonate  of  lithium,  either  in  the  wet  or  in  the  di^  war;  and  crystallises  from 
the  aqueous  solution  in  oblique  rhomboidal  prisms  (C.  Gmelin),  or  in  octabedroas 
(Anthon),  having  a  rough  bitter  taste  and  alkaline  reaction,  easily  soluble  in 
water.— The  acid  saU,  8Li»0.7WOM9H«0,  or  Li«H»(W0*)M6H*0  (Scheibler),  is 
prepared  like  the  corresponding  sodium-salt,  avoiding  an  excess  of  tungstic  acid,  which 
would  lead  to  the  formation  of  a  metatungstate.  It  crystallises  in  large  monocUnie 
prisms  and  tables,  permanent  in  the  air,  somewhat  less  soluble  than  the  neutral  salt; 
melts  only  at  a  high  temperature,  and  solidifies  to  a  porcelain-like  mass  on  cooling. 

TuKG STATES  OF  Maombsittm. — Solutious  of  maguesium-salts  are  not  precipi- 
tated by  neutral  tungstates  of  alkali-metaL  By  boiling  magnesium-carbonate  lod 
tungstic  oxide  with  water,  a  solution  is  obtained  which  on  evaporation  yields  small 
shining  scales,  permanent  in  the  air,  havinga  harsh  bitter  taste,  and  easily  soluble  in 
water  (Anthon).— The  neutral  salt,  Mg^O*  -  MgO.WO*,  is  obtained  bv  fuang 
1  pt.  sodium-tungstate,  2  pts.  magnesium-chloride,  and  2  pts.  common  salt,  and  boiling 
out  the  more  soluble  salts,  in  colourless,  octahedral  and  prismatic  crystals,  which  an 
gradually  decomposed  by  heating  with  strong  nitric  add :  they  are  isomorphous  vith 
the  neutral  calcium-salt    (Geuther  and  Forsberg.) 

AmmonUMnagnesian  Tungstates. — The  salt  /j^Sfyok^^^*^^^*^  separates  gradu- 
ally, in  small  nacreous  crystals,  from  a  mixture  of  the  hot  concentrated  solution  of  the 
tungstates  of  magnesium  and  ammonium. — ^Another  double  salt,  or^TH^W)  [  ^^^^* 

24H'0,  separates,  on  cooling,  as  a  crystalline  powder,  from  a  boiling  solution  of  add 
ammonium-timgstate  mixed  with  sulphate  of  magnesium. 

TuMOSTATBS  OF  Mang AKB8K.— Maugauous  salts  yield  a  white  or  yellowish 
precipitate  with  neutral  or  acid  tungstate  of  ammonium. — The  neutral  salt,  MnWO*, 
prepared  in  the  dry  way  like  the  magnesium-salt,  forms  thick,  light  gamet-browa, 
highly  lustrous,  rhombic  crystals,  of  specific  gravity  6*7  ;  at  the  same  time  there  are 
formed  yellow  needles  having  the  same  composition  as  the  preceding  (Geuther 
and  Forsberg). — The  acid  salt,  3Mn0.7WOMlH'0,  is  a  gummy  yellowish  predpi- 
tate,  whidi  gives  off  only  3  at.  water  at  100^.     (Lotz.) 

The  tungstates  of  iron  and  manganese  have  been  already  described  (p.  907). 

Tungstates  of  Mbbctjrt. — «.  Mercuric  Salts. — A  basic  salt,  3HgO.2W0»,  ii 
obtained  bv  precipitating  a  boiling  solution  of  mercuric  chloride  with  an  insuffidsnt 
quantity  oi  potassic  tungstate.  It  is  a  white  heavy  powder,  insoluble  in  water. — ^Ab 
acid  salt,  2Hg0.3WO*,  is  obtained,  as  a  white  insoluble  body,  by  predpitating  a  eola- 
tion of  nentrui  mercuric  nitrate  with  neutral  tnngstata  of  potassium.  6oth  these  salts 
are  decomposed  by  boiling  alkalis,  with  separation  of  mercuric  oxide,  and  leave 
tungstic  oxide  when  ignited. — An  aTntnonuh-mercuric  tungstate,  Hg*(NH*)\W0*)*J3H), 
is  obtained,  as  a  he^vy  white  predpitate,  on  mixing  mercuric  nitrate  with  add  tungstate 
of  ammonium. 

jB.  Merairms  tungstate,  Hg«O.WO»,  or  Hg*WO  (Anthon),  is  fbrmed,  on  adding 
mercurons  nitrate  to  an  alkaline  tungstate,  as  a  yellow  precipitatei,  becoming  dark- 
yellow  when   dry,  insoluble  in  water,  leaving  tungstic  oxide  when  ignited.    The 
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iiiBoIability  of  this  salt  renders  it  available  for  the  separation  and  eetimation  of  tang- 
Stic  acid. 

TuNOSTATS  OP  Molybdenum  is  precipitated  from  a  mixtnre of  molybdic  chlo- 
ride and  tungstate  of  ammonium,  on  adaition  of  sal-ammoniac.  After  washing  with 
sal-ammoniac,  then  with  alcuhol,  and  dr}'ing,  it  is  a  dark-purple  body,  permanent  in 
the  air,  and  easily  soluble  in  water;  ammonia,  added  to  the  aqueous  solution,  throws 
down  an  ammonio-molybdic  tungstate.  The  solution  of  molybdic  tungstate  oxidises 
and  becomes  decolorised  on  exposure  to  the  air,  and  deposits  molybdic  tungstic  acid. 
(Berselius.) 

TuNOSTATB  OF  NicxEL,  3Ni0.7WO'.14H'0,  obtained  on  adding  sulphate  of 
nickel  to  arid  tungstate  of  ammonium,  as  a  light-green  precipitate,  which  unites  into 
lumps  of  the  consistence  of  turpentine  (Lotz).  fiy  fusing  1  pt.  sodium-tungstate  with 
2  pts.  nickel-chloride  and  2  pts.  common  salt,  the  neutral  tungstate  of  nickel,  NiWO\  is 
obtained  in  well-defined,  brown,  highly  lustrous,  translucent  crystals,  haying  the 
aspect  of  zinc-blende.    (Schultze,  Ann.  Ch.  Pharm.  cxxxi.  56.) 

TuirosTATES  OF  PoTASsiUM. — Those  salts  are  formed  by  adding  pulverised 
wolfram  to  about  an  equal  weight  of  fused  carbonate  of  potassium,  continuing  the  heat 
for  some  time ;  on  boiling  the  cooled  and  pulverised  mass  with  water,  evaporating  the 
filtrate  to  dryness,  and  treating  the  residue  with  lukewarm  water,  the  neutral  salt 
dissolves,  while  the  acid  salt  remains  behind. 

The  neutral  salty  K'WO*,  or  K'O.WO",  crystallises  from  a  hot  saturated  solution  on 
cooling,  or  on  evaporation  by  heat,  in  anhydrous,  thin,  needle-shaped,  hexagonal  crystals, 
easily  soluble  in  wat<^r,  decrepitating  when  heated,  and  melting  at  a  redheat(Marig- 
naci. — The  vionohydrated  ntutral  aalU  K'WO'.H'O,  is  obtained  by  gradually  adding 
45  pts.  of  tungstic  oxide  to  a  concentrated  solution  of  potassic  carbonate  heated  to 
60° — 80^,  and  crystallises  from  the  hot  filtered  solution  on  cooling,  in  needle-shaped, 
sometimes  aggregated  crystals.  It  has  a  rough  and  somewhat  bitter  tast4>,  is  easily 
soluble  in  water,  insoluble  in  alcohol ;  on  pouring  alcohol  on  the  aqueous  solution,  the 
salt  cr}'stalliscs  at  the  surface  of  contact. — The  dihj/dratef  K^\V0^2HK),  ciystallises 
by  evaporation  of  the  solution  over  oil  of  vitriol,  at  a  temperature  not  above  10°,  in 
large,  shining,  oblique,  rhombic  prisms  or  tables,  which  quickly  effloresce  in  dry,  and 
deliquesce  in  moist  air. — The  paitahydrate^  K^0*.5H*0,  crystallises,  according  to 
Anthon,  in  colourless  six-sided  prisms,  but  the  conditions  of  its  formation  are  not 
particularly  stated. 

The  acid  Mit  (K*0.2WO".2H«0,  according  to  Anthon  and  Riche;  3KK).7WO».6H«0, 
according  to  Scheibler ;  5E*0.12WOMlfl^O,  according  to  Laurent  and  Marignac)  is 
formed  by  adding  tungstic  acid  to  the  neutral  salt,  in  fusion  or  aqueous  solution ;  or  by 
treating  this  solation  with  any  other  acid;  or  by  passing  a  stream  of  carbonic  anhy- 
dride through  it.  The  salt  is  then  deposited  as  a  crystalline  powder,  consisting  of 
iridescent  scales,  while  metatungstate  of  potassium  remains  in  solution.  The  acid 
tungstate  tastes  like  the  neutral  salt ;  it  has  an  acid  reaction,  disRolves,  according  to 
Riche,  in  46  pts.  cold  and  15  pts.  boiling  water ;  according  to  Marignac,  in  71  pts. 
water  at  20^.  When,  however,  a  saturated  solution  is  prepared  by  boiling  an  excess 
of  the  salt  with  wat«r  for  several  days,  the  cuoled  solution  contains  1  pt.  of  the  salt, 
after  one  day,  dissolved  in  5*6  pts.  water;  after  26  dayR,  in  11*9  pts.  water  ;  after 
153  days,  in  15*6  pts.  water — this  last  degree  of  solubility  remaining  unaltered  for 
■iz  months  (Marignac).     The  salt  is  insoluble  in  alcuhol. 

TuKOSTATES  OP  SiJ^YER,— An  ocid  argentic  solf,  Ag«0.2WO',or  Ag^WO^.WO*, 
w  obtained  by  precipitating  acid  tungstates  of  alkali-metal  with  nitrate  of  silver,  as  a 
white  anhydrous  salt,  insoluble  in  water,  slightly  soluble  in  acetic  or  phosphoric  acids, 
more  easily  in  ammonia.  When  ignited,  it  turns  brown,  and  cakes  toffether  to  a  me- 
tallically lustrous  mass. — An  acid  argentoua  salt,  Ag^0.2W0*,  is  fonuM,  according  to 
Rantenbag,  by  the  action  of  hydrogen  on  an  ammoniacal  solution  of  the  ar^ntic  salt. 
It  is  a  bmck,  glittering,  drstalline  powder,  which  is  decomposed  by  nitric  acid, 
leaving  tungstic  oxide ;  potash  dissolves  the  tungstic  acid,  leaving  argentous  oxide. 

TvHOSTATBS  OF  SoDiu M. — The  neutral  salt,  Na'WO*,  or  Na*0. WO",  is  prepared 
like  the  neutral  potassium-salt.  It  crystallises  in  transparent,  colourless,  nacreous, 
rhombic  tables  or  scales,  containing  Na'W0*.2H'0,  having  a  bitter  taste  and  alkaline 
reaction,  permanent  in  the  air,  soluble  in  4  pta.  of  cold  and  2  pts.  of  boiling  water, 
insoluble  in  alcohol,  and  precipitated  thereby  from  its  aqueous  solution.  It  may  be 
recrystallised  without  decomposition.  When  heated  to  200'^,  it  gives  off  all  its  water, 
and  becomes  opaque ;  and  at  a  temperature  somewhat  below  redness,  it  melts  to  a 
transparent  liquid,  which  solidifies  in  the  crystalline  form  on  cooling.  This  salt  is 
sometimes  used,  in  place  of  stannate  of  sodium,  as  a  mordant  in  dyeing  and  calico- 
printing;  also  for  rendering  linen,   cotton,  &c.,  uninflammable  (see  Combustiov, 
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i.  1102).  For  the  methods  of  prepaitng  it  on  the  laige  scule,  see  Bichardion  and 
Watts's  Chemical  Technology,  i.  [4],  48). 

Jcid  salts,— The  salt  3NaK).7WO",  aooording  to  Lotz  and  Scheibler  (6NaK).12W0», 
according  to  Laurent  and  Marigoac),  is  prepared  similarly  to  the  correepoodiog 
poUssium*8alt — ^namely,  by  fusinc  the  neutral  salt  with  a  sufficient  quantity  of  tusgstie 
oxide,  and  boiling  the  product  with  water ;  or  by  boiling  a  solution  of  hydrate,  carbon- 
ate, or  neutral  tungstate  of  sodiimi  with  tuugstic  oxide,  and  leaving  the  resulting 
eolation  to  czystallise ;  or,  again,  by  fVising  wol&am  with  one-third  of  its  wnght  of 
auhydrous  carbonate  of  sodium.  It  crystallises  from  cold  aqueous  solotions  vitb 
16  at.  water  (Scheibler)  [28  at.  water,  according  to  Marignac's  formula],  in 
large  striated  monoclinic  prisms,  of  specific  gravity  3*897  at  14**,  soraftjines 
flattened  to  six-sided  tables.  It  has  an  astringent  and,  at  the  same  time,  sweet  and 
bitter  taste;  reddens  litmus;  dissolves  in  2-22  pts.  water  at  0®,  and  in  0*24  pt 
at  100°  (Scheibler);  in  about  12  pts.  of  cold  water  (Marignac).  When  water &t 
36° — 40^  is  saturated  with  this  salt,  the  cooled  solution  retains  1  pt.  of  salt  dis- 
solved in  9  pts.  water ;  but  gradually  (in  about  7  months),  so  much  separatee  ont  that 
1  pt  remains  dissolved  in  nearly  12  pts.  water.  If  the  salt  be  boiled  for  some  time 
with  water,  a  solution  is  formed,  which,  when  cold,  contains,  after  one  to  twelve  dajg, 
1  pt.  salt  to  0*68 — 2*6  pts.  water ;  and  after  seven  months,  1  pt  salt  to  9*7  pts.  wat«r 
(Marignac).  The  salt  e£9orescesin  dry  air,  gives  off  12  at  water  at  100^,  and  the  rest 
at  300°,  leaving  the  anhydrous  salt,  3Na*0.7WO',  of  specific  gpravity  6'49,  and  still  pe^ 
fectly  soluble  in  water.  It  melts  at  a  red  heat,  and  solidifies  in  the  ciystalline  state  on 
cooling ;  water  then  extracts  from  it  the  alkaline  sesquiacid  salt,  2Na'0.8WC)*,  leaving 
the  anhydrous  tetratungetate,  Na*0.4W0',  in  the  form  of  a  laminar  or  scaly  crystalline 
mass,  having  a  nacreous  lustre.  This  last-mentioned  salt  is  quite  insoluble  m  w&ter; 
it  does  not  melt  at  a  moderate  heat,  but  when  more  strongly  heated,  cakes  together  to 
a  semifiised  mass,  containing  deep  blue-green  crystals  (?  of  sodio-tungstous  tungstate). 

When  the  solution  of  the  salt,  8NaK>.7WO',  is  evaporated  by  heat,  oystals  an 
obtained,  containing  smaller  quantities  of  water  than  the  above — ^viz.,  at  60**— 80°, 
monoclinic  crystals  containing  SNa'0. 7 WO*. IdHH);  and  at  100",  shining  octahedrons, 
containing  3Na«.7WOM2H»0,  or  6Na«O.12WO».20HK).    (Marignac) 

A  salt  containing  2NaK>.5WOM2H'0,  is  obtained,  according  to  Forcher,  in  bril- 
liant translucent  crystals,  by  prolonged  digestion  of  the  neutral  salt  with  water,  or  by 
saturating  a  warm  solution  of  that  salt  wiui  tungstic  add. 

A  diacid  salt,  Na^0.2WO'.2H'0,  is  precipitated  from  the  solution  of  the  neutnl 
salt  by  hydrochioric  acid,  as  a  crystalline  powder  (Bammelsbe  rg,  Fogg.  Ann.  xciv, 
614).— The  anhydrous  diacid  salt,  Na'0.2W0»,  or  Na'WO^.WO',  is  formed  by  fairing 
1  at  of  the  nentral  tungetate  with  1  at  tungstic  acid,  and  is  found  in  needles  lining 
the  cavities  of  the  resulting  crystalline  mass.    (Forcher.) 

Ammonio'sodic  Tungstates.—a.  Thesalt,  j.JjJI^vjqI  7WO".3H«0,ciy8tallisesinirfiite 

nacreous  scales,  from  a  warm  concentrated  solution  of  1  at.  neutral  sodium-tungstate, 

mixed  with  rather  more  than  1  at  chloride  of  ammonium. — $.  .  o/nttX^  !  35WO*.14HH) 

separates  in  crystalline  scales,  on  pouring  a  boiling  solution  of  1  at  sodium-tungstate 

into  a  boiling  solution  of  2  at.  sal-ammoniac,  a  large  quantity  of  ammonia  being  at  the  same 

/4NaK)      \ 
time  evolved.— -7.  The  salt  6  (|/^^«x,q  1.12  WO*.  12H*0,  or  perhaps,  in  the  pore  state, 

4^NH*'^*0  [  ^^^*^^*>  ciystaUisee  in  nacreous  rhombic  lamins,  on  mixing  the  solutionsof 
the  add  tungstates  of  sodium  and  ammonium.  It  is  soluble  in  water,  but  is  resolved  ly 
recrystallisation  into  the  ammonium-  and  sodium-salts.^.  The  B^^/7ra«^^    12W0*. 

15HK),  is  prepared  similarly  to  the  preceding,  which  it  resembles.    (Marignae.) 

Bario-sodic  tungetate  has  been  already  described  (p.  906). 

Potassio-sodic  Tungstates. — A  mixture  of  the  tungstates  of  potassium  and  sodiuiD 
deposits,  first,   ciystals  of   the  acid  potassium-salt,   thi^n    two  double   salts,  via, 

^^|.12WO».16HK),  in  monoclinic  crystals,  and  6(5^^Qyi2WO».26H«0.  in  ob- 
lique rhombic  octahedrons,  and  lastly,  the  acid  sodium-salt    (Marignac.) 

TuNOSTATBS  OF  Stbokt I i7M.~The  nett^roi £0/^,  SrWO\  is  prepared  like  the 
barium-salt,  which  it  resembles.  By  fusing  1  pt.  of  sodium-tungstate  with  2  pts. 
strontium-chloride  and  2  pts.  common  salt,  it  is  obtained  in  white  tranalucent  oystalsy 
having  the  form  of  native  tuo((state  of  lead.    (Schultxe.) 

The  add  salt  (Sr0.2WO».4H«0  according  to  Anthon,  3Sr0.7WO*.4HK)  according  to 
Lotz),  prepared  like  the  acid  barium-salt^  is  white,  insoluble  in  cold  water,  decomposed 
by  acids,  and  becomes  anhydrous  when  heated. 
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TuKOSTATS  OF  Thobikum. — Thorinum-Balts  give  white  floeenlent  predpitBtes 
with  the  neutral  and  acid  tungstates  of  alkali-metaL 

TuKGSTATS  OF  TiK. — A  Solution  of  ammonio-Btannic  chloride  is  precipitated  by 
acid  ammonium-timgstate,  in  white  flocks,  soluble  in  excess  of  the  tin-salt,  alao  in 
phosphoric,  oxalic,  and  tartaric  acids.     (Lotz.) 

TuKOSTATE  OF  TuNOSTEN,  W«0*  -  WO'.WO'.— This  18  the  blue  oxide  of 
tungsten,  already  mentioned  as  being  formed  by  the  reduction  of  tungstic  oxide  by 
sine  and  hydrochloric  acid,  &c.  It  is  likewise  produced,  as  a  fine  blue  powder,  when 
tungstate  of  ammonium  is  heated  to  redness  in  a  retort. 

TuKOSTATBS  OF  Ubanium. — The  tirantc^a/Ms  a  light-yellow  precipitate,  insolu- 
ble in  Water,  but  soluble  in  the  stronger  acids,  and  in  ammonia  (Berzel ins). — An 
acid  uranous  salt^  2U0. W0*.6H*0,  is  obtained,  by  precipitating  uranous  chloride  with 
an  acid  tungstate  of  alkali-metal,  as  a  brownish  precipitate,  soluble  with  green  colour 
in  hydrochloric  acid.    (Kammelsberg.) 

TuirosTATB  OF  Vanadium,  precipitated  by  alkaline  tungstates  firom  Tanadio 
salts,  is  brown,  somewhat  soluble  in  water,  and  oxidises  in  the  air  with  formation  of 
Funadic  add. 

TuNOSTATB  OF  Ytteiujc,  YW0*.2H*0,  ia  a  white  pulverulent  predpitata, 
slightly  soluble  in  water.     (Berlin.) 

TuKOSTATE  OF  ZiNC,  ZuWO*,  is  obtained,  by  fusing  1  pt.  sodium-tungstate, 
2  pts.  zinc-chloride,  and  2  pts.  common  salt,  and  boiling  the  mass  with  water,  in 
colourless  square  prisms,  with  octahedral  faces,  probably  isomorphous  with  the  cal- 
dnm-salt.    (Geuther  and  Forsberg.) 

Ammonium-rinc-iungatate,  /MTjiNtof  ^^^'*^^'^*  ^  obtained  by  precipitating  sul- 
phate of  zinc  with  acid  tungstate  of  ammonium,  in  small  snow-white  needles,  which 
dissolve  sparingly  in  boiling  water,  more  easily  on  addition  of  ammonium-tungstate, 
line-sulphate,  oxalic  acid,  tartaric  acid,  or  phosphoric  acid.    (Lotz.) 


Mbtattjngstic  Acid. 

Soluble  Modification  of  Tungstic  Acid. — This  add  is  mostly  produced  in  the  de- 
composition of  tungstates  by  the  stronger  acids  at  ordinary  temperatures  ;  also  by  the 
action  of  tungstic  acid  on  tungstates.  Fure  metatungstic  acid  is  obtained  by  decom- 
posing a  warm  concentrated  solution  of  barium-metatungstate  with  dilute  sulphuric 
acid  ;  the  filtrate,  evaporated  over  oil  of  vitriol  in  a  vacuum,  yields  crystals,  apparently 
quadratic  octahedrons,  of  hydrated  metatunf2:stic  acid,  M*W0*.7H*0,  or  H^O.WO*  +  7aq. 
(Scheibler),  ormore  correctly,  UnVO*.3WO».8inH),  or  H-0.4WO"  +  31aq.  Forcher, 
by  decomposing  the  lead-salt  with  sulphydric  acid,  and  leaving  the  filtrate  to  evapo- 
rate, obtained  metatungstic  acid  in  sulphur-yellow  crusts,  apparently  made  up  of 
octahedrons. 

Metatungstic  acid  is  very  soluble  in  water ;  the  solution  has  a  sour  and  intensely 
bitter  taste. 

A  solution  containing    2*79  per  cent.  WO'  has  a  specific  gravity  of  1*0257  at  17*6^. 

12-68  „  „  „  11275 

27-61  „  „  ..  1-3274 

43-75  „  „  „  1-6343 

The  solution  may  be  boiled,  and  evaporated  to  a  syrup  over  the  water-bath,  without 
•lt4>Tation ;  but  on  further  concentration  by  heat,  ordinary  yellow  insoluble  tungstic 
acid  separates  out  suddenly. 

Strong  sulphuric  acid  added  to  a  concentrated  solution  of  metatungstic  acid  forms  a 
white  precipitate  which  disappears  on  addition  of  water.  Aqueous  metatungstic 
acid  dissolves  zinc  and  iron,  with  evolution  of  hydrogen,  blue  oxide  of  tungsten  being 
formed  at  the  same  time. 

A  coUdidal  modification  of  metatungstic  add  is  obtained  by  dialysipg  a  6  per  cent, 
solution  of  sodium-tungstate  mixed  with  a  quantity  of  hydrochloric  add  exactly  suffi- 
cient to  saturate  the  alkali  contained  in  it  The  solution  remaining  on  the  dialyser 
after  a  few  days  (amounting  to  80  per  cent,  of  the  liquid  used),  has  a  bitter  astrin- 
gent taste,  is  nut  gelatinised  by  acids  or  salts  even  at  the  boiling  heat,  and  when 
evaporated  to  dryness,  leaves  vitreous  scales  which  adhere  strongly  to  the  porcelain 
dishes.  They  are  colourless  if  the  evaporation  has  taken  place  in  a  vacuum,  do  not 
lose  their  solubility  by  being  heated  to  200°,  but,  at  a  temperature  near  redness,  are 
converted  into  insoluble  tungstic  oxide,  with  loss  of  2*42  per  cent  water.  The  dry 
soluble  acid  is  rendered  sticky  by  water,  like  g^m.  Its  solutions  exhibit,  at  19^,  ths 
following  speoiflr*  gravities : 
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*Tw§^)1n*1?^L?^'l    •        «  20  60  66-6         7^1. 

Specific  grayity       .        .        .     1-0476        1*2168        18001        2-696        3243. 
(Graham,  Chem.  Soc.  J.  xrii.  318 ;  Jabresb.  1864,  p.  179.) 

Metatungstates,  M«0.4W0*,  or  M=W0*.8W0*.— These  aalta  have  been  examiiwd 
chiefly  by  Scheibler  (J.  pr.  Chem.  bacx.  204 ;  Jahresb.  1860,  p.  156);  bat  the 
ammonium-salt,  which  was  the  first  known,  was  discovered  by  Margueritte  (Ann. 
Ch.  Phys..  [3],  xvii.  476).  They  have  the  composition  of  quadracid  tungstatM,  but 
the  tungstic  acid  obtained  from  them  is  not  oidinazy  tungstic  acid,  but  the  men* 
soluble  modification.  They  are  formed  from  ordinary  tungstates  by  addition  of 
tungstic  acid,  or  by  abstraction  of  part  of  the  base.  The  metatungstates  of  tht 
alkali-metals  are  best  prepared  by  boiling  the  solutions  of  the  correspoxftding  tungstatcs 
for  some  time  with  bydrated  tungstic  acid,  H'WOMI'O,  or  by  dropping  an  acid 
(phosphoric  acid  being  the  best  adapted  for  the  purpose)  into  the  solution  of  ao 
alkaline  tungstate,  as  long  as  the  tungstic  acid  separated  in  the  first  instance  redis- 
Bolres.  The  other  metatimgstates  may  be  prepared  from  those  of  the  alkali-metals  by 
double  decomposition,  and  very  easily  by  decomposing  the  metatnngstate  of  barium 
with  soluble  sulphates.  The  metatungstates  may  also  be  prepared  by  the  direct  com- 
bination of  metatungstic  acid  with  bases,  or  by  its  action  on  carbonates,  nitrates,  or 
chlorides,  all  of  which  it  decomposes. 

The  metatungstates  are  for  the  most  part  soluble  and  crystallisable  ;  tome  are  tot 
soluble,  and  leave  amorphous  gummy  masses  when  evaporated ;  according  to  Marig- 
nac,  they  react  nearly  neutral,  colouring  litmus  violet;  they  efiBoresce  in  dry  air,  ud 
give  cflf  the  greater  part  of  their  crystallisation-water  below  100°.     The  metatuog- 
states  of  the  alkali-metals  do  not  melt  at  a  red  heat,  but  merely  bake  together,  decom- 
posing at  the  same  time,  with  formation  of  blue  oxide.    Their  solutions  do  not  nt- 
cipitate  the  salts  of  the  earth-metals,  or  of  the  heavy  metals,  excepting  those  of  uni 
and  mercuroftum.    They  give  no  precipitate  with  jerrocyanide  of  potassium, — Ands 
added  to  the  solutions  of  metatungstates  do  not  precipitate  either  white  or  yellow 
tungstic  acid. — Zinc  and  hydrochloric  acid  colour  them  blue,  changing  to  rid(ii«h- 
violet  (not  lo  brown  like  the  ordinary  tungstates :  Forcher).  These  reactions  are  suffi- 
cient to  distinguish  the  metatungstates  from  the  acid  tungstates,  with  which  thej  ut 
in  some  cases  isomeric.    They  are,  however,  easily  reconverted  into  ordinair  toog- 
states  by  addition  of  aqueous  alkalis,  the  solutions  being  then  precipitated  Lyacid»,«f 
well  as  by  the  salts  of  the  alkaline  earth-met&Is  and  other  metals. 

Metatungstic  acid  precipitates  the  solutions  of  organic  bases  in  flocks,  and  wsr 
therefore  be  used  as  a  reagent  for  these  bases;  the  solution  of  a  metatungttAt^ 
acidulated  with  a  mineral  acid,  or  ordinary  tungstate  of  sodium  mixed  with  excess  of 
phosphoric  acid,  may  be  uikmI  for  the  purpose.  This  reaction  with  metatungstic  aeid 
is  said  to  be  even  more  delicate  than  that  with  phospho-molybdic  acid,  a  distinct 
turbidity  being  produced  by  metatungstic  acid  in  a  solution  containing  not  more  thsa 
1  pt.  in  200,000  of  quinine  or  strychnine. 

Metatungstate  o/ ^mwonjttwi,  (NH*)«W«0".8H»0,  or  (NH*)'0.4W0»  +  %^ 
according  to   Scheibler;    2(NH*)«W«0'M6HK),  according   to  Lota.— This  stit, 
discovered  by  Margueritte,  is  produced  by  boiling  tungstate  of  ammonium,  eitheraloae, 
whereupon  ammonia  is  given  off,  or  with  tungstic  acid,  which  is  dissolved.    On  evtfo- 
rating  the  solution  to  a  syrup,  ordinary  ammonium-tungstate  separates  out  firrt,  tsd 
the  filtrate  deposits  the  metatungstate  in  highly  lustrous  transparent  octahedronv 
which  ef9oresce  on  exposure  to  the  air.    The  salt  is  very  soluble  in  water,  melting  M 
first  at  the  bottom  of  the  liquid,  like  phosphorus.    The  solution  is  strongly  refisctif^ 
is  not  precipitated  by  hydrochloric  or  nitnc  acid,  but  when  mixed  with  ammonia,  sid 
evaporated,  yields  crystals  of  ordinary  acid  tungstate,  3(NH*)*0.7WO*  (Lotz). — Froo 
the  mother-liquor  of  the  octahedral  metatungstate  just  described,  Maigneritte  ob> 
tained  the  salt  (NH«)'0.6W0*  f  13aq.,  in  well-defined  crystalline   lamin«.  — 1^4 
potassium-salt,  K*W*0".8HK),  obtained  by  boiling  the  tungstate  with  tungstic  acid, 
crystallises  in  shining  octahedrons  resembling  the  ammonium-salt«    The  same  sola- 
tion  yields  slender  needle-shaped  crystals,  which,  however,  are  converted  into  t^ 
octahedral  salt  by  reciystallisation ;    the   salt  appears   therefore  to  be  dimarpbfloi 
(S c h e i b  1  e r).— The  sodium-salt,  NaHV^O *».  1  OH^O,  also crystaUiset  in  ahining ort*- 
hedrons,  apparently  regular,  of  specific  gravity  3*84,  and  very  efflorescent.  One  part  of 
water  at  ordinary  temperatures  dissolves  10'69  pts.  of  these  oystals,  forming  a  aula* 
tion  of  specific  gravity  301 9  ;  hot  water  dissolves  the  salt  in  aU  proportions.    Tb« 
salt  gives  off  all  its  water  at  a  heat  much  below  redness,  and  if  it  has  not  bees  '^ 
strongly  hoatod,  still  diFsolves  completely,  though  slowly,  in  wafer  (M%rigOAcK    I:, 
other  respects  it  behaves  like  the  potassium-  and  ammonium-salts.    Maigncrittr  likr- 
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wise  nentioM  m  salt  containing  Na'WH)*'.4H*0.— The  lUkium-^aU  dries  np  orer  oil  of 
ritriol  to  an  amorphous  mass. 

Metatungstate  of  Barium^  BaW*0'*.9HK),  is  obtained  by  mixing  the  warm  concen- 
trated solutions  of  ammonium-metatungstate  and  barium-chloride,  and,  when  purififd 
by  rocrystallisation,  forms  large,  shining,  quadratic  octahedrons,  modified  by  tne  pris- 
matic faces  and  the  perpendicular  end-faces.  They  hare  a  speciftc  gravity  of  4*298, 
effloresce  in  the  air,  and  ffive  off  6  at.  water  at  100^;  at  a  rea  heat  the  salt  becomes 
yellow  and  insoluble.  The  crjrstals  are  decomposed  by  cold  water  into  the  insoluble 
triacid  salt,  BaW0'*.6HK),  and  free  tungstic  acid,  which,  however,  recombine  at  the 
boiling  heat.  The  metatungstate  dissolves  easily  in  boiling  water ;  the  solution  yields 
metatungstic  acid  when  decomposed  by  dilute  sulphuric  acid,  and  the  other  meta- 
tungstates  (as  those  of  magnesium,  sine,  cadmium,  cobalt,  nickel,  &c.),  by  double  de- 
composition with  soluble  sulphates. — The  strantium-salt,  SrWK)>*.8H^,  obtained  like 
the  barium-salt,  crystallises  in  quadratic  octahedrons,  modified  by  the  faces  oP  and 
obPoo  . — The  calcium^saltf  formed  by  decomposing  chloride  or  carbonate  of  calcium 
with  metatungstic  acid,  crystallises  with  difficulty. — ^The  magnetium-wUf  MgW*0>*. 
SH^O,  forms  shining,  probably  monoclinic  crystals,  permanent  in  the  air. — The  glu* 
einum-aali  is  verr  soluble,  but  crystallises  from  a  syrupy  solution,  in  delicate  deliques- 
cent laminse. — The  aluminium'Salt  dries  up  to  an  amorphous  mass. 

Metatungstate  of  Cadmium^  CdW^O**.10HK),  forms  shining  quadratic  octahedrons, 
permanent  in  the  air. — The  cftous  Mlt^  CeW*O".10H'O,  prepared  by  decomposing 
cerous  carbonate  with  metatungstic  acid,  crystallises  in  pale,  lemon-yellow,  monoclinic 
crystals,  permanent  in  the  air. — The  lanthanum-  and  dtdymiumfaalis  are  alsocrystal- 
lisable.— The  cobalt-salt^  CoW*0".9H'0,  crystallises  in  quadratic  octahedrons;  the 
cupric  aaltf  OuW*0".llHK>,  in  laminse  and  tables,  probably  belonging  to  the  mono- 
clinic system. — The  ferric  salt  dries  up  to  an  amorphous  mass ;  its  solution,  mixed 
with  ammonia,  yields  a  precipitate  of  ferric  tungstate,  while  ammonio-ferric  tungstate 
remains  in  solution. — ^The  ferrous  saltf  prepar^  by  dissolving  iron  in  metatungstic 
acid,  is  crystallisable,  but  difficult  to  obtain  pure.  The  solution,  which  has  a  fine 
blue  colour,  contains  blue  oxide  of  tungsten,  as  well  as  the  ferrous  salt. — The  Irad' 
salt,  PbW*0".6HH)  (Lots),  or  PbW*0".6H«0  (Scheibler).  is  obtained  by  precipi- 
tating a  moderately  concentrated  solution  of  the  acid,  or  the  ammonium-salt,  with 
acetate  of  lead,  as  a  white  flocculent  salt,  which  dissolves  in  a  large  quantity  of  hot 
water,  end  crystallises  by  slow  evaporation  in  slender  silky  needles,  easily  soluble  in 
nitric  acid. — The  manganous  salt,  MnW*O'*.10H-O,  forms  beautiful,  light-yellow, 
quadratic  octahedrons,  with  perpendicularly  truncated  summits;  they  are  permanent  in 
the  air. — ^The  mercurous  salt,  Iig*\V*0'*.2i)H-0  (?),  is  obtained  on  adding  mercurous 
nitrate  to  the  free  acid,  or  an  alkaline  mctatungstate,  as  a  white  bulky  precipiUite, 
which  shrinks  considerably  in  drying,  and  assumes  a  lemon-yelluw  colour. — The 
fiick'l-salt^  NiW*0".8II'0,  forms  mouocliuic  prisms  and  tables. — The  silver-salt, 
Ag^W*0".3HK),  is  best  prepared  by  mixing  the  boiling  solutions  of  equivalent  quan- 
tities of  sodium-metatungstate  and  silver-nitrate,  with  addition  of  a  few  drops  oi 
nirrio  acid ;  the  clear  solution,  on  cooling,  deposits  the  salt  in  waxy  crusts,  consisting 
of  microscopic  octahedrons.  It  dissolves  easily  in  water,  crystallises  by  evaporation 
over  oil  of  vitriol,  but  remains  as  an  amorphous  mass  when  the  solution  is  evaporated 
by  heat. — The  cine-salt,  ZnW*O".10H*O,  is  very  soluble,  and  crystallises  with 
difficulty. 

Ethylic  Metatungstate,  probably  (C»H»)«W*0»«.3H«0,  is  produced  by  heating 
the  silver-snlt  with  ethylic  iodide  in  sealed  tubes,  and  remains,  on  distilling  off  the  free 
ethylic  iodide,  exhaustinff  with  al>8olute  alcohol,  and  evaporating  quickly  in  a  vacuum, 
as  a  thick  viscid  syrup,  which  slowly  dries  up,  over  oil  of  vitriol,  to  a  greenish  fissured 
mass.  It  is  very  unstable,  and  is  instantly  decomposed  by  water,  yielding  tungstic 
hydrate. 

Ordinary  tungstate  of  silver,  heated  with  ethylic  iodide,  does  not  yield  a  tungstio 
ether. 


TVJTOSTBV,  OXTBROaOBBB  Ol*.     (See  p.  899.) 
TinroeTBV,  0XT0BM>&ZBB8  or.     (Si>e  p.  900.) 


OF.  Phosphorus  and  tungsten  combine  di- 
rectly, but  without  incandescence,  when  finely-pulverised  metallic  tungsten  is  heated 
to  redness  in  phosphorus-vapour.  The  resulting  compound  is  a  dull  dark-grey  pow- 
der, very  difficult  to  oxidise,  and  containing  W»P«.— Another  comjjound,  W*r*,  is 
nbtained'  in  beautiful  crystalline  groups,  like  natural  geodes,  by  reducing  a  mixture  of 
2  at.  phosphoric  and  1  at.  tungstic  anhydride,  at  a  very  high  temperature,  in  a  cmci^ 
Me  lined  with  charcoal.  The  crystals  are  six-sided  prisms,  sometimes  an  inch  loni^ 
having  a  steel-grey  colour  and  strong  lustre;  specific  gravity  ■■  6*207.  This  cwn- 
Vol.  V.  *  3  N 
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pound  is  n  gpod  condnctor  of  electricity,  is  aearcily  oxidised  wb^  heated  to  redjiec% 
but  burns  with  great  splendour  on  chiucoal  in  a  stream  oi  oxygen,  or  on  fused  eblo- 
rata  of  potasfiuan ;  it  ia  not  attadtod  by  any  add,  nol  even  by  nitromttriatic  aeid. 
(Wohler,  Cbem.  Soc  J.  ▼.  94.) 

TUWCMITBir,  mUKWmmwm  or.  The  ditulvkide^  WS*,  is  formed  when 
tungsten,  or  one  of  its  oxides,  is  heated  to  redness  with  sulphur,  or  certain  Tolatiie 
sul]^Ur<ompounds.  It  is  prepared  by  igniting  tungsten  or  ttmgstic  oxide  with  6  pCs. 
of  cinnabar,  or  by  passing  the  vapour  of  carbonic  disulphide  or  sulphydric  add  oTsr 
tungstic  oxide  heated  to  redness  in  a  porcelain  tube ;  also  by  igniting  the  trisulpbide 
in  a  dose  reasel  (Berzelius  and  Borck).  Riche  prepares  it  by  ftising  equal  puts  of 
acid  potaseium-tungstate  and  sulphur  in  a  cmdble,  and  lixiviating  the  mass  with  water. 

Disulphide  of  tungsten  is  (according  to  Berzelius)  a  greyish-white  powder,  aoquir" 
ing,  by  pres^mre,  a  steel-erey  colour  and  metallic  lustre.  According  to  Ki  ch  e»  it  forms 
dlender,  soft,  black,  needle-shaped  crystals,  which  soil  the  fingers  like  graphite.  It  is 
oxidised  by  ignition  in  the  air,  or  in  vapour  of  water,  also  when  gently  heated  with 
nitric  or  nitromuriatic  add.  It  is  not  altered  by  Aidon  with  cyanide  of  potasdom. 
(Wohler  and  v.  Uslar.) 

Thetrisulpkide,  or  Tungstic  Sulphide^  WS*,  has  hitherto  been  obtained  only 
in  the  wet  way.  It  is  prepared  by  dissolving  tungstic  oxide  in  sulpbydrate  of  ammo- 
nium or  potassium,  and  predpitating  with  an  add ;  or  by  saturating  an  aqueoas 
solution  or  alkaline  tungstate  with  sulphydric  add,  and  precipitating  with  hydrochloric 
acid.  It  is  black  when  drv,  and  yields  a  liver-coloured  po^er;  dissolves  slightly  in 
cold  water,  more  eadly  in  boiling  water ;  and  ia precipitated  almost  oompletdy  bv  sal- 
ammoniac  and  other  salts,  and  bv  acids.  When  boiled  with  hydrodiloric  add,  the 
predpitate  becomes  denser  and  darker-coloared,  ultimately  blsick-blue,  but  remaios 
soluble  in  water.  It  dissolves  easily,  especially  when  recently  predpitated,  in  hydrate 
or  carbonate  of  potassium,  and  in  ammonia.  When  ignited,  alone  or  with  cyanide  of 
potassium,  it  is  reduced  to  the  disulphide. 

Trisulphide  of  tungsten  unites  readily  with  bade  metallic  sulphides,  fbrming  sul- 
phur-salts called  sulphotungstates,  represented  for  the  most  part  by  the  ftmula 
M^S*,  or  M*8.WS*,  analogous  to  that  of  the  neutral  tungstatea.  The  aulphotung^ 
states  of  the  alkali-metals  and  alkaline  earth-metals  may  be  prepared  by  dissolving  the 
trisulphide  in  the  corresponding  sulphydrstes,  or  by  treating  the  corresponding  tung^ 
states  with  sulphydric  add  When  trisulphide  of  tungsten  is  dissolved  in  a  caumc 
alkali  or  an  alkaline  carbonate,  a  tungstate  is  fbrmed,  together  with  the  sulpbotong* 
state ;  and  the  resulting  solution  yields,  with  acids,  a  light  red-brown  pri^pitate  of 
tungstic  oxysulphide,  which  does  not  turn  black  when  boiled  with  hydiMcMonc 
add.  The  insoluble  sulphotungstates  of  the  earth-metals,  and  heavy  metals,  are  ob- 
tained by  precipitation,  or  by  boiling  a  solution  of  alkaline  sulphotungstate  with  the 
corresponding  oxides. 

The  ammoniutH'Salt^  (NH*)*WS^,  separates  from  a  concentrated  solution  in  yellowtsh- 
red  crystals ;  and  the  mother-liquor,  when  left  to  evaporate,  deposits  yellow  rectangular 
tables.  The  salt  is  somewhat  sparingly  soluble ;  it  decrepitates  when  heated,  and  when 
ignited  out  of  contact  of  afar.leaves  tungstic  sulphide  in  lumps  having  a  metallic  lustre. 

The  potasaivtn-ialS,  K*W8\  separates  ttGm  its  aqueous  solution,  on  evaporataon,  in 
anhydrous  yellow  crystals,  or  smooth,  pale,  four^dded  red  prisms,  with  dihedral  sum- 
mits, and  IS  precipitated  by  alcohol  in  delicate  dnnabar-red  prisms.  The  aqueous 
solution,  mixed  with  a  small  quantitr  of  hydrochloric  add.  yields,  by  evaporation,  s 
black  mass,  condsting  of  an  add  sulphotungstate,  K^.2WS',  or  K*WS^.WS*.— The 
aqueous  solution  of  tibe  neutral  salt,  boiled  with  cupric  hydrate,  yields  cupric  sulphide 
and  tungstate  of  potasdum.  If  the  solution  of  the  sulphotungstate  contdos  also 
tungstate  of  potassium,  or  if  the  tungstate  be  fused  wi^  ralphnr  and  the  ftised  mam 
dianklvad  in  water,  the  solution  vields  by  evaporation  lemon-ydlow  rectangular  plates 
of  tlie  9PifftMlphotunff8tate,  K*WS>0*.2HK).  A  solution  of  2  pts.  potassium-sulpho- 
tungstate  aad  I  pt  potasdum-nitrate,  yields  ruby-red  transparent  crystals  of  a  double 
salt,  containing  PwS^.KKO",  which  oetoaates  Uka  euoMwdtf  when  heated  to  eom- 
mendng  redness,  yieldlarapskfe-yellow  mass,  from  i^i^  water  extracts  tungstate  and 
sulphotungstate  of  potassium,  Taaflriiip  disulphide  of  tungsten. 

The  wmnt-tait,  Na*WS',  a^italfiwi  witb  ifffcaij  fina  tha  m^mm,  man  easily 
from  the  alcoholic  solution,  by  apontsnaoys  ovapOEatioB.  TTia  iiijaials^  whmt  aansMd 
to  the  air,  soon  become  moiat  and  yellow.  There  ia  also  an  add  salt,  sohhlein 
water  and  in  alcghoL 

Tbe  baritim.'Salt  is  prepmd,  bypassing  aulphydrie  add  gas  through  water  hi 
which  tungstate  of  banum^  ia  snipaidad,  and  cmtallisaa  hf  tvapomtion  in  yellow, 
transparent,  ciystallinecruata.  When  tongatie sulphide  is  disadtved  toaatnration  is  pro* 
topiilphida  of  barium,  the  yellow  aoUtiQii  yidda,  by  evapomtion,  a  brown  amorphous 
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mAM. — Tbid  eaidum-satt,  prepued  like  the  bariam-uilt,  is  an  amorphous  maaa,  eaailj 
aolnble  in  wator  and  in  alcohol ;  the  stroiUmni'  and  magntmmrsalUt  prepared  in  like 
manner,  are  alao  soluble  in  water  and  in  alcohol ;  the  former  separates  in  lemon* 
yellov  radiate  crystals,  the  latter  is  unorystallisable.  The  solutions  of  the  calcium-, 
strontium-,  and  magneaium-salts  take  up  an  additional  quantity  of  tungstio  sulphide, 
and  then  leave,  on  OTaporation,  brown  or  brown-red  amorphous  masses. — The  mangO' 
noiM  salt,  Mn*^8\  alM>  dissolves  in  water,  forming  a  yellow  solution. 

The  cmimuMn'taU,  Cd*WS\  and  the  zinc-salt  are  yellow  precipitates,  the  latter 
separating  gradually;  the  eeriumsait  is  also  a  yellow  precipitate,  which  separates 
only  after  24  hours. — The  sulphotungstates  of  cobiUt,  copper,  isad^  and  nioktl,  repre- 
sented by  the  general  formula  WyfS*,  are  brown  or  black-brown  precipitates. — ^The 
mereurie  tali,  Hg^S^  is  precipitated,  on  mixing  the  solutions  of  mercuric  chloride  and 
potassinm-sulphotunffstate  in  equivalent  proportions,  in  orange-yellow  flocks ;  with  an 
excess  of  mercuric  chloride,  the  precipitate  is  white ;  with  an  excess  of  the  alkaline 
solphotungstate,  black. — Tbe  mercuraua  salt,  Hg^S*,  is  a  black  pedpitate;  the 
mlver-saU,  Ag'W8\  dark-brown.— The  stannous  salt,  Sn'WS*,  is  precipitated  in  brown 
flocks ;  the  ttamnic  salt,  Sn''(W8«)*.Sn''S*,  in  greyish-yellow  flocks.— The  pUUmio 
salt,  Pt^^rWS*)*,  and  the  auric  salt,  Avr(WS*Y,  are  black  predpiutes;  the  btsmuth" 
salt,  Bi'"(WS*)",  dark-brown,  nearly  black.— The /«Tic  saU,  Fe'XWS*)*,  is  a  dark-brown 
bnllgr  precipitate.  Ferrous  salts  do  not  precipitate  a  solution  of  potasbium-sulpho- 
tongstate.    (Berselius.) 

VirarCMITBV-MaTBTXi.  W(CH«)«.  (Riche,  Ck>mpt.  rend.  xlii.  203.— 
Cab  ours,  Jahresb.  1861,  p.  353.) — When  tungsten  is  heated  with  methylie  iodide  to 
840®  in  a  sealed  tube  for  several  days,  a  viscid  liquid  is  formed,  from  which  ether- 
aloohol  extracts  iodide  of  tungsten-methyl,  consisting,  according  to  Riche,  of 

W(CH«)n»,  but,  according  to  Cahours's  analysis,  of  W^'  J  ^^p'^*,  a  composition  which 

is  in  aoeordanoe  with  the  known  atomicity  of  tungsten.  This  iodide  crystallises  in 
eoloorleas  tables,  melts  at  110^,  and  when  agitated  with  recently-precipitated  silver- 
oxide,  is  converted  into  oxide  of  tungsten-methyl,  or  tungstic  oxytetra- 

m  e  thi  de,  W^  ]    ry    *    '^^^  oxide  dissolves  in  acids,  forming  nncrystallisable  salts, 

remaining,  when  concentrated,  as  viscid  liquids,  from  which  the  oxide  is  reprecipitated 
by  alkalis. 

Tungsten  heated,  in  like  manner,  with  ethiylie  iodide  is  scarcely  attacked,  only  a  few 
needlee  of  tungstic  oxyiodide  being  formed,  which  float  about  in  the  liquid.   (Kiche.) 

TUJiWnO  OOMFOUVBB.  Compounds  in  which  tungsten  is  hexatomic,  vis., 
WW,  W0«,  W(CH»)«P,  &c. 

TUVOSTOSI&ICZO  AOZB8.  (Maripnac,  Ann.  Ch.  Phys.  [4],  iii.  6; 
Jahresb.  1864,  p.  220.) — These  are  tetrabasic  acids,  containing  both  silicon  and  tung* 
steo.    Tlieir  names  and  formulse,  as  given  by  Marignac,  are  as  follows : 

Silicoduodedtungstic  or  Silicotungstic  acid  .        .        .    4H'O.SiO*  12W0*. 

Tnngstosilicic  aad 4HK).l2WO*.SiO*. 

Silicodecitungstic  add 4H'O.SiOM0WO'. 

Tliey  may  be  regarded  as  tongstates  of  silicon  and  hydrogen,  the  first  two  having  the 
eoamosition  H*Si*'0M2W0*,  which  is  referable  to  that  of  an  acid  tungsUte,  MH).2W0'. 
The  potassium-  or  sodium-salt  of  the  first  of  these  acids  is  produced  by  boiling 
gelatinous  silica  with  add  tongstate  of  potassium  or  sodium,  its  formation  probably 
taking  pUwe  as  represented  by  the  equation : 

ot*^^.l^i    +  ®(=0)*  -  K'Si"0'.12W0'  +  4K(H0). 

Tlia  resulting  solution  yields,  with  mercurous  nitrate,  a  predpitate  of  mereurons 
•ilicotnngstate ;  this,  when  decomposed  by  an  exactiy  equivalent  quantity  of  hpr- 
doehloric  acid,  yields  a  solution  of  hydric  silicotungstate,  or  silicotungstio 
acid;  and  the  other  silicotungstates,  which  are  all  soluble,  are  obtained  by  treating 
the  acid  with  carbonates. 

Silicodecitungstic  acid  is  obtained  asanammonium-saltby  boiling  gelatinous 
mliea  with  solution  ^  add  tungstate  of  ammonium ;  and  from  this,  the  add  and  its 
other  salts  may  be  obtained  in  the  same  manner  as  the  preceding.  The  siliooded- 
tungstatesaro  very  unstable,  and  the  acid  is  decomposed  by  mere  evaporation,  depositing 
silica, and  being  converted  into  tnngstosilicic  acid,  which  is  isomeric  with  silioo- 
tungstie  add,  ai^  likewise  decomposes  carbonates.  All  three  of  these  adds  are 
capable  of  mw^uLit^ng  either  one  hsJf  or  the  whole  of  their  basic  hydrogen  for  metals, 
thereby  ibtming  add  and  neutral  salts ;  silicotungstic  add  also  forms  an  add  sodium- 
•ah,  in  whiefa  only  one-fouith  of  the  hydrogen  is  replaced  by  sodium. 
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BlUootimffStle  Aoid,  4H«O.SiO«.12WO»  •  H«SiW>«0«  — The  concentrated  win. 
tion  of  this  acid,  obtained  as  above,  yields  the  acid,  bj  spontaneona  eTaporation,  in 
large,  shining,  colourless  (or  elightlj  yeU  iwish),  quadratic  octahedrons,  centaioiDg 
H«§iW»»0<*  .  29H^O.  They  are  combinations  of  P  .  oePoo  .  oP,  baring  the  angle 
P  :  P  in  the  terminal  edges  -  109^  9';  ia  the  lateral  edges -110^  6'.  They  efBoreK« 
in  contact  with  the  air,  begin  to  melt  at  86^,  and  fuse  completely,  at  629,  to  a  liquid 
which  yields  another  crystalline  hydrate.  At  100^  they  giTe  off  25  at.  water,  anothft 
portion  at  a  higher  temperature,  and  the  remainder  at  350^ ;  at  this  temperature, 
jiowever,  the  acid  retains  its  solubility ;  but  at  a  stronger  heat,  it  is  oonrerted  into  an 
insoluble  mixture  of  silicic  and  tungtvtic  anhydrides.  The  other  hydnte,  abort 
mentioned  as  separating  from  the  mefisd  acid,  contains  H'SiWK)^ .  22HH),  and  is 
likewise  formed  when  the  acid  separates  from  a  solution  containing  hydrochlorie  or 
sulphuric  acid.  The  crystals  are  combinations  of  a  rhombohedron  (K)  with  the  basal 
end-face  and  a  subordinate  acute  rhombohedron,  whereby  they  aoquirp  the  character 
of  cubo-octahedrons  (B  :  R  in  the  terminal  edges  «  88^  48*;  oP:  R  «.  124^  25'); 
they  are  distinguished  from  the  octahedral  crystals  by  their  permanence  in  the  air. 
Silicotungstic  acid  dissolres  easily  in  water  and  in  alcohol;  the  aqueous  solution, 
saturated  at  18^,  contains  1  pt  of  the  octahedral  acid  to  0'104  pt.  water,  and  has  a 
density  of  2*283.  Tne  alcoholic  solution  mixes  with  an  equal  Tolame  of  ether  without 
turbidity ;  but,  on  adding  more  ethor,  the  concentrated  etnereal  solution  separates  as  a 
syrupy  layer,  which  forms  a  clear  solution  in  water,  but  becomes  turbid  and  gives  op 
the  ether  when  heated.  The  same  syrupy  liquid  (which  does  not  contain  any  silico- 
tun^stic  ethers),  is  obtained  by  exposing  either  the  octahedral  or  the  rfaombohednl 
crystals  to  ether-vapour. 

Silicotungstates. — Silicotungstie  acid  is  a  strong  acid,  decomposing  carbonatss, 
and  easily  forming  double  salts.  The  salts  are  all  soluble  in  water,  excepting  the  mei^ 
curous  salt,  and  almost  all  crystallise  well.  They  are  not  altered  by  boiling  with 
hydrochloric  acid.  Caustic  alkalis  and  alkaline  carbonates  throw  down  silicic  seid 
from  their  solutions;  the  precipitate  formed  by  ammonia  redissolves  at  the  boiling 
heat.  When  heated  to  redness,  they  glow  slighUy,  and  leave  a  residue  eontaining  free 
tungstic  anhydride. 

Silicotungatate  of  Aluminium  is  obtained  by  dissolving  almninium-hvdrtteia 
silicotungstie  acid,  or  by  adding  the  latter  to  a  solution  of  aluminium-chloride,  io 

large  regular  octahedrons  containing  Ar*H»«Si»W^'»  87HK).  or  2Al«0".6H«0.3(SiO«, 
12W0') .  87aq.  The  cold  solution  is  rendered  turbid  by  addition  of  ammonia,  but 
becomes  clear  again  when  warmed,  and  yields,  after  evaporation  of  the  excess  of 
ammonia,  an  octahedral  double  salt,  containmg  2.41«0".9(NH*)«0.3(SiO*.12WO*) .  75sq. 

Ammnnium'aaltB.—T^B  octammonic  or  Mrabanc  saU,  (NH*)*SiWK)«  16HK)  = 
4;NH*)*O.SiO*.12WOM6aq.,  is  produced  b^  saturating  the  acid  with  ammonia,  or  by 
prolonged  boiling  of  a  solution  of  silicodecitun^tate  of  ammonium,  and  remains,  oa 
leaving  the  solution  to  evaporate,  in  opaque  white  nodules.  By  boiling  with  bvdio- 
chlortc  acid,  it  is  converted  into  the  Utrammonic  salt,  (NH*)*H«SiW»*0«  6HH).  Both 
these  salts,  when  heated  with  ammonia,  yield  sparingly  soluble  acid  tungslate  of 
ammonium,  which  separates,  and  silioodecitungstate  of  ammonium,  which  crystalliBca 
on  evaporation. 

Barium-salts, — On  mixing  a  solution  of  silicotungstie  acid  with  carbonate  of 
barium  till  a  permanent  precipitate  of  neutral  salt  is  produced,  the  clear  liquid  yields. 

jn  evaporation,  monoclinic  prisms  of  the  diharytic  salt,  fia*H*SrW^*0**.14H-0,  irbi*^, 
by  prolonged    contact   with  the  mother-liquor,  are  converted  into  a  more  bighlj 

hydrated  efflorescent  salt,  containing  &«H«SiW««0««.14H«0.  On  adding  chloride  of 
bar.  urn  to  an   excess  of  a  hot  solution  of  sodium-silicotungstate,  a  double  salt, 

Ba*Na'SiW«0«*.28H»0,  separates,  on  cooling,  in  ciystals  amwrently  haying  the  fona 
of  rhombic  octahedrons.  They  are  decomposed  by  continued  washing,  leaving  a  pul- 
verulent, nearly  insoluble  tetrabasic  salt. 

Calcium'salts.-^lhe  dicalcic  or  acid  salt,  Ca«H*SiW»K)«.22H*0,  crystalliief 
from  a  syrupy  solution  in  very  large,  shining,  rhombobedral  crystals,  R  .  oP,  perma- 
nent in  the  air.  The  warm  solution  takes  up  carbonate  of  calcium,  but  the  resttiting 
neutral  salt  is  not  erystallisable. 

Magnesium' salts.— The  acid  salt,  Mg*H*SiW»«0*«.16HH),  forms  tridinicprians, 
permanent  in  the  air. — ^The  neutral  salt  is  not  erystallisable. 

The  mercurous  salt,  Hg^iWK)**,  is  a  heavy  yellow  precipitate,  insoluble  in 
water,  very  slightly  soluble  in  dilute  nitric  acid. 

Potassium-saUs.^a,  The  neutral  salt,  K»8iW»H)«M4HK),  prepared  by  boiling 
g^tinous  silica  with  ucid  pot4issium-tungstate,  crystallises,  on  cooling  from  the  hot 
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llltorod  solution,  in  hard  granular  crusts,  which  may  be  purified  by  recrystallisation ; 
the  crj'stals  look  like  cubes,  but  exhibit  double  refraction.  The  salt  dissolTes  in  10  pt8. 
water  at  18^,  and  in  less  than  8  pts.  boiling  water. — fi.  The  tetrapotasme  salt, 
KMI'SiW^'O**  .  16HK),  ciystallises,  on  evaporating  a  solution  of  the  neutial  salt  mixed 
with  hydrochloric  acid,  in  large,  colourless,  shining,  hexagonnl  prisma,  with  pyramidal 
summits,  odF  .  P.  Angle  P  :  P,  terminal  =  144°  46' )  lateral  — -  74°  30 ;  prismatic 
faces  longitudinally  striated.  The  ciystals  efiSoresce  slightly  in  the  air,  una  at  100^ 
give  off  their  water  of  crystallisation,  together  with  1  at.  of  the  basic  water.  They 
dissolve  in  3  pts.  water  at  20°. — y.  A  solution  of  the  tetrapotassic  salt  mixed  with 
hydrochloric  acid,  then  evaporated  and  left  to  cool,  deposits,  first  a  pulverulent  yerj 
acid  salt,  then  crystals  of  the  tetrapotassic  salt ;  but  when  these  two  salts  are  left  for 
■ome  time  in  the  mother-liquor,  they  both  disappear,  and  another  salt  is  deposited  in 
monodinic  prisms  containing  2K'H%iW"0*^ .  25H'0';  they  are  decomposed  bv  solution 
in  water,  the  Uquid,  when  evaporated,  yielding,  first  ciystals  of  rhombohedral  silicotung- 
Stic  acid,  then  the  salt  /3,  and  lastly  the  salt  7. 

The  silvfr-  galtf  Ag'H'SiW'O** .  7H^0,  separates  as  a  crystalline  precipitate  when 
carbonate  uf  silver  is  dissolved  in  silicotungstic  acid,  or  when  this  acid  is  added  to  a 
solution  of  silver-nitrate.  It  is  slightly  soluble  in  water,  easily  soluble  iu  dilute 
nitric  acid. 

Sodium'Salt8.—a,  The  neutral  salt,  Na»SiW>«0*«.7HK),  is  prepared  like  the  neutral 
potassium-salt,  and  crystallises  by  spontaneous  evaporation  in  slender  needle-shaped 
crystals.  The  saturated  solution  contains  0*21  pts.  water  to  1  pt.  of  the  salt,  and  has 
a  specific  gravity  of  306  at  19°.— 3.  The  tetrasodic  sa/t,  Na*H*SiW"0«,  crystallises 
irom  a  solution  of  the  neutral  salt  mixed  with  hvdrochloric  acid,  with  amounts  of 
water  varying  according  to  circumstances.  If  the  crystallisation  takes  place  at  40° — 
60°,  or  from  a  solution  containing  hydrochloric  acid,  at  ordinary  temperatures,  tri- 
dinic  tabidar  crystals  are  obtained,  containing  11  aL  water.  A  pure,  concent ruttxl, 
aqueous  solution  deposits,  at  ordinary  temperatures,  nacreous,  efflorescent,  tricli- 
nic  pri«ms  with  18  at.  water.  A  hot  concentrated  solution  deposits,  on  cooling, 
first  crystals  of  the  11-hydrated  salt,  afterwards  triclinic  prisms  differently  modified 
Hod  containing  a  different  amount  of  water,  and  finally  the  18-hvdrated  salt.  When 
nitric  acid  is  used,  in  place  of  hydrochloric  acid,  in  the  preparation  of  the  tetrasodic 
bait,  the  mother-liquor  yields  on  concentration  a  double  salt,  4NaNO*.8(Na*H*Si W"0**. 
13H-0),  in  hygroscopic  tridinicprisms,  mostly  twins  with  the  combination-face  cdP». 
— y.  The  diiodtc  salt,  Na*H*SiW>='0".14H'6,  crystallises,  on  evaporating  a  solution 
of  the  tetrasodic  salt,  mixed  with  sulphuric  or  silicotungstic  acid,  m  triclinic  tabular 
crystals,  very  much  like  those  of  the  tetrasodic  salt  deposited  from  a  warm  solution. 
This  salt  decomposes  when  dissolved  in  water. 

TiinfStosUieio  Aeid,  H«W>«SiO«-4H»0.12WO».SiO»(Marignac).— This  acid, 
isomeric  with  silicotungstic  acid,  is  produced  when  a  solution  of  silicodecitungstic  acid 
is  evapurated  to  dryness  by  heat,  and  crystallises  from  a  solution  filtered  frran  silica, 
and  evaporated  to  a  syrup,  in  tridinic  prisms,  exhibiting  the  dominant  combination 
oo'^P  .  ooF^  .  GcP  00  .  oP,  with  domes  and  hemip^Tamids  subordinate.  The  crystals 
deliquescif  in  damp  air.  They  melt  below  100°  in  their  water  of  crystallisation,  and 
then  dry  up  with  intumescence.  At  200^,  the  residue  crumbles  to  a  fine  powder, 
which  contains  2  at.  water,  and  redissolves  in  water,  with  rise  uf  temperature  ;  the  acid 
does  not  Ktse  its  solubility  even  when  heated  above  300°.  It  is  also  easily  soluble  in 
alcohol,  and  behaves  to  ether  like  silicotung»tic  acid  (p.  915). 

The  tungstosilicates  are  obtained  by  saturating  the  acid  with  carbonates. 
Some  of  them  are  uncrystallisable,  and  others  are  distinguished  from  the  corresponding 
silicotungstates  by  their  crystalline  form,  degree  of  solubility,  and  amount  of  water 
of  t-rystallisation ;  but  there  is  no  characteristic  reaction  by  which  the  two  isomeric 
acids  can  be  distinguished  one  from  the  other. 

Tungatosilicate  of  alumtnium,  2Al«0*.6H*0.3(12WO».SiO«).75H«0,  cxystal- 
liscH  from  a  s>Tupy  solution  of  gelatinous  alumina  in  tungstosilicic  acid,  in  tridinic 
prisms,  resembling  the  calcium-salt,  and  frequently  united  in  twins  by  the  face  oe'^. 

The  ammonium -salt  has  not  been  obtained  of  definite  composition. 

Barium'salt, — On  saturating  a  solution  oftun^rstosilicic  acid  with  baryta- water,  a 
precipitate  is  funned,  which  redissolves  in  the  acid  liquid  on  stirring,  until  more  than 
2  at.  baiyta  have  been  added,  after  which  it  unites  into  a  layer,  oily  when  warm, 
resinous  in  the  cold,  and  drying  up  in  contact  with  the  air  to  a  vitreous  mass,  consisting 
of  the  neutral  barium-salt,  Ba*SiW"0«.9n*0,  or  4Ba0.12WO«.SiO« .  9aq.  It  becomes 
glutinous  again  in  contact  with  water,  and  after  prolonged  contact  crumbles  to  a 
powder,  which  in  the  air-dried  state  contains  4Ba0.12WO*.SiO* .  27aq. 

The  acid  ca/c«w«-#a/<,  2CaO.2H*O.12WO«.SiO«.20aq.,  forms  tridinic  crystils, 
od' P  .  (xF, .  oof  OD  .  oP  &c.,  tabular  from  predominance  of  odP  od  ;  it  is  hygroscopic  in 
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moist  air.    Somotimes  another  salt,  6Ca0.dH*0.2n2WO*J9iO*) .  47aq.,  wu  obt^nod 
in  small  shining  tridiniecrjttals,  less  hygroscopic  than  the  former. 

Pota98ium'Salt$,— The  neutral  salt,  4K*0.12WO*.SiO* .  20aq.,  forms  small  ill- 
deftned  prismatic  crystals  belonging  to  the  trimetric  system. — ^Tho  tetrapola$tic  acid 
salt,  2KK).2H*0.12WO*.SiO> .  7a^likewise  crystallises  in  the  trimetric  system,  and  is 
short  hard  prisms.  odF  .  Pod  .  oP,  haying  the  angle  obP  :  odP  «  101°  0';  qdP  . 
J^Qo  -  ISl^'  0';  Poo  :  Pod  (basal)  -  116"  28*;  or  in  friable,  nacreons,  aix-fiided 
tables,  arranged  in  radiate  groups. 

Sodium-salts.^ThB  acid  9aU,  2Na*0.2H*0.12WO'j9iO' .  lOaq.,  forms  laige  ihom- 
bohedrons,  K  -  ^B,  having  the  terminal  angle  B :  B  »  91^  0'.— The  tUMiral  mH 
was  not  obtained  in  the  crystAlline  form. 

BiUeodeoltoiigstie  aeld,  H"SiWi*0**,  «  4HK).SiOM0WO«,  is  obtained  by 
heating  gelatinous  silica  with  acid  tongstate  of  ammoniomt  precipitating  with  meicii- 
rons  nitrate,  or  better  with  silver- nitrate,  in  the  cold,  and  decomposing  the  preeipitate, 
after  thorough  washing,  with  hydrochloric  acid,  carefully  avoiding  an  ezoeaa.  On 
evaporating  the  filtered  solution  in  a  vaenum,  at  ordinary  tempecatures,  the  acid 
remains  as  a  transparent  yellow  glass,  containing  H*SiW0''.8H'0.  On  exposure  to 
the  air,  it  rapidly  absorbs  water,  splits  into  fragments,  and  finally  deliquesces.  With 
alcohol  and  ether,  it  behaves  like  siliootungstic  acid.  The  aqueous  solution  may 
sometimes  be  repeatedly  evaporated  without  alteration,  but,  in  most  caseiB^  it  easily 
splits  up  into  gelatinous  silica  and  tungstoeilidc  add.  It  does  not  precipitate  the 
salts  of  calcium,  magnesium,  lead,  or  aluminium ;  with  nUrate  of  stiutr,  it  forms  a  heavy 
yellowish  precipitate,  easily  soluble  in  dilute  nitric  add;  with  mereunmi  miimU  a 
white  precipitate,  slightly  soluble  in  nitric  add. 

Mostof  tne  silicodedtungstates  are  difficult  to  obtain  in  the  pure  state,  on  account  el 
their  creat  solubility.— The  ammonium-salt  contains  (NH*/«iW>»0* .  8H«0.--The 
neutrtupotassium-salt  appears  to  ciystallise  with  1 7  at.  water ;  the  acid  salt,  K^^SiW^'O'*, 
with  8  at  and  10  at.  water;  an  ammonio-potassio salt,  K\}m*yBBiWl5BH),  was 
likewise  obtained. — The  bartum-salt^  Ba^Siyr'^O**,  is  obtained,  dj  adding  the  acid  to 
an  excess  of  barium-chloride  solution,  as  a  visdd  insoluble  precipitate,  which,  when 
dried  in  the  air,  cont^ns  22  at.  water. — ^The  sHversalt,  dried  at  100",  ccmtains 
Ag»SiW«0".8H='0. 

TWCMTOBO-TUirCMITXO  OOMFOUims*  Compounds  intermediate  in 
composition  between  tungstous  and  tungstie  oompoondflt  '•^•t  WCl**  »  WCl^.WCl" ; 
W0»  =  W0«.W0«. 

TOWCMITOV8  COMFOWBB.  Compounds  is  which  tungsten  is  quadri* 
equivalent :  eg.,  WCi\  W0»,  WS«,  &c 

TinriCZV.  A  substance  isomeric,  and  perhaps  identical,  with  cellaloll^ 
(CH'*0*),  occurring  in  the  mantle  of  Asddia,  and  separated  therefrom  (from  the  mantlo 
of  Cynthia,  far  example)  by  successive  treatment  with  water,  alcohol,  ether,  adds, 
and  alkalis.  It  then  remains  as  a  colourless  mass,  exhibiting  the  structure  of  the 
original  substance  (Schmidt,  Ann.  Ch.  Pharm.  liv.  318). — ^Berthelot  (Compt 
rend,  xlvii.  227)  boils  the  mantles,  first  with  strong  hydrochloric  add,  then  with 
potash-ley  of  specific  gravity  1*28,  and  washes  the  residue  thoroughly  with  (fistiUed 
water. 

Tunidn  exhibits  most  of  the  characteristic  properties  of  cellulose,  and  its  insolubility 
in  various  liquids ;  but  it  is  more  stable,  not  being  altered  by  nitric,  hydrochloric,  or 
acetic  acid,  or  strong  potash-solution,  even  afte^  prolonged  boiling;  neither  is  it 
blackened  by  fluoride  of  boron.  In  fnminff  nitric  or  sulphuric  add,  it  delioueeces  to 
a  colourless  liquid ;  and  if  the  liquid  obtained  with  sulphuric  add  be  boiled  for  some 
time  with  water,  the  resulting  solution  will  be  found  to  contain  glucose,  or  a  similar 
sugar. 

Syn.  with  Tubfbth. 

.  A  name  applied  by  Hermann  to  a  massive  variety  of  brown  luematita, 
2Fe*0'.HK),  occurring  near  tneBiver  Tnr^in  the  Utal ;  it  ^^peara  tobe  identical  with 
Breithaupt's  hydroh^atite  from  Siebenhits,  near  Hof,  in  Bavaria.  (Handw.  d.  Chem. 
viii.  1043.) 

L    Syn.  with  Toubxalins  (p.  875). 

Curcuma,  Radix  Cureumm.  Terra  mmla. — ^The  root  of  Am<h 
fimrn  Curcuma,  a  plant  cultivated  in  India  and  Java.  It  contains,  according  to  Pelle- 
tier  and  Vogel,  a  strong-smelling  volatile  oil,  gum,  a  vellow  colouring*matter  {cvnu^ 
ffttn),  a  brown  colouring-matter,  starch,  celluloBe,  and  a  small  Quantity  of  caldum* 
chloride.  It  is  used  for  dyeing  wool  and  silk ;  but  the  colour,  Uiough  a  fine  yellow, 
is  not  durable.     It  is  also  employed  in  pharmacy  for  colouring  certain  ointments, 
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nd  (MpectsUj  in  Jnditi)  am  an  ingredient  of  enrnr-powder  and  other  oondimenUi.— 
AkwifJifl  tinouife  of  tnnneric,  or  paper  stained  with  the  aqnaons  or  alcoholic  solution, 
it  oMd  as  *  test  fur  alkalis,  and  for  ooric  add  (i.  689). 

The  rout  «f  CSsfUM  Meehaa^  a  plant  of  frequent  occorrance  in  West  Africa,  is  siud  to 
W  «saetlr  similar  to  East  Indian  tormerio-root,  in  taste,  smell,  and  chemical  reactions 
(DaDiafl,  Ptttrm.  J.  Trans,  xiz.  258.) 

TUWaKWntifM  WKKOM,  Ferrous  ferricyanide,  prepared  by  precipitating  a  ferrous 
salt  with  fSscricyanidA  of  potassium.     (See  CTAiODn  of  I&ov,  ii.  244.) 

TnUVBBXnL  A  silicate  of  aluminium,  iron  (fenicum)^  calcium,  and  magnesiuift, 
oocarring  at  Mont  Soral  in  Dauphin^  and  at  Taretsoh,  in  yellow  monoolinic  crystals, 
baring  an  adamantine  lustre  and  conchoidal  fracture.  Axes  a  :  6  :  0  «  1 :  0*921696  : 
0-95844.  Angle  6  :  e  «  102<>  42^ ;  ooP  :  •»•  P  -  141<>  28';  +P  :  -i-Pao  »  143<>  44'; 
aP :  oePflo  »  131^  68'.  In  the  mineral  from  TaTftsch,  the  combination  odP  .  odPX 
•P2.  ooPflo.oP.  +Pao.  UPoo  ]  .  r^Pao  i  .  [P«  ]  .  P  .  2P2  .  +«>.  +  JP  .  -^P 
was  obsterred.  In  that  from  Dauphin^  the  ness  »Pao  and  [2Poo  J  likfwise  occur. 
(0.  T.  Bath,  Jahre«b.  1863,  p.  824.) 

Tinura»*STSZAOW  I  also  called  Afean^Fc/fow.  Ozyehbride  of  lead,  Pb^dH)*. 
(ill  646). 

See  BRAfwiCA  (i.  664). 

TenhmUnma.  Thihenihine,  TtrpenHn.^VaiB  t«rm  is  ap- 
died  to  seTezal  oleoresins  exuding  from  coniferous  trees  ;  sii»  to  ^  semifluid  resin  of 
titiaeia  Ttr$dinikus,  a  tree  belonging  to  the  terebenthaieeoas  order.  To  obtain  the 
tnrpentioe,  incisioBs  are  made  in  the  bark  of  the  trees,  and  the  resinous  juice,  which 
exudes  chiefly  during  the  summer,  is  colleeted ;  it  is  th^i  rendered  more  fluid  by 
warning  with  wr.ter,  and  strained  through  stxaw-filters,  to  free  it  from  needles,  bark, 
and  other  extmneous  substances. 

The  sorenU  Tarieties  of  commercial  turpentine,-  obtained  fhnn  fir*  and  pine-trees,  are 
moie  or  less  viscid  solutions  of  resins  in  a  volatile  oil,  the  proportions  of  these  consti- 
tosnts  varving  according  to  the  source  and  age  of  the  turpentine.  Some  kinds  aro 
dear  and  homogeneous ;  others  are  more  or  less  turbid,  holding  in  suspension  granulo- 
oystalline  masses,  whidi  gzaduaily  settle  to  the  bottom. 

American  turpentine,  obtained  chiefly  f^m  Pmus  auttraUa^  and  German 
turpentine  from  the  Scotch  flr  (Pinua  s^lvesiris),  are  yellowish,  viscid,  granular 
liottids,  having  a  strong  aromatic  odour,  and  pungent  bitter  taste ;  they  become  clear 
when  warmed,  are  highly  inflammable,  and  bum  with  a  veiy  smoky  flame.  These 
tupcolines  consist  of  volatile  oil  and  colophony  (i.  1087);  and  on  boiling  them  with 
water,  the  volatile  oil  goes  off  with  the  steam,  while  the  renin  remains,  intimately 
mixed  with  small  quantities  of  oil  and  water,  forming  a  ditigy  yellow  turbid  mass, 
called  "  boiled  turpentine,"  which  is  brittle  when  cold,  but  becomes  soft  and  plastic 
when  heated.  At  a  stronger  heat,  the  water  and  the  remaining  portion  of  volatile  oil 
are  given  off,  and  the  colophony  remains  as  a  transparent  resin,  more  or  Ifss  coloured, 
according  to  the  degree  of  heat  to  which  it  has  been  exposed.  Colophony  was  formerly 
said  to  be  a  mixture  of  two  isomeric  acid  resins,  pinic  and  sylvic  acids  (iv.  649,  660 ; 
V.  648);  but  the  recent  investigations  of  Maly  (Ann.  Cb.  Phsrm.  cxxxii.  249; 
Jahresb.  1864,  p.  408),  have  showii  that  it  consists  mainly  of  abiotic  anhydride, 
QM£«x04^  which,  when  treated  with  aqueous  alcohol,  takes  up  water,  and  is  converted 
into  abietic  acid.  C'*H**0*.» 

French  turpentine  (from  Pinus  taon^iffui)  resembles  American  turpentine  in 
appearance,  odour,  and  taste.  It  hardenswith  calcined  magnesia  more  readily  than 
any  other  kind  of  turpentine. 

Straaburg  turpentine  is  a  clear  non-granular  liquid,  obtained  fhmi  the  silvcir 
flr  {Abies  pectmata),  and  from  the  spruce-flr  {AMes  txcelsa).  The  turpentine  from  the 
fonner  of  these  trees  is  mobile,  yellow,  has  a  pleasant  odour  of  lemon,  and  a  sharp 
bitter /taste.  That  from  the  spruce-flr  is  dark-*yellow,  has  a  strong  balsamic  odour,  and 
sweetish  aromatic  taste.  The  resinous  portion  of  both  these  turpentines  contains 
aUetie  acid,  together  with  two  indifferent  resins,  one  (abietin)  soluble  in  absolute 
alcohol,  the  otiMr  insoluble.  The  water  with  whidi  these  turpentines  are  distilled  to 
get  off  the  volatile  oil,  is  said  to  contain  succinic  acid. 

Venice  turpentine — T4rebmtkma  ven$tia,  s.  larieina^  from  the  larch  {Lairix 
twrofma) — is  said  to  be  contained  in  peculiar  sacs  in  the  upper  part  of  the  stem,  and 
to  be  obtsiined  by  puncturing  them.  It  is  a  ropy  liquid,  colourless,  or  brownish  in- 
dining  to  green,  having' a  somewhat  unpleasant  ONdoiir,'aiid  bitter'taste.  Aooordingto 

•  Th«  fonnoU  iWeti  for  abteiic  acid  at  p.  1  vol.  I.  bflkwM  ptoparlj  to  lylTkacid,  wbkh  itprodaced 
fren  aMetie  acid  dt  the  actlou  of  dilute  lulphiiric  add.  Th«  acid  Ibrmerly  de»igoated  at  ijrivic  acid 
U  rtftrded  bf  .Maijr  «•  imptm;  bfdrM^d  Mbiedc  aeid,  and  tba  M-ealtod  |mi>c  acid  'a*  abletlc  aabf 
dride. 
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UDyerdorben(Poge.Aiin.zi.  27),  it  contains,  in  the  fresh  stateu  two  oils  of  difoeot 
degrees  of  volatility,  the  less  yolatile  being  easily  resinised ;  also  two  add  resiDS,  a  neu- 
tral resin,  and  succinic  acid. 

Hungarian  turpentine,  which  flows  from  incisions  in  the  branches  of  Pbnta 
Pumilio,  is  a  dear,  yellowish,  mobile  liquid,  baring  an  aromatic  taste  and  odour  — 
Carpathian  turpentine,  from  Pinus  Ceml/ra,  resembles  the  last,  but  has  a  bitter 
taste. — Canadian  turpentine,  or  Canada  balsam,  from  Abiu  baitmnea,  has 
been  already  described  under  Balsams  (i.  492). 

Cyprian,  Syrian,  or  Cbio  turpentine,  obtained  inChtoirom  PitUuia  ttrf 
UiUkuB,  and  in  Syria  from  P.  vera,  is  dther  dear  and  colonrlfss,  or,  perhaps  from 
age,  or  from  want  of  care  in  collecting  it,  yisdd,  turbid,  and  ydlowish-green ;  it  has 
an  odour  of  fennel  and  deroi,  and  an  aromatic  taste  like  that  of  mastic.  It  dissolTes 
completely  in  ether,  and  partially  in  alcohol,  leaying  a  glutinous  renidue. 

Ordinary  turpentine  and  Venice  turpentine  are  used  in  me^lidne,  both  externally 
as  ingredients  of  salves  and  plasters,  and  internally  in  the  form  of  electuaries  or 
piUs ;  for  the  last-mentioned  purpose,  the  turpentine  is  thickened  by  addition  of  mag- 
nesia ;  boiled  turpentine  ^p.  920)  is  also  made  into  pills.  Many  kinds  of  turpen- 
tine are  also  used  for  varnishes  or  similar  purposes. 

BOXXAB.    See  p.  919. 

OAMVBOB.    A  term  applied  Bomedmes  to  the  solid  mooo- 
hydrochlorate,  sometimes  to  the  solid  hydrates  of  turpentineK>il  (p.  938). 

TUBVBll TIM B  <iAli1b»B  UTS>  Galkt  pistaetMB,  Carobe  deJuda;  ibnnerly 
designated  as  FolHcuU  pUtaeina.  Pea-shaped  or  homy  excrescences,  occuxrinff 
in  August  on  the  branches  of  the  turpentine-chestnut  (Fuiacia  Ttrehinihua),  and 
formed  by  the  puncture  of  an  insect  {Ophu  Pistacia).  They  are  reddish-brown, 
having  an  aromatic  turpentine-like  odour,  and  nmilar  taste.  They  contain  redn, 
volatile  oil,  tannin,  and  gallic  add.  The  asb  contains  a  potassium- salt,  silica,  and 
lime.  (Martins,  Ann.  Ch.  Pharm.  xxi  179. — Guibourt,  Pharm.  Cenxt.  1844, 
p.  409.) 

TVBPBB TAB  B«  OZ&  OV.  C>'H**. — ^A  volatile  oil  contained  in  the  wood,  bark, 
leaves,  and  other  parts  of  pines,  firs,  and  other  trees  belonging  to  the  coniferous  order, 
and  separable  therefrom  by  distillation  with  water.  It  ia  usually  prepared  by  dis- 
tilling crude  turpentine  (p.  919),  either  alone  or  with  water.  It  was  formerly  supposed 
that  all  the  volatile  oils  thus  obtained,  and  having  a  composition  represented  by  the 
formula  C'*H",  were  identical  in  physical  and  chemical  properties ;  but  recent  invev- 
tigations,  espedally  those  of  Bertnelot,*  have  shown  that  the  turpentine-oils  ob- 
tained from  different  sources  exhibit  considerable  diversities  in  their  phyncal  and  more 
especially  in  their  optical  properties ;  further,  that  most  kinds  of  turpentine-otl  are 
mixtures  of  two  or  more  isomeric  or  polymeric  hydrocarbons,  differing  in  physical  and 
sometimes  also  in  chemical  properties.  These  modifications  are  often  prodocad  by 
the  action  of  heat  and  of  chemical  reagents  during  the  purification  of  the  oil. 

The  following  varieties  of  turpentine-oil  are  distinguished: — 

1.  French  turpentine-oil,  obtained  from  the  French  or  Bordeanz  tupeotiDa 
of  Pmu9  maritiifui, 

2.  English  turpentine-oil,  from  the  turpentine  collected  in  Carolina*  mad  other 
southern  states  of  the  American  Union,  from  Pmus  austraUa  and  P,  Tada, 

3.  German  turpentine-oil,  chiefly  from  the  turpentine  of  Pinut  t^mtiris, 
P,  nigra,  and  P.  rotundata, 

4.  Venetian  turpentine-oil,  from  Venice  turpentine,  the  produce  of  Lanm 
europaa, 

6.  Templin  or  Pine-cone  oil,  obtained  from  the  cones  of  Pmus  PumUio,  and, 
in  some  parts  of  Switzerland,  from  those  of  Abies  pecHnata, 

Belated  to  the  true  turpentine-oils  are  also  two  volatile  oils,  likewise  obtained  from 
coniferous  plants — via.,  oil  of  jnni'per  from  JumperusoomTnunia,  and  oil  of  saviaa 
from  Juniptrus  Sabma, 

The  several  varieties  of  turpentine-oil,  when  purified  by  repeated  rectifiaUioo  with 
water,  are  colourless  mobile  liquids,  having  a  peculiar  aromatic  but  disagreeable 
odour.  They  arfe  insoluble  in  water,  slightly  soluble  in  aqueous  alcohol,  misdble  in 
all  proportions  with  absolute  alcohol,  ether,  and  carbonic  ^sulphide.  Tliey  dissolve 
iodine,  sulphur,  phosphorus,  and  many  organic  substances  which  are  insoluble  in 
water,  such  as  fixed  oUs  and  resins,  and  are  therefore  used  for  making  vamtsh^^ 

The  diverdties  of  character  exhibited  by  tnrpentine-oils  of  different  origin,  niata 

•  Ann.  Oi.  Pharm.  Ixxxlil.  lOSj  IxxxvHLSIS;  ex.  187 :  Soppl.  If.  96:  ftirther,  Trmm  4t  Ckhmm 
ow»y<,  U.  <M,  7ld»7».  For  refireocM  to  Mriier  reiearchM  OQ  tarpwdaeiiea,  tM  GsBdiD**  il»ii^ 
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diieflj  to  the  spocific  graritj,  boiling-point,  and  optical  rotatory  power.  It  must  ba 
remembered,  howerer,  that  the  Bubstancea  designated  as  turpentine-oils  are  often 
mixtures  cf  several  substances,  so  that  these  properties  may  vary  even  in  turpentine- 
oils  of  the  same  origin,  according  to  the  modes  of  preparation  and  punfication 
adopted. 

Ijie  specific  gravity  of  turpentine-oils  usually  varies  firom  0*86  to  0*88.    Their 
boiling-points  are  always  near  160^.    The  rotatory  power  varies  considerably:  e^.- 


For  English  turpentine-oil . 
y,    French  ,,  • 

„    Venetian  „  . 

„    Templin-oil 


a 

a 
a 


-  +18-60 

-  -76-90 


The  rotatory  power  of  turpentine-oil  is  independent  of  that  of  the  turpentine  ftom 
which  it  is  prepared.  Thus,  for  example,  English  turpentine-oil  is  dextrorotatory, 
whereas  the  turpentine  from  which  it  is  prepared  is  Isvorotatory.  Venice  turpentina 
turns  the  plane  of  polarisation  to  the  right,  whereas  the  volatile  oil  distilled  therefrom 
turns  it  to  the  left,  &c 

The  principal  constituents  of  French  and  English  turpentine-oils  have  been  more 
particularly  examined  by  Berthelot  {loc.  cit.). 

French  turpentine-oil  consists  mainly  of  a  hydrocarbon,  C**H",  called  by  Berthelot 
terebenthene.  This  substance  cannot»  however,  be  readily  obtained  from  the  com- 
mercial oil,  in  which  it  is  contaminated  with  numerous  products  of  transformation ;  but 
it  may  be  prepared  in  a  state  of  purity,  by  neutralising  French  turpentine  with  an 
alkaline  carbonate,  and  distilling  it>  firut  over  the  water-bath,  and  then  in  a  vacuum. 
By  this  treatment,  all  transformation  of  the  product  by  heat,  or  by  reagents,  is 
avoided,  and  a  hydrocarbon  is  obtained  of  constant  physical  character.  Terebenthene 
thus  pre(iared  is  a  liquid  of  specific  gravity  0*864,  boiling  at  161^,  and  having  a 
specific  rotatory  power  -■    —  42*3°. 

Australene,  or  Austraterebenthene,  the  chief  constituent  of  English  turpen- 
tine-oila,  prepared  in  like  manner  from  the  turpentine  of  Pinvg  austraSis,  is  also  a 
liquid,  having  the  same  specific  gravity  and  boiling-point  as  terebenthene,  but  a  specific 
rotatory  power  i-    •*■   21-6^. 

French  turpentine-oil  likewise  contains  an  isomeric  hydrocarbon,  terepentilene, 
boiling  below  180^,  and  another  called  parterebenthene,  polymeric  with  tereben- 
thene, which  boils  at  about  260°.  English  turpentine-oil  contains,  besides  australene, 
an  isomeric  body  called  austrilene.    (Berthelot.) 

Deeompoeitians. — 1.  Turpentine-oil  absorbs  the  oxygen  of  the  air,  becoming  thicker, 
and  ultimately  resinous ;  at  the  same  time,  carbonic,  acetic,  and  formic  acids  are  pro- 
duced. In  this  gradual  oxidation,  as  in  all  slow  combustions,  part  of  the  atmospheric 
oxygen  is  converted  into  osone :  hence  turpentine-oil,  after  prolonged  exposure  to  tlie 
air,  always  contains  oxygen  and  ozone  in  solution,  together  with  a  continually  increas- 
ing quantity  of  an  oxygenated  compound.  When  turpentine-oil  containing  water  is 
cxpoeed  for  some  time  to  the  sun's  rays,  in  a  large  fiask  filled  with  oxygen,  which  is 
renewed  from  time  to  time,  a  hydrated  oxide  of  turpentine-oil,  C"H"O.H'0,  is 
deposited  on  the  sides  of  the  vessel,  in  stellate  groups  of  long  needles,  soluble  in  hot 
water,  also  in  alcohol  and  in  ether.     (Sobrero,  Ann.  Ch.  Pluirm.  Ixxx.  106.) 

2.  Chlorine  is  absorbed  by  turpentine-oil,  with  evolution  of  heat,  sometimes  suffi- 
cient to  produce  inflammation.  When  paper  soaked  in  rectified  turpentine-oil  is 
introduced  into  a  vessel  filled  with  chlorine,  the  turpentine  takes  fire,  and  a  quantity 
of  black  smoke  is  produced,  together  with  white  fumes  of  hydrochloric  acid. — Bromine 
acts  m  a  similar  manner. — Iodine  is  dissolved  by  turpentine-oil,  forming  attfirst  a  green 
solution,  which  afterwards  becomes  hot,  and  gives  off  hydriodic  acid.  Wlien  a  con  ■ 
siderable  quantity  of  iodine  is  suddenly  brought  in  contact  with  turpentine-oil,  explo- 
sion frequently  ensues.  Turpentine-oil  distilled  with  chloride  qflime  and  VHiter,  yields 
chlorofomL 

3.  Turpentine-oil  is  rapidly  attacked  by  nitric  acid,  the  concentrated  acid  often 
setting  it  on  fire.  On  evaporating  the  solution  to  dryness,  and  then  distilling,  the 
distillate  contains  nitrobenxene  (Schiff,  Ann.  Ch.  Pharm.  cxiv.  201).  If  the  nitric 
acid  solution  be  precipitated  with  water,  and  the  separated  resin  distilled  with  potash, 
toluidine  passes  over,  together  with  other  products  (Chautard,  ibid.  Ixxxviii.  340). 
In  both  these  reactions,  therefore,  products  are  formed  belonging  to  the  class  of  aro- 
matic compounds.  When  turpentine-oil  is  boiled  for  some  time  with  moderately  strong 
nitric  acid,  numerous  products  of  decomposition  are  obtained,  the  formation  of  whicA 
has  not  yet  been  explained :  nitrogen,  carbonic  oxide,  carbonic  dioxide,  and  hydro- 
cyanic acid  are  evolved  as  gases ;  formic,  acetic,  propionic,  and  butyric  acids  distil 
over;  and  the  residue  contains  oxalic  acid,  terebic  acid  (p.  723),  camphretic  acid« 
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(describe^  under  Ptsoo&mpidurio  Aon>»  it.  757),  tarepbtbalic  acid,  (p,  783\  ten- 
benzic  acid  {p,  7231  and  Uarech^yne  add  (p.  726)u 

6.  TurpeDUDa-oii  heated  with  Uikarge  taJcee  «p  a  ki^  qmntitj  oi  axym,  jielding 
fomute  and  terebentate  of  lead.  On  waahing  this  praeimiate  wita  aloolion  soapendiiiff 
it  in  water,  deoompoaing  it  with  snlphydric  add,  exnanattng  the  renuuniii^  aoUd 
substance  with  alcohol,  fuyi  leaving  th*  akolu^  solution  tx»  eraptnaie,  whiti»  mrstaU 
are  obtained,  conaisUng  q£  tiax«beiitia  acid,  CH'HD^.  (Weppen,  Aim.  Ch.  Pharm. 
a  2680 

6.  The  action  of  other  adds,  salts,  &e.,  which  combine  directly  with  tnipentiaeHnU 
or  merely  oonveit  it  into  isoo^eric  or  polymeric  modiftcations,  iHll  be  considered 
further  on. 

Compounds  (if  UurpeiUine^nk  wUh  E^droeJUoriti,  J^ifdfobnmk,  tmd  S^4noik  Jai*. 

RjdvoolUMtttcaa — ^The  terebenthenesi  sulgeeted  to  the  action  of  hydiochlorie 
add  gas^yield  a  miztuve  of  crystalUsable  and  liquid  monoh^drochlorates,  C*^'*. 
BCL  When  th^.  are  left  for  some  time  in  contact  with  fuming  hydrochloric  acid,  or 
when  their  ethereal  or  alcoholic  solution  is  saturated  with  hTdiochloric  acid^  water 
then  added,  and  the  Uqnid  left  eaq>osed  to  the  air,  a  ciystaUisable  dihydrochlo- 
rate,  C''H".2HC1,  is  produced;  sometimes,  also,  unstable  compounds  of  seveial 
hydrochbratea  are  obtamed.  The  dibydrochlorates  are  likewise  produMd  by  the 
action  of  hydrochloric  add  upon  the  hydrates  of  turpentine-oil,  and  hj  that  c2t  the 
chlorides  of  phosphorus  on  terpin-hydrate  and  terpin  (p.  928  )< 

The  monohydrochloiates  are  optically  actire,  producing  rotation  to  the  rifht  or  left, 
according  to  the  nature  of  the  tmbenthene  from  whieh  they  have  been  formed:  thus  to 
the  solid  monohydrochlorate  of  terebenthene,  [a]  «  —  32'2^;  for  that  of  anstoileoe^ 
[a]  a    +11 : 7. — The  dihvdrochlorate  ia  optically  inactive. 

The  several  v^^ieties  of  turpentine-oil,  inasmuch  as  thej  consist  essentiaDy  of  teie- 
benthenes,  likewise  react  with  hydrochlorio  acid  in  the  manner  just  described ;  inde^ 
most  of  the  published  stitements  respecting,  the  hydrochlorates  of  turpentixieKul  re- 
lHt«  to  products  which  have  been  prepared  Som  turpentinoi  oils  tA  unknomi  origin. 

Solid  Monohydrochlorate,  C'*H>*.HOL— This  oomponnd,  alse  called  sttifl. 
cial  camphor,  was  discovered  by  Klein,  in  1803.  It  is  prepared  bj  saturating 
rectified  tn^entine-oil  with  hydroehlorie  add,  keeping  the  liqoia  cool,  pressing  the 
crystals  which  separate^  after  some  hours,  and  reaystallidog  them  from  hot  akoltol, 
or  precipitating  the  alcoholic  solution  with  water^  It  forms  white  crystals  or  eryvtal* 
line  fLodis ;  by  slow  sublimation,  it  may  be  obtained  in  tufts  of  needles  or  thiaSwg 
lamina.  It  resembles  common  camphor  in  appearance  and  in  odour,  asid  sabUaws 
easily  at  ordinary  temperatures.  It  melts  at  115°,  and  boils,  with  partial  derompos^ 
tioD,  at  16*5°.  It  is  insoluble  in  watei;^  easily  soluble  in  alcohol  ^espedally  at  the 
boiling  heat),  and  in  oil  of  turpentine.  At  oodmaiy  temperatures,  it  is  very  stable,  not 
giving  up  its  chlorine  even  to  silver-salts ;  but  when  nested,  it  is  deeompoesd  by 
water  and  alcohol  (at  160°),  though  not  completely.  The  hydrochbrate  is  likewise 
decomposed  when  heated  with  salts,  the  decompoaition  somstimes  reqairing  rather  a 
high  temperature.  The  product  is  alwa^  a  hydrocarbon  of  the  fioamula  0**H** — w, 
camphene,  inactive  camphene,  or  camphilene  (pp.  924,  926). 

Liquid  Monohydrocklorat$,  0'*H>'J£Cl(eometimes  called  hydxwhlorate  of  tare- 
bene). — Produced,  together  with  the  solid  monohydrochlorate,  bv  the- action  of  hydro- 
chloric acid  gas  on  turpentine^il,  the  proportion  of  the  liquid  hydrocfalorate  being 
greater  as  the  temperature  at  which  the  reaction  takes  place  is  .higher.  To  poritj  it,  the 
hquid  decanted  from  the  solid  hjrdroohiorate  is  cooled  to  •*  10°,  in  order  to  rsmove  the 
portion  of  solid  hydrochlorate  still  remaining  in  solution,  then  wamed  for  some  time 
in  the  water-bath,  treated  with  dialk,.  dissolved  in  twice  its  volume  of  aloohoU  dee^ 
lorisod  with  animal  charcoal,  predpitated  witii  watez,  and  dried  over  chloride  of 
caldum.  It  is  a  colourless,  optically  active  oil,  of  roec^  0i*^^  1*017.  It  is  de- 
composed by  beating  with  salts,  or  with  bases,  but  tne  hydrocarbon  (camphilene,  p. 
925),  which  is  the  direct  product  of  the  decempodtion,  baa  not  been  farther 'exa- 
mined.   By  distillation  over  quicklime,  it  yields  the  so-called  terpilene  (p«  995). 

D%hydrochlorate^(j}*W*.2Bijl, — Produced  when  turpentine-oil  is  left  for  sometime 
ia  contact  with  very  strong  hydrochloric  add  (Bert  helot) ;  when  terpin,  terpm-hydivte, 
or  terpinol  is  saturated  with  hydroohloric  acidgasy  or  treated  witn  the  fuming  add 
(Deville,  Ann.  Gh.  Pharm.  Izzi.  361. — ^List,  Mi*  Izzvii.  369);  also  when  terpin  or 
terpin-bydrate  is  acted  upon  by  a<^oride  of  phosphorus  (Oppenheim,  ibid,  czzix. 
149).  When  a  solution  of  turpendne^oil  in  aloohol,  ether,  or  aoetio  add  is  saturated 
with  hydrochloric  add,  easilv  deoomposihle  compounds  of  the  didilorhydrate  with  the 
solid  or  liquid  monohydrochlorate  are  produced ;  and  on  adding  water,  and  learin^  the 
liquid  for  some  time  in  contact  with  the  air,  crystab  of  the  dihy<uochlorate  are  obtauMd. 
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The  dihydrochlorate  forms  rhombic  tables,  insoluble  in  watw,  ei^ilY  soluble  in 
boiliBg  aloohoL  It  is  slowly  decomposed  hy  boiling  with  fratec  or  alcohol,  quickly  by 
boiling  wiUi  alcoholic  potiMU-solution,  yielmng  tezpmoL 

M^^^rol^TOtnm.tmm* — ^JSydrobromic  acid  acts  on  tnrpentine-oil  in  the  same  manner  as 
hydrachloricacid,  forming  a  crystallisable  and  a  liquid  monohydrobromate,  C*'H".HBr. 

A  erystallisabie  dihy£obromate,  G"H'*.2HBr,  melting  at  42°,  is  produced  by  the 
action  of  phosphoric  pentabromide  on  turpentine^iL  mien  hydrobromic  acid  gas  is 
passed  into  a  solation  of  turpentine-oil  in  acetic  acid,  a  liquid  compound  *  uf  the  two 
hydrolxomates,  C**H**.HBr  -f  C'*H'«.2HBr,  is  formed;  when  exposed  to  the  air, 
it  yi^ds  crystals  of  the  dihydrobromate.  (Oppenheim,  Ann.  Ch.  Pharm.  cjcxiz.  149.) 

HyftrlodttSeik — Gaseous  hydriodic  acid  does  not  appear  to  form  a  solid  compound 
vith  turpentine-oiL  The  product,  which  is  liquid  ana  easily  deoomposible,  appears  to 
be  a  mixture  of  two  hydriodates,  one  corresponding  with  the  solid,  the  other  with  the 
liquid  monohydiochlorate. 

Xarpin,  treated  with  iodide  of  phosphorus  (PI*  or  W\  yields  the  easily  decomposi- 
faie  dihydriodate,  0**H**.2HI,  which  crystallises  from  etnereal  solution,  m  colourless 
bexagonal  tables  melting  at  48°.    (Oppenhei m.) 

Hydratet  of  Turpentine'Oil, 

The  terebenthenes  unite  with  water  in  sereral  proportions,  yielding  the  following 
oompoonds: 

C»«H»«.8H«0        C»*H".2H«0        C»»H".H«0        2C»*H".HK). 

Terpln-liy  Terpln.  Terpentin-  Terpiool. 

drate.  hTdrate. 

Terpin-hydrate,  C>*fl**.2HK).  aq.  (also  called  Turpmime-cam]^  and  HydraU 
^  Turpentined),  is  frequently  deposited  in  crystals  horn,  turpentine-oil  containing 
water;  its  productioB  is  favoured  by  the  presence  of  an  acid.  To  prepare  it,  8  vols,  tur- 
pentina-oil  are  mixed  with  2  vols,  nitric  acid  and  1  to  6  vols,  alcohol ;  and  the  mixture 
IS  frequently  shaken  during  the  first  few  days,  then  left  to  itself  in  shallow  Tessels  for 
sereral  weeks.  Brown  crystals  an  thereby  formed,  which  must  be  pressed,  and  then 
vecrystallised  from  boiling  water,  with  adution  of  animal  charcoal. 

Terpin-hydrate  usually  crystallises  in  larpe  zbombic  prisms ;  it  dissolves  sparinffly 
in  cold,  easily  in  boiling  water,  easily  also  in  alcohol  and  ether.  At  100°  it  melts, 
gives  off  its  water  of  crystallisation,  and  is  converted  into  tarpia.  The  same  change 
takes  place  on  exposing  the  crystals  to  air  dried  over  oil  of  vitriol. 

Terpin,  C"H>*J2HH),  melts  at  103°,  and  sol  difies  in  the  crystalline  state  on  Qod- 
isg.  It  suUimes  at  about  160°,  in  slender  needles.  It  is  dissolved  with  red  colour  by 
Mtrong  stdphuric  acid,  and  converted  into  turpentine-oiL  The  same  change  takes  place 
on  boiling  the  terpin  with  dilvte  acids,  heating  it  to  100°  with  chloride  of  ginc,  or  U> 
160° — 180°  with  chloride  of  calcium,  strontium,  or  ammonium,  Terpin,  or  terpin- 
hydrate,  subjected  to  the  action  of  gaseous  or  aqueous  hydrochloric  acSi,  or  of  either 
of  the  cUorvUs  of  phosphorus,  is  converted  into  the  crystallised  dihydrochlorate,  C"H'*. 
2HCL  Terpin,  distilJed  with  phosphoric  anhydride,  yields  terebene  and  colophene 
(p.  924).  When  vapour  of  terpm  is  passed  over  soda-lime,  heated  to  400^,  terrbentilie 
acid  (p.  723)  is  produced.  Heated  with  acetie  or  butyric  acid,  or  with  benzoic  chloride, 
it  yields  terebene  ^nd  pol^rterebenes  (p.  924).  When  heated  with  acetic  anhydride  to 
14S^,  for  not  too  long  a  time,  it  yields  a  compound  containing  C'*H'*.C'H*0'.H'0,  re- 

gardsd  by  Oppenheim  as  an  acetic  ether,     C*fl'0  lO*.    This  compound  boils  at  140° 

H     1 
—150^,  under  a  pressure  of  2  centimetres  of  mercury. 

Terpinol,  2C"H>«.HK).  (Wiggers,  Ann.  Ch.  Pharm.  Ivii.  247.— List.  Urtd. 
Ixrii.  367. — Oppenheim,  cxxix.  165.) — Produced  when  terpin  is  boiled  or  distilled 
with  dilute  hydrochloric  or  sulphuric  acid ;  also  when  the  dihydrochlorate  of  t^eben- 
thene  is  boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is  a  colourless,  strongly 
refracting  oil,  having  a  pleasant  odour  of  hyacinths,  slightly  soluble  in  water,  and 
optically  inactive.  Specific  gravity  »  0-852.  It  boils  at  about  168°,  but  suffers 
partial  decomposition  at  the  same  time,  and  in  such  a  manner,  that  the  first  portions 
of  the  distillate  contain  less  oxygen  than  the  later  portions.  It  forms  with  hydro- 
chloric acid  the  ciystallisable  dihydrochlorate,  C"H''.2HC1,  and  may  be  reconverted 
into  terpin  by  assumption  of  water. 

Terpentin -hydrate,  C"H".H*0.  Liquid  Turpenthne<amphor. — This  compound 
is  sometimes  obtained  in  the  preparation  of  terpin,  either  together  with  the  latter,  or 
forming  the  only  product    It  is  a  liquid  insoluble  in  water ;  boils,  apparently  without 
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deeompositioD,  at  200^ — 220^,  and  in  presence  of  water  ap|>ean  to  be  oonterted^oiidar 
eiicumstances  not  exactly  nndentood,  into  terpin.  It  is  opticallr  aolire;  [«1  •■ 
—42*4^.  When  treated  with  hydrochloric  acid,  it  yields  the  crystallisable  dihydro* 
chlorate,  C*«H'«.2HC1.    (DeTille,  Ann.Ch.  Pharm.  Izzi.  348.) 

Holeeular  Tran»format%on»  of  Turpentint'oH, 

I.  By  heat — Terebenthene  (p.  922)  when  eareftiUy  prepared,  may  be  distilled,  and 
even  heated  considerably  aboye  its boiUng-point,  without  alteration;  bot  towards  260^, 
it  begins  to  undeigo  a  change,  the  boiling-point  rising,  the  rotatory  power  diminishing, 
and  the  product  becoming  more  easily  oxidisable  in  contact  with  the  air ;  this  alter- 
ation goes  on  the  more  rapidly  as  the  temperatnre  is  higher.  The  product  eonaistB  of 
one  isomeric  and  several  polymeric  modifications  of  teirebenthene. 

The  isomeric  modification,  called  terepyrolene,  resembles  aostrapyioleiia,  but 
has  not  been  particnlarlyexamined.  The  chief  product  is  the  polymerio  modifteatioB 
metaterebenthene,  C^H"*.  It  is  a  yellowish  yiscid  liquid,  boiling  at  about  360^, 
and  of  specific  gravity  0*013.  It  forms,  with  hydrochloric  add,  the  liquid  compound 
C*H«.HCL 

Australene  (p.  921),  heated  for  sereral  hours  to  260^,  is  oonrerted  into  the  isomsrie 
body,  austrapy rolen  e,  boiling  at  177^,  and  having  a  specific  giavi^  of  0*S47,  and 
specific  rotatoiy  power  i*  -» 11^.  It  smeUs  like  lemon-oil,  is  more  readily  oxidissble 
than  australene,  and  forms  a  solid  h^drochlornte,  2C^''.3HC1,  which  hu  a  spectiie 
rotatory  power  of  —14*6-'.  By  continued  heating,  the  polymeric  body,  mataustra- 
terebenthene,  is  produced,  veiy  much  like  metaterebenthene,  having  a  speciflc  gravity 
of  0*91,  and  boiling  at  about  360^ ;  its  specific  rotatory  power  is  smaller  than  that  of 
australene,  and  of  opposite  sign. 

II.  By  reagents. — ^Many  substances  possess  the  power  of  converting  terebeotheae 
into  isomeric  or  polymeric  modifications.  Some  act  even  at  ordinary  temperatuTM^ 
others  only  with  the  aid  of  heat.  Many  produce  the  transformation  in  a  very  short 
time ;  others  act  dowly,  and  never  produce  complete  transformation.  In  some  cases 
very  small  quantities  of  the  reagent  are  sufi&eient  to  produce  complete  transformatioiiy 
but  frequently  large  quantities  are  required.  The  most  energetic  reagent  is  fiuorid$ 
of  boron,  1  pt  of  this  substance  instantly  converts  160  pta.  terebentbene,  with  great 
rise  of  temperature,  into  polymeric  optically  inactive  modifications,  boiling  above300^. 
— Sulphuric  acid  likewise  acts  in  the  cold,  but  less  enexgctically ;  1  pi.  of  this  scid 
converts  4  pts.  terebenthene  into  an  isomeric  and  a  polymeric  modification. — Week 
mineral  acids  (like  boric  acid),  and  several  organic  acids  (e.g.,  aofiic,  oxalic,  tartarie, 
and  citric  acids\  act  upon  terebenthene  at  100^;  but  the  action  is  very  slow,  and  doC 
complete,  even  after  60  or  60  hours. — Chloride  of  rinc,  at  100°,  acts  in  a  simiUr 
manner. — Fluoride  and  chloride  ofcaUivm,  and  even  the  chlorides  of  the  alkali'^meCaU, 
act  in  like  manner,  but  very  feebly ;  the  transformation  takes  place,  however,  mote 
quickly  in  presence  of  these  substances  than  under  tiie  infiuence  of  heat  alone. 

The  products  of  these  transformations  are  the  same  in  all  cases,  viz. : 

a.  Terebene,  an  isomeric  modification. — ^This  substance  is  beat  prepared  bytha 
action  of  strong  sulphuric  acid  on  terebenthene  or  australene,  and  may  Uierefore  also 
be  obtained  from  turpentine-oiL  The  process  consists  in  mixing  the  tmpentine-oil 
with  J^th  of  its  weight  of  strong  sulphuric  acid,  leaving  the  liquid  to  stand  rar  twen^- 
four  hours,  then  decanting  it  from  the  sediment^  and  distilling;  repeating  the  proeatt 
till  the  product  no  longer  acts  on  polarised  light ;  then  wai^ung  with  water  and  carbon- 
ate of  sodium,  drying  over  chloride  of  calcium,  and  rectifying. 

Terebene  is  a  liquid  having  the  odour  of  thyme-oil,  a  specific  gravity  of  0*864, 
boding  at  156°,  optically  inactive.  With  hydrochloric  acid,  it  forms  auquid  compound, 
2Cr*Ii".HCl,  and  similar  compounds  with  hydrobromic  and  hydriodic  acida. 

0.  A  liquid  optically  inactive  hydrocarbon,  boiling  at  260°,  and  probably  consistisg 
of  sesquitereoene,  C^H**. 

7.  Diterebene,  Metat  erebene,  or  Colophene,  C*H". — ^Produced,  together 
with  terebene,  in  the  process  above  described.  It  is  an  oil,  having  an  aromatic  odour, 
a  blue  iridescence,  optically  inactive,  of  specific  gravity  0*94,  boiling  at  SIO^—SU®. 
It  absorbs  hydrochloric  acid  gas,  but  does  not  appear  to  form  a  definite  ooBipound  with 
it.  Chlorine  converts  it  into  a  resinous  mass,  from  which  alcohol  extracts  a  oompouid 
ciystallising  in  yellow  needles,  and  probably  consisting  of  a  substlitntion-prodaet, 
C»H»CK    (See  i.  1086.) 

3.  Various  polyterebenes,  (C'*H")*.'Optically  inactive  liauids,  of  continually 
increasing  viscidity,  and  boiling  at  temperatures  between  360^  and  a  low  red  beat 

III.  By  combination  with  hydrochloric  acid  or  water,  and  deoompositios  of 
these  compounds. 

The  solid  monohydrochlorates  of  turpentine-oil,  subjected  to  the  aetioo  of  veiyweik 
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reagents,  yield  hydrocarboiiB,  CH*',  designated  by  Berthelot  ascamphenes.*    The 
thrfe  following  are  known : — 

1.  Terecamphene. — Produced  by  heating  the  solid  hydrochlorate,  prepared  from 
French  turpentine-oil,  to  200^ — 220^,  for  a  considerable  time,  with  st^airate  of  potassium 
or  dxy  soap.  The  product,  purified  by  recrystallisation  from  alcohol,  is  solid  and 
crydtiulisable,  with  the  aspect  of  camphor.  It  melts  at  45^,  and  boils  at  about  160°. 
Specific  rotatoxy  power  to]  »  ~65°.  It  forms  onhr  one  compound  with  hydro- 
chloric acid,  namely,  a  solid  monohydrochlorate,  C'*H'*.HC1.  whose  specific  rotatory 
power  ia  -t-  32 ;  that  is  to  say,  equal  and  opposite  to  that  uf  the  solid  monohydrochlo- 
rate of  terebenthene. 

2.  Austracamphene. — Obtained  from  English  turpentine-oil  in  the  same  way  as 
terecamphene  is  obtained  from  the  French  oil.  It  resembles  terecamphene  in  all  its 
properties,  excepting  in  its  optical  rotatory  power,  which  is  [a]  i*  -f  22^.  It  forms  a 
solid  monohvdrochlorate,  having  a  specific  rotatory  power  of  —6°. 

3.  Inactive  Camphene. — This  is  a  solid  hydrocarbon,  produced  by  treating  tur- 
pentine-oil, in  the  miinner  above  described,  with  stearate  of  barium,  or  better  with 
benssoate  of  sodium:  it  resembles  terecamphene  in  every  particular,  ezceptinff  in  its 
relation  to  polarised  light.  It  forms  a  solid  monohydroehlozate^  which  ib  likewise 
inactiye. 

Camphilene. — ^This  name  is  given  by  Berthelot  to  a  hydrocarbon  (not  yet  exa- 
mined), which  is  produced  by  the  action  of  potassium-stearate  or  other  weak  reagents 
on  the  liquid  monohydrate  d  terebenthene. 

The  same  name  (also  JOadyT)  is  applied  to  a  hydrocarbon  (evidently  a  product  of 
the  transformation  of  camphene),  formed  by  distilling  the  solid^monohydrochlorate  of 
turpentine-oU  several  times  over  quicklime,  or  in  the  state  of  vapour  over  lime  heated 
to  190^ — 195^.  It  is  a  limpid  aromatic  liquid,  of  specific  gravity  0'87t  boiling  at  156°, 
and  without  action  ozipolansed  lieht.  According  to  Laurent,  it  Ibtms,  with  chlorine, 
the  compound  C'*H**CLHC1,  whicm,  when  treated  with  alcoholic  potash,  yields  chloro- 
eainphilene,  C**H*K)1 ;  and  this  asain  unites  with  chlorine,  forming  the  compound 
C**H*K71'.HC1,  &c. :  hence  it  would  appear  that  camphilene  reacka  witli  chlorine  in 
Uie  same  manner  as  ethylene. 

Terpilene. — ^An  inactive  hydrocarbon,  produced  by  the  action  of  weak  reagents  on 
the  sobd  dihydrochlorate,  C**H>*.2HC1. 

Terebilene  is  a  hydrocarbon  obtained  by  distilling  the  liquid  monohydrochlorate 
of  torpentine-oil  with  quicklime  or  with  potassium ;  also  by  distilling  the  corresponding 
hydriodate  with  potash.  It  smells  like  terebene,  and  is  optically  inactiva.  Specifio 
gravity  -  0*843.  Boiling-point  -  134°. 

8ub9tUution'produet$  of  Turpentine'pih, 

Chlorine  forms,  with  turpentine-oil,  a  liquid  having  a  camphorous  odour,  and  turn- 
ing the  plane  of  polarisation  to  the  right,  even  when  it  has  been  prepared  from  Iwvo- 
rotatory  turpentine-oiL  It  appears  to  be  a  mixture  of  tetrachlorinatied  turpentine-oil 
and  tetrachloroterebene. 

When  chlorine  is  panaed  over  the  solid  monohydrochlorate  of  turpentine-oil,  a  yellow 
liquid  is  formed,  consisting  of  C'"H"C1*.HC1,  and  easily  resolved  into  hydrochluric 
acid  and  tetracblorinated  turpentine-oil,  C*'H'*CK  The  latter  is  crystalline,  melts  at 
110°-^  1 15"^,  and  decomponee  at  a  higher  temperature.    It  is  optically  inactive. 

Terel)ene  also  forms  substitution -products  with  chlorine,  chiefiy  tetrachloroterebene. 

Bromine  acts  on  turpentine-oil  and  terebene  similarly  to  chlorine,  forming  chiefly 
tetrabrominated  products. 

The  products  of  the  action  of  chlorine  on  camphilene  have  already  been  mentioned. 

TUXVSirTXWS-irAJUrZBBBS.    Solutions  of  resins  in  oil  of  turpentine. 

TUBVBTB  or  TiniBZTB  BCZWBRAXi.  An  old  name  for  basic  mercuric 
sulphate,  HgSO'.2HgO  fp.  605).  Sulphate  of  tetramercurammonium,  (N'Hg*)SO*. 
2HK),  is  sometimes  odlea  ammoniacal  turpeihufn. 

TUSPBTB  or  TUltBZTB  BOOT.  The  root  of  Con  volvulus  Turpefhum,  or 
Jpomtta  Turpethum.K  plant  indigenous  in  India  and  Australia.  It  hoft  a  disngreonble 
sweetish  taste,  and  contains,  according  to  Boutron-Charlard  (.T.rhnrni.  viii.  131), 
a  volatile  oil.  fat,  a  yellow  colouring-matter  and  a  drastic  resiu.  This  resin  constitutes 
about  4  per  cent«  of  the  root,  and  contains  about  ^x\i  of  its  weight  of  a  substance 
soluble  in  ether,  the  remaining  ^ths  consisting  of  turpethin.    (Spirgatis.) 


•  The 
1.724) 
pen  et. 


term  "  enmphene  •'  ii  commnnly  uied  nt  t  generic  name  for  the  hydrocArhnns,  (C'^H'*),  (*tm 
If  It  be  restricted  to  the  meaning  atwve  glren,  the  entire  group  may  Iw  dptignated  us  te  r- 
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C^-0".  (Spir^atis,  J.  pr.  Chem.  xdL  97:  Jah- 
resb.  1864,  p.  591.)-^An  acid  produced  by  the  action  of  baMS  on  turpethio,  C'^H'^*. 
When  turpettiin  is  dissolved  ifi  warm  baryta-water,  the  baryta  removed  bv  solpbunc 
acid,  the  excess  of  this  acid  by  lead-hydnite,  the  latter  by  sulphydric  acid,  and  thm 
filtrate  enipolrated,  torpethic  acid  remains  as  an  amorphous  yellowish  man,  eanlr 
soluble  in  water,  having  A  strong  acid  reaction,  and  a  bitter  somewhat  sour  taste.  It 
forme  two  barium-salts,  containing  C«H*«Ba''0'«  and  C»*H»«Ba''0".C"H«n>".  It  ia 
resolved  by  mineral  acids  into  glucose  and  turpetholic  add. 


C**H*'0".  (Spirgatis,  &}o.  a7.) — A  purgative  reon,  isomerie 
with  jalapin  and  scaiiunonin,  extracted  firam  the  root  of  Ipomaa  Tttrpetkmn{'vid,  aup.\ 
To  prepare  it,  the  root  is  exhausted  with  cold  water ;  the  dried  rssidue  is  treated  with 
alcohol,  the  alcoholic  extract  concentrated  by  distillation ;  the  residue  mixed  with 
water;  and  the  brown-yellow  mass  thereby  precipitated  is  repeatedly  boiled  with  water, 
then  dried  and  shaken  up  four  or  five  times  with  ether,  and  repeatedly  precipitated  by 
ether  from  solution  in  absolute  aloohoL 

Torpethin  thus  prepared  is  a  brownish-yellow  iiiodoiroQS  resin,  gradually  exciting 
a  sharp  bitteri^  taste,  and  strongly  irritating  the  mucous  membranes  of  the  mouth 
and  nose  when  pulverised.  It  dissolves  easily  in  alcohol,  like  jalapin,  but  is  diatis- 
guished  from  that  substance  by  iU  insolubility  in  ether.  It  melts  at  about  183^,  and 
dissolves  Aowly  in  strong  sulphuric  add,  forming  a  red  liquid.  When  treated  with 
alkalis,  baiyta-water  for  example,  it  takes  up  2  At.  water,  aiid  is  converted  into  tur- 
pethic  acid.  Under  the  influenbe  6f  miHetal  Adds;  it  is  redissolred  into  ghiooae and 
turpeth6licadid: 

C»«H"Ow  +   6H«0     -     8C«H"6«  +  C"H"0*. 


AtaBvO^'H'H)*,  separates,  in  the  reaction  just  described,  as  a 
yellowish-white  gfAnular  eons^omerate ;  and  afbdr  washing  with  water.  And  repeated 
dystallii^M  frotn  dilute  ^;ohol,  with  addition  of  animal  charcoal,  forms  a  white 
ikiaeis,  madd  u]^  of  slender  inichiscopic  Needles.  It  is  itiodorous,  has  an  irrigating  taste 
and  acid  reaction,  dissolves  easilyin  alcohol,  less  easily  in  ether,  melts  at  abou^  89^,  and 
decompoieir  it  ft  sitoii^  h^t,  l»e  Mnpbolic  acid  (iii.  iiO)  giving  olF.  ajwhite  ftioqe 
which  strongly  irritates  the  eyes  and  nose. — TurpetholnU  of  iodium^  C**H*'NaO*,  is 
t  white  tfiisA,  hAvTn^  a  siBty  lustre,  a^d  exhibiting,  under  the  microscope,  sharply 
defined  rhoUbte  ^Utes,  With  ftngl^  Of  about  55^  ftnd  125^.— The  baiimmsiu, 
C*H"Ba''0»,  is  amorphous.    (Sj^irgatis.) 

TVlUUTS.    Syn.  with  RmnjB. 

TUSSI&AOO.  The  root  of  TuuUflgo  PetasUsi,  L.  (Peta^iie$  tmJjiarii,  Besf.)  con- 
tains,  according  to' Beihsch  (K.  Jahrb.  Pharm.  iv.  2^7).  a  volatile  on,  a  ciystaUisable 
add  resin,  called  reeinapitic  acid,  another  resin  called  petasite,  the  alodholie 
solution  of  which  forms,  with  mineral  adds,  an  emevald-green  liquid,  afterwards  turn- 
ing blue  when  hydrochloric  add  is  used, — ^beddesgluooee,  mannite,  inulin,  tamnii,  and 
the  ordinary  plant-constituents. 

TVBQVOZS'.  A  native  hydrated  aluminium-phosphate,  2A1K)'.F*0*.5H*0,  found 
in  Persia,  and  much  valued  as  a  gem.    (See  Phosphatu,  iv.  562.) 

TTVB-SK8TA&.  Printers*  types  are  made  of  an  alloy  of  lead  and  antimony, 
sometimes  with  addition  of  mhc  or  bismuth,  and  of  tin  for  stereotype  platea  (L  816 ; 
iii.  532). 


Bodies  analogous  in  constitution,  and  eshibitiiig  ana- 
logous reactions,  are  said  to  belong  to  the  same  type.  Thus  hydrochlorie  acu^  HCl, 
or  rather  its  multiple  aHCI,  may  ^  taken  as  the  type  of  chlorides,  which  may,  in  &ct, 
bederivt^d  from  it  by  eqilivalent  substitution :  «^.  Kd,  Ba^a*,  Sb"*C51*.  8i»»d[\  As^a*, 
6lc,  In  like  manner,  the  sulphates  are  derived  from  the  type  fiEPSO^,  the  orthophos- 
phates  from  the  type  wH'POS  metaphoephates  from  fiHPO*,  &c  In  a  wider  sense, 
the  formula  HCl  may  be  taken  as  the  type  of  chlorides,  bromides,  iodides,  fluorides,  and 
cyanides ;  HH)  of  oxides,  sulphides,  selenides,  telluridea,  oxysalts,  snl|^ur-ealts,  && ; 
and  H'X  of  all  amines  and  amides,  and  of  the  corresponding  phosphorus,  arsenic,  and 
antimony  compounds.  It  is  unnecessary  to  go  further  into  detail  on  this  sulgec^  as 
it  has  been  ftilly  explained  in  the  artide  ClIssificatiok  (L  1007)>  and,  moreover,  the 
system  of  formulation  according  to  types  has  been  adopted  throughout  this  work.  In 
the  present  article  we  shall  endeavour  to  give  a  sketcn  of  tlie  history  of  the  theories 
of  ^1>6S  and  substitution. 

Gay-Lussac  observed  that  wax,  when  bloftched  by  chlorine,  gives  iu>  hydrogen, 
and  takes  up  a  volume  of  chlorine  equal  to  that  of  the  hydrogen  rsmoveo.  i>avas 
observed  the  same  phenomenon  with  oil  of  turpentine ;  and  1>y  extending  the  iBVWti- 
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gatkm  to  the  action  of  chlorine,  bromine,  and  other  elemrats  on  TariouB  organic 
BubstHjkcee,  he  concluded  that  \-^Wken  a  body  containing  hydrogen  is  subjected  to  the 
dehgdrogtmeing  i^ftuenee  ofchlorinet  bromine,  iodine,  oxygen,  4^.,  it  takee  np,for  every 
atom  of  hydrogen  remove,  an  atom  of  chlorine,  bromine,  iodike,  or  oxygen  [0   «-  81. 

The  announcement  of  this  empirical  law  of  snbstitntion  gave  rise  to  a  laige  nnmoer 
of  experiments  in  the  same  direction,  especially  by  Laurent,  who  first  instituted  a 
eareftil  comparison  between  the  properties  of  the  subatitntion-pniduct  and  those  of 
the  primitive  compound,  and  thence  concluded  that : —  When  equivalent  eubntitution  of 
hydrogen  by  chlorine  or  brotnine  takes  place,  the  chlorine  or  bromine  takee  np  the  poet' 
tvm  previously  occupied  by  the  hydrogen,  and  plays  to  a  certain  extent  the  same  part,  so 
that  the  chlormatedor  brommated  product  is  analogous  in  constitution  to  the  body  from 
which  it  has  been  formed. 

Dumas  was  at  first  opposed  to  this  idea,  as  to  the  part  which  the  chlorine  plajs  in 
these  substitutions  ;  but  afterwards,  when  alargernumber  of  substitution-products  had 
bf«n  obtained  (by  Laurent,  Malaguti,  Regnault,  and  others),  and  when  he  himnelf 
had  discovered  trichloracetic  acid,  and  shown  it  to  be  analogous  in  all  its  reactions  to 
acetic  acid,  he  not  only  adopted  Laurent's  views,  but  even  went  beyond  them,  extending 
them  to  substitutions  by  oxygen,  and  developing  them  into  the  theory  of  types,  the 
main  mrinciples  of  which  he  kud  down,  in  1839,  as  follows : — 

1.  The  elements  of  a  compound  may,  in  numerous  cases,  be  replaced,  in  equivalent 
proportions,  by  other  elements,  and  by  compound  bodies  which  play  the  part  of 
elements. 

2.  When  this  substitution  takes  place  in  equad  numbers  of  equivalents,  the  body  in 
which  it  occurs  retains  its  chemical  type,  and  the  elements  which  have  entered 
into  itv  play  therein  the  same  part  as  the  element  which  has  been  abstracted. 

The  chemical  type  included  bodies  containing  the  same  number  of  atoms  of 
their  elements,  and  resembling  one  another  in  their  principal  chemical  properties — such 
as  acetic  and  trichloracetic  acids,  or  chloroform,  bromofbrm,  and  iodoform.  When, 
on  the  other  hand,  the  chemical  character  of  a  body  was  altered  by  substitution,  the 
number  of  elementaiy  atoms  remaining  the  same,  the  two  bodies  were  regarded  as  be- 
longing  to  the  same  mechanical  or  molecular  type :  e.g.  marsh-gas,  CH* ;  formic 
acid,  CH«0«;  chloroform,  CHC1«;  chloride  of  carbon,  CCK 

The  law  of  substitution  is  the  expression  of  facts,  which  the  type-theory  was  in- 
tended to  explain.  It  was  not  supposed  that  the  type  was  preserved  because  substitu- 
tion took  place  in  equivalent  proportions,  but  the  permanence  of  the  type  was  regarded 
as  a  power  striving  to  retain  the  atoms  in  the  original  order,  and  thus  giving  rise  to  the 
substitution  of  one  element  for  another.  According  to  this  theory,  the  properties  of  a 
compound  depend,  in  many  eases,  upon  the  rolative  positions  of  its  atoms,  much  more 
than  upon  their  individual  nature. 

These  views  were  met  with  determined  opposition  byBerselius  and  the  other  up- 
holders of  the  electrochemical  theoiy.  AcooAling  to  that  theory,  chemical  combination 
consists  in  the  union  of  atoms  or  molecules  in  opposite  electrical  states,  and  the  func- 
tion of  any  element  in  a  compound  depends  altogether  on  its  electrical  polarity.  Such 
a  theory  is  plainly  irreconcilable  with  the  idea  that  a  strongly  electronegative  body  like 
chlorine  can  take  the  place  of  a  positive  element  like  hydrogen,  and  discbarge  similar 
functions  in  the  resulting  compound.  Accordingly,  the  advocntes  of  the  electrochemi- 
cal theory  at  first  denied  the  facts  upon  which  the  substitution-theory  was  founded  *, 
and  afterwards,  when  these  facts  had  been  incontestably  established  b^  numerous 
analyses,  sought  to  explain  them  in  a  manner  consistent  with  the  principles  of  the 
electrochemical  theory.  With  this  view,  Berselius  endeavoured  to  show  that  acetic 
and  trichloracetic  acids  are  differontly  constituted  compounds,  acetic  acid  being  an 
oxid»  of  the  radicle  (7*^,  whereas  trichloracetic  consists  of  oxalic  acid  "  copula^** 
with  chloride  of  carbon ;  thus : 

Acetic  acid CH^.O^  +   HO 

Triehloneetie  acid       ....       CCP  +   CO"  +  HO. 

The  numerous  substitution-products  of  acetic  ether,  formir  ether,  &c.,  discovered  by 
Malaguti  and  Begnault,  were  likewise  formulated  by  Berselius  in  a  similar  manner: 

Dichlorethvlic  ether         .  Cfl^.O*  +  2C*H:CP 

PerchloretWic  ether        •  C*0^   +  SC'O' 

Biehlomcettc  ether  .        •  2C^IP,C^  +   CH^CP 

DichloroftMPmic  ether  2C*H.C^  +   C^HC^  +  20B^.CF  +   OH^.O^ 

Monochloromethylic  oxide  C»fl».0«  +   C^H^.O' 

Bichloromethylic  oxide    .  C^H.C^  -»-   2C*H,CP 

Perchloromethylic  oxide  .  CO*   i-    3CCP 
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But  thM6  complicated  formnltt,  which  represented  eompcmnds  aridently  anakgou 
iu  propertii«,  aa  oonatitoted  in  entirely  di£ferent  waya,  met  with  little  acoeptanoe,  man 
especially  as,  in  order  to  cany  out  such  modes  of  representation,  it  was  necessary  to 
invent  a  new  radicle  for  almost  eveiy  organic  componnd  that  was  disoorered ;  and 
finally,  when  Mel  sens  showed  that  acetic  acid  can  be  reproduced  from  trichloncetie 
acid  by  the  action  of  sodinm-amalgam,  the  idea  that  these  two  bodies  were  differfotlj 
constituted  became  altogether  untenable.  Accordingly,  it  was  then  assumed  that,  at 
trichloracetic  acid  was  oxalic  acid  copulated  with  C*CP,  so  acetic  add  itself  wm 
oxalic  acid  copulated  with  C*IP : 

Acetic  acid  C*J5P  -••   C*0^  +  ffO 

Trichloracetic  acid    .        CO*  +   CO*  +  HO; 

* 

and  this  view  was  supposed  to  be  supported  by  the  £ict  that  chlorine  took  the  place  of 
hydroffen  in  the  "  copula."  Similar  formuln  were  giyen  for  methyldithionio  acid  snd 
the  allied  compounds  disoorered  by  Kolbe : 

Trichloromethyldithionic  acid        .        CCP  -l-  fl'O*  ♦  ffO 
Dichloromethyldithionic add         .        CHOP  +   SCO^  -^  BO; 

and  b^  this  fanciful  hypothesis  of  copuls,  the  fact  of  substitution  was  supposed  to  bt 
recondled  with  the  old  theory.  It  is  clear,  howerer,  that  by  this  mode  of^explanation, 
the  possibility  of  chlorine  taking  the  place  of  hydroeen  in  a  compound,  and  dischuging 
similar  functions  therein,  was  substantially  admitted ;  and  thus  the  main  point  of  the 
substitution-theory  was  established. 

In  this  contest  between  the  old  radide-theory  and  the  substitntion-theoiy,  tlie 
adherents  of  the  latter  had  somewhat  overlooked  the  good  points  of  the  former,  n«oit- 
ing  almost  exdusively  to  empirical  formula  to  represent  the  relations  of  compouixli. 
As,  however,  it  was  found  that  mere  empirical  formula  did  not  always  represent 
these  relations  so  clearly  as  the  hypothetical  formula  of  the  radide-theory,  endeavoon 
were  made  to  construct  formul»  which  should  attain  this  end  without  requiring  the 
use  of  the  numerous  hypotheses,  of  the  radicle-theoiy.  This  object  was  greatly  pro- 
moted by  certain  considerations  which  Q-erhardt  put  forward  in  1839,  and  aner- 
wards  further  developed  under  the  name  of  "  Theory  of  Residues.*'  He  says :  "  When  a 
fto-called  replacement  of  an  element  by  a  compound  body  takf«  place,  the  process  is  ooc 
a  dirrct  substitution;  but  an  element  of  the  one  body  (e.y.  H)  unites  with  an  element 
of  the  other  (O),  the  resulting  product  (HO)  separating  out,  while  the  remaining 
elements  (residues)  of  the  two  bodies  enter  into  combination."  These  residues  are 
evidently  identical,  in  many  oases,  with  the  radicles  of  the  older  theory,  and  exhibit  the 
relntions  of  compounds  to  one  another  with  the  same  clearness,  without  the  neccsj*itj  of 
assuming  the  pre-existenoe  of  these  radicles  in  the  compounds.  In  short,  the  use  of 
them  in  eouations  of  decomposition  shows  that  a  group  of  elements,  or  in  other 
words  a  radicle,  may  be  substituted  for  an  element  in  a  componnd,  without  altering 
the  type. 

This  process  of  amalgamation  of  the  radicle  and  type  theories  received  a  ^^reat  stinin- 
lus,  in  the  years  1849  and  18A0,  by  the  discovery  of  the  alcoholic  ammonia-bases  hj 
Wurtz  and  Hof  man  n,  which  showed  that  the  hydrogen  in  ammonia,  NH',  maybe 
replaced,  partly  or  even  wholly,  by  an  equivalent  quantity  of  the  radicles  ethyl,  methyl 
&c.,  forming  bodies  of  the  same  nature  as  ammonia  itself.  These  discorerieft.  which 
demonstrated,  more  clearly  than  any  that  had  gone  before,  that  organic  bodies  may  be 
referred  to  simple  inorganic  compounds  aa  types,  may  indeed  be  regarded  as  the  foon- 
dation-stone  of  the  modem  type-theory. 

Another  very  important  step  in  the  same  direction  was  Williamson's  diseoTery 
of  the  mixed  ethers  (1850),  and  his  explanation  of  the  general  relations  of  the 
etliers  and  alcohols,  bv  referring  them  to  the  type  of  water,  H*0  (Chem.  Soc.  Qn. 
J.  iv.  106,  229).    Williamson  subsequently  extended  these  views  to  adds,  rep^^> 

seating  acetic  add,  for  example,  as         hI^'  ^®  *^^^  pointed  out  the  possibility  of 

replacing  the  s^econd  atom  of  hydrogen  in  the  water-molecule  by  an  add  radicle^  thereby 
forming  a  compound  related  to  acetic  acid  in  the  same  manner  as  ether  to  alcohol 
(Chem.  Soc.  Qu,  J.  iv.  350). — This  prediction  was  verified,  in  1852,  by  Gerhardt'i 
discovery  of  the  anhydrides  of  acetic  acid,  benzoic  acid,  &e.  From  that  time  chemists 
vied  with  one  another,  in  referring  oi^nic  bodies  to  the  simplest  types  of  iaorganie 
chemistry;  and  thus  arose  the  views  which  were  systematisedby  Gerhard  tin  the  fooitfa 
volume  of  his  TVaiU  de  Chimu  organigue^  iv.  660 — 806.  (See  also  Graham's  EUntmJs 
of  Chemistry,  2nd  edition,  ii.  519 — 569,  and  the  article  CLassiFiCAHox  in  this 
Dictionary  i.  1015.) 
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It  U  vmaI  At  tliA  present  day  to  admit  four  principal  types : 

HE  0H«  NH»  CH«; 

or,  more  generally  (denoting  monatomic  and  polyatomic  radicles  by  Boman  nnmeralB) 
I  +  I  U  +  21  m  -f   31  IV  +  41; 

and  to  theee,  together  with  the  multiple  and  mixed  types,  formed  by  combining  two  or 
more  of  them  together,  nearly  all  well-deflned  compounds  may  be  referred.  Sometimes^ 
howeTer  it  is  convenient  to  refer  compounds  to  types  containing  radicles  of  higher 
atomicity ;  for  example : 


V   +   51 
Type. 


Fhoipboiie 

pcnu- 

chloride. 


TUBfttlC 

elilonde. 


Photphoric 

OKVOllO- 

rlde. 
Tnantie 

OXiMb 


PiMMpboric 
add. 


Sulphuric 
oxide. 


StibiMtbjI. 
oxide. 


Sulphuric 
add. 


VI  -•-   61         W'Ka*         W'«0« 


8^0* 


S'* 


(HOy 


1(HC 

1  o« 


TetrvChjl 

ammoolnm- 

eblortdCL 

"  I     CI 

Sulphuric 
dibrono* 
eChylenie 
diethide. 

((C»H*)" 

a^<  (C«H»)« 

1    Br» 


Tlie  nnion  of  two  or  more  molecules  of  the  same  or  diffbrent  types,  by  the  substitu- 
tion of  a  polyatomic  element  or  radicle  for  an  equivalent  number  of  hvdrogen-atoms, 
gives  a  considerable  extension  to  the  power  of  typical  representation ;  for  example : 


Type. 

8HH 

Type. 
2HK) 
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8H*0 
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Citric  chloride. 
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Glycol. 


(c^rjo.  ((^Tjo. 


Glycerin. 
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Oxamide. 
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H 
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The  same  compound  may,  in  many  caseB,  be  referred  to  different  types.  Thus  tri- 
chloride of  phosphorus,  PCI",  may  be  derived,  either  from  a  triple  molecule  of  hydro- 
chloric acid,  3HC1,  by  substitution  of  F"  for  H* ;  or  from  ammonia,  NH",  by  substitu- 
tion of  P  for  N,  and  of  CI*  for  H*.  In  tlie  same  manner,  the  typical  molecule,  NH', 
it>elf  may  be  regarded  as  three  molecules  of  hydrogen,  3HH,  held  together  by  the 
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•nbstiUition  of  N**  for  H* ;  and  the  ^ical  molecule  of  water,  H*0,  mmj  mlao  he 
garded  as  two  molecules  of  hydrogen,  H'H',  held  together  by  the  diatomic  element,  O. 

It  appears,  then,  that  the  difTerent  types  may  also  be  reduced  to  one,  namely  hydro* 
gen,  wnich  may  therefore  be  regarded  as  the  representatiTe  of  the  smallest  moleenlaf 
unity,  or  as  the  unit  of  molecule.  In  other  words,  all  chemical  compounds  may  be 
regarded  as  aggregations  of  ideal  hydrogen-molecules,  held  together  by  the  introduction 
of  one  or  more  polyatomic  elements  or  radicles. 

*'  The  reduction  of  the  typical  mode  of  representation  to  this  last  oonsequenee,  shows 
plainly  that  the  entire  system  is  nothing  more  than  a  compdrison  of  compounds  with 
regard  to  their  composition,  not  a  true  theory  which  can  teach  us  anything  about  their 
actual  composition  itself.  The  several  types  are,  therefore,  not  classes  of  compounds 
distinctly  separated  from  one  another  by  difference  of  constitution,  but  rather  movable 
groups,  in  which  compounds  may  be  placed  together,  according  to  the  particular  analo- 
gies which  it  is  desired  to  bring  to  light"    (Kekul^) 

TTVBA.  Two  species  of  this  water-plant  have  been  chemically  investigated.  The 
pollen  of  T,  lai(foiia  contains,  according  to  Braconnot  (Ann*  Ch.  Phys.  [2],  zliL 
919),  8*6  per  cent,  stearin  and  olein,  18*3  su^,  20  starch,  259  pollenin,  2*6  majgne- 
sium-  and  potassium-phosphates,  together  with  small  quantities  of  other  potassium- 
^Its,  and  0*4  silica. 

The  rootstock  of  the  same  plant  contains,  in  the  fresh  state,  according  to  Lecocq 
(J.  Cbim.  mM.xliL  91),in  December,  12*5  pts.  starch  to  73  pis.  water ;  but  in  April,  only 
1 0'd  pts.  starch  to  the  same  quantity  of  water.  A  decoction  of  the  root  is  said  to  be 
used  in  Turkey  as  a  remedy  for  dropsy  and  for  snake-bites.    (Landerer.) 

100  pts.  of  the  entire  plant  of  'Hfpha  angu$t{folia  contain,  after  drying,  9*58  per 
eent  ash ;  and  the  ash  contains,  in  100  pts.,  14*8  £*0,  21*9  CaO,  1*66  MgO.  0*2  FeH)*, 
2*5  80»,  0*6  SiO«,  210  CO*,  3*9  P»0*,  16*8  KQ,  and  16*9  NaCL  (Schula-Fleeth, 
Fogg.  Ann.  cxv.  167.) 

See  NioBATBS  oP  YiTBnm  (iv.  65). 

Copper-froth,    PharfnaeosideriU.    Cupr\ferou9  Calamine,    Kupa- 

phrite.  Kupferachaum. — ^A  basic  arsenate  of  copper,  (5u*A8*0*.2Cu''HK)*.7H'0,  or 
6Cu"OJUK>*.9H*0,  found  native  at  Falkenstein  in  the  Tyrol,  and  in  other  locali- 
ties, sometimes  in  trimetric  cirstals,  with  the  faces  oP  .  ooPto  .  odP,  cleaving 
perfectly  parallel  to  oP;  more  frequently  reniform,  massive;  structure  radiate,  folia- 
coous ;  surface  drusy.  Specific  gravity  i-  8*02  to  8*098.  Hardness  i- 1 — 2.  Lustre, 
pearly  on  the  face  oP,  vitreous  on  the  other  faces.  Colour  apple-green  and  verdigris- 
green,  inclining  to  slnrblue.  Streak  a  little  paler.  Translucent  to  subtiansluceot. 
Fracture  not  observable.  Very  seztile.  Thin  laminie  flexible.  Decrepitatee  stron^y 
when  heated :  melts  before  the  blowpipe  to  a  noncrystalline  bead,  colouring  the  flame 
prreen.  On  charcoal  it  emits  moisture  quietly,  and  on  long  exposure  to  the  blowpipe- 
flame  swells  a  little  from  escape  of  arsenic-vapour.  With  soda  it  forms  an  impertectly 
fluid  mass,  containing  a  white  metallic  nucleus.  Dissolves  in  acids,  with  evolution  oif 
carbonic  acid. 

Kobeirs  analysis  (Fogg.  Ann.  xviii.  268)  gave  2601  per  eent.  As^O*.  48*88  CuO, 
17*46  water,  and  13*65  carbonate  of  calcium ;  or,  abstracting  the  latter.  28*96  percent 
AsK)*,  50*82  CuO,  and  20*22  water,  the  formula  5CuK) JksH)*  +  9H«0  requiring 
29*20  CuK),  60-28  As«0»,  and  20*52  water. 

Copper-froth  occurs  in  the  cavities  of  calaminei,  calcspor,  or  (^^uirts,  together  with 
other  ores  of  copper,  in  small  aggregated  and  diveiging  fibrous  grohps,  having  a  pale- 
green  colour  and  delicate  silky  lustre.    (Ds  na,  ii.  426 ;  Rammelsberg,  p.  378.) 

TTROazm.  C'HiiNO'.  (Liebig,  [1846],  Ann.  Ch.  Pharm.  Ivii.  127  ;  Izii  269.— 
Warren  De  la  Rue,  ibid,  Ixiv.  86. — Bopp,  ibid,  Ixix.  20. — ^Hinterberger,  ibid, 
Ixii.  7?._Strecker.  ibid,  Ixxiii.  70.— Piria,  ibid,  Ixxxii.  261.— Alex.  Muller, 
J.  pr.  Chem.  Ivil  162.— Leyer  and  KoUer,  Ann.  Ch.  Pharm.  Ixxxiii.  882.— Witt- 
stein,  Jahresb.  1864,  p.  656.— Frerichs  andStadeler,  ibid,  1855,  p.  729;  1856,  p. 
702. — R.  Hoffmann,  Ann.  Ch.  Pharm.  Ixxxvii.  128.— Stiideler,  ibid,  cxi.  12;  cxv. 
57. — Erlenmeyer  and  Scboffer,  Jahresb.  1859,  p.  596. — Nenbauer,  Ann.  Ch. 
Pharm.  cvi.  72. — Frohde,  Jahresb.  1860,  p.  679. — Schmeisser,  Arch.  Pharm.  [2], 
c  14. — Kolliker  and  H.  M oiler,  Ber.  d.  phys.  Anat.  zu  Wurxburg,  vii.  8.— 
Schmetser,  Inauffural  Distertaiion,  Erlangen,  1862. — Gorup-Besanes,  Ann.  Ch. 
Pharm.  xcviii.  18;  cxxv.  381.— Scherer,  J.  pr.  Chem.  Ixx,  406 —C  Wicke,  Ann. 
Ch.  Pharm.  ci.  814. — R.  Schmitt  and  0.  Nasse,  ibid,  cxxxiii.  211.— I*  Barth, 
t//trf.  cxxxvi.  110;  BulL  Soc.  Chim.  1866,  i.  307.— G.  Beyer,  Zeitsdir.  t  Chem,  [2], 
iii.  486 ;  Bull.  Soc.  Chim.  1867,  ii.  368.) 

A  crystalline  nitrogenous  body,  produced  by  the  decomposition  of  albuminoHhl 
subfltances  under  the  influence  of  acids,  alkalis,  and  putrefaction.    It  was  discorend 
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by  liebig,  who  obtftined  it  by  deeompomng  caaeio  with  melting  potash.  A.  Muller 
found  it  amongst  the  products  of  the  pntrefkction  of  reast.  Ijeyar  and  KoUer 
obtained  it  bj  the  action  of  fused  potash  on  globulin,  feathers,  hairs,  and  hedgehog's 
prickles,  or  by  treating  these  bodies  with  sulphuric  acid.  Hinterbereer  prepared  it  by 
fwiling  ox-horn  with  sulphuric  acid.  Stadeler  obtained  it  in  like  manner  from 
musela-ilbrin,  regetable   fibrin,  fibroin,  and  animal  mucus.    Stiideler  has  Airther 

einted  out  that  the  white  bodies,  resembling  poppy-seeds,  sometimes  obserred  in 
dly-preserred  alcoholic  anatomical  preparations,  aUo  consist  of  tyrosine ;  and  that 
the  soH»lled  cystinoid  tubercles,  or  zanthoc^Btin,  found  by  Cheyallier  imd  Lassaigne 
on  a  corpse  two  months  old,  likewise  agreed  in  character  with  this  substance. 

l^rrosine  occurs  ready-formed,  and  always  accompanied  by  leucine,  in  the  animal 
organism :  it  has  been  found  in  the  spleen,  and  uie  pancreas ;  in  the  Uveor  and  in 
the  blood  of  the  hepatic  yeins,  in  certain  states  of  liTcr-disease ;  in  the  bile  of 
typhous  patients ;  and  m  the  urine,  sometimes  forming cr3rstalline  sediments  (Freri  chs 
and  Stiideler) ;  in  the  cutaneous  scales  in  pellagra  (Schmetzer).  It  occurs  also  in 
cochineal  (De  la  Rue^  probably  as  a  product  of  decomposition,  and  in  most  of  the 
lower  forms  of  animal  lifew  According  to  Wittstein,  it  is  round  in  American  extract  of 
rhatany. 

PnpamHon. — From  Casein. — Well-pressed  cheese,  prepared  from  milk,  either  fresh 
or  curaled,  and  f^«ed  as  much  as  possible  from  adhering  butter,  is  fused  with  its  own 
weight  of  potassium-hydrate  (or  with  solution  of  potash  strong  enough  to  crystallise 
on  cooling)  until  hydrogen,  as  well  as  ammonia,  is  evolved  from  the  melting;  mass ; 
the  mass  is  dissolved  in  hot  water,  and  slightly  supersaturated  with  acetic  acid ;  and 
the  filtered  liquid  is  left  to  cool,  whereupon  needles  of  tyrosine  separate,  which  are 
purified  by  repeated  solution  in  water  containing  potassium-carbonate,  and  precipita- 
tion with  acetic  acid  (Liebig).  To  purify  it  from  leucine,  when  obtained  in  this 
manner,  or  according  to  preparation  6  of  leucine  (iii.  580),  it  is  recrystallised  from 
hot,  and  then  washed  with  cold  water.  It  still  retains  some  brown-red  matter,  to 
remove  which  the  solution  in  hydrochloric  acid  is  treuted  with  animal  charcoal, 
decomposed  with  a  quantity  of  potassium-acetate  equivalent  to  the  amount  of  hydro- 
chloric acid,  and  rapidly  filtereo,  whereupon  the  filtrate  becomes  filled  with  entangled 
needles.  A  portion  of  the  tyrosine  remains  dissolved  in  the  acetic  add,  but  the  rest 
is  thereby  freed  from  ash,  which  adheres  obstinately  to  the  tyrosine  crystallised  from 
neutral  solutioiis.  The  needles  aie  washed  with  cola  water,  and  once  more  crystallised. 
(Bopp.) 

From  Horn, — ^Dilute  sulphuric  acid  (1  pt.  oil  of  vitriol  to  4  pis.  water)  is  boiled  in 
a  copper  vessel  with  horn-shavings  (equal  to  half  the  weight  of  the  oil  of  vitriol)  for 
about  twelve  hours,  renewing  the  water  as  it  evaporates.  The  liquid  is  then  diluted 
with  water,  mixed  with  milk  of  lime  to  alkaline  reaction,  and  strained ;  the  residue 
is  exhausted  with  hot  water ;  the  liqaid  evaporated  at  the  boiling  heat  to  about 
two-thirds  the  volume  of  the  dilute  sulphuric  add,  and  then  neutralised  with 
sutphuie  add ;  the  impure  tyrosine,  which  separates  in  twenty-four  hours,  is  col- 
lected; and  an  additional  quantity  is  obtained  by  evaporating  the  mother-liquor, 
together  with  leucine,  which  must  be  separated  by  solution  in  cold  water.  The  impure 
tj'rosine  is  next  heated  with  dilute  soda-ley ;  and  the  tyrosine  which  separates  after 
twelve  hours  is  again  collected,  and  further  purified  by  reciystallieation  from  aqueous 
ammonia.  Horn-shavings  treated  in  this  manner  yield,  on  the  average,  4  per  cent, 
tyrofdne  and  8  per  cent,  leucine ;  fibroin  (silk)  and  animal  mucus  more  than  4  per 
cent,   tyrosine  (Stadeler).    For  Erlenmeyer  and  Schoffer's  determinations  of  the 

2uantities  of  tyrosine  and  leucine  obtained  by  boiling  various  animal  substances  with 
ilnte  sulphnric  acid,  see  Lkucinb  (iii.  579). 

Tyrosine,  even  after  repeated  crystallisation  from  aqueous  ammonia,  is  often  con- 
taminated with  a  small  quantity  of  a  sulphurous  compound,  which  adheres  obstinately 
io  it.  To  remove  this  impurity,  Stadeler  dissolves  the  tyrosine  in  water,  mixes  the 
warm  solution  with  a  small  quantity  of  basic  lead-acetate,  and  removes  the  lead  from 
the  clear  filtrate  by  sulphuretted  hydrogen.  The  concentrated  solution  then  yields, 
by  evaporation,  perfectly  pure  tyrosine. 

^VY>fii  Coekineal, — Decoction  of  cochineal  is  predpitated  by  neutral  acetate  or  basic 
nitrate  of  lead ;  the  liquid  is  filtered  from  the  carminate  of  lead,  and  treated  with 
sulphuretted  hydrogen ;  and  the  filtrate  is  evaporated  to  a  syrup,  whereupon  a  chalk- 
like substance  separates.  This  is  washed  with  cold  water,  and  several  times  recrys- 
tallised from  boiling  water,  ultimately  with  the  aid  of  animal  charcoaL  The  separated 
crystals,  whidi  have  a  silky  lustre,  shrink  on  the  filter  to  a  paper-like  mass  also 
having  a  silky  lustre.    300  parts  of  cochineal  yield  1  pt.  of  tyrosine.    (De  la  Rue.) 

Properties, — Tyrosine  crystallises  from  aqueous  solution  in  stellate  groups  of  long 
slender  needles,  having  a  silky  lustre,  and  becoming  interlaced  and  confused  in  drying. 
From  ammoniacal  solutions,  it  cryptallises  in  permanent  tufts  of  larger  needles,  also 
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haTing  i  silky  Itutre ;  and  by  snpenaturating  warm  dilate  hydradilorie  acid  with 
tyrosine,  a  crop  of  crystals  is  obtained,  consisting  of  rather  thick  oblong  prisms,  with  a 
horizontal  dome  resting  on  the  narrow  sides. 

Tyrosine  dissolves  in  150  pts.  of  boiling  water,  in  1900  pts.  of  cold  water  (at  abont 
16°),  in  about  13,500  pts.  of  cold  90  per  cent,  alcohol^  not  much  more  fireelY  in  boilins 
alcohol,  and  is  quite  insoluble  in  ether.  Its  solubility  in  alcohol  is  greatfy  incnaaed 
by  admixture  with,  amorphous  extractive  matter. 

Tyrosine-solutions  are  not  pi^pitated  either  by  neutfal  or  by  baric  acetate  of  lead; 
but  on  addition  of  ammonia,  the  basic  acetate  produces  a  precipitate  oonsiflting  of 
tyrosine  combined  with  lead.  A  solution  of  tyrosine  is  not  altered  by  additioo  of 
fnereuric  acetate,  unless  preriously  mixed  with  Imaic  acetate  of  lead ;  in  which  case  the 
tyrosine  is  almost  completelY  precipitated  as  a  mercuiy-componnd,  from  which  it  may 
be  separated  by  sulphuretted  hydrogen.  An  aqueous  solution  of  tyrosine  mixed  witA 
Mercuric  nitrate  remains  clear ;  but  on  adding  a  small  quantity  of  sods,  a  white  pre- 
cipitate is  formed,  containing  tyrosine,  mercunc  oxide,  and  nitric  add.  A  moderately 
dilute  solution  of  tyrosine  boiled  with  mercuric  nitxato,  tuns  red  and  depodtfl  a  brown- 
red  precipitate.  Very  dilute  solutions  assume  a  fiiint  rose-colour,  and  yield  a  yeUow 
or  flesh-coloured  precipitate  (R.  Hoffmann;  Stadeler).  A  small  quantity  of 
tyrosine  gently  warmed  with  a  few  drops  of  strong  sulphuric  add  yields,  after  dilution 
with  water  and  neutralisation  with  barium-carbonate,  a  liquid  whidi  is  coloured 
violet  by  ferric  chloride ;  this  reaction  affords  a  very  delicate  test  for  tyrosine.  (P  i  r  i  a ; 
8t&deler.) 

Tyrosine  heated  for  some  time  with  chhrine,  or  bromine,  is  converted  into  penrhlonv 
quinone,  or  perbromoquinone ;  at  ordinary  temperatures,  on  the  other  han^  bromine 
forms  dibromotyrosina  When  chlorate  of  potassium  is  added  to  the  hydrochloric 
acid  solution  of  tyrosine,  a  wine-red  coloration  is  produced ;  oily  drops  separate ;  and 
the  liquid  when  distilled  yields  chlorinated  acetone,  leaving  a  resinous  mass^  wfaidi, 
by  the  further  action  of  hydrochloric  add  and  potassium-dilorate,  is  converted  into 
perchloroquinone. 

Tyrosine  heated  with  dilute  sulphuric  add  and  peroxide  of  lead  is  completely  decom- 
posed,  carbonic  anhydride  being  slowly  evolved,  and  the  brown  liquid,  wnen  ficeed  hota 
sulphuric  add  by  means  of  banum-carbonate,  yielding,  on  addition  of  alcohol,  a  dark- 
coloured  precipitate,  while  the  filtrate  on  slow  evaporation  depodts  a  few  small 
crystals. — Alkaline  tyrosine-compounds  decompose  pfrmamganaie  of  potammm  even 
in  the  cold,  forming  oxalic  add  and  a  brown  substance  (Neubauer).  Tyrosine 
distilled  with  potamsium-chrotnate  and  sulphuric  acid,  yields  bitter-almond-oil,  hydro- 
eyanio  acid,  benzoic  add,  formic  add,  acetic  add,  and  carbonic  add.    (Frohde.) 

Tyrodne  heated  with  nitric  acid,  yields  nitro-substitution-produets. 

T^^rosine  is  decomposed  by  heat,  emitting  an  odour  of  burnt  horn  ;  when  hrated  in 
considerable  quantity  (mixed  with  pumice-stone),  it  yields  an  oily  distillate,  smelliog 
strongly  of  phenol  (St&deler).  But  when  very  small  quantities  of  it  are  heated  in 
thin  glass  tubes  to  about  270°,  a  white  alkaline  sublimate,  OH^NO,  is  obtained,  vaipr 
slightly  soluble  in  water,  and  forming  a  ciystallisable  hydrochlorate  and  dilorondati- 
nate.  This  body  has  the  composition  of  ethyl-oxyphen  vlamine,  C*H^G^*)KO» 
and  accordingly  tyrosine,  from  which  it  is  formed  by  elimination  of  carbonie  uby* 
dride,  maybe  regarded  as  ethyl-amidosalieylie  acid: 

C'H'NO*     -     C^'NO  -t-  CO*. 

AmidotJill-  Oxyphenjl- 

cyllc  acid.  amiDe. 

C^«fC«H»)NO«     -     C«H«(C«H»)NO     +     C0«. 

Bthyl^midotalU  EthjrI-oxjrphe- 

Cfl'K  acid.  nylamiiM. 

(Schmitt  and  Nasse,  Ann.  Ch.  Fharm.  cxxxiii.  211.)  On  the  other  hand,  aoeord*^ 
ing  to  L.  Barth  {ibid,  cxxxvii.  110),  t^sine,  fiosed  with  caustic  potash,  is  resolved 
into  paraoxy  benzoic  acid,  acetic  acid,  and  ammonia,  aa  shown  by  the  equation; 

C*H'»NO«  +  H«0  +  0     -     CH-O*  +  CHW  -¥  NH»; 
Tyrotine.                                           Paraoxy  Acetic 

bcfosoic  add* 

acid. 

and  may,  accordingly,  be  regarded  as  the  ethylic  derivative  of  amidoparaozyben* 
zoic  acid: 


Cai>(NH«)0«  CH»(NH.C«H»)0». 

Amidoparaoxy  »r— .-i-.^ 

bensoic  acid. 


Amidoparaoxjr-  Tyrodne. 

JIC  I 


Compounds  of  Tyrosine. — Tyrosine  dissolves  in  acids  and  in  alkalis,  forming  dffi« 
nite  compounds.  It  unites  with  acids  in  two  proportions,  but  is  not  capable  of  of utnl- 
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kffiug  them.  It  has  rather  the  properties  of  a  weak  acid,  decoiijpc«iDg  the  carbonates 
of  the  alkaline  earth-metals  at  the  hoiling  heat,  and  fonninc,  partly  amorphous,  partly 
(syBtalline  compounds,  which  hare  a  somewhat  strong  alluline  reaction. 

Tyrosine  dissolves  abundantly  in  ammoniaj  but  crystallises  out  from  the  solution 
nnaftered.    With  the  fixed  bases,  on  the  costraiy,  it  easily  forms  definite  compounds. 

The  barimnKompoundf  C*H*Ba"N0'.2H'0,  forms  somewhat  sparingly  soluble  pris- 
matio  crystals,  more  soluble  in  cold  than  in  hot  water.  The  aqueous  solution  has  an 
alkaline  reaction,  and  is  precipitated  by  alcohol. — ^There  appears  to  be  also  a  compound 
conUining  C»H«Ba'NO«.C»H"NO«.— The  ealcium-MU,  (?H»CaTJO«,  prepami  by  dis- 
aolring  tyrosine  in  lime-water,  does  not  crystallise.  A  solution  of  tyrosine  boiled 
with  ealdum-carbonate,  appears  to  yield  a  mixture  of  this  salt  with  the  compound 
C^"Ca'TJO«.C^'«NO>.--The  soeUum-salt,  C»H''Na«NO«,  is  formed  by  saturating  di- 
lute  soda-ley  with  tyrosine.   The  solution  is  alkaline,  and  is  not  precipitated  bv  nlcohol. 

SilwT'iMs. — On  adding  a  saturated  ammonia^  solution  of  tyrosme,  by  drops  and 
with  constant  stirring,  to  a  concentrated  solution  of  silTer-nitrate,  in  such  quantity  that 
the  liquid  no  longer  smells  of  ammonia,  a  heary  amorphous  precipitate  is  formed, 
eontaiaing  CH'.A^g'NO' JIK).  After  a  certain  quantity  of  the  ammoniacal  solution  has 
beeo  added,  no  further  precipitation  takes  place ;  but  if  the  liquid  be  thca  neutralised 
with  oitric  acid,  the  compound  2C*H'*AgN0'.H.'0,  separates  a*  a  heavy  crystalline 
powder.  Both  compounds  are  slightly  soluble  in  water,  but  turn  red  litmus-paper 
blue.  They  dissolve  easily  in  nitric  acid  and  in  ammonia,  and  are  deeomposed  by 
boiling  with  water. 

HydroehioraU  of  lyrosMM,  C*H*'N0'.HG1,  sepanates  in  needle-shaped  crystals,  on 
adding  an  excess  of  strong  hydrochkric  acid  to  a  solution  of  tyrosine  in  the  same  acid. 
Water  and  dilute  alcohol  decompose  it  immediately  into  tyrosine  and  hydrochloric 
acid;  but  abeelat«  alcohol  dissolves  it  without  decomposition*  forming  a  solution 
which  is  nat  precipitated  by  platinic  chloride  ;  the  salt  is  insoluble  in  ether. 

yUrate, — ^Tjrroaine,  triturated  to  a  paste  with  water,  remains  colourless  when  uitrio 
add  is  added  to  it,  not  in  excess ;  and  the  liquid*  filtered  from  undissolved'  tyrosine, 
yields*  by  spontaneous  evaporation,,  radiate  groups  of  needles,  probably  consisting  of 
the  salt  C»H«'NO«.HNO«. 

The  gulphat^y  C*H**NO'.H^O%  is  obtained,  by  treating  tyrosine  in  excess  with 
dilute  sulphuric  acid,  and  leaving  the  filtrate  to  evaporate,  in  long  slendto  needles, 
which  are  not  coloured  by  ferric  chloride,  suffer  no  loss  of  weight  at  115^,  and  dia- 
solve  easily  in  water ;  the  aqueous  solution,  however,  soon  deposits  tyrosine. 

Ka  compounds  of  tyrosine  with  organic  aeids  have  yet  been,  obtained. 

Deriffoiivm  a/  Tyrosine. 

Amtdolyrositte,  C*H*<N^  -  C*H>^NH')NO'.  (CT.  Fey^r,  Bull.  Soe.  Chim. 
1867,  ii.  369.)— Obtained  by  reducing  nitrotyrosine  with  tin  in  presence  of  dilute 
hydrochloric  acid.  The  sohition,  freed  from  tin  by  sulphuretted  hvdrogen,  and  quickly 
evaporated  (any  brown  colour  that  may  appear  being  removed  from  time  to  time 
by  sulphuretted  hydrogen),  yields  nearly  colourless  hydrochlorate  of  araidotyrosine. 
To  obtain  the  base,  the  aqueous  solution  of  this  salt  is  mixed  with  soda,  not  in  excess, 
and  evaporated  to  100^,  till  it  concretes  into  a  thick  magma,  a  resinous  matter 
which  forms  durine  the  evaporation  being  previously  removed  by  filtration.  The 
crystalline  magma  is  then  left  to  cool  in  a  vacuum,  and  freed  by  pressure  from  chloride 
of  sodium,  which  remains  in  solution. 

Amidotyrusine  thus  prepared  is  an  anhydrous  crystalline  powder,  very  soluble  in 
water,  slightly  soluble  m  fUcohcl,  permanent  in  the  air  when  or)-,  but  easily  absorb- 
ing moisture,  and  then  turning  brown.  Heated  above  100°,  it  decomposes,  and  yields 
by  distillation  an  oleaginous  liquid,  which  solidifies  to  a  crystalline  mass  on  cooliug. 

Amidotyrosine  forms  well-crystallised  salts.— The  hydrochJ orate,  C»H>«N«0«.2Ha. 
H'O,  crystallises  in  long  needles,  and  sometimes  forms  a  white  hygroscopic  powder. 
It  gives  off  its  water  at  120^,  without  coloration.  The  aqueous  solution  quickly 
acquires  a  violet-brown  colour.  It  is  more  soluble  in  alcohol  than  the  free  base.  The 
solution  at  the  boiling  heat  quickly  reduces  silver-oxide  and  platinic  chloride  to  the 
mt'tallic  state,  a  resin  soluble  in  ammonia  being  formed  at  the  same  time. — The  acid 
sulphate,  C»H'*N'0*.2H'S0*,  separateJi  on  cooling  in  anhydrous  nodules,  soluble  in 
w:iter,  when  the  hydrochlorate  is  evaaorated  over  the  water-bath  with  dilute  sulphuric 
acid.— The  neutral  sulphate,  C»H'«N*0'.H'SO\  is  formed  on  adding  the  free  base  to  un 
equivalent  quantity  of  the  acid  salt  in  concentratrd  solution,  and  separates  in  well- 
defined  crystals ;  it  reduces  oxide  of  silver. — Sulphate  of  zinc  and  amidotyrosine, 
ZnSO*.2((7H''^N''0*.H»S0*),  is  obtained  in  the  crystalline  state  from  a  mixture  of  the 
two  sulphates. 
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]HbromotjrosiBe9  0*H*Bi^O*.2HK>.  (Gonip-Beia]iet.)--Tlie  hydiobromato 
of  this  base,  produced  by  tbe  action  of  bromine-yaponr  on  excess  of  tyrosine,  nplits 
np,  vhen  boiled  with  water,  into  hydrobiomic  acid  and  dibromotyroaine.  The  base 
separates  from  concentrated  solutions,  in  slender  white  needles;  from  more  dilute 
solutions,  after  some  time,  in  fisku-shaped  poups  of  large  rhomboSdal  tables,  or  in  thick 
orismatic  crystals  belonging  to  the  triclinic  system.  The  ciystals  are,  at  first,  per- 
fectly transparent,  but,  when  exposed  to  the  air,  gradually  gire  off  thmr  water  of 
crystallisation,  and  be<^ome  milkwhite.  Dibromotyrosine  is  more  soluble  in  hot  than 
in  cold  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether ;  has  a  slightly  bitter 
taste,  an  add  reaction,  and  gives  off  the  whole  of  its  crystallisation-water  at  1 00^.  At  a 
higher  temperature  it  decomposes,  giving  off  an  odour  like  that  of  phenyl-compounda. 
It  dissolves  in  alkalis,  with  decomposition,  and  formation  of  metallic  bromide ;  and 
when  treated  with  nitric  add,  inmiediately  becomes  reddish,  gives  off  bromine,  and 
forms  a  solution,  which,  on  evaporation,  gradually  deposits  crystals  of  dinitroty- 
rosine. 

Dibromotyrosine  unites  with  adds  and  with  bases,  forming  compounds  which  may 
ue  prepared  similariy  to  those  of  ^rrosine  itself — ^The  aUtfer-eompa^tnd,  C^H'Br'Aff'NO*, 
is  a  idiite  ci^^talline  predpitate,  which  turns  brown  on  exposure  to  light,  is  deooiD- 
posed  by  boiling  with  water,  also  by  nitric  add,  which  separates  bromide  of  silver. 

Ht/drobromate  of  Dihromotffrosine,  CH'fir'NO'.HBr,  crystallises  in  stellate  groupa 
of  small  nacreous  needles,  easily  soluble  in  water  and  in  alcohol,  but  deoompoaed  by 
boiling  with  water.— The  hydrocUoraU,  C'H'Br^O'.HCl .  |H*0,  gires  off  its  water  of 
crystallisation  at  100^,  and  in  other  respects  resembles  the  hydrobromate^ — ^The 
sulphate,  (C*H'Br^O*)*.H*SO\  forms  interlaced  needles,  easily  soluble  in  water  and 
in  alcohoL 

Vitrotjroclna,  CH**(NO*)NO*.  (Strecker,  Ann.  Ch.  Fharm.  Ixxiii.  70.)~When 
tyrosine  is  suspended  in  four  times  its  bulk  of  water,  and  a  quantity  of  ni^c  acid  of 
specific  gravity  1*3,  equal  ix^  volume  to  the  water,  is  g|«dually  added,  the  solution  beeomcv 
warm,  acquires  a  red  colour,  and,  after  standing  for  twelve  houn  in  a  warm  place, 
deposits  an  abundant  crystallisation  of  nitrate  of  nitrotyrosine;  and  on  piefiKing  these 
crystals  between  paper,  aissolving  them  in  water,  and  adding  as  much  ammonia  as  caa 
be  added  without  reddening,  nitrotyrosine  is  deposited :  it  may  also  be  separated  from 
che  solutions  ai  its  salts  by  acetate  of  ammonium. 

Nitrotyrosine  forms  delicate  yellow  needles,  united  in  warty  groups,  or  in  beandful 
wavellitic  crystalline  geodes.  It  is  slightly  soluble  in  cold,  more  soluble  in  hot  water, 
insoluble  in  alcohol  and  ether,  has  a  slightly  bitter  taste,  reddens  litmus,  and  decom- 
poses with  slight  detonation  when  heated  above  100^.  It  dissolves  in  anunonia,  the 
fixed  alkalis,  and  dilute  mineral  adds,  but  not  in  acetic  add. 

Nitrotyrosine  unites  with  acids  and  with  bases,  in  the  same  manner  as  tyrosine. — 
The  barmmsalt,  Ba"[CH*(NO*)NO*]*,  is  a  blood-red  anunphous  mass.— The  nivet-salt^ 
C*H'AgXNO')NO*,  IS  an  orange-yellow  predpitate,  soon  changing  to  a  dec^  red 
granuliur  powder,  somewhat  soluble  in  water;  there  appeara  also  to  be  another  silver- 
compound  containing  G^'Ag(NO')NO*. 

Hydrochlorate  of  mtrotyronne,  2[C^'«(N0«)N0*.Ha].H«0,  crystallises  in  tnfta 
of  lemon-veUow  needles,  easily  soluble  m  water  and  in  alcohol. — The  nitraU, 
CH*'(NQ')NO'.HNC)*,  forms  lemon-yellow  needles,  insoluble  in  ether,  easily  soluble  in 
alcohol,  soluble  in  5  pts.  of  water ;  the  solution  decomposes  on  standing,  depositing 
nitiotyrodne.  —  Ai/^Aa^  of  NUrotyroime^  2C»H»(N0«)N0«.H«S0«,  forms  yellow 
needles  or  granules. 

Dinitrotyrotine,  C»H»(NO«)«NO».  (Stadeler,  Jahresb.  1860.  p.  576.)— Produced 
by  gently  heatins  nitrate  of  nitrotyrosine  with  a  mixture  of  equal  volumes  of  water 
and  nitnc  acid  ofspedflc  gravity  1*3.  On  washing  the  lemon-v^ow  residue  with  cold 
water,  and  recrystallising  it  from,  boiling  water,  the  dinttrotyrosine  is  obtained  in  golden- 
vellow  shining  laminae.  It  ia  very  slightly  soluble  in  cold  water,  not  much  mor«  in 
hot  water,  easily  soluble  in  alcohol,  less  soluble  in  ether;  has  a  slight  add  taate; 
makes  a  deep  yeUow  stain ;  melta  at  115^,  and  decomposes  vrith  slight  detonation. 

Dinitrotyrosme  unites  easily  with  metals,  forminff  red  and  yellow  salts,  which 
detonate  violently  when  heated. — The  ammowtM^-soS  crystallises  from  an  aqueous 
solution  mixed  with  alcohol  and  ether,  in  stellate  groups  of  needles,  having  a  deep 
chrome-red  colour  with  violet  refiex.— The  barmm-aatt,  C'H'Ba*(NO«)«NO*.2HK), 
crystallises  in  rather  thick  ruby-coloured  prisms,  more  soluble  than  the  caldum-sah. 
—The  cakiimsalt,  C»H»Ca*'(N0«)».N0«.3HK),  is  predpitated  in  goldfti-yellowsixHrided 
tables,  on  adding  ammonia  to  a  solution  of  dinitrotyrodne  mixed  with  chloride  ol 
calcium :  it  is  insoluble  in  alcohol  and  ether,  slightly  soluble  in  water,  more  readily  ia 
dilute  acetic  add. — The  lead'tali  separates,  on  mixing  a  eolation  of  dinitrotyrosise 
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with  aeeUte  of  lead,  in  orange-coloured  flockfl,  which,  if  left  in  the  liquid,  gradually 
become  crystalline,  and  are  converted  into  large  stars,  formed  of  chrome-red  hexagonal 
Ubles. — ^The  maanesium-mU  crvstallises  in  stellate  tufts  of  Ter^  delicate  bright-red 
needles. — The  auttcr-sdlt  is  precipitated  by  ammonia,  from  a  solution  of  dinitrotyrosine 
mixed  with  silTer-nitrate,  in  red  flocks,  which  soon  become  crystalline. 

E^^Mnwin.— This  name  is  given  by  Stadeler  to  the  red  colouring-matter,  formed 
when  tyrosine  is  dissolved  in  excess  of  nitric  acid,  or  when  a  solution  of  tyrosine-nitrHte 
is  left  to  evaporate  in  the  air,  and  probaUv  also  by  the  action  of  ozone  on  tyrosine 
(Gorup-Besanez).  It  is  a  red-brown  substance,  insoluble  in  the  ordinary  solvents, 
but  easily  soluble  in  alcohol  containing  sulphuric  acid,  from  which  solution  it  is  partly 
pirecipitated  by  ammonia,  the  remaining  Hquid  being  green  by  transmitted,  lA  and 
opaque  by  reflected  light.  Erythrosin  dissolves  in  uie  flxed  alkalis  with  brown-red 
or  violet  colour,  in  strong  sulphuric  acid  also  with  violet  colour.  Stadeler  thinks  it 
&ol  improbable  that  this  body  may  be  identical  with  hsmatoldin. 

TnOBZVB-BVIiVBinuC  AOZn.  (Frerichs  and  Stadeler,  Jahresb.  1854, 
p.  676. — Stadeler,  Ann.  Ch.  Pharm.  cxvi.  57;  Jahresb.  1860,  p.  677.) — Tyrosine 
Ibrms,  with  sulphuric  acid,  several  acids  containing  the  radicle  SO*. — a.  On  heating  it 
to  lOC^,  with  four  or  five  times  its  weight  of  stiong  sulphuric  aeid,  a  monobasic  acid, 
CH'^NO'-SO*,  is  formed,  which,  on  diluting  with  water,  neutralising  with  carbonate  of 
barium,  and  decomposing  the  filtrate  with  sulphuric  acid,  is  partly  precipitated, 
together  with  the  barium-sulphate,  as  anhydrous  crystalline  acid,  and  partly  separates, 
on  evaporating  the  mother-liquor,  as  hydAited  pulverulent  add,  C*H."N0'.S0'.2HH). 

The  crystalline  acid  is  very  slightlv  soluble  in  cold  water,  dissolves  slowly  in  hot 
water,  ana  is  gradually  deposited  from  tnis  solution,  on  evaporation,  or  on  adaition  of 
hydrochloric  or  nitric  acid,  in  prisms  or  tables ;  it  is  but  very  slightly  soluble  in 
alcohol,  even  at  the  boiling  heat. — ^The  hydrated  acid  is  a  starchlike  powder,  con- 
taining from  0*8  to  12  per  cent  water,  and  much  more  soluble  in  water  and  alcohol  than 
the  crystalline  acids  (12  per  cent  water  =  2  at). 

Tyroeine-solphuric  acid  has  a  strong  acid  reaction,  and  produces,  with  a  small 
quantity  of  feme  chloride,  a  splendid  violet  coloor— or  rose-red  in  very  dilute  solutions. 
Ita  salts,  which  are  mostly  very  soluble,  and  likewise  produce  the  violet  colour  with 
ferric  chloride,  are  amorphous,  and  not  precipitable  uj  nitrate  of  silver  or  neutra) 
acetate  of  lead,  but  yiela  a  precipitate  with  the  basic  acetate. — The  am^Mitt<«t-«fl/^, 
C*Hi^NH^)NO>.SO".H*0,  gives  off  water  and  ammonia  when  heated,  and  then 
becomes  acid.--The  barium-saU,  C*H>*Ba'770'.SO'.2HH),  and  the  caltiumsalt, 
C*H>*Ga'^0'J30'.2iH>0,  have  an  alkaline  reaction,  and  disagreeable  saline  httl«r 
taste. 

fi.  When  tyrosine  and  sulphuric  acid  are  heated  in  the  proportions  above  men- 
tioned, but  more  strongly  and  for  a  longer  time,  an  acid  is  formed,  the  barium-salt  ol 
which  has  the  same  composition  as  the  above,  but  a  neutral  reaction  and  sweet  taste. 

y.  By  strongly  heating  tyrosine  with  8  to  12  pts.  sulphuric  acid,  dibasic  acids 
are  produced,  the  barinm-salts  of  which  still  yield  the  violet  colour  with  ferric 
chloride,  but  differ  in  composition  and  in  their  oUier  properties  from  those  above  de- 
•cribed.  One  of  these  banum-salts,  crystallised  in  nodules,  was  tasteless,  had  an 
alkaline  reaction,  dissolved  slightly  in  cold,  more  freely  in  hot  water,  and  was  found 
to  consist  of  C»H»Ba"NO«J30».8H»0. 

6.  The  action  of  sulphuric  acid  on  tyrosine  at  high  temperatures  appears  also  to 
yield  other  acids,  resulting  from  more  advanced  decomposition :  they  all  give  the  violet 
edlonr  with  ferric  chloride,  but  have  not  been  further  examined.    (Stiideler.) 


u 

A  mineral  fh>m  Uig,  in  the  Isle  of  Skye,  containing  62*40  per  cent 
silica,  17*98  alumina,  9*97  lime,  0*36  magnesia,  0*06  potaah,  1*40  soda,  and  17*88 
water.    It  has  a  white  to  light-yellow  colour,  naeroous  lustre,  hardness  ■■  6*6,  and 
specific  gravity  ■■  2*284.  Before  the  blowpipe  it  melts  ^etly  and  easily  to  an  opaque 
enameL    (Heddle,  N.  Jahrb.  t  Mineral.  1868,  p.  828.) 

Syn.  with  BoBocALcmi  (i.  643)^ 

Attempts  have  been  made  in  Holland  to  cultivate  the  root  of  Uttieo 
iuberoaus  on  the  large  scale  as  a  substitute  for  the  potato.  100  pts.  of  the  fr^sh  root 
eontain  87*9  pts.  water,  10-96  organic  matter,  and  1*16  ash.  100  pts.  of  the  dry  sub- 
stance contam  3*1  pts.  fat  (mostly  crystallisable),  29*4  fruit-sugar  (with  extractive 
,tter and  a  little  resin),  4*0  gum, 33*3  starch,  11-9  solid  albumin,  183  cellulose, and 
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other  insolnble  snbstanoM.  The  diy  root  oontaizu  2*6  per  eent  mtipgeii,  eq[mvileDt 
to  17  per  cent,  albnminotu  substance.  The  ash  contains  lime,  ferric  oxide,  soda,  sol- 
phono  acid,  phosphoric  add  in  lar^  quantity,  chlorine,  and  carbonic  acids,  together 
with  small  quantities  of  magnesia,  potash,  and  silica.  (Mulder  and  SehabHe^ 
Pharm.  Centr.  1851,  p.  269.) 

mEiMMMTTM*  Antimonial  or  antimonio-arsenical  oickel-fflanoe,  Ki&KiCSb^As)' 
(ir.  48). 

mfclffABTO  AOXB.    Buohnei^s  name  for  spineic  or  salicylous  add,  obtained  from 
Spirma  ulmaria, 

mUMEO  ACim.    VUCnr.    See  the  next  article. 


mbMOUB  or  HUXOUB  SVBSTAWCSS.  These  names  are  giren  to  Tarioos 
brown  or  black  substances,  occurring  in  Tegetable  mould,  peat,  stable-manure,  dnqs- 
water,  and  certain  mineral  waters,  and  resulting  from  the  putxefrction  of  TegetaUe 
or  animal  substances  in  contact  wiUiair  and  water.  Similar  substances  are  produoed 
by  the  action  of  adds  and  alkalis  on  cellulose,  starch,  sugar,  fibrin,  albumin,  ite, ;  but 
the  compodtion  of  these  products  appears  to  vary  acoordinff  to  the  dreumstanees  under 
which  theij  are  formed,  and  the  nature  of  the  reagents  usea  in  preparing  them. 

When  sugar  is  boiled  for  some  time  with  dilute  hydrochloric,  nitric,  or  sulphuric 
add,  black  or  brown  scales  are  depodted,  which,  after  being  washed  with  water,  dis- 
9olve  partially  in  ammonia,  learing  a  black  insoluble  substance  called  ulmin;  and 
the  ammoniaeal  solution,  when  neutralised  with  an  add,  deposits  brown  or  black  gelati* 
nous  flodks  of  ul  mi  0  acid,  soluble  in  pure  water,  but  insoluble  in  water  containin^^  free 
add  or  sulphate  of  potasdum.  Ulmic  add  and  ulmin  haTe  the  same  eompontioo, 
C*WHy,  according  to  Stein  (Ann.  Ch.  Pharm.  zzz.  84),  diilbring  from  that  of  sugar 
only  by  the  elements  of  water.  Ulmic  add  is  converted  into  ulmin  by  prolonged 
desiccation,  and  more  quickly  by  boilins  with  strong  hydrochloric  add. 

When  Tegetable  mould,  or  mouldered  wood  from  the  trunk  of  a  decaying  tree,  is 
digested  in  a  weak  solution  of  potash  or  soda,  a  brown  liouid  is  formed,  which,  on 
addition  of  an  add,  yields  a  blackish-brown  predpitate,  easily  soluble  in  alkalis,  and 
always  retaining  a  considerable  proportion  of  nitrogen.  Mulder  (Ann.  Ch.  Phazm. 
xxzri.  248)  regards  this  precipitate  as  a  mixture  of  three  substances,  which  are  com- 
pounds of  water,  or  of  water  and  ammonia,  with  three  different  adds,  vis. — geic  acid, 
C»H»K)»;  humicacid,  C*^»K)«;  and  ulmic  acid,  C»H»*0«.  Thesefocmulm  are 
rery  doubtful,  but  the  substances  in  question  are  obriously  the  product  of  Tegetable 
matter  in  a  state  of  decay  more  or  less  adTanced.  They  are  Teiy  much  like  the  sbore* 
mentioned  products  of  the  decompodtion  of  sugar. 

The  name  **  ulmic  add,"  or  **  wmin,"  was  gTven  by  Klaproth  to  a  gummy  subataoca 
contained  in  the  black  alkaline  excrescences  on  the  stems  of  unhealthy  trees,  espedally 
of  elms. 

Ulmin  is  also  the  name  of  a  brown  pigment,  produced  by  the  action  of  strong  adds 
or  alkalis  on  Tarious  organic  bodies,  especially  by  heating  treade  or  alcohol  with 
strong  sulphuric  acid,  thoroughly  washing  the  reddue  with  water,  then  tritnratiqg  it 
with  gum,  and  drying  the  mixture.  A  dmilar  colour  is  obtained  by  boiling  alcohol  with 
eoUd  caustic  potash,  washing  the  product  with  hydrochloric  add,  and  then  with  water. 

For  details  respecting  the  various  observations  which  hare  been  made  upon  olmoat 
or  humous  substances,  see  Gmdin*s  Hdndbookf  xrii.  458. 

VUlfiys,  The  bark  of  the  common  elm,  Ulmu$  campestriSt  contains  tannin,  resin^ 
mucus, and  inorganic  salts;  the  mucus,  according  to  Braoonnot,  is  Tery  much  like  that 
of  linseed.  The  bark  of  old  elms  often  exudes  gummy  or  mouldy  subsUnces,  oontaining 
Vegetable  mucus,  together  with  the  carbonates  of  potasdum,  caldum,  and  magnedum. 
Klapro(ii*s  ulmin  was  a  substance  of  this  kind.  The  leaves  of  the  elm  are  said  to 
contain  a  bitter  principle  and  a  yellow  colouring-matter,  and  (according  to  Keller- 
man)  the  flowers,  at  the  time  when  the  buds  turn  red,  contain  a  red  and  a  green  colour- 
ing-matter. 

The  compodtion  of  the  ash  of  the  bark  and  wood  is  as  follows : — 


K»a 

K»»0. 

CaO. 

MfO. 

Pe^'PO*. 

P«04. 

80>. 

8iO*. 

Bark 

2-2 

10-1 

727 

8*2 

1-2 

1-2 

0-6 

8-8  -  100 

Wood 

21-9 

187 

47-8 

77 

17 

28 

IS 

81  -  100 

VXTBVITa.  A  rock  occurring  in  the  Ulten  Valley  in  the  T^I,  consisting  of  % 
crystalline,  fine-grained,  slaty  mixture  of  garnet  with  disthene  and  a  small  quantity 
of  mica. 

xrVTMJkMUkMMMM*  Outremer, — ^The  fine  blue  pigment  known  by  this  name 
consists  essentially  of  silica,  alumina,  soda,  and  sulphur,  and  is  regarded  as  a  sodio- 
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alnminic  nlieate,  united  either  with  polysulphide  of  sodiom  alone,  or  with  a  poly- 
mlphide  and  a  poljthionate  of  sodium. 

Ultramarine  occurs  natire  in  several  minerals,  to  which  it  imparts  its  blue  colour, 
mnd  the  characteristic  property  of  giving  off  snlphjdric  acid  and  yielding  a  jelly  of 
•ilica,  when  treated  wiUi  hydrochloric  acid;  such  are  noeean,  hauyne,  ittnerite,  and 
especially  lapis-lazuli,  which  occurs  interffiown  with  limestone,  and  mixed  with  iron- 
writes,  in  Siberia,  Thibet,  China,  and  on  Uie  Cordillera  of  Ovalle  in  South  America. 
Knom  this  mineral,  ultramarine  was  formerly  obtained  by  gently  calcining  the  stone, 
broken  into  fragments  of  abont  the  size  of  hazelnuts;  quenching  the  heated  fragments 
in  vinegar,  by  which  they  were  rendered  more  friable  and  were  deprived  of  adhering 
carbonate  of  calcium ; — then  pulverising  them ;  levigating  the  powder  for  a  long  time 
with  a  thin  syrup  of  honey  and  dragon*s-blood ;  mixing  it  to  a  paste  with  a  resinous 
cement  compo'ied  of  colophony,  white  pitch,  yellow  wax,  and  linseed-oil ;  then  leaving 
it  at  rest  for  some  days;  and  extracting  the  ultramarine  from  it  by  suspension  in 
water,  and  decantation.  By  this  protracted  mechanical  treatment,  the  ultramarine  was 
obtained  in  the  form  of  a  very  fine  soft  powder,  of  various  shades  of  blue,  the  portions 
first  depoaited  being  the  darkest,  and  tne  last  constituting  a  pale-blue  powder  called 
ultramarine  ash  {eendres  cFoutremer). 

This  process  being  very  tedious,  and  the  lapis-lazuli  being  a  rare  mineral,  obtainable 
onl^  fhim  remote  and  difficultly  accessible  localities,  nati^  ultramarine  was  neces- 
lanly  a  very  costly  article ;  and  of  late  years,  it  has  been  entirely  superseded  by 
artificial  ultramarine,  which  can  be  made  equal,  or  even  superior,  to  the  natural 
product  in  colour  and  lustre,  and  at  a  price  low  enough  to  admit  of  its  extensive  use 
as  a  pigment. 

The  idea  of  preparing  ultramarine  artificially  was  suggested  by  the  discovery  of 
blue  masses,  more  or  less  resembling  it,  on  taking  down  soda-furnaces  and  limekUns, 
Tessaert,  in  1814,  found  a  blue  mass  of  this  kind  in  a  soda-fiimace  at  St.  Gk)bain,  and 
gave^  it  to  Vauquelin  for  analysis,  who  pronounced  it  to  be  lapis-lazuli  (Ann.  Chim. 
IxTTJT  88).  Kuhlmann  found  on  the  hearth' of  a  salt-cake  furnace,  similar  blue  masses 
■nmmnded  with  very  small  brown-red  crystals  of  sodium-sulj^ide  (Dumas*  IVaite  d4 
Ckimie  mpliqtUe,  ii.  419.)  A  similar  observation  was  made  by  Hermann  in  Schonebeck. 
Thesa  observations  induced  the  Sociiti  tt Encouragement  at  Paris,  in  1824,  to  offer  a 
piriaa  of  6,000  francs  for  the  discovery  of  a  mode  of  preparing  ultramarine  artificially ; 
and  this  prize  was  awarded  to  Guimet,  of  Toulouse,  in  1828.  A  mode  of  obtaining 
artificial  ultramarine  had,  howisver,  been  previously  discovered  by  Chri  s  ti  an  Gmel  i  n, 
and  published  by  him  at  the  beginning  of  the  year  1828  (Wurtemberg  Naturw. 
AbhaiidL  iL  191),  Guimet's  process  was  first  applied  on  the  manufacturing  scale,  but 
\t  was  kept  secret.     Gmelin's  process  is  as  follows : — 

Soda-ley  saturated  with  precipitated  silica,  is  mixed  with  aluminium-hydrate  (con- 
taining 20  per  cent  water,  and  obtained  by  precipitation  from  alum  not  containing 
iron),  m  sncn  proportion  that  the  mixture  shall  contain  81  pts.  dry  silica  to  26  pts.  dry 
alumina;  the  liquid  is  then  evaporated  to  dryness,  and  the  pulvensed  residue  is  mixed 
with  flowers  of  sulphur.  In  tne  next  place,  the  same  quantity  of  a  mixture  of  dry 
aodium-sulphate  and  flowers  of  sulphur,  in  equal  parts,  is  weighed  out;  the  whole 
carefully  mixed  and  stamped  into  a  crucible,  so  as  to  fill  it  completely ;  the  crucible, 
tightly  closed,  is  quickly  heated  to  redness,  so  that  the  sulphur  may  not  volatilise 
before  the  sulphide  of  sodium  can  be  formed ;  and  the  mass  is  kept  at  a  red  heat  for 
two  hours.  The  crucible  is  then  left  to  cool  with  the  cover  on,  and  the  greenish-yellow 
piroduet  (green  ultramarine)  is  gently  heated  in  porous  crucibles,  in  which  narrow 
rfiannels  have  been  bored  to  increase  the  draught.  The  blue  mass  thus  obtained  is 
finely  pulverised,  levigated,  and  washed. 

Gmelin*s  process  includes  all  the  conditions  essential  to  the  preparation  of  a  good 
vltfamarine ;  all  the  more  recent  processes,  indeed,  differ  from  it,  duefiv,  in  using  clay 
instead  of  the  artificially  prepared  mixture  of  silica  and  alumina.  At  tne  present  day, 
manufacturers  of  ultramarine  use  mixtures  of  kaolin  with  Glauber-salt  and  charcoal, 
or  with  carbonate  of  soda  and  sulphur,  or  carbonate  of  soda  and  Glauber-salt  together. 
The  mixture  is  ignited  in  closed  crucibles  or  boxes  of  fireclay ;  and  the  green  ultra- 
marine thus  obtained  is  ground  in  a  mill,  and  then  roasted,  with  addition  of  sulphur, 
to  convert  it  into  blue  ultramarine.  Gentele  (DingL  poL  J.  cxlL  116;  cxlii.  350) 
gives  the  three  following  mixtures : 

Kaolin,  anhydrous 100  100  100 

Calcined  Glauber-salt       .        •        •       83  to  100  .  .  41 

Carbonate  of  soda .  100  41 

Charcoal 17  12  17 

Sulphur 60  13 

The  oolouring-matter  of  ultramarine  has  been  made  the  subject  of  investigation  by 
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manj  chemists,  bxit  considerable  doubt  still  ezista  as  to  its  teue  nature.  According  to 
the  ezperimenta  of  Wilkens  (Ann.  Ch.  Phium.  zeiz.  21),  who  has  made  caielal 
analyses  of  a  Tariety  of  samples  of  artificial  nltmnarine,  both  finom  his  own  manu- 
factoiy  and  from  other  sources,  ultramarine  is  composed  of  two  portions,  one  ol 
which — rfffarded  by  him  as  the  essential  constitnent — u  constant  in  eomposition,  and 
is  attacked  with  &cilitj  by  hydrochloric  add,  erohring  sulphuretted  hydrogen ;  while 
the  other  portion,  not  soluble  in  hydrochloric  acid,  contains  a  Tariable  amount  c^ 
sand,  clay,  oxide  of  iron,  and  sulphuric  acid.  Wilkens*s  analyses  of  the  pure  blue  pi^ 
ment  correspond  nearly  with  the  formula  (aAlH>*.8SiO>).(AlK)'.4SiO>).Na<8K)*.3Ka%, 


CalcuIatkMi. 
876 

Analyict. 

Silica 

40-25 

89-39 

46li 

Aluminium 

27-4 

26-62 

26*40 

26-86 

Sulphur  . 
Soda(Na«0)  . 

14-2 

18^2 

12-69 

18-27 

200 

1^89 

21-62 

20-69 

Numerous  other  analyses  are  giyen  in  the  Hendwdrierbuch  der  ChenU§  (iz.  19). 

Wilkens  regards  the  blue  colouring-principle  as  a  compound  of  hyposulphite  and 
sulphide  of  sodium.  He  states  that  the  presence  of  iron  is  not  essential  to  the  pro* 
duction  of  the  colour,  but  about  this  thmre  is  still  some  doubt.  According  to  B  r u  n  ntr, 
a  corresponding  compound,  in  which  potassium-sulphide  is  substituted  for  sodiuB- 
sulphide,  is  colourlesa 

ultramarine  heated  in  the  air,  gradually  assumes  aduU  green  hue ;  it  is  not  changed 
by  heating  with  sulphur,  but  when  melted  with  borax,  giree  off  sulphur  and  sulphurous 
acid,  and  leaves  a  colourless  glass.  Sulphuric,  nitric,  and  hydrochloric  acids  decon- 
pose  it,  quickly  destroying  the  colour.  Chlorine  acts  sUU  more  rapidly,  dissolriag 
ererything  but  the  silica,  and  completely  discharging  the  colour. 

tntramarine  is  extensively  used,  not  oxAj  as  an  artist's  colour,  but  also  for  paper- 
staining  and  other  forms  of  house-decoration,  as  well  as  in  dyeing  and  calico-prmting. 
In  Germany,  which  is  the  chief  seat  of  the  i^tramarine  manufacture,  there  are  about 
twenty  factories,  each  producing  annually  about  1000  tons  of  the  colour.  The  maoa- 
factureis  also  carried  on  in  Fnmce  and  in  Belgium,  and  to  a  smaller  extent  in  "Englipj 

VXVA*  The  alga  called  XJlva  or  Bitmiarea  gdatwomi,  consists,  aoeording  to 
Braconnot,  of  green  ^obules  and  a  colourless  jelly ;  the  latter  is  insoluble  in  water,  it 
first,  but  dissclres  on  |>rolonffed  immersion.  The  solution  resembles  gum-water,  bst 
when  treated  with  nitric  acid,  yields  oxalic  instead  of  mucic  acid. 

UHmWIaTiTO  Aim.  This  name  was  given  by  Persoz  to  a  product  of  the  oxida* 
tion  of  the  volatile  oil  of  anise,  star-anise,  and  fennel  with  chromic  add.  Hempd  hu^ 
however,  shown  that  the  acid  thus  obtained  is  identical  with  anisic  acid. 

VBKBBUUFXBOWa.  C*HK>*.  (Sommer  and  Zwenger,  Ann.  Ch.Pham. 
cxv.  16. — Mossmer,  ibid,  cxix.  260.) — ^A  neutral  body,  iiM>meric  or  polymeric  with 
Quinone,  to  which,  however,  it  exhibits  no  further  resemblance.  It  ia  obtained  by  the 
dry  distillation  of  various  resins,  chiefly  of  those  derived  ^m  umbelliferotts  planU: 
^us  crude  galbanum  vields,  by  dry  distillation,  0*88  percent  umbelliferone;  sagspemm, 
0-32  per  cent. ;  Asafatidat  0*28  per  cent  It  is  likewise  obtained  from  opoponax,  the 
resins  of  sumbul-root,  angelica-root.  Radix  leviatici,  R.  meu,  and  R,  imferataria,  Oum- 
ammoniac  does  not  yield  it,  but  it  mav  be  obtained  from  the  sJcoholie  extract  of  the 
bark  of  the  mesereon  or  spurge-laurel  (Ik^hne  mesereum),  a  plant  not  belonging  to 
the  umbelliferous  order. 

Umbelliferone  may  be  prepared  from  galbanum ; — most  advantageously,  aooordtng  to 
Mossmer,  from  the  resin  purified  by  bouing  crude  galbanum  with  water,  dissolvbgthe 
resinous  residue  in  milk  of  lime,  and  precipitating  the  filtered  solution  with  hydro- 
chloric acid.  By  distilling  this  purified  resin  with  water,  an  oily  distillate  is  obtiuned, 
which,  on  standing,  deposits  crystals  of  umbelliferone,  to  be  purified  by  rectystKllii»> 
tion.  The  distillate  obtained  from  the  alcoholic  extract  of  mezereon-bark,  contaiu 
daphnetin  as  weU  as  umbeUiforone.  To  separate  the  former,  the  solution  of  the  par^ 
fied  crystals  is  mixed  with  acetate  of  lead,  which  throws  down  a  compound  of  daphnetia 
with  lead-oxide,  while  pure  umbelliferone  remains  in  solution,  and  crystallises  on  era- 
poration.  Umbelliferone  is  likewise  formed  when  a  concentrated  alcoholic  soIntiOD  of 
pure  g^banum-resin,  saturated  with  hydrochloric  add  gas,  is  heated  for  some  time  to 
100°. 

UmbellifiBrone  forms  colourless  rhombic  prisms,  having  a  foint  silky  luftM;  it  it 
tasteless,  inodorous  in  the  cold,  dissolves  slightly  ia  eM  water,  and  so  abmidantly  in 
boiling  water,  that  a  solution,  saturated  while  hot,  coagilates»  on  oodifi|^  toa  ay^^ 
line  pulp,  forming,  when  dry,  a  coherent  interlaced  mass.  Umbelliforooe  diasolves  also 
in  alcohol,  ether,  and  chloroform.    The  aqueous  solution  is  colouriess  hy  transmitted 
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ligfatt  bat  eznibits,  by  nflected  light,  a  splendid  blue  odour,  vhidi  if  deepened  by 
mddition  of  alkalis,  but  weakened  or  destroyed  by  acids. 

Umbellifeione,  when  wanned  (also  its  aqueous  solution  when  boiled),  emits  an 
odour  like  that  of  coumarin.  It  melts,  at  240°,  to  a  yellowish  liquid,  which  solidifies 
in  the  crystalline  form  on  cooling;  it  sublimes  below  its  melting-point,  and  Tolatilises 
without  residue. 

Umbelliferone  does  not  appear  to  unite  either  with  acids  or  with  bases,  and  is  not 
precipitated  from  its  solutions  by  any  salt  except  basic  acetate  of  lead ;  the  white 
precipitate  thereby  produced  is  decomposed  by  washing.  Umbelliferone  dissolrcs  in 
most  acids  with  aid  of  heat,  not  being  decomposed  even  by  strong  sulphuric  acid.  Nitric 
acid  converts  it  into  oxalic  acid.  It  reduces  gold-  and  silver-salts,  but  does  not  appear 
to  reduce  an  alkaline  cupric  solution. 

DUnrom-umbdliferone,  C*H'i5r*0',  is  produced  by  treating  an  alcoholic  solution  of 
umbelliferone  with  bromine,  and  separates  in  fiocks,  which  may  be  purified  by  washing 
with  water,  then  with  dilute  alcohol,  and  recrystallisation  from  alcohoL  It  is  white 
and  insoluble  in  water ;  its  alcoholic  solution  exhibits  a  superficial  light-green  irides- 
cence.   (Mossmer.) 

Dry  umbelliferone  is  scarcely  attacked  by  chlorine ;  but  the  aqueous  solution,  when 
treated  with  chlorine,  is  quickly  decomposed,  depositiiog  a  small  quantity  of  a  chooolate- 
colonred  powder. 

JIMMMtLm  Umbra,  Terre  fine  de  Turquie  umber,  ArgiU  oekrmee  brune, — A 
pigment,  consisting  of  an  argillaceous  brown  haematite,  essentially  2FeH)'.SiO^.H^O, 
with  alumina  and  manganic  oxide,  according  to  the  analyses  of  Klapioth  and  v.  Merz. 
It  was  originally  obtained  from  Umbra,  in  the  Papal  States^  but  is  now  imported  chiefly 
from  Cyprus.  It  forms  chestnut-brown  to  liver-brown  amorphous  masses,  having  a 
hardness  of  1 '5  to  2*5,  and  a  specific  gravity  of  2*2.  It  feels  meagre,  adheres  to  the 
lipe,  and  gives  the  reaction  of  iron.  It  dissolves  partially  in  cold  hydrochloric  acid, 
and  to  a  greater  extent  in  hot  hydrochloric  acid,  with  evolution  of  chlorine.  When 
heated  it  gives  off  water,  turns  dark-brown,  and  then  constitutes  the  pigment  railed 
raw  umber;  by  stronger  heating,  it  is  completely  dehydrated,  becoming  red-brown 
and  softer,  and  then  constitutes  burnt  umber.  It  is  used  both  as  an  oil-  and  water- 
eolonr,  frequently  mixed  with  other  colours. 

Cologne  umber,  Cologne-earth,  or  Cologne-brown  is  an  earthy  lignite, 
•ometimes  used  as  a  pigment  instead  of  real  umber. 

jnKQMWAMTTWL  A  hydisted  iron-silicate,  allied  to  nontronite,  oceuiring  in 
Hungary,  at  Haar  near  Passau  in  Bavaria,  and  on  the  Meenser  Steinberg,  near  Ghottin- 
gen,  in  amorphous,  yellowish-^reen  to  pistachio-green,  opaque  masses,  imbedded  in 
or  mixed  with  opal.  Its  composition  has  not  been  exactly  determined,  inasmuch  as  the 
quantitative  relations  of  the  silica  and  water  are  rendered  very  variable  by  the  admix- 
tore  of  opaL  Von  Hauer  ^Wien.  Akad.  Ber.  xii.  161)  obtained,  as  a  mean  of  ten 
analyses,  67'76  per  cenL  silica,  20*86  ferrous  oxide,  1*77  lime,  and  19*78  water. 
Chkoopal  (i.  921)  is  merely  opal  coloured  with  unghwarite. 

UVXO.  The  blood  of  Uniopietorum  is  a  mobile,  alkaline,  sliffhtly  bluish  liquid, 
which,  after  separation  from  the  body  of  the  mussel,  deposits  yellow  fibrinous  flocks, 
while  the  remaining  liquid  becomes  turbid  on  boiling,  but  not  when  mixed  with  acetic 
or  nitric  acid.    (Witting,  J.  pr.  Chem.  Ixxiii.  121.) 

mnOMTTM*  This  name  appears  to  have  been  given  to  two  distinct  minerals, 
Tis.  oligoclase  and  zoisite,  both  occurring  at  Unionville  in  Pennsylvania. 

VMXTAST  TBSOKT.  SysUme  unitaire, — ^This  term  was  applied  by  Oei^ardl 
to  the  system  of  Chemistiy  in  which  the  molecules  of  all  bodies  are  compared,  as  to 
their  magnitude,  with  one  unit  molecule— water,  for  example, — and  iJl  chemical  re- 
actions are,  as  fiir  as  possible,  reduced  to  one  typical  form  of  reaction,  namely  double 
decomposition.  This  system  has  been  fully  illustrated  throughout  the  present  work, 
and  therefore  need  not  here  be  considered  in  further  detail.  (See  Atoioo  Wbohtb, 
i.  467 — 173;  Chuhcil  AFFUfrrr,  i.  855—858;  Classificatiok,  i  1015—1022; 
FosKDiJB,  ii.  695 :  Qasbs,  Cohbinatiom  of,bt  Volitmb,  ii.  809  ;  Molecule,  iii.  1027  ; 
Ttpis,  v.  926  ;  also  Gerhardt,  Iniroductifm  d  Fitude  de  la  CHmie  par  U  eyethns 
umtatre^  1848  ;  and  further  IVaiU  de  Chimie  organijuef  iv.  563,  et  eeq,) 

WAS  is  the  Malay  term  for  arrow-poison,  especially  for  that  obtained  from  plants 
(for  which  also,  in  Celebes  and  Borneo,  the  name  ipo  is  used).  Qenerally  speaking, 
however,  the  term  **  upas  "  is  applied  to  two  particular  arrow-poisons  used  in  the  East 
Indies — namely,  Ufos  Antjar,  and  Uwu  Ra^'a^  or  Upae  Tieuti. 

Upas  Antjar  is  prepared  from  the  milky  juice  of  Aniiarie  ioxicaria,  the  poison- 
tree  of  Macassar.  The^uice,  dried  at  100^,  contains'frr>m  3*5  to  3*7  per  cent,  antiarin 
(L  310),  a  compound  which  kilU  rabbits  inoculated  with  ^  grain  uf  it,  or  even  less.    ¥ot 
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the  preparation  of  tlie  arrow-poison,  the  raioe  is  mixed  with  groand  pepper,  omoo-joics, 
terombet,  parts  of  a  species  of  arum  called  f^ompoOt  dragonVblood,  and  other  tab- 
stances.  The  mixture  is  not  boiled,  but  slowly  inspissated  to  a  red-brown  resiMms 
mass,  which  is  left  to  diy  in  the  sun.  It  resembles  opium  when  drj,  and  ibms  s 
brown  emulsion  with  water.  According  to  Mulder,  it  contains,  besides  aatiarin,  s 
non-poisonous  resin,  gum,  sugar,  and  inoxganic  salts.  When  ii\jected  into  the  cir- 
culation, \  grain  of  it  is  fiital  to  rabbits,  ^  grain  to  dogs,  and  from  4  to  6  grains  to 
larger  animals,  such  as  buffidoes.  It  likewise  kills  when  takeo  into  the  stimaeh,  but 
in  that  case  larger  doses  appear  to  be  required. 

Upas  Radja,orUpas  Tien td,  also  called  Upas  Tjettik,  and  in  the  remoter 
parts  of  India,  Sung -si  g  (dagger-poison),  is  prepared  from  the  younger  roots,  and  the 
Dark  of  the  older  roots  m.  atrychnos  TteuU,  a  shrub  growing  in  the  forests  of  Java,  bj 
boiling  for  an  hour  with  addition  of  various  less  essential  ingredients.  It  is  brownitb- 
black  when  fresh,  resembles  opium  when  dry,  has  a  bitter  taste,  is  for  the  most  put 
soluble  in  alcohol,  and,  aocorainff  to  Pelletier  and  Caventou,  contains  as  its  aetire 
constituents,  strychnine  and  brucine.  According  to  Horsfield  and  Mayer,  it 
acts  in  the  same  manner  as  the  fresh  extract  of  Strychno*  TinUL  It  is  regarded  in 
India  as  the  strongest  and  most  dangerous  of  arrow-poisons. 

The  bulbs  of  certain  amaiyllidaceous  plants,  Crinwm  asioHcum  and  Cfr.  molueceMmt 
which  exert  an  emetic  and  diaphoretic  action^  are  used  in  the  East  as  remedies  in  cases  of 
wounding  by  poisoned  arrowa 

COWXUL    Syn.  with  Ubamium-bloom. 

A  pseudom<»ph  of  hornblende,  after  augite,  from  the  UraL 

tnrntT.  Anaphanite-porphyiyoocarringinthaCJraltOontainiiig 
vralite,  and  sometimes  also  crystals  of  labradorite. 

mUi&OKTAATM.  Orthite  from  the  neighbourhood  of  Lake  Bmea,  nearMisik, 
in  the  Ural,  formerly  mistaken  for  tsdieflfkinite. 

Syn.  with  DiaLiTRAMlm  (ii.  SI 5). 

:0  AOZB.  Didturamio  Acid  (Laurent).  (Liebig  and  Wohler, 
Ann.  Ch.  Pharm.  xxri.  314. — Qregory,  PhiL  Mag.  xxiv.  lS7.)-^buined  by  boiling 
a  solution  of  dialuramide  in  cold  sulphuric  acid  with  water,  or  by  eraporating  a  solu- 
tion of  ^onurate  of  ammonium  with  a  moderate  quantity  of  sulphuric  acid.  It  forms 
transparent  four-sided  prisms ;  or,  by  rapid  cryslsillisation,  silky  needles ;  they  redden 
litmus  slightly,  and  turn  red  at  about  100^,  without  losing  weight.  It  dissolves  in  6 
or  8  pts.  cold  and  3  pts.  hoi  water,  and  in  sulphuric  acid  without  blackening  or 
evolution  of  gas.  It  forms  crystallisable  salts  with  the  alkalis,  and  ptedpitatos 
barium-,  calcium-,  and  silver-salts  on  addition  of  ammonia ;  the  silver-predpitate 
contains  about  64  per  cent,  silver  (Liebig  and  Wohler).  It  dissolves  quietly  in 
cold  nitric  acid,  but  is  decomposed  bv  boiling  with  strong  nitric  acid.  When  it  is 
boiled  with  dilute  hydrochloric  or  sulphuric  add,  dialurie  add  is  formed,  iriiiefa  is 
partiallv  converted  into  alloxantin  by  the  action  of  the  air.    (Qregory.) 

The  rormula  assigned  by  Liebig  and  Wohler  to  uramilie  add  is  0*H**NK)H,  the 
percentage  they  obtained  by  analysis  is  C,  32*09 ;  H,  3*69 ;  N,  23*23;  O,  41*00;  bet 
they  do  not  state  at  what  temperature  their  crystals  were  dried.  Gmc4in  soggeiti 
C*H*N'0',  which  is  the  formula  adopted  by  Laurent  (Compt  rend.  xxxv.  620),  who 
regards  the  compound  as  dialuramic  add,  N.C*H'NK>*.H*Jl.O.  Gerhardt  {Chm, 
org.  i.  510),relying  on  QretprfB  experiments,  regards  it  as  add  dialurate  of  ammo- 
nium, the  formula  of  which  is  C^»NH>«  -  (>H*(NH*)N*0».  P.T.C. 

VBAVATBS.    Compounds  of  the  nranio  oxide  with  basic  metallic  oxides. 

VWUkMIO  ACZB.  A  name  applied  to  uranie  oxide  when  in  combination  with 
bases. 

Syn.  with  pitchblende  or  native  oxide  of  uranium 

Native  caldo-uranic  phosphate  (iv.  585). — CkaJeoUU,  or  eopper^ 
urtmiie,  is  an  isomorphous  mineral  having  the  calcium  replaced  by  copper. 

mUUrZITM.  Atomie  wriffkt,  120;  Symbol,  U.— Klaprotb,  in  1789,  disoorered, 
in  pitchblende  and  uranite,  a  metallic  oxide  to  the  metal  of  which  he  gave  the  name 
uranium.  Its  compounds  were  subeequently  examined  by  Bichter,  Bnchholi^ 
Lecanu,  Brande,  and  especiall^by  Berzelius  and  Arfvedson.*  P4ligot,  ia 
1840,  showed  that  the  body  previously  regarded  as  metallic  nmninm  ^ng  tedly  the 

a  For  rtftreocet,  let  QwteUm*»  Hmmihottk,  It.  W* 
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protoxide  Q^O) ;  he  lik(>wi8e  obtained  the  tnie  metal,  and  detennined  it«  atomic  weight 
correctly.  Farther  examinations  of  uraninm-compoundB  hare  been  made  by  Ebelmen, 
RammeUberg,We  rtheim,  Patera  (J.  pr.Ghdm.lzi.897)|Drenkmann  (Jahreeb, 
1861,  p.  256),  and  others. 

Uranium  is  not  a  very  abundant  metal.  Its  principal  ore  is  pitchblende,  which 
consists  of  impure  uranoso-uranic  oxide ;  it  occurs  alM>  as  carbonate  in  liebigita 
(i.  798) ;  as  sulphate  in  johannite,  or  uranium-vitriol,  and  in  uranium-ochre  (p.  616); 
as  phosphate  in  uranite  or  uranium-mica  (iv.  684) ;  as  niobate  and  tantalate  in  urano* 
tantalite  or  samarskite;  in  smaller  quantity  also  in  tyrite,  brag;ite,  fergusonite  (ir. 
65),  pyrochlore,  and  polycrase  (iv.  67),  and  as  niobate  and  titanate  in  enxenita 
(ii.  611). 

Extraction.— Vrsnium  is  almost  always  obtained  (rum  pitchblende,  a  mineral 
containing  from  40  to  90  per  cent,  of  uranoso-uranic  oxide,  U*0^,  associated  with 
Hulphur,  arsenic,  lead,  iron,  and  several  other  metals.  The  mineral  is  finely  pounded, 
frt^  by  elutriation  from  the  finer  earthy  impurities;  roasted  for  a  short  time  to 
remove  part  of  the  sulphur  and  arsenic ;  then  dissolved  in  nitric  acid,  and  the  solution 
evaporated  to  dryness.  The  residue  is  exhausted  with  water;  the  solution  filtered 
from  the  brick-red  residue  of  ferric  oxide,  forric  arsenate,  and  lead-sulphate;  the 
greenish-yellow  filtrate  is  slightly  concentrated  by  evaporation,  and  left  to  cool,  where- 
upon it  deposits  crystals ;  and  the  resulting  radiated  mass  of  crystallised  uranic  nitrate 
is  drained  on  a  funnel,  and  then  washed  with  a  small  quantity  of  cold  water.  As  the 
water  dissolves  a  portion  of  the  crystals,  it  is  used  in  a  subsequent  operation  to  redis- 
solve  the  residue  obtained  by  evaporating  the  solution  of  pitchblende  in  nitric  acid. 
The  uranic  nitrate,  after  being  dried  in  the  air,  is  introduced  into  a  wide-mouthed 
bottle  containing  ether,  in  wmch  it  immediately  dissolves;  the  yellow  solution  is  left 
to  evaporate  in  the  air ;  and  the  resoiting  ciystals  are  purified  by  solution  in  hot 
water  and  recrystaUisation.  The  mixed  mother-liquids,  after  dilution  with  water,  are 
treated  with  sulphydric  acid  to  precipitate  arsenic,  lead,  and  copper,  and  the  filtrate  is 
freed  from  oxide  of  iron  by  evaporating  to  dryness,  and  digesting  the  residue  in  water. 
The  solution  thus  obtained  yields  a  fresh  crop  of  crystals  of  uranic  nitarate.  This  salt 
is  converted  by  ignition  into  uranoso-uranic  oxide,  U'0^  and  from  tlus  the  prot* 
oxide  is  obtained  by  ignition  with  reducing  agents,  and  the  protochloride  by  i^ition 
with  charcoal  in  a  stream  of  chlorine-ga&  (P^ligot,  Ann.  Ch.  Phys.  [3],  v.  6 ;  xii.  268.) 

Ebelmen  digests  pulverised  pitchblende  with  hydrochloric  add,  to  dissolve  toe 
oxides  of  calcium,  magnesium,  manganese,  and  other  metals ;  roasts  the  washed  and 
dried  residue  with  chioooal ;  exhausts  the  cooled  mass  with  strong  hydrochloric  acid,  to 
remove  iron,  copper,  and  lead  as  completely  as  possible ;  again  roasts  Uie  washed 
residue,  and  then  dissolves  it  in  hydrochloric  acid.  The  solution  thus  obtained  is 
evaporated  to  dryness  and  again  treated  with  water,  which  leaves  arsenate  of  iron 
undissolved ;  the  filtrate  is  treated  with  sulphydric  acid,  and  evaporated  to  the  ciys- 
tallising  point ;  and  the  resulting  crystals  of  uranic  nitrate  are  purified  by  xecrysUd- 
lisation. 

MetaUie  mranium .  is  obtained  by  decomposing  the  protochloride  with  potassium  or 
sodium.  If  the  mixture  be  heated  in  a  platinum-crucible  over  a  spirit-lamp,  and  the 
soluble  alkaline  chloride  washed  out  by  water,  the  uranium  is  obtamed  in  the  form  of 
a  black  powder,  or  sometimes  aggregated  on  the  sides  of  a  crucible  in  small  plates, 
having  a  silvery  lustre  and  a  certain  degree  of  malleabili^.  But,  by  introducing  into 
a  porcelain-crucible,  fint  a  layer  of  sc^um,  then  chloride  of  potassium,  and  then  a 
mixture  of  chloride  of  potassium  and  protochloride  of  uranium  (the  use  of  the  chloride 
of  potassium  being  to  moderate  the  action,  which  is  otherwise  very  violent),  nlacingthe 
porcelain-crucible  within  a  closed  earthen  crucible  lined  with  charcoal,  and  neating  it, 
first  moderately,  till  the  reduction  takes  place,  and  then  strongly  in  a  blast-furnace 
for  fifteen  or  twenty  minutes,  the  metal  is  obtained  in  fused  globules.     (P^ligot) 

Uranium,  in  its  compact  state,  is  somewhat  malleable  and  hard,  but  is  scratched  by 
steel.  Its  specific  eravity  is  18*4 ;  its  colour  is  like  that  of  nickel  or  iron.  When 
exposed  to  the  air,  it  soon  tarnishes,  and  assumes  a  yellowish  colour.  At  a  red  heat  it 
oxidises  with  vivid  incandes(  ence,  and  becomes  covered  with  a  bulky  layer  of  black 
oxide,  which  protects  the  interior  from  oxidation.  In  the  pulverulent  state  it  takes 
fire  at  about  207^,  bumine  with  gresit  splendour,  and  forming  a  daric-green  oxide, 
U'O^  It  is  permanent  in  uie  air  at  ordinary  temperatures,  and  does  not  decompose 
cold  water.  It  dissolves  with  evolution  of  hydrogen  in  dilute  adds,  forming  green 
solutions.  It  combines  directly  with  chlorine,  giving  out  great  light  and  heat,  and 
forming  a  green  volatile  chloride.  It  unites  directly  with  sulphur  at  a  slightly  elevated 
temperature.    (P^ligot) 

Uranium  forms  two  classes  of  compounds— vis.,  the  uranous  eompomids,  in 
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which  it  is  biequivalent,  e.g,  U"0,  U"a*,  XJ-SO*.  &c. ;  and  the  nranie  eompovndi, 
in  which  it  is  triequivalent ;  e.g, : 

Oxid*.  Oxjrchlorlde.  Oxynltrafet.  Ox]r«alplMl«. 

There  are  also  two  oxides  of  nraniam,  intermediate  between  nranoos  and  nmnie  oxide. 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  oranic  oxide,  each 
as  UCl';  neither  are  there  any  normal  oranic  oxysalts  anuogooa  to  the  normal 

ferric  salts,  such  as  C(NO')',  f)*(SO«)*,  &c ;  bnt  all  the  wanie  salts  contain  tb« 
group  UK)*,  which  may  be  reguded  as  a  diatomic  radicle  (called  uranyl  by  P^ligotX 
uniting  with  acid  radicles  in  the  usual  proportions,  and  forming  normal  salts,  thos  :^ 

Uranic  oxide,  or  Oxide  of  Uranyl (UKHyO 

Uranicoxychloride,  or  Chloride  of  Uranyl        .        .        .  (U'O'fCl' 

Uranic  nitrate,  or  Nitrate  of  Uranyl        ....  (U*0«r(NO*)« 

Uranic  sulphate,  or  Sulphate  of  Uranyl   ....  (UK)»)'80«. 

This  view  of  the  composition  of  the  uianic  compounds  is,  howeTer,  by  no  bmsdi 
•essential,  since  they  may  also  be  formulated  as  above. 

mULMZUMff  »»OMTPM  OF.  «.  Uranout  Bromide^  UBi*,  is  obtaiaed, 
m  the  anhydrous  state,  by  heating  a  previously  ignited  and  still  warm  mixture  of  1  pt. 
uranous  oxide  and  6  pts.  starch  in  a  stream  of  bromine-vapour.  It  is  a  brown  pal- 
verulent  mass,  exhibiting  a  crystalline  structure  on  the  most  strongly  heatfd  portiont; 
it  fumes  in  the  air,  and  is  very  deliquescent.    (Hermann,  Jahresb.  1861,  p.  260.) 

By  dissolving  uranous  hydrate  in  aqueous  hydrobromic  acid,  a  dark-green  liquid  if 
formed,  which,  when  evaporated  over  oil  of  vitriol,  yields  dark-green  aystals  of  hy- 
•drat^^  uranous  bromide,  UBr^.4HH) ;  they  are  veir  deliquescent,  yield  an  cmendd-grsn 
ablution,  and  are  decomposed  by  heat,  giving  off  bromine  and  leaving  oraDOOs  oraiec 

Uranic  Oxyhromide,  UH)*Br«,  or  Bromide  of  Uranyi,  (U»0«)'Br*.  is  pro- 
duced  by  treating  uranous  oxide  with  bromine  and  water,  or  by  disoolvinff  oranic  oxidf 
in  hydrobromic  acid,  and  evaporating.  It  forms  yellow  needles,  which  hare  a  tftjpbt 
taste,  give  off  water  and  become  orange-yellow  when  heated;  and  at  a  stronger  bMt, 
in  contact  with  the  air,  give  off  hydrobromic  acid  and  bromine,  and  leave  oranic  oxida 
They  deliquesce  in  the  air,  and  their  solution  gives,  with  ammonia,  a  precipitate  of 
nraaic  hydrate.    (Berthemot,  Ann.  CSi.  Phys.  [3],  xliv.  387.) 

mtAJiZIIMff  CRZK>XZDBS  OF*  Uraninm  forms  a  dicbloride  and  an  air- 
chloride,  analogous  to  the  bromine-compounds  just  described,  also  a  sobchkriii 
analogous  to  the  suboxide. 

The  8ubchlorid€^  U^Cl",  obtained  by  strongly  igniting  the  dichloride  in  hydrqgen-gtt, 
forms  a  coarsely  fibrous,  dark-brown,  slightly  volatile  mass.  It  dissolTee  easily  ia 
water,  but  the  purple  solution  is  quickly  converted  into  uranous  chloride,  with  evohlioa 
of  hydrogen  and  deposition  of  a  red  powder.  Ammonia  throws  down  the  hydnt«d 
suboxide. — According  to  Rammelsberg,  a  brown  subchloride,  U^Cl^  ia  fiinasdbj 
heating  the  dichloride  in  ammonia-gas. 

The  Bichloride^  or  Uranous  cA/ort<20,  UCl*,  is  formed,  with  vivid  ineandesenio^ 
by  burning  metallic  uranium  in  chlorine-gas ;  also  by  igniting  uranous  oxide  in  hydni- 
chloric  acid  gas.  It  is  prepared  by  passing  chlorine  over  an  intimate  mixtnra  of 
charcoal  and  either  of  the  oxides  of  uranium,  strongly  heated  in  a  tube  of  veiy  i^ 
fractozy  glass.  It  crystallises  in  dark-green  regular  octahedrons,  which  have  a 
metallic  lustre,  and,  when  heated  to  redness,  volatihse  in  red  vapours,  and  form  a  sib 
liroate.  It  is  very  deliquescent,  fumes  strongly  on  exposure  to  the  air,  and  diasohfs 
easily  in  water,  with  a  hissing  noise  and  great  rise  of  temperature,  forming  a  dsik 
emerald-green  solution,  which,  when  evaporated  in  a  vacuum,  leaves  an  amorpboai^ 
green,  deliquescent  mass  of  uranous  chloride;  but  when  evaporated  by  heat,  gitwoff 
hydrochloric  acid,  and  leaves  a  residue  soluble  in  water  (probably  an  oxydUoride^ 
llie  solution  of  uranous  chloride,  when  boiled,  gives  off  hydrochloric  acid  and  deposits 
a  very  finely-divided  brown  powder.  When  the  same  solution  is  dropped  into  boilisf 
water,  the  whole  of  the  uranium  is  precipitated  as  uranous  hydrate.  Alkalis  sbs 
throw  down  uranous  hydrate.  The  solution  of  uranous  chloride  is  a  powerfiBJ  de- 
oxidising agent,  reducing  gold-  and  silver-salts,  completely  coovertiQg  f«^c  chkridi 
into  ferrous  chloride,  &c. 

Dry  uranous  chloride  ignited  in  hydrogen-gas,  ^ves  off  a  fourth  of  its  cfakrins^  sad 
is  reduced  to  U*CI'. — Dry  ammonia-gas  converts  it,  at  ordinary  tomperatores,  into  tltf 
compound  dUCl*.2NH* ;  at  a  red  heat^  reduction  takes  place,  and  the  sobchloride  it 
prodoced. 

Uranic  Oxychloride^  or  Chloride  of  Uranyl,  U*0*C1*. — When  dry  fWerine* 
^^  is  paK&ed  over  utwuqus  oxide  at  a  rtni  heat,  the  tube  becomes  filled  with  an  otsLOft' 
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ftXlcfW  TBponr  of  this  eompoand,  which  solidifies  in  a  jellow  crystalline  mass,  easily 
fiuiblei  but  not  very  volatile.  When  ignited  with  potassium,  it  yields  chloride  of 
potassium  and  uranous  oxide.  Dissolved  in  water,  it  forms  hy(Uiited  chloride  of 
aranyl,  U*0K)1^.HH).  The  same  solution  of  nranic  ozychloride  is  formed  when  a 
solution  of  uranous  chloride  is  exposed  to  the  air,  or  treated  with  nitric  acid.  When 
evaporated,  it  yields,  according  to  K  lap  roth,  crystals  which  eflSoresee  on  exposxm^  to 
the  air;  according  to  Arfvedson,  an  uncrystallisable  syrup. 

Uranic  oxychloride  forms  double  salts  with  the  chlorides  of  the  alkali-metals. — The 
ammonium-salt,  2NH  *C1.U*0'CI*.2HK),  crystallises,  after  some  time,  from  a  syrupy 
solution,  in  very  deliquescent  rhombohedrons  (Peligot). — The  potassium-gait , 
2KC1.UK)*C1*.2HK),  is  obtained  by  dissolving  uranate  of  potassium  in  excesn  of 
hydrochloric  acid,  adding  chloride  of  potassium,  and  evaporating.  The  crystals 
dissolve  readily  in  water;  but  on  evaporating  the  resulting  solution,  chloride  of 
potassium  crystallises  out,  and  uranic  oxychloride  remains  in  solution. — Chloride 
bf  Sodium  appears  to  form  a  similar  double  salt. — Uranic  oxychloride  also  forms 
double  salts  with  the  hydrochlorates  of  organic  bases.    (C.  Gr.  Williams.) 

mtAJilllAit  CTAWZBBS  of.  But  little  is  known  respecting  these  compounds, 
Uranous  oxide  does  not  dissolve  in  hydrocyanic  acid,  and  tlis  precipitate  formed  by 
cyanide  of  potassium  in  uranous  solutions  consists  merely  of  hyaratea  nranoao-nranie 
oxide.    (Rammelsberfr.) 

With  uranic  salts,  cyanide  of  potassium  forms  a  yellow  precipitate,  probably  con- 
sisting of  nranic  oxycyanide.  This  precipitate  dissolves  when  warmed  in  excess  of 
potassium-cyanide,  and  is  not  reprecipitated  therefrom  by  acids,  perhaps  in  consequence 
of  the  fonnation  of  a  uranium-compound  analogous  to  ferricyanide  of  potassium. 
(Fresenius  and  Haidlen.) 

VmAVZUM,  BSTBCSTXOV  AJTB  aSTIMATZOV  OV.  1.  Blowpip$ 
Ssaetiont. — Uranic  oxide  and  salts,  fused  with  phoaphorus-salt  in  the  outer  blow- 
pipe-flame, produce  a  clear  yeUow  glass,  which  becomes  greenish  on  cooling.  In  the 
inner  flame  the  glass  assumes  a  green  colour,  becoming  stiU  greener  when  cold. 
Similar  colours  are  obtained  with  borax.  The  oxides  of  uranium  are  not  reduced  to 
the  metallic  state  by  fiision  with  carbonate  of  soda  on  chaicoaL 

3.  Bsaetions  in  Solution, — a,  Uranous  salts  are  formed  by  dissolving 
uranous  oxide  in  strong  hydrochloric  or  sulphuric  add,  or  the  hjrdrate  in  dilute  acids^ 
also  by  reduction  of  uranic  salts.  They  are  green  or  greenish-white,  and  yield  green 
aqueous  solutions,  from  which  caustic  alkalis  throw  down  a  red-brown  gelatinous 
precipitate  of  uranous  hydrate ;  alkaline  carbonates  (with  evolution  of  carbonic  anhy- 
oride),  green  precipitates,  which  dissolve  in  excess  of  alkaline  carbonate,  especially 
of  ammonium-carbonate,  forming  green  solutions :  the  green  precipitate,  after  washing 
and  drying,  consists  of  pure  uranous  hydrate.  Uranous  salts  also  yield  a  green  pre- 
cipitate with  phosphate  of  sodium,  grey-green  with  oxalic  acid,  light-brown  with 
ferrocyanide  of  potassium.  Sulphide  of  ammonium  forms  a  black  precipitate  of 
uranous  sulphide ;  the  acid  and  neutral  solutions  are  not  precipitated  by  sulpht/dric 
acid,  Uranous  salts  are  easily  oxidised  to  uranic  salts  by  exposure  to  the  air,  or  by 
treatment  with  nitric  acid  ;  they  easily  reduce  gold-  and  silver-salts, 

fi,  Uranic  salts  are  yellow;  they  are  mostly  soluble  in  water,  and  in  solution 
have  a  bitter  taste,  without  any  metallic  aftertaste.  They  are  reduced  to  uranous  salts 
by  sulphydric  acid  ;  also  by  alcohol  or  ether  in  sunshine. — Caustic  alkalis,  added  to 
uranic  solutions,  throw  down  a  yellow  precipitate,  consisting  of  a  uranate  of  the 
alkali-metal,  which  is  insoluble  in  excess  of  the  reagent. — Alkaline  carbonates  produce 
a  yellow  precipitate,  consisting  of  a  carbonate  of  uranium  and  the  alkali-metal, 
soluble  in  excess,  especially  in  acid  carbonate  of  potassium  or  acid  carbonate  of  ammo- 
nium. Potash  added  to  these  solutions  throws  down  all  the  uranic  oxide.  From  the 
solution  in  carbonate  of  ammonium,  the  uranic  oxide  is  likewise  precipitated  by 
boiling. — Carbonate  of  barium  completely  precipitates  uranic  oxide  from  its  solutions 
at  ordinary  temperatures. — Phosphtite  of  sodium,  added  to  uranic  salts  not  containing 
too  much  free  acid,  produces  a  white  precipitate  of  uranic  phosphate,  having  a  slight 
tinge  of  yellow. — Sulphide  of  ammonium  produces  a  black  precipitate  of  uranic  sul- 

Shide,  which  remains  for  a  long  time  suspended  in  the  liquicL — Sulphydrie  acid  pro- 
uces  no  precipitate. — Ferroeyanide  of  potassium  produces  a  dark  red-brown  precipi- 
tate; ferricyanide  of  potassium,  none. — Jtfetallic  rinc  does  not  precipitiite  uranium  in 
the  metallic  state  from  uranic  solutions,  but,  after  a  long  time,  produces  a  yellow 
precipitate  of  uranic  oxide. 

4.  Estimation  and  Separation. — Uranium  is  completely  precipitated  from  uranic 
solutions  by  ammonia.  The  precipitate,  which  consists  of  hydrated  uranic  oxide  containing 
ammonia,  must  be  washed  with  water  containing  sal-ammoniac,  as  it  runs  thruugh  the 
filter  when  washed  with  pure  water.    It  in  then  dried  and  ignited  iu  an  open  crucible. 
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whereby  it  is  eonTerted  into  nranoso-uianic  oxide,  V*0* ;  bat  to  obtain  a  perfectlT  defloita 
result,  and  preyent  farther  oxidation  doring  cooling;  it  ia  neceasary  to  oat  uie  coTfr 
on  the  craciDle  while  the  sabetance  is  still  red-hot,  and  keep  it  there  till  the  croeilile 
is  quite  cold.  The  oxide  thus  obtained  contains  84*90  per  cenL  of  oraninm.  An 
aoeumte  result  is  likewise  obtained  by  i^ting  the  sesquioxide  in  an  atmosphere  id 
hydrogen,  whereby  it  is  reduced  to  protoxide  containing  88*24  per  cenLof  the  metal 

If  the  uranic  solution  contains  a  considerable  qnantity  of  an  earth  or  a  fixed  alkali, 
the  precipitate  formed  by  ammonia  carries  down  with  it  a  certain  pwtion  of  the  earth 
or  alkali,  to  f^  it  from  which  it  must,  before  ignition,  be  redissoiTed  in  hydroehlooe 
acid,  and  reprecipitated  by  ammonia. 

From  the  alkali -metals,  uranium,  in  the  state  of  manic  salt,  is  aepanted  by  m* 
pumiOf  attention  being  paid  to  the  precaution  just  mentioned.  A  method  of  ty^iy 
nranic  oxide  from  alluihs,  foxuded  on  the  solubility  of  uranic  silicoda<Mide  in  alcoh^ 
is  given  by  Stolba  (Zeitschr.  anal.  Chem.  iii  71 ;  Jahresb.  1864|  p.  718). 

From  barium  it  is  separated  by  mdpkurio  add ;  from  strontmrn  and  ealohm,  also 
by  sulphuric  add  with  addition  of  aloohoL 

From  magnesium,  maneanesc^  cobalt,  nickel,  and  xino,  these  metals  beiitt in 
the  state  of  protoxide,  and  tne  uranium  in  the  state  of  sesquioxide,  it  is  sepanted  by 
precipitation  with  carbonate  qf  barium. — From  sine,  cobalt,  and  nickel  it  may  abo 
be  separated  by  mixing  the  solution  of  the  chlorides  with  excess  of  sodie  acetate,  and 
passing  a  rapid  stream  of  sulj^jdric  acid  into  the  boiling  liquid :  the  sine,  cobalt,  and 
nickel  are  then  completely  precipitated,  while  the  whole  of  the  oraniom  remains  dis- 
solTed.    (Gibb s,  ^ilL  Am«  J.  [2],  xxxix.  68 ;  Jahreab.  1865,  p.  727.) 

From  iron  it  is  separated  bv  carbomUe  of  ammonia,  both  metals  being  in  the  state 
of  sesquioxide ;  the  uranic  oxide  then  dissolves,  while  the  ferric  oxide  remains  undis- 
solved. Care  must,  however,  be  taken  that  the  carbonate  of  ammonia  be  really 
monocarbonate,  quite  firee  fhim  excess  of  carbonic  add,  otherwise  the  iron  will  also  be 
dissolved.  To  ensure  this  condition,  the  carbonate  of  ammonia  must  be  previooi^ 
boiled,  and  the  solution  of  the  oxides,  if  add,  must  be  neutralised  with  ammonia  tfll  a 
slight  permanent  precipitate  begins  to  form :  the  solution  should  then  be  diluted  with 
water.  The  oranic  oxtde  is  serrated  from  the  filtrate  either  by  boiling,  or  l>y  super* 
saturation  with  hydrochloric  add  and  predpitadon  by  ammonia. 

From  aluminium,  uranium  is  also  separated  by  carbonate  of  ammomot  and  with 
greater  fadlity. 

From  cadmium,  copper,  lead,  tin,  and  all  other  metals  whose  salte  are  tnio- 
luble  in  dilute  adds  (Groap  i.  Analysis,  i.  217),  uranium  is  separated  by  entpkjfdrie 
add ;  tram  ehrominm,  in  the  same  manner  as  iron  is  sepemted  from  that  metal 
(i.  946);  and  frt>m  vanadium,  tungsten,  molybdenam,  and  tellurium,  by  m^ 
phtde  of  ammonium,  in  which  the  sulphides  of  the  last-named  metals  aM  soluble. 

For  the  methods  of  separating  uranium  from  niobium,  tantalum,  and  titanium,  see 
those  metals  (iv.  61 ;  v.  664,  839). 

Vdumetrie  EaHmaHon, — ^Add  manganic  phosphate,  added  to  an  add  solution  of 
ammonio-uranic  acetate,  forms  a  yellowish-white  predpitete,  which,  when  the  precipi- 
tation is  quite  complete,  chanm  ite  colour  to  yellowish  rose-red  (fhmi  formatioD  of 
basic  manganic  phosphate).  The  reaction  mav  oe  applied  to  the  volumetric  estims* 
tion  of  uranium,  by  oissolving  1  to  1^  grm.  of  the  uranium-oompound  in  dilate  nitrio 
or  in  nitromuriatic  add,  supersaturating  with  ammonium-carbonate,  then  diluting  tha 
solution,  and  adding  excess  of  acetic  acid,  till  the  liquid  is  made'  op  to  a  litre.  If 
phosphoric  or  arsenic  add  is  present,  the  uranium  mtist  first  be  predjritated  by  sal> 
phide  of  ammonium.  The  normal  solution  of  manganic  phosphate  is  prepared  by 
strongly  heating  syrupv  phosphoric  acid  with  finely-divided  manganie  oxioe,  till  a 
dark^lue  colour  is  produced,  dilating  to  such  a  de^ee  that  1  grm.  of  nfanium  shall 
correspond  to  80  cubic  centimetres,  and  titmting  vrith  pure  uranoua  or  nranie  oxida. 
(Guyard,  Bull.  Soc  Chim.  1863,  p^  89 ;  Jahresb*  1863,  p.  692.) 

Belouheber  (Bull.  8oe.  Chim.  1867i  i.  494)  estimates  oraniom  volometrieaDy  by 
means  of  potasmc  permanganate,  the  uranium-salt  bdng  preyioosly  brought  to  tha 
minimum  of  oxidation  by  treatment  with  sine  and  sulphuric  add. 

6.  Atomic  Weight  of  Uranium.— FiWgot,  in  1842  (Ann.  C^  Pharm.  xKi 
141),  determined  the  proportion  of  chlwine  contained  in  uranous  chloride,  UCI*,  by 
precipitation  with  nitrate  of  diver.  Two  experimento  gave  89*1  and  87*2  Wf  cent 
chlorine,  therefore  60*9  and  62*8  per  cent,  uranium.  The  hitter,  regarded  by  F^ligot  tf 
the  more  correct,  gives : 

U     -    g:8.„     .    „9-9. 

The  analyds  of  uranic  acetate,  U«0«(C«H*0«)*  H«0,  made  by  Piligot,  in  1846  (Hid. 
Ix.  183)  gave  U  -»  1200  and  1201.    Wertheim  (J.  pr.  Chem.  xxix.  209)»  by 
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tnaljtiiof  sodio-nranic  acetate,  aod  £  helm  en  (Ann.  Ch.  Phann.  zlii.  286),  by 
analTsia  of  uranic  oxalate,  obtained  somewhat  lower  numbers ;  but  the  number  120  is 
regarded  as  the  true  atomic  weight  ot  uranium. 


FXiVO&n>B8  OF.  Uranous  fluoride^  UF",  is  produced,  toge- 
ther with  uranic  oxyfluoride,  by  the  action  of  aqueous  hydrofluoric  acid  on  green 
vranoso-uranic  oxide,  and  separates  as  a  green  insoluble  powder,  which  passes 
through  the  filter.  It  is  more  easily  prepared  by  boiling  the  yeUow  solution  of  uranic 
oxyfluoride,  obtained  as  above,  or  a  solution  of  ammoniacal  uranic  oxide  or  carbonate 
in  hydrofluoric  add,  with  stannous  chloride ;  the  precipitate  of  uranous  fluoride  thus 
produced  is  easy  to  wash.  Uranous  fluoride  is  also  formed  by  the  action  of  hydro- 
fluoric acid  on  uranous  hydrate,  and  is  thrown  down  by  hydrofluoric  acid  from  a  solu- 
tion of  uranous  chloride,  as  a  bulky  green  precipitate.  When  heat«d  in  hydrogen-gas, 
it  gives  off  hydrofluoric  acid,  and  leaves  a  reddish  mass,  insoluble  in  water,  scarcely 
attacked  by  strong  nitric  acid,  and  probably  consisting  of  a  subfluoiide.  (Bolton, 
Zeitschr.  f.  Chem.  [21,  ii.  353 ;  Bull  Soc.  Chim.  1866,  ii.  460.) 

PotastuMiranoue  Jhioride,  KF«2UF*,  is  produced  by  the  action  of  formic  or  oxalic 
acid,  under  the  influence  of  light,  on  potassio-uranic  oxyfluoride  (if^ra).  When  oxalic 
add  is  used,  a  precipitate  of  uranous  hydrate  is  likewise  formed,  but  it  is  easily  sepa- 
rated from,  the  double  fluoride  by  solution  in  dilute  acids.  Potassio-uranous  fluoride 
is  a  green  powder  resembling  uranous  fluoride,  insoluble  in  water  and  in  dilute  acids, 
■i>lable  in  strong  hydrochloric  acid.  Sulphuric  .acid  dissolves  it  easily,  eliminating 
hydrofluoric  add.  When  ignited  in  the  air  it  melts,  gives  off  hydrofluoric  acid,  and 
leaves  uranate  of  potassium ;  ignited  in  a  dose  vessel,  it  leaves  a  black  residao  of 
yiranium-snboxide  and  fluoride  of  potassium.  Caustic  soda  separates  the  suboxide  from 
it.    Heated  in  hydrogen-gas,  it  behaves  like  uranous  fluoride.    (Bolton.) 

SoduMiranotu  fiu^idet  Naf  .2171^  (P),  resembles  the  potassium-salt,  but  appears  to 
be  more  soluble  in  water.  When  heated  it  does  not  melt,  but  decomposes  like  the 
potassium-salt,  leaving  a  yellow  residue  of  sodium-uranate.    (B ol  to  n.) 

Uranie  Oxyfluoride^oT  Fluoride  of  Uranyl^  XWF*.— The  jellow  solution, 
obtained  by  treating  green  uranoso-uranic  oxide  or  uranic  hydrate  with  hydrofluoric 
acid,  leaves,  on  evaporation,  a  nearly  white  unciystallisable  mass,  which  dissolves  in 
water  and  in  alcohol  (Berselius ;  Bolton).  It  gives  off  water  at  100^,  and,  when 
heated  in  the  air,  gives  off  fluorine  and  leaves  uranium-oxide  (Bolton).  It  forms 
double  salts  with  alkaline  fluorides. 

The  amnumiumsalt,  (NH«)F.lPO*F*jrH*0,  obtained  like  the  potassium-salt 
{i^fra\  forms  indistinct  crystals,  soluble  in  water,  slightly  soluble  in  hydrofluoric 
add,  and  insoluble  in  alcohol.  When  calcined  it  leaves  sulwxide of  uranium.  (Bolton.) 

The  barium-^alt,  SBaP.2U*0'F'.2H>0,  is  a  yellow  crystalline  precipitate,  insoluble 
in  cold  water,  soluble  in  dilute  adds. 

The  potasnum^saltf  3EF.U'0'F',  separates,  on  adding  fluoride  of  potassium  in 
excess  to  uranic  nitrate,  as  a  lemon-yellow,  dense,  crystalline  predpitate ;  it  is  also 
formed  by  dissolving  uranate  of  potassium  in  hydrofluoric  acid  mixed  with  fluoride  of 
potassium.  It  separates  from  solution  in  boiling  water  in  anhydrous  crystalline  crusts, 
and  is  deposited  by  slow  e^jporation  in  maded  crystals  belonging  to  the  quadratic 
^stem :  it  is  anhydrous.  Wnen  heated,  it  melts,  with  partial  decomposition,  to  a  red 
liquid,  which  solidiflesto  a  yellow  mass  on  cooling.  It  dissolves  without  decomposition 
in  boiling  water,  forming  a  solution  which  does  not  attack  glass.  Fused  with  carbonate 
of  sodium,  it  yields  fluoride  and  uranate  of  sodium.  Ignited  in  hydro^n,  it  leaves 
a  remdue  consisting  of  uranium-fluoride,  uranium-suboxide,  and  potassium-fluoride. 
By  formic  or  oxalic  add,  under  the  influence  of  light,  it  is  reduced  to  potassio-uranous 
fluoride  (Bolton).— The  sodiumsaltt  NaF.U'0'P.4H*0,  is  sometimes  obtained,  in 
fine  efflorescent  right  rhomboidal  prisms,  by  evaporating  a  mixture  of  sodium-fluoride 
and  uranic  nitrate,  or  a  solution  of  sodium-uranute  in  hydrofluoric  acid;  but  on 
attempting  to  recrystallise  it,  fluoride  of  sodium  crystallises  out  alone.  By  formic  or 
oxalic  add  it  is  reduced  to  sodio-uranous  fluoride.    (Bolton.) 

mtAMTUXf  ZOBXDSS  OF.  Uranous  iodide^  Vl\  is  obtained  by  dissolving 
uranous  hydrate  in  hjdriodic  acid ;  the  green  solution,  when  evaporated  in  contact 
with  the  air,  acquires  a  brown  colour  from  separation  of  iodine,  and  yields  a  black  crys- 
talline mass,  insoluble  in  water,  and  containing  a  small  quantity  of  uranic  oxy  iodide. 
(Rammelsberg.) 

mULHUlM,  OXZXiaS  of.  Uranium  forms  four  compounds  with  oxygen — vis., 
uranous  oxide,  UO ;  uranic  oxide,  UK)* ;  and  two  intermediate  oxidf^,  U*0*  and  17*0% 
which  may  be  regarded  as  compounds  of  the  other  two. — A  suboxide,  U^O",  appears 
also  to  be  predpitated,  in  combination  with  water,  on  adding  ammonia  to  the  aquoous 
folution  of  the  subchloride,  U*CP ;  but  the  brown  precipitate  thus  produced,  quickly 
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takes  up  oxygen  from  the  water,  and  ii  oonTezted  intoa  greenish-TeUow  lijdxAte,  vliidl, 
in  contact  with  the  air«  oaddiaes  farther  to  nianoos  hjdnte. 

Vrmncmm  Oztdet  UO. — ^This  oxide,  formerlj  mistaken  for  the  metal,  iu  obtained 
by  exposing  nranoao-uranie  oxid^  IPO*,  mixed  with  chareoal-powder,  bnUodc'f  blood, 
or  oil,  to  the  strongest  heat  of  a  blast-fimace;  by  heating  the  same  oxide  to  rednen 
in  a  current  of  dry  hydrogen ;  by  igniting  uranic  oxalate  in  a  close  ressel,  or  (better) 
in  a  corrent  of  hydrogen ;  or  by  igniting  potassio-nranic  chloride  (p.  948),  either  idooa 
or  in  hydrogen. 

Uranoos  oxide  obtained  by  the  last-mentioned  process  fionns,  after  waahing,  a 
metallically  Instrons  powder  composed  of  microscopic  regular  octahedrons,  tzsnsliiceiit 
with  red-Mown  colour  on  the  edges  (Arf  vedson).  That  windti  is  prepared  from  the 
oxalate  is  a  cinnamon-brown  or  0G|>per-red  metallically  lustrous  powder,  of  tpedfie 
gravity  10*1 6  (P^ligot;  Ebelmen);  that  prepared  by  reducing  uranoeo-uianie 
oxide  with  charcoal  is  an  iron-grey  powder,  consisting  of  feeblv  lustioua  mieroscopie 
needIes«(6ucholz).  When  a  solution  of  ammonium-uranate  in  hydrochloric  acid  ii 
eyaporated  with  sal-ammoniac  and  common  salt,  the  remaining  mass  heated  in  a 
covered  crucible  till  the  sal-^mmoniac  volatilises  and  the  sodium-chloride  melts,  and 
the  soluble  salts  washed  out  with  water,  uranous  oxide  remains  in  the  form  of  a  hhuik 
crystalline  nowder  (Wohler).  The  black  anhydrous  oxide  is  alao  formed  bj  boiling 
uranous  hyorate  with  water. 

Uranous  oxide  easily  passes  to  a  higher  state  of  oxidation,  the  compact  coystalline 
variety,  however,  less  rapidly  than  the  finely-divided  oxide ;  that  pr^xired  from  the  oxa* 
late  at  not  too  strong  a  heat  is  even  pyrophoric.  Uranous  oxide,  when  heated*  bums 
with  a  glimmering  Ught,  and  is  converted  into  uranoso-uranic  oxide. 

Uranous  hydrate  is  precipitated  from  uranous  salts  by  caustic  alkalis,  in  bulky 
red-brown  flocks,  which  retain  a  porti<m  of  alkali  after  washing  with  cold  water,  and 
turn  black  on  boiling. 

Uranous  oxide,  after  ignition,  is  insoluble  in  dilute  hydrochloric  or  sulphorie  acid, 
but  dissolves  in  strone  sulphuric  add.  The  hydrate  dissolves  easily  in  odda,  forming 
uranous  salts.   (For  the  reactions  of  those  salts,  see  p.  943). 

m«nosowiiraiilo  Oxida.  U*0*  »  UO.UK)*.— This  oxide  forms  the  prindpU 
constituent  of  pitchblende.  It  is  obtained  artifldally  by  igniting  the  metal  or  uranous 
oxide  in  contact  with  the  air ;  by  heating  uranous  oxide  to  rednees  in  an  atmosphere  of 
aqueous  vapour ;  and  by  gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  is  a 
dark-green  velvety  powder,  of  specific  gravity  7*1  to  7*8.  When  ignited  alone  it  is 
reduced  to  the  black  oxide,  UK)*;  by  ignition  in  hydrogen,  or  with  MMlium,  charcoal,  or 
sulphur,  it  is  reduced  to  uranous  oxide. 

Pitch  blende  sometimes  occurs  in  regular  octahedrons,  or  combinations  of  the 
octahedron  with  the  cube  and  rhombic  dodecahedron,  but  more  generally  masnve  and 
botiyoidal.  Hardness  a  5*5.  Specifio  ^vity  «■  6*468 — 8.  Lustre  submetallic  or 
greasy  to  duU.  Colour  greyish,  greenish,  brownish-red,  or  velvet-bladL  Streak 
brownish-black  or  olive-green,  a  Httle  shining.  Opaque.  Fracture  oonchoMal,  uneven. 
It  contains  from  70  to  90  per  cent  uranous  oxide,  togetherwith  sulphur,  lead,  arsenic, 
antimony,  bismuth,  iron,  manganese,  cobalt,  magnesium,  calcium,  carbonic  acid,  phos- 
phoric acid,  silica,  and  sometimes  traces  of  fluorine  (Rammelsberg's  MmmtUcAemie, 
p.  175).  It  occurs,  accompanying  various  ores  of  lead  and  silver,  at  Johmnngeorgen- 
stadt,  Marienbeif^,  and  Schneeberg  in  Saxony,  at  Joachimsthal  and  Frzibrsm  in  Boh^ 
mia,  and  at  Betzbanya  in  Hungary.  It  is  associated  with  uranite  at  Hoaoft  and 
Tolcam  near  Redruth  in  Cornwall,  and  at  Adrianople  in  Turkey. 

Uranoso-uranic  oxide  and  sround  pitchblende  are  used  for  producing  a  verypama- 
■ent  black  colour  under  the  ^aze  of  porcelain. 

Uranoso-uranic  oxide  is  but  little  acted  upon  by  dilute  hydrochloric  or  sulphurie 
acid ;  but  these  acids,  when  concentrated,  dissolve  it  without  alteration ;  by  nitrio 
acid  it  is  dissolved,  and  oxidised  to  uranic  nitrate.  A  solution  of  uranoso-uranic  acid 
in  hydrochloric  or  sulphuric  acid,  diluted  with  water  and  mixed  with  ammonia^  yields 
a  grey-green  precipitate  of  uranoso-uranic  hydrate,  which,  if  precipitated  in  the 
cold,  dissolves  easily  and  without  alteration  in  dilute  acids,  but  is  decomposed  by 
carbonate  of  ammonium,  which  dissolves  out  uranic  oxide,  leaving  brown  uranous 
hydrate.  On  mixing  the  solution  of  uranoso-uranic  oxide  in  sulphuric  acid  with  alco- 
hol, uranous  sulphate  separates  out,  while  uranic  sulphate  remains  dissolved.  The 
solution  of  uranoso-uranic  oxide  in  hydrochloric  acid  is  decompdited  in  the  same 
manner  on  addition  of  sulphuric  add  and  alcohol.  Hence  it  would  appear  that  the 
solutions  of  uranoso-uranic  oxide  in  acids  are  mixtures  of  uranous  and  uxauic  salts,  a 
Tiev  which  is  likewise  in  accordance  with  their  other  reactions. 

A  black  oxide  of  uranium,  U*0*  or  2U0.U*0*,  is  produced  by  trtQecting 
uranic  nitrate  or  uranate  of  ammonium  to  intense  ignition,  or  by  stiongh  igniting 
uranous  oxide  prepared  by  Wohler's  method  in  contact  with  the  air.    This  oxida 
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is  regaided  by  P^ligot  and  Drenkmann  as  a  distinet  compound;  according  to 
KammelBberg  and  Ebmmen,  on  the  other  hand,  it  is  only  a  mixture  of  green  uianpeo- 
nranic  oxide  with  uranic  oxide.  If  not  too  dense,  it  is  oxidised  by  prolonged  ignitaoQ 
in  contact  vith  the  air.  With  acids  it  behaves  in  the  same  manner  as  the  green  oxide. 
The  black  colour  produced  upon  porcelain  in  the  manner  above  mentioned,  probaUy 
consists  of  this  oxide. 

inrauiio  Oxide,  or  Oadda  of  Vkujl,  U*0*  »  (nK)*)"0.— Uranium  and  itf 
lower  oxides  dissolve  in  nitric  acid,  with  evolution  of  nitric  oxide,  and  formation  of 
uranic  nitrate ;  and  when  this  salt  is  heated  in  a  basin  till  it  begins  to  decompose,  and 
then  to  250®  in  a  glass  tube,  as  long  as  acid  fumes  continue  to  escape,  pure  uranic 
oxide  remains  in  the  form  of  a  chamois-yellow  powder.  When  ammonio-uranic  car- 
bonate (i.  797),  or  uranic  hydrate,  is  heated  for  some  time  to  300®,  uranic  oxide  re- 
mains as  a  brick-red  powder,  according  to  Ebelmen  ;  according  to  Malsguti,  however, 
the  oxide  prepared  by  heating  the  hy(&ate  always  retains  a  certain  quantity  of  water. 
Uranic  oxide,  when  heated  to  redness,  gives  off  oxygen  and  leaves  green  uranoao-uranie 
oxide. 

Uranic  hydratecannot  be  prepared  by  precipitating  a  uranic  salt  with  alkalia, 
inasmuch  as  the  precipitate  always  carries  down  alkali  with  it.  Pure  uranic  hydrate 
may  be  obtained : — 1.  By  heating  uranic  nitrate  contained  in  a  covered  vessel  m  the 
sand-bath  as  long  as  nitric  acid  is  given  off;  uranic  hydrate  then  remains,  mixed  with 
basic  nitrate,  from  which  it  may  Im  freed  by  boiling  with  water  (Berzelius). — 2.  A 
solution  of  uranic  nitrate  in  absolute  alcohol  is  evaporated  at  a  moderate  heat  till,  at 
a  certain  degree  of  concentration,  nitrous  ether,  aldehyde,  and  other  vapours  are  given 
off  with  violent  intumescence,  and  a  spongy  yellow  mass  remains,  which,  when  washed 
with  boiling  water,  leaves  uranic  hydrate  (Malaguti,  Gompt  rend.  xvi.  851V — 3.  By 
exposing  rM:ently  precipitated  and  still  moist  uranoso-uranic  hydrate  to  the  air  (Ebel- 
men).— i.  By  Doilinff  ammonio-uianic  carbonate  witli  water,  and  leaving  the  powder 
thereby  separated  (which  contains  about  2  per  cent,  ammonia)  for  some  time  under  an 
imperfectly  closed  bell-jar  (Drenkmann). — 5.  By  fusing  uranoso-uranic  oxide  with 
chlorate  of  potassium,  and  boiling  out  the  fased  mass  with  water. 

The  hydrate  obtained  by  either  of  these  processes  contains,  when  dried  in  the  air 
at  ordinary  temperatures,  11*65  per  cent,  water,- agreeing  with  the  formula  U'0'.2H'0. 
In  a  vacuum  at  ordinary  temperatures,  or  at  100®  in  the  air,  it  gives  off  half  its  water, 
leaving  the  monohydrate,  UK>*.UH),  which  contains  6*11 --6*28  per  cent,  water  (by 
calculation,  5*88  per  cent.)  (Ebelmen  ;  Malaguti).  According  to  Drenkmann,  the 
dihydrate  prepared  by  the  last  two  processes  does  not  give  off  the  half  of  its  water 
till  heated  to  160«>. 

The  monohydrate  has  a  lemon-yellow  colour,  inclining  to  orange-yellow,  and  a  specific 
gravity  of  5*92.  It  is  permanent  in  the  air,  and  does  not  absorb  carbonic  acid. 
According  to  Ebelmen,  it  gives  off  all  its  water  at  300°;  but  accordinff  to  Malaguti,  it 
■till  retains  two-thirds  of  its  water  at  400®,  and  when  more  strongly  heated,  gives  df 
oxygen  as  well  as  water.    At  a  red  heat  it  is  reduced  to  uranoso-uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic  salts  (p.  943). 

Uranates. — Uranic  oxide  unites  with  basic  metallic  oxides,  forming  salts  called 
nranatea.  The  uranates  of  the  alkali-metals  are  obtained  by  precipitating  a  uranic  salt 
with  a  caustic  alkali ;  those  of  the  earth-metals  and  heavy  metals,  by  precipitating  a 
mixture  of  a  uranic  salt  and  a  salt  of  the  other  metal  with  ammonia,  or  by  igniting 
a  double  carbonate  or  acetate  of  uranium  and  the  other  metal  (calcio-uramc  acetate, 
for  example)  in  contact  with  the  air.  The  uranates  have,  for  the  most  part,  the 
composition  M*0.2U'0*.  They  are  yellow,  insoluble  in  water,  soluble  m  acids. 
Those  which  contained  fixed  bases  are  not  decomposed  at  a  red  heat ;  but  at  a  white 
beat,  the  uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen 
to  uranous  oxide ;  the  mass  obtained  by  this  last  method  easily  takes  fire  in  contact  with 
the  air. 

Urana  ie  of  Ammonium  \s  precipitated  from  uranic  salts  by  ammonia,  as  a  yellow 
powder,  which  is  slightly  soluble  in  pure  water,  quite  insoluble  in  water  containing  sal- 
ammoniac,  is  not  decomposed  at  100°,  but  at  higher  temperatures  gives  off  nitrogen, 
ammonia,  and  water.  This  salt  sometimes  occurs  in  commerce  as  a  fine  deep  yellow 
colour,  called  "  uranium-yellow."  It  is  easily  prepared  by  adding  chloride  or  sulphate 
of  ammonium  to  a  boiling  solution  of  sodium-uranate  as  long  as  ammonia  and  ammo- 
nium-carbonate are  given  off,  washing  the  resulting  precipitate,  and  drying  it  at  a  gentle 
beat  (An then.  Ding.  poL  J.  dvi.  211).  This  salt,  when  heated  to  rndneBS,  leaves 
pure  uranoso-uranic  oxide,  and  may  therefore  serve  as  the  raw  material  for  the  prepa- 
ration of  other  uranium-compounds. 

Uranate  of  Barium^  Ba0.2U*0*,  obtained  by  precipitation,  as  above  described, 
ia  yellowish-red  or  orange-yellow,  and  when  ignited  in  hydrogen,  leaves  an  inflamma- 
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ble  mixture  of  nranoto-iuranic  oxide  and  baryta. — The  ealeium-salt  ia  obtained  to  a 
similar  maimer.  Many  natural  Tiranium-ocnree  conaiat  of  this  compound,  and  in  dut 
ease  do  not  give  off  any  oxy^n  at  a  red  heat. — The  lead-gal  t,  PbO.dU'O',  obtaiimi 
by  precipitation,  or  by  repeatedly  boiling  carbonate  of  lead  with  fireah  qnantitim  u( 
nranio  acetate,  isyellowiah-red,  becoming  brown-red  by  moderate  ignition ;  when  hntti 
in  a  pottery-fi^ace  it  becomes  straw-yellow  without  undergoing  reduction,  and  is  then 
difficult  to  dissolve  in  acetic  acid ;  when  ignited  in  hydrogen,  it  iearea  a  pyrophono 
mixture  of  uranous  oxide  and  metallic  leaa  (Wertheim). — ^Tlie  magnesium'tali, 
liIg0.2UH>',  obtained  by  igniting  magnesio-uranic  acetate,  is  a  yellow- brown  powdcv. 

The  potoinum^^t,  K*0.2UH)*.3&*0  (Patera),  is  prepared  by  precipitating  a 
uranic  salt  with  excess  of  caustic  potaah;  or  by  igniting  potassio-uianic  carbonate  or 
acetate ;  or  by  fusing  uranic  oxide  with  excess  of  potassium-carbonate,  and  washing  oat 
with  water.  When  prepared  in  the  wet  way,  it  is  a  light  orange-yellow  powder;  when 
obtained  by  ignition,  yellowish-red.  It  is  partially  roduced  by  hydrogen,  yielding  a 
mixture  of  uranoso-uranic  oxide  with  a  more  basic  uranate  of  potassium  (Bar  selias; 
Wertheim).  Uranate  of  potassium  may  also  be  prepared  from  pitchblende  in  the 
same  manner  as  the  sodium-salt  (infra).  An  orange-coloured  potasaium-uranate  is 
produced  by  precipitating  a  solution  of  potassio-uranic  carbonate  in  carbonate  of 
potassium  with  caustic  potaah,  and  is  prepared  on  the  large  scale  hy  roasting  pitch- 
olende,  with  subsequent  addition  of  crude  potash  and  saltpetre  (Wvsocki,  DingL 
pol.  J.  civ.  305).— An  aeid  $aU,  K<0.6IP0*.6HH),  is  produced  by  fnsusg  add  uranio 
sulphate  with  chloride  of  potassium ;  and  remains,  on  lixiTiatinff  the  fhsed  mass,  as  a 
yellow  powder  composed  of  microscc^ic  rhombic  prisms.  It  oecomes  brick-red  by 
prolonged  heating,  and  silver-grey  at  a  white  heat,  in  consequence  of  the  oonTezaion(i(f 
the  uranic  into  uranoeo-uranic  oxide.    (Drenkmann.) 

The  silver-salt,  obtained  by  precipitation,  or  by  boiling  argento-nmnic  aoetets 
with  water,  is  a  red  powder  which  decomposes  when  heated  alwre  100^. 

Sodium-salts, — ^The  normal  salt,  Na'O.UK)',  obtained  like  the  potassium-salt,  n 
yellow,  and  exhibits  characters  similar  to  those  of  the  potassium-salt  By  ftunag  it 
with  sodium-chloride,  and  lixiviating  with  water,  another  salt  is  obtained,  prob^y 
Na^O.UK)*,  in  yellow  six-sided  tablM,  mixed  with  a  small  quantity  of  uranoso-mraiiia 
oxide  (Drenkmann).  By  fusing  uranic  nitrate  with  sodium-chloride,  and  lixiriatiog 
the  cooled  mass,  an  acid  uranate  of  sodium,  Ka*0.3U'0',  is  obtained  in  bronM-«>loaied 
nacreous  lamine,  resembling  mosaic  gold,  and  made  up  of  microscopic  riiombie  tablee. 
It  has  a  specific  gravity  of  6*91,  is  insoluble  in  water,  is  decomposed  only  at  a  white 
heat,  afterwards  appearing  silver-grey  by  reflected,  colourless  by  transmitted  light, 
and  containing  uranoso-uranic  oxide.   (Drenkmann.) 

The  normal  salt,  KaH).2UH)',  is  much  used  for  imparting  a  yellowish  or  greenish 
colour  to  glass,  and  as  a  yellow  pigment  on  the  glazing  of  porcelain.  The  **  uraniun- 
yellow "  for  these  purposes  is  prepared  on  the  large  scale  by  roasting  100  pta  of 
finely-pulverised  pitchblende  (containing  45  per  cent  uranoeo-uranic  oxide)  with 
14  pts.  lime  in  a  reverberatonr  furnace;  treating  the  resulting  uranate  of  calcium  with 
dilute  sulphuric  acid,  by  which  the  uranic  oxide  is  almost  completely  dissolved ;  mix- 
ing the  green  solution  with  crude  sodium-carbonate,  bv  which  the  uranium  is  preeivi- 
tated,  together  with  other  metals,  but  redissolved,  tolerably  free  from  impurities,  oy 
excess  of  the  alkali ;  and  treating  the  liquid  with  dilute  sulphuric  acid  as  long  as  efieN 
vescence  ensues.  The  sodium-uranate  is  then  precipitated  as  a  hydrate,  which 
becomes  aystalline  when  dry,  and  then  contains  Na'0.2U^.6HK)  (Patera,  J.  pc 
Chem.  Ixi.  397).    Glass  coloured  with  uranium-yellow  is  highly  fluorescent 

An  orange-coloured  uranate  of  sodium  may  be  prepared  by  precipitating  a  solution 
of  pure  sodio-uranic  carbonate  with  caustic  soda,  pressing,  drying,  and  pulverising  the 
precipitate,  then  washing  it,  and  drying  it  again.    (Wy  socki.) 

Uranate  of  Zine  ia  obtained  by  precipitating  a  mixture  of  uranic  acetate  and 
ainc-acetate  with  baryta-water,'  or  by  precipitating  uranic  nitratn  with  metallic  line, 
being  then  deposited  on  the  metal  aa  a  compact  y^low  coating.    (Wertheim.) 

1F&AM1UM«  SVIiVXZXIBS  OF«  The  onlv  sulphur-compounds  of  uraniara 
hitherto  obtained  in  definite  form,  are  uranous  sulphide,  US,  and  uranoua  oiqrsolphide, 
U'S'^O.    Uranic  sulphide,  U'S',  is  not  known  with  certainty. 

Uranous  Sulphide,  US,  is  produced  with  incandescence  when  metallic  amnion 
is  heated  in  sulphur-vapour  (Peligot);  <^uickly  also,  but  without  incandescence, 
when  uranous  chloride  is  heated  to  redness  m  sulphydric  acid  (Hermann).  As  tho« 
prepared,  it  is  a  greyiah-black  amorphous  powder,  which  becomes  crystalline  wfaea 
heated  to  whiteness  out  of  contact  with  air.  Uranoua  sulphide  is  also  formed  m«  a 
black  precipitate  on  adding  sulphite  of  ammonium  to  a  solution  of  uranous  chloride  or 
nitrate  (Hermann).  When  exposed  to  moist  air,  it  graduallv  givfs  off  Nolphydric 
acid,  and  is  converted  into  a  basic  sulphate;  when  heated  in  thn  air,  it  gives  off  sul- 
phurous oxide,  and  is  converted  into  uranoso-uranic  oxide.    It  is  not  decoaipoeed  by 
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Unt  hydrochloric  mdd,  but  dissolyes  easily  in  the  concentrated  acid.    Chlorine  deoom- 
poees  it  iapidl;|r ;  nitric  acid  converts  it  into  nranic  sulphate. 

When  an  oxide  of  uranium  is  ignited  in  a  mixture  of  carbonic  dioxide  and  carbonic 
disulphide,  the  higher  oxides  are  reduced  to  uranous  oxide,  but  the  latter  undeigoet 
no  farther  decomposition.  Uranous  oxide,  and  not  the  sulphide,  is  likewise  produced 
when  uranous  sulphate  is  heated  in  hydrogen-gas ;  or  when  a  mixture  of  uranous 
oxide  and  sodium-uranate  is  ignited  with  fiowers  of  ftulphur  and  sal-ammoniac ;  or 
when  uranous  sulphate  is  heated  with  persulphide  of  potassium.    (Hermann.) 

Uranous  Oxysulphidey  U'S*0  ««  2US.U0,  is  produced,  according  to  Hermann, 
when  uranous  or  uranoso-uranic  oxide  is  heated  to  bright  redness  in  vapour  of  carbonio 
disulphide. 

Uranie  Oxysulphide,  or  Sulphide  of  Uranyl/\B  precipitated,  according  to 
Be  me  16  (Gompt.  rend.  Iviii.  716),  by  sulphide  of  ammonium  from  a  solution  of 
nranic  nitrate.  It  dissolves  partially  in  cold  water,  forming  a  brown  solution,  'iriiich 
deposits  uranie  oxide  on  standing. 

Uranie  Sulphide  has  not  been  obtained  in  the  separate  state;  but  when  the 
precipitate  formed  by  sulphide  of  ammonium  in  uranie  salts  is  left  for  a  day  or  two  in 
the  liquid,  it  is  converted  into  a  blood-red  compound  containing  ammonium-sulphide ; 
and  this  compound,  when  treated  with  potash-ley,  yields  a  red  pulverulent  body  contain- 
ing, according  to  Patera,  K-S.2U«S»  4  21(K»0.2U«0*.3H20).  The  red  ammonium-com- 
pound treated  with  the  chlorides  of  sodium,  barium,  and  strontium,  yields  corresponding 
red  compounds  containing  those  metals.  When  boiled  with  lime  or  magnesia,  it 
turns  black.    (Patera,  knn,  Ch.  Pharm.  Ixxxri.  254.) 

Syn.  with  Ubaconibs  (tV*^)* 

Uran'ffriin.  Uranochalcite. — ^These  names  are  appUed 
to  certain  decomposition-products  of  uranium-ores,  occurring  thereon  in  small  spherical 
masses,  or  in  fine  needle-shaped  crystals,  and  consisting,  according  to  Lindacker,  of 
uranoso-uranic  sulphate  mixed  with  calcic  and  oupric  sulphates. 

CCA.    Syn.  with  UBAMrns  (p.  940). 

Uranochre.  Earthy  Hydruranite,  Uranite  terreu», — 
A  term  applied  to  various  earthy  uranium-minerals,  such  as  ochry  uranie  hydrate 
and  basic  uranie  sulphates,  occurring,  with  or  without  calcic  sulphate,  at  Joachimo- 
thal ;  the  latter  are  also  called  Uraconisft  or  Zippeite, 

muunulK-OXAWOB.  Orange-coloured  uranates  of  potassium  and  sodium 
(p.  948> 

mtAX  ill M-VXTBZOIL.  A  basic  uranie  sulphate  containing  4*0  per  cent.  SO', 
79*0  U'O*,  and  14*3  water,  occurring  in  lemon-yellow,  microsoopic,  rhombic  prisms,  at 
Joachimsthal  in  Bohemia. 

VBAJnUM-TWb&OHBT.  A  term  applied  to  uranate  of  sodium,  used  as  a  pig- 
ment, and  to  uranate  of  ammonium  (p.  948). 

Syn.  with  UaAKTUic-OBBBN. 

Syn.  with  UBAinux-ocmiB. 

A  term  applied  by  Hermann  (J.  pr.  Chem.  Ixxvi.  326)  to 
crystallised  pitchblende  from  Norway,  containing  a  small  quantity  of  niobic  acid. 

mtAJroVBAWB.  A  mineral  consisting  of  hydratod  uranie  silicate,  together 
with  many  other  constituents,  found  in  amine  nearlCupferberg  in  Silesia.  (Handw.  d. 
Chem.  ix.  43.) 

Syn.  with  UBAHrrs  (p.  940). 

Syn.  with  Pitohblbmsb  (p.  946). 

mLAJTOTAlTTAZiZTa.  Syn.  with  SAMABSKm,  or  UsAiroinoBATB  of  Yttbiuic 
AND  Ibom  (iv.  55  ;  v.  186). 

ITBJiJnx.  U'0^ — ^A  diatomic  radicle,  which  may  be  supposed  to  exist  in  ths 
nranic  compounds  (p.  942). 

mUlO.  Tetrasodic  carbonate,  or  sesquicarbonate  of  soda,  Ka^H'(C0')'.2H*0, 
occurring  at  the  bottom  of  a  lake  in  Maracaibo,  South  America  (i.  796). 

Syn.  with  Cusaba  (ii.  185). 
I    See  U&ic  Acid  (p.  956). 

A  mineral  of  unknown  composition,  occurring  in  the  orthoclase  of 
Kotteroe  in  Norway.  It  has  been  supposed  to  be  identical  with  monazite  (cerous 
phosphate);  but,  according  to  Forbes  and  Dahll  (J.  pr.  Chem.  Ixvi.  445),  it  crys- 
tallises in  tridinic  forms,  whereas  monazite  is  monodinic. 
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meric  with  ammoniam-cjanate  and  with  carbamide,  and  fomuDg  the  chief  oigaaie  eon* 
Btitaent  of  human  mine,  was  first  obtained,  in  an  impure  state,  as  Extractmm  $ap(h 
naceum  wrimt^  by  Bouelle  the  youxunr,  in  1773,  and  afterwards  prepared,  in  astate  of 
greater  puritj,  bj  Foureroj  and  Yauquelin,  in  1799.  Wonler,  in  1828  (Pogg. 
Ann.  xii.  253;  xv.  CI 9), obtained  it  by  molecular  transformation  of  ammonium-cjanat^ 
and  it  has  been  further  examined,  chieflj  by  Liebis  and  Wohler  {iUdL  xz.  372X 
Dumas  (Ann.  Ch.  Phjps.  [2],  xliv.  273),  Pelouse  {ibid,  [3],  tL  65),  Marehand 
(J.  pr.  Chem.  xxxiv.  248;  xxxr.  481),  Werther  {uHd,  xxxr.  51),  Heints  (ibid. 
xlii.  401),  and  Millon  (Compt  rend.  xxvi.  119). 

Urea  is  contained  in  the  urine  of  all  mammiferous  animals,  especially  in  that  of  th« 
flesh-eaters ;  in  smaller  quantity  also  in  that  of  birds  and  of  repdlM ;  and  in  the 
renal  secretions  of  some  animals  of  the  lower  orders.  It  is  found  in  small  quantit/ 
in  the  blood  of  man  and  of  other  animals  in  the  state  of  health ;  somHimes  also  in 
the  perspiration,  in  the  amniotic  liquid,  in  morbid  exudations,  and  even  in  the  tissues. 
It  forms  an  essential  constituent  of  the  Titreous  humour  of  the  eye  (about  30  per 
cent,  of  the  solid  substance,  according  to  Millon),  and  has  lately  been  found  by 
Wurtz  (Ann.  Ch.  Pharm.  xcviii.  287)  in  the  chyle  and  lymph  of  razious  animals.  Its 
presence  in  the  animal  economy  is  due  to  the  transformation  of  the  tissues  under  the 
influence  of  oxygen  absorbed  in  respiration ;  it  is,  in  fact,  the  last  term  in  the  series  of 
organic  products  of  oxidation  of  the  nitrogenous  tissues. 

Urea  is  produced  artificially: — 1.  By  the  spontaneous  transformation  of  ammoniom* 
cyanate.  A  solution  of  this  salt^  when  recently  prepared,  exhibits  the  reactions  of 
cyanic  acid ;  but  when  heated,  or  left  to  eraporate,  it  is  converted  into  urea.  Sulpho> 
cyanate  of  ammonium  heated  with  «xida  of  silver  is  first  eonvOTted  into  cyanate  of 
ammonium,  and  then  into  urea. — 2.  From  cyan  amide,  CWH*,  by  assumption  of  1  at^ 
water,  the  change  taking  place  on  adding  a  drop  of  nitric  acid  to  the  aqueous  solntioiL 

3.  It  is  obtained  as  a  product  of  the  decomposition  of  many  organic  bodies  of  oom- 
plex  constitution :  e,g.,  of  creatine,  guanine,  uric  add,  allantoin,  £c 

Urea  is  commonly  regarded  as  identical  with  carbamide,  N*  }  ^^4^   »   And,  oouse- 

quently,  the  processes  which  give  rise  to  this  latter  compound  are  generally  spoken  ol 
as  moaes  of  formation  of  urea.  Such  are  the  reactions  of  gaseous  ammonia  on  cblo> 
ride  of  carbonyl,  of  aqueous  ammonia  on  ethylic  carbonate  (i.  752),  and  the  d«com- 
position  of  oxamide  by  heating  with  mercuric  oxide  (Williamson,  Mimoires  tU 
€ongri$  soimttf.  de  Vemim,  1847): 

N«(C*0«)'^«  +  HgO    -    N«(CO)'^*  +  C0«  4.  Hg. 

But  urea,  though  it  exhibits  most  of  the  characters  of  aa  amide,  espedally  in  being 
resolved  into  carbonic  acid  and  ammonia  by  the  action  of  acids  and  alkalis,  nevertheless 
does  not  appear  to  react  like  an  amide  under  all  circumstances.  Thus,  it  has  htm. 
lately  shown  by  Wanklyn  and  Gamgee  (Chem.  Soo.  J.  xxi.  25),  that  urea,  when 
heated  with  a  great  excess  of  potassium-permanganate  in  presence  of  much  eauide 
potash,  gives  off  the  whole  of  its  nitrogen  in  the  fbrm  of  nitrogen-gas ;  whereas,  when 
ammonium-salts  and  amides  are  similarly  heated,  the  whole  of  the  nitrogen  is  ozidited 
to  nitric  acid.    Hence  Wanklyn  and  (Hmgee  rward  urea  as  oonstitated  difibreatlv 

((NH)" 
from  carbamide,  and  represent  it  by  the  formula  C<  NH'  ,  which  it  that  of  mazili- 

I  OH 
gas  having  2  at  hydrogen  replaced  by  imidogen,  one  by  amidogen,  and  the  fljurth  br 

hydrozyL   Carbamide  may  be zepresented  on  the  same  type  as  C-l  NH*,  and  cyanate 

lo" 

!yrm 
0(NH^V 
Preparation  of  Urea. — 1.  From  urine. — ^The  urine  is  evaporated  to  dryness  over  the 
water-bath ;  the  residue  is  exhausted  with  alcohol ;  the  solution  again  evaporated;  and 
the  residue  exhausted  with  absolute  alcohol :  the  resulting  solution  yields,  by  evaporatioo, 
alightiy  coloured  urea. — Or  urine  concentrated  by  evaporation,  or  by  leaving  it  to  fiwese, 
is  treated  with  nitric  or  oxalic  add,  which  throws  down  a  predpitate  3  nitrate  or 
oxalate  of  urea.  The  oxalate  may  be  decomposed  by  chaUc,  which  fbnns  insoluble 
caldc  oxalate,  leaving  the  urea  m  solution  (Berselius).  The  nitrate  of  urea  is 
decomposed  in  aqueous  solution  by  carbonate  of  barium  or  potassium ;  the  greater 
part  of  the  resulting  nitrate  of  barium  or  potassium  is  removed  by  evaporation  and 
crystallisation ;  and  the  urea  remaining  in  solution  is  purified  by  repeated  oystalliea- 
Uon  from  alcohoL 
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2.  From  eyanate  of  ammoDimn. — ^The  artifieial  preparaUon  of  nrea  from  this 
nit  yields  a  much  better  product  than  the  preparation  nom  urine.  Cyanate  of  potas- 
sium is  decomposed  by  sulphate  of  ammonium,  and  the  resulting  sulphate  of  potassium, 
which  is  vevy  little  soluble  either  in  water  or  in  alcohol,  is  separated  from  the  urea 
formed  by  transformation  of  the  ammonium-cyanate,  which  is  veiy  soluble  in  both  b'quids. 

The  following  methods  give  good  results : — a.  A  mixture  of  28  pts.  dry  and  pul- 
▼erised  ferrocyanide  of  potassium  and  14  pts.  manganese-peroxide  is  he«ted  on  an 
iron  plate ;  the  solution  obtained  by  exhausting  the  mass  with  cold  water  is  mixed 
with  20^  pts.  dry  sulphate  of  ammonium ;  the  liquid  is  decanted  from  the  precipitated 
sulphate  of  potassium ;  and  the  remaining  portion  of  that  salt  is  removed,  as  fisir  as 
possible,  by  eraporaUon  and  coolin|^.  The  solution  is  then  evaporated  to  diyness,  and 
the  urea  is  extracted  from  the  residue  by  boiling  alcohol  (Lie big). — /9.  Cyanide  of 
potassium,  prepared  by  melting  8  pts.  of  the  dehydrated  ferrocyanide  with  3  pts. 
carbonate  of  potassium,  is  converted  into  cyanate  by  adding  16  pts.  minium  to  the 
melted  mass.  This  salt  is  then  dissolved  out  by  water ;  the  solution  is  mixed  with 
8  pts.  sulphate  of  ammonium ;  the  sulphate  of  potassium  is  removed  as  before ;  the 
filtered  liquid  is  evaporated  to  dryness ;  and  the  residue  is  exhausted  with  boiling 
alcohol  (Clemm,  Ann.  Ch.  Pharm.  Ixvi.  882).  The  alcoholic  solution  of  urea  obtained 
by  either  of  these  methods  frequently  contains  a  certain  portion  of  undeoomposed 
ferrocyanide,  which,  however,  may  be  easily  removed  by  careful  addition  of  ferroso- 
ferric  sulphate. — 7.  According  to  J.  Williams  (Chem.  Soc  J.  xxi.  64),  a  better  and 
more  abundant  product  is  obtained  by  digesting  cyanate  of  lead,  at  a  gentle  heat,  with 
an  equivalent  quantity  of  ammonium-sulphate,  and  evaporating  the  filtered  liquid. 

Properties, — ^From  a  pure  aqueous  solution,  urea  generally  crystallises  in  long 
flattened  prisms  without  terminal  faces ;  but  when  the  alcohohc  mother-liquors, 
still  containing  a  few  impurities,  are  left  to  evaporate,  the  urea  is  obtained  in 
slightly  yellowish  quadratic  prisms,  terminated  by  octahedral  faces.  Frequently  the 
combination  ooP  .  P  .  oP  is  found  at  only  one  extremity  of  the  prism.  Angle  ooP  : 
odP  «  90® ;  ooP  :  P  -  139® ;  P  :  P  -  82° ;  odP  :  oP  -  909.  Urea  has  a  cooling 
taste,  like  that  of  saltpetre.  It  dissolves  in  its  own  weight  of  cold  water,  in  all  pro- 
portions of  hot  water,  and  is  also  very  soluble  in  alcohol  (in  5  pts.  of  cold  and  1  pt. 
of  boiling  alcohol),  but  nearly  insoluble  in  ether.  It  melts  at  120°,  and  decomposes  al 
higher  temperatures. 

DecomposUiotu. — 1.  Under  various  circumstances  urea  takes  up  water,  and  is  re- 
solved into  carbonic  anhydride  and  ammonia: 

COHW  +  HK)     -    C0«  +  2NH». 

This  decomposition  takes  place  when  urea  is  heated  with  water  in  sealed  tubes  to 
temperatures  above  100® ;  or  when  it  is  boiled  with  potash,  Ume,  or  magnesia,  or 
wanned  with  strong  sniphurie  acid,  or  evaporated  with  solution  of  lead-acetate ;  also 
under  the  influence  of  oeone,  in  presence  of  free  alkali  (Gorup-Besanes,  Ann.  Ch. 
Pharm.  cxxv.  307);  also  hj , Mctroiysis,  (Schlagdenhauffen,  J.  Pharm.  [3], 
xliv.  100.) 

2.  In  manv  cases  urea  gives  up  only  half  its  nitrogen  in  the  form  of  ammonia,  the 
other  half  taidng  the  form  of  cyanic  or  cyanurio  acid : 

COH*N»     =     COHN  +  NH". 

Thus  a  solution  of  urea  evaporated  with  nitrate  of  silver,  yields  cyanate  of  silver  and 
nitrate  of  ammonium  (Won ler  and  Liebig). — Urea  heated  with  pAospAofV  anhy" 
dride  yields  phosphate  of  ammonium  and  cyanic  acid,  together  witn  cyanuric  add, 
ammelide,  &c. — Urea  heated  alone  to  150® — 170®  is  converted  into  biuret  and  cyan- 
uric  acid: 

2C0H«N»    -     C«0«H»N«  +  NH«. 

Urea.  Biuret. 

3C0H*N»    -    C»0«H«N»  +  3NH«. 

Urea.  Cyanuric 

acid. 

But  if  the  temperature  be  kept  down  to  a  few  decrees  above  the  melting-point,  a  white 
amorphous  residue  is  obtained,  consisting,  according  to  Gerhardt  (IhxUi,  i.  406),  of 
melanurenic  acid  (Gbrhardt's  ammeline) : 

4C0H*N«    -     C«0«H*N*  +  C0«  +  4NH». 

Urea.  Melanurenic 

acid. 

Urea  heated  to  146® — 160®  with  phenol  also  yields  biuret,  together  with  phenate  of 
ammonium.     (Baeyer,  Ann.  Ch.  Pharm.  cxxxi.  261.) 

Hydroeh^ate  of  urea  heated  to  146^  yields  chloride  of  ammonium  and  cyanuric  add. 
(De  Vry,  Ann.  Ch.  Pharm.  bu.  249.) 
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When  ehlarine  is  passed  over  melted  ure^  hydrochbric  acid  and  nitvogon  an  erohred, 
and  there  remains  a  mixture  of  sal-ammoniac  and  cyannric  add  (Wurtc,  ibid,  IziT. 
307): 

6C0H«N»  +   3C1«     -     2CWHW  +  4NH«C1  +  2Ha  +  li». 

3.  3j  other  reagents,  urea  is  resolved  into  carbonic  anhydride,  water,  and  free  nitio* 
gen.    Thus,  with  nitraus  acid  or  mercuric  nitrite : 

COH«N«  +  NW     -     C0«  +  2HK)  +   2N«. 

Similarly,  by  hypochlorotts  acid  (or  chlorine  in  presence  of  water)  and  kj/pockhrite$: 

COH*N«  +  8C1H0     -     C0«  +   3Ha  +  2H«0  +  m 

The  decomposition  of  urea  by  excess  of  potassium-permanoanate  in  presence  nf  a  con- 
siderable quantity  of  caustic  alkali  has  been  alrea^  mentioned  (p.  960)  ;  under  these 
circumstances,  the  whole  of  the  nitrogen  is  sTolved  in  the  free  state.  When,  on  the 
other  hand,  a  smaller  quantity  of  permanganate  is  used,  so  that  a  portion  of  the  ur(« 
escapes  the  first  action  of  the  permanganate  and  remains  in  contact  with  the  manga- 
nate  of  potassium  formed  by  the  reduction  of  the  permanganate,  part  of  the  nitrogen  of 
the  urea  is  oxidised  to  nitnc  acid.    (Wanklyn  and  G-amgee.) 

4.  Urea  heated  with  ethplia  oxalate  to  136° — 170^  for  sereral  houra  in  a  sealed 
tube,yieldsoxamide,ethylicallophanate,  and  alcohol  (G-rabowski,  Ann.ClL 
Pharm.  cxxxiv.  115): 

2C0H*N«  +  c^\cm*Y  -   c'om^jp  +  c*h«n«o«(c«h»)  +  (C»h»)ho. 

Urea.  Bthjrlic  oxa-  -  Oxamlde.  Bthylic  allopha-  AlooboL 

late.  Data. 

5.  Urea  heated  with  3  pts.  aniline  to  160° — 170°  gives  off  ammonia,  and  forms  di« 
phenylurea: 

COHW  +  2(C^»)H«N    -     COH\C^»)«N«  +  2NH». 

The  reaction  is  analogous  to  that  by  which  triphenyl-rosaniline  is  formed  from  rosa- 
niline  and  aniline,    ^aeyer,  Ann.  Ch.  Pharm.  cxxi.  261.) 

6.  Urea  treated  with  chlorides  qf  acid  radieUs  yields  compound  ureas  oontaining 
those  radicles,  s^.: 

COH«N«  +  C«H?0C1    -    HCl  +  COH«(C«HK))N*. 

Urea.  Chloride  of  Acetylurea. 

acetyl. 

7.  With  ethylio  cyanaU  urea  combines  directly,  forming  the  compound  C^H'*N*0^ 
[»COH«N«  4-  2Cb(C*H*)K],  isomeric  with  creatine,  and  already  described  as  di- 
echyl-tricarbonyl-tetramide  (ii.  666). 

8.  When  urea  and  quercetic  acid  are  mixed  in  aqueous  solution  in  a  certain  propoN 
tion,  direct  combination  takes  place ;  but  with  excess  of  urea,  a  yellow  decomposition- 
product  is  formed.    (Pfaundler,  Ann.  Ch.  Pharm.  cxix.  213.) 

DeieeHon  and  Estimation  of  Urea, 

Pure  urea  is  easily  recognised  by  its  behaviour  when  heated.  To  detect  urea  is 
animal  fluids,  the  alcoholic  extract  is  precipitated  with  nitric  add,  and  the  piec^- 
tated  crystalline  laminae  are  examined  with  the  microscope-gonionieter,  to  ascerftsia 
whether  they  exhibit  the  characteristic  anele  (82°). 

For  the  quantitative  estimation  of  urea,  especially  in  urine,  several  methods 
have  been  proposed. — ^Precipitation  of  the  alcoholic  extract  with  nitric  add,  and 
weighing  the  nitrate  of  urea  dried  at  100°,  does  not  yield  exact  results. — Bun  sen's 
method  of  estimation  is  based  upon  the  resolution  of  urea  into  carbonic  anhydride  and 
ammonia.  The  urea  is  mixed  with  solution  of  barium-chloride  containing  ammonia ;  the 
filtered  liquid  is  heated  in  a  sealed  tube  to  220° — 240° ;  and  the  earbcmate  of  barium 
produced  by  the  decomposition  is  weighed  (Ann.  Ch.  ^arm.  Ixv.  376 ;  Jahr«sb. 
1847-1848,  p.  989).— Ragsky  (Ann.  Ch.  Pharm.  Ivi. 92) and  Heintz  {ibid,  Ixvi  114) 
evaporate  Uie  liquid  with  sulphuric  add,  treat  the  black  residue  with  water  to  dissolve 
OQt  the  resulting  sulphate  of  ammonium,  and  wei^h  the  ammonia  as  chloroplatinate. — 
Mill  on  (ibid,  Ixviii.  870)  decomposes  the  urea  with  a  solution  of  mercuric  nitrite,  and 
determines  the  carbonic  anhydride  thereby  evolved,  by  absorption  in  a  bulb^apparatos 
containing  potash. — Neubauer  (Jahresb.  1863,  p.  702)  effects  the  same  decomposi- 
tion in  an  apparatus  like  that  of  Fresenius  and  Will  for  estimating  carbonic  add 
(i.  38),  and  determines  the  loss  of  weight  resulting  from  the  escape  of  the  carbonic  anhy- 
dride and  nitrogen  together.  This  loss  of  weight,  multiplied  by  0*834,  gives  the  qnan* 
tityof  urea. 

Iji  e  big*  s  volumetric  method  (Ann.  Ch.  Pharm.  Ixxxv.  370^  is  based  upon  the 
predpitability  of  urea  by  mercuric  nitrate,  and  farther  on  the  circumstance  toat  the 
white  predpitate  thereby  produced  is  not  decomposed,  and  therefore  not  turned  yellow, 
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1)7  carbonate  of  ao^nm.  2  vola.  urine  are  miz^  with  1  loL  of  a  baiyta-solntiaii  pre- 
T)ar«>d  with  2  vols,  baryta-water  saturated  in  the  cold,  and  1  vol.  of  a  solution  of 
barium-nitrate  also  saturated  in  the  cold ;  the  liquid  is  filtered  from  the  precipitated 
sulphate  and  phosphate  of  barium ;  and  a  graduated  solution  of  mercuric  nitrate  ia 
added  to  a  measured  quantity  of  this  filtered  liquid  (about  15  c  c.)  till  a  sample  taken 
out  gives  a  yellow  precipitate  with  carbonate  of  sodium.  It  is  convenient  to  dilute 
the  mercuric  solution  to  such  a  degree  that  1  cubic  centimetre  of  it  shall  correspond  to 
0*01  grm.  of  urea.  , 

Bunsen's  method  and  that  of  Kagsky  and  Heintz  gire  very  exact  resulta ;  those 
obtained  by  Millon's  and  Neubauer's  methods  are  less  satisfactory.  Liebig's  Tolume- 
trie  method  is  easy  and  quick  of  execution,  and  the  results  are  very  exact,  when  cer- 
tain necessary  correcUona  are  made.    (See  Ubucb,  p.  966.) 

Compounds  of  Urea. 

a.  With  Acids. — Hydrochlorate  of  urea,  COHW.HCl,  is  produced,  with  evolu- 
tion of  heat,  by  the  action  of  hydrochloric  acid  gas  on  urea.  The  product  is  a  yellow 
oil,  which  solidifies  to  a  crystalline  mass  on  cooling.  It  is  decomposed  by  water,  and 
eren  by  moist  air,  and  is  resolved  by  heat  (at  145°)  into  sal-ammoniac  and  cyauurio 
acid  (p.  952). 

Nitrate,  COH*N*.HNO'. — This  salt,  the  most  characteristic  of  the  urea-com- 
pounds, is  moderately  soluble  in  water,  but  only  very  slightly  soluble  in  nitric  acid. 
Hence  a  crystalline  precipitate  is  obtained  on  adding  nitnc  acid  to  moderately  dilute 
solutions  of  urea,  and  a  concentrated  solution  solidifies  with  nitric  acid  to  a  crystalline 
pulp.  Nitrate  of  urea  separates  in  these  precipitations  in  shining  lamins,  which 
ap{.>ear  under  the  microscope  as  rhombic  or  hexagonal  plates,  the  acuter  angle  of 
which  V  82^.  By  slow  evaporation,  or  by  cooling  of  a  warm  aqueous  solution,  it  is 
sutnetimes  obtained  in  well-defined  prisms.  It  is  more  soluble  in  hot  than  in  cold 
wiiter,  and  dissolves  also  in  alcohoL  It  is  decomposed  by  heat  (at  about  140°),  and 
detonates  when  suddenly  heated. 

Oxalate,  2CQH*N^C*0*H^-  This  salt  separates  in  thin  crystalline  laminie,  mostly 
grouped  in  tufts,  when  a  solution  of  urea  is  mixed  with  a  concentrated  solution  of 
oxalic  acid.  It  dissolves  easily  in  hot  water,  less  easily  in  cold  water,  still  less  in 
alcohol :  it  is  precipitated  from  its  aqueous  solution  by  excess  of  oxalic  acid. 

According  to  Loschmidt  (Wien.  Akad.  Ber.  IL  [2],  7»  384),  oxalate  of  urea  ciys- 
talliaes  in  monoclinic  usually  tabular  prisms,  exhibiting  the  combination  [  ooPoo  ]  , 
oP  .  odP  .  [odP2]  .  [Poo]  .  4.p  .  +2Poo.  Axes  a  :  5  :  c  =  1  :  056415  :  049062. 
Angle  h'.e  -  8C®  10';  TodPoo]  :  odP  •  112°  12';  oP :  +  2Poo  =  119°  4'; 
ooP   :   +  2Poo   »   134°  16 .    The  crystals  cleave  perfectly  parallel  to  +  2Poo . 

The  crystalline  forms  of  several  other  urea-salts  have  also  been  examined  by 
Loschmidt  (Wien.  Akad.  Ber.  lii.  [21,  238;  Jahresb.  1866,  p.  657).— The/i««ara/<r, 
2COH*N«.C*H*0*,  acid  maleaU,  COH«N«.C*H^O*,  neutraJ  maleate,  2C0HW.C*H*0*, 
aeidmalate,  COH*N«.C«HH)»,  and  succinate,  2C0H*N«.C*H«0S  crystallise  in  mono- 
clinic  forms;  the  gallate,  COH*N'''.C'H'0^  in  monoclinic  but  nearly  rectangular 
prisms;  t\iQ  parabanate,  C0HW.C«H-N«O»,  and  the  tartrate,  2C0H*N».C*H«0«,  in 
rhombic  forms ;  and  the  citrate,  2C0H*N^C*H'0',  in  shining,  six-sided,  tridinic 
prisms. 

/3.  With  Metallic  Oxides. — On  adding  moist  silver-oxide  to  a  solution  of  urea,  a 
grey  powder  is  deposited,  made  up  of  fine  needles,  and  containing  2COH'N^3Ag'0. 

Mercuric  nitrate  adiled  to  a  solution  of  urea  mixed  with  putash,  forms  a  white  precipi- 
tate containing  COH^N^2HgO. — Mercuric  chloride  forms  in  the  same  solution  a  white 
precipitate,  2COH*N'.3HgO,  which  turns  yellow  in  boiling  water.  On  adding  mer- 
curic oxide  to  a  warm  solution  of  urea,  the  compound  COH^N'.HgO  appears  to  be 
produced. 

y.  With  Salts. — A  solution  saturated  in  the  cold  with  equivalent  quantities  of  urea 
and  sodtum-^hloride.  yields,  on  evaporation,  shining,  well-developed,  monoclinic  prisms 
of  the  compound  COH*N*.NaCLH'0. — A  boiling  very  concentrated  aqueous  solution 
of  I  at.  sodium-nitrate  mixed  with  1  at  urea,  deposits,  on  cooling,  long  prismatic  crystals 
of  the  compound  C0Il*N'.NaN0*.H*0.  Urea  likewise  forms  crystallisable  compounds 
with  the  nitrates  of  potassium,  calcium,  and  magnesium,  chloride  of  cadmium,  and 
mercuric  chloride. 

With  nitrate  of  silver,  urea  forms  the  two  compounds,  C0H*N*.AgN0*  and 
C0H*N*.2AgN0'.  The  former  is  obtained  in  large  rhombic  prisms,  when  solutions 
of  urea  and  silver-nitrate  are  mixed  together,  either  cold  or  warm.  The  second  sepa- 
rates in  prismatic  crystals,  by  evaporation  in  a  vacuum,  from  a  solution  containing  an 
excess  of  the  silver-salt. 

8.  With  Nitric  Anhydride  and  Mercuric  Oxide. — Meicoric  nitnt«  added  to 
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a  BoluiiOD  of  area  fotmi  a  white  precipitate,  the  oompontioD  of  which  Tariei  aeoording 
to  circametaiices.  When  the  two  eoldtioiis  are  dilute,  and  mixed  while  warm,  tba 
floeculent  precipitate  formed  at  first  quickly  changes  to  a  white  granular  powder 
containing  ^COH*N'.N*0*.4HgO.  When  a  solution  of  mercuric  nitrate  is  ponrea  into  » 
solution  of  urea  as  long  as  a  precipitate  is  formed,  and  this  precipitate  is  exposed  for 
some  time  to  a  temperature  of  40*^ — 50^,  it  is  transformed  into  a  mass  of  six-sided 
shining  laminae,  consisting  of  2COH*K'.N''0'.8HgO.  Lastly,  when  a  solution  of 
nitrate  of  urea  is  mixed  with  ai\  acid  solution  of  mercuric  nitrate  till  turbidity  ensues, 
the  liquid  deposits,  on  standing,  crystalline  crusts  made  up  of  small  tabular  crystals  of 
the  compound  COH*N«.NK)*.2HgO.    (L  i  e  b  i  g.) 

The  composition  of  these  three  compounds  is  not  yet  definitely  fixed ;  it  is  not  known, 
indeed,  whether  they  contain  mercuric  oxide  and  nitrate  of  urea,  or  urea  combined 
with  mercuric  nitrate  and  mercuric  oxide. 

Substitution-derivatives  of  Urea. — Compound  Ureas, 

These  bodies  have  already  been  described  as  carbamides  (i.  758).  They  must,  how- 
ever, be  regarded  as  derivatives  of  urea,  not  of  carbamide,  if  carbamide  and  urea  are 
really  distinct  compounds ;  for  those  which  contain  acid  radicles  are  produced  by  the 
action  of  acid  chlorides  npon  urea  itself;  and  those  containing  alcohol-radicles  ara 
obtained  by  processes  exactly  analogous  to  those  which  yield  normal  urea — ris.,  by 
the  action  ox  ammonia  on  cyanic  ethers,  or  of  amine* bases  on  cyanic  acid  or  cyanic 
ethers.  Corresponding  derivatives  of  carbamide  might  be  produced  by  the  action  of 
amines  on  phosgene  or  on  carbonic  ethers,  but  the  reaction  does  not  appear  to  have 
been  tried. 

Ureas  contuning  two  atoms  of  alcohol-radicle  are  likewise  formed  by  the  action  of 
water  on  cyanic  e(£ers,  an  amine  being  produced  in  the  first  instance,  and  then  com- 
bining with  the  rest  of  the  cyanic  ether ;  thus : 

Cq(C«H»)N  +  HH)     -     C0«  +  (C«H»)H«N. 

Bthjriic  BthyUmiM. 

cyAoate. 

CO((?H»)N  +  (C«H»)H«N     -    OOH«(C«H»yN«. 

Ethylic  DWtbjluraa. 

qranate. 

Diethylurea  is  also  produced  by  distilling  the  oily  body,  C^H'^I^O',  formed  by  ths 
action  of  potash  on  cyanuric  ether  (ii.  293): 

C»H»'N«0«     -     CO(C«H»)N  +  COH«(C«H»)»N«. 

Etbylic  Diethylurea. 

cyanAte.  * 

Polymeric  ureas  containing  ethylene  are  produced  by  the  action  of  cyanic  add  or  the 
^anic  ethers  on  ethylene-diamines  (ii.  595) : 

(Cm*)"H«NHn«  +  2C0AgN    -    2AgCl  +  CK>m\C*R*yiS^\ 

Chloride  of  ethy-  Cyanateof  Bthyleoe-orea. 

lenc.diaininoDtum.  lilver. 

The  properties  and  reactions  of  the  compound  ureas  are  analogous  to  those  of  una 
itself.  Thev  mostly  crystallise  in  deliquescent  prisms,  easily  soluble  in  water  and  in 
sJcohol.  Tnev  form  ciystallisable  compounds  with  nitric  acid,  but  on  the  whole  do 
not  unite  with  acids  so  easily  as  normal  urea.  Those  which  contain  only  1  at. 
aloohol-radide  are  resolved  by  heat  into  cyanic  acid  and  an  amine-base.  Dimethyl- 
urea  and  diethylurea  are  volatile  without  decomposition ;  or,  rather,  they  are  repro- 
duoed,  durine  the  distillation,  by  the  combination  of  the  products  (cyanuric  ether  and 
ethylamine,  for  example)  resulting  from  their  decomposition  in  the  earlier  stage  of  the 
process. 

mftSZBBS.  Compounds  containing  the  elementa  of  a  urea-salt  minus  water.  (Ses 
Ubio  Aon>,  p.  958.) 

mOKTm    This  name  has  been  applied  to  the  group  CH*NO,  which,  by  suhititatioa 

for  1  at  hydrogen  in  ammonia,  may  be  supposed  to  form  urea,     ^     [K,  and  by 

■ttbstitution  for  2  at.  hydrogen,  biuret,  ^^^£^)  I N  (i.  600). 

Syn.  with  Amtlio  Cabbaxatb. 

A  name  first  applied  to  ethylic  carbamate,  afterwards  extended 
to  all  carbamic  ethers  (i.  750). 

Syn.  with  Mbthtxjo  Cabbaxatb. 
CN^H'O*.    Litkic  acid,    Hamsqure, — ^This  important  ^^id  was 
difloovated  by  Scheele  in  1776,  but  waa  fint  submitted  to  a  miunto  txamination  by 
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Liebig  mod  WShler  tn  1838  (Ann.  Ch.  Fbarm.  zzri.  241).  Its  reaetiooi  and  tnns- 
Ibnnations  have  also  been  examined  bj  Brngnatelli  (Ann.*  Ck.  Phje.  [21,  viii. 
30 1),  who  ditoovored  alloxan ;  by  Front  (Ann.  PhiL  xiy.  368),  who  dtBcorered  mnr- 
•xidb;  foth^r  by  Gregory  (Ann.  Ch.  Pharm.  zzxtii.  884;  Iz.  267),  Schlieper 
{Oid,  hr.  262;  In.  I;  Ixtu.  281),  Pelonxe  (Ann.  Ch.  Phya.  [3],  vi.  71),  and,  more 
cepectallT  of  late  years,  by  Baeyer  (Ann.  Ch.  Pharm.  czzyu.  199 ;  czxx.  129 ;  czzzv. 
812;  Jahreeb.  1863,  p.  621 ;  1864,  p.  632;  1866,  p.  362),  who  has  disoorered  a  con- 
sidefmble  number  of  new  deriTatives  of  uric  acid,  and  giyen  the  most  complete  and 
eonnected  aoeonnt  of  the  uric  add  groap  of  compounds  yet  published. 

Uric  acid  is  a  product  of  the  incomplete  oxidation  of  animal  tissue.  In  combination 
diiefiy  with  ammonia,  it  forms  the  principal  urinary  constituent  voided  by  insects, 
Und-reptiles,  and  birds  (whence  it  is  found  in  guano).  Normally  it  occurs,  but  in 
small  propoition*  in  the  urine  of  man,  and  is  found  in  yet  smaller  proportions  in  that  of 
eamlTorous  quadrupeds,  and  can  scarcely  be  said  to  exist  in  that  of  herbivorous  and 
omntvorons  quadrupeds. 

According  to  various  authorities,  it  is  constantly  present  in  the  juices  of  the 
human  spleen,  liver,  lungs,  and  brain.  The  merest  traces  of  it  are  also  met 
with  normally  in  blood ;  but  in  certain  forms  of  disease,  such  as  albuminaria,  and  more 
especially  gout,  its  proportion  in  the  blood  becomes  very  appreciable.  In  certain 
cases  of  gout,  indeeo,  all  the  fluids  of  the  body  are  found  more  or  less  saturated  with 
uric  add,  and  some  of  them  even  supersaturated,  so  as  to  deposit  the  concretions  of 
fodium-urate,  oommonlv  known  as  cnalk-stones.  Lastly,  the  excess  of  it,  occurring 
under  greater  or  less  derangement  of  bodily  health,  is  frequently  discharged  by  the 
kidneys,  and  deposited  in  the  form  of  urinair  sediment,  gravel,  or  calculus. 

Ko  artificial  method  of  producing  uric  ada  has  yet  be^  disoovend. 

Preparation, — The  best  material  for  preparing  uric  add  is  the  excrement  of  serpent*. 
This  substance,  which  consists  chiefly  of  ammonium-urate,  is  boiled  with  dilute 
potash  or  soda-ley,  till  completely  dissolved ;  and  the  filtered  solution  is  supersaturated 
with  hydrochloric  or  dilute  sulphuric  acid,  whereby  the  uric  add  is  thrown  down  as  a 
flocculent  gelatinous  precipitate,  which  soon  becomes  crystalline.  Potash  is  better 
adapted  for  the  purpose  than  soda,  because  urate  of  potassium  is  much  more  soluble 
than  urato  of  sodium. 

Uric  add  may  iJso  be  prepared  from  guano,  by  boiling  that  substance  with  a  dilute 
solution  of  borax  (1  pt  uomx  to  120  pts.  water),  whereby  a  solution  of  sodium-urate  ia 
obtained,  and  predpitating  with  hydrochloric  add. 

Properti€$. — Uric  add  predpitated  by  hydrochloric  add  is  anhydrous,  and  forms 
small  perfectly  white  crystalline  scales.  When  slowly  deposited  from  dilute  solu- 
tions, it  sometimes  separates  in  large  crystals  containing  C*H^N^0'.2HK).  It  is  nearly 
insoluble  in  fco/tfr,  1  pt.  of  it  requiring  16,000  pts.  of  cold  and  1,800  pts.  of  boiling 
water  to  dissolve  it ;  in  alcohol  and  ether  it  is  quite  insoluble.  Concentrated  ml* 
pkurie  acid  dissolves  it  abundantly  when  heated,  and  the  solution,  on  cooling,  deposits 
a  verydeliquescent  compound,  containing  C*N*HH)*.4S0*H*,  according  to  Fritssche ; 
C*N«b*0*.2S0«H*,  according  to  Lowe  (Boll.  Soc.  Chim.  1867, 1  442>  Water  added 
to  the  solution  predpitates  the  uric  ada. 

Pecompoiitions, — 1.  Dry  uric  add,  when  heated,  decomposes  without  melting,  giring 
off  hydrocyanic  acid,  yielding  a  sublimate  of  cyanuric  acid,  cyanate  of  ammonium, 
urea,  and  carbonate  of  ammonium,  and  leaving  a  carbonaceous  reddue. — Uric  add 
heated  with  toater  for  some  time  to  180^,  undergoes  a  decomposition,  the  chief  product 
of  which  is  mycomelic  add  (Hlasiwetz,  Ann.  Ch.  Pharm.  ciiL  211) : 

C»N*H*0«     -    C*N«H*0»  +  CO. 

An  alkaline  solution  of  uric  add  boiled  for  a  considerable  time  yields  uroxanic  add, 
together  with  formic  add,  oxalic  acid,  and  urea. — 3.  Uric  add  fused  with  hydrate  of 
foiassium,  gives  off  ammonia,  and  leaves  a  reddue  containing  oxalate,  carbonate,  and 
cyanate  of  potassium. 

4.  Dry  uric  add  is  not  attacked  by  dnr  chlorine  at  ordinary  temperatures,  but  when 
heated  in  the  gas,  it  is  decomposed,  yielaing  cyanic  add  together  with  other  products. 
When  chlorine  acts  upon  uric  add  in  presence  of  water,  ^oxan  and  parabanic  add 
are  produced  in  the  first  instance,  ana  ultimately  carbonic  add,  oxalic  add,  and  am- 
monia. According  to  L.  Hardy  (Ann.  Ch.  Phys.  [4],  ii.  872),  uric  add  suspended 
in  water  is  converted  by  bromine^  at  ordinary  temperatures,  into  alloxan  and  urea: 

C^«H*0»  +  Br«  +  2H«0     -     C*N»H«0*  +  CN«H*0  +  2HBr. 

If  the  mixture  becomes  heated  during  the  reaction,  parabanic  add,  oxalic  add,  and 

bromide  of  ammonium  are  likewise  produced.    Chlorine  and  iodine  act  in  like  manner. 

Most  oMi&ing  substances  convert  uric  add  into  alloxan  or  parabanic  add ;  when 

boiled  with  water  and  peroxide  qf  lead,  it  yields  allantoin.— With  chlorous  acid,  il 
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yieldB,  according  to  Schiel(Ann.  Ch.  Phann.  czii.  78),  a  chlorinated  acid  called 
chloraluric  acid  (i.  884). — Ozone  is  quicklj  absorbed  by  uric  add,  forming  alian- 
toin  and  urea,  together  with  other  products  (Gornp-Besanec,  ibid,  ex,  433). 
Uric  add  boiled  wiUi  a  solution  of  potassium'/errieyanide  containing  caustic  potAso, 

C'elds  carbonate  of  potassium  and  allantoin,  part  of  which  ia  ultimately  conrertod  into 
ntanuric  add  and  urea. 

Detection  and  Estimation, — Uric  acid  maj  be  recognised  by  its  insolubility  in 
water  and  in  hydrochloric  acid,  and  by  its  crystalline  character  under  the  microscope 
(generally  rhombic  tables  with  the  obtuse  angles  rounded  ofl^  and  often  associated  with 
dumbbell-shaped  crystals*),  and  espedally  by  its  reaction  with  mtrie  acid.  On 
moistening  it  with  nitric  acid,  and  evaporating  at  a  gentle  heat,  a  yellow  or  leddie^ 
residue  is  obtained,  whidi  assumes  a  fine  violet-red  colour  when  treated  with  ammonia, 
and  violet^blue  with  potash  (murexide  and  purpurate  of  potassium,  ir.  748).  Another 
yeiy  delicate  reaction  is  given  by  Schi ff  ^Ann.  Ch.  Pharm.  dx.  05).  The  uric  acid 
is  dissolved  in  carbonate  of  sodium^  and  a  drop  of  the  solution  is  hud  on  papv  moia- 
tened  with  tilver-aolution  ;  if  uric  add  is  present,  a  brown  spot  is  formed,  oarbonate  of 
silver  being  reduced  by  uric  add  at  ordinaxy  temperatures. 

For  the  quantitative  estimation  of  uric  add  in  urine,  the  liquid  is  mixed  with 
hydrochloric  acid,  and  left  to  stand  for  twenty-four  hours,  and  the  pulveorulent  deposit 
of  uric  acid  is  weighed.    (See  Ubimb,  p.  967). 

U rates. — Uric  acid  is  dibasic  Its  salts  are  but  sparingly  soluble  in  water,  much 
moie  easily  in  alkaline  liquids,  especially  when  heated,  freely  soluble  also  in  solutions 
of  borax.  They  have  been  examined  chi^y  by  Bensch  (Ann.  C9i.  Pharm.  lir.  189 ; 
Ixv.  181). 

Acid  urate  of  ammonium^  C*N*H'(NH*)0*,  is  produced  whenever  uric  add  and 
ammonia  come  in  contact,  and  usually  forms  a  white  amorphous  mass,  but  is  deported 
in  fine  needles  from  a  solution  containing  excess  of  ammonia.  It  dissolves  in  1,800  pta 
of  cold  wator.  This  salt  occurs,  together  with  free  uric  add,  in  the  excrementa  ol 
birds  and  serpents.    The  neutral  ammonium-salt  is  not  known. 

Potassium-salts.^'nit  neutral  salt,  0*N*H<K*0*,  is  obUined  by  saturating  a 
cold  dilute  solution  of  potash,  fr^e  fix>m  carbonate,  with  uric  acid,  and  boiling  down 
the  solution  in  a  retort  At  a  certain  degree  of  concentration,  the  salt  is  deposited  in 
fine  anhydrous  needles,  which  may  be  purified  by  decanting  the  dear  liquid  and 
washing  with  dilute  alcohol.  It  dissolves  in  44  pts  of  cold  and  36  pta.  of  boiling 
water ;  the  solution  is  slowly  decomposed  by  boiling.  The  salt  has  a  caustic  taate, 
and  qukkly  absorbs  carbonic  acid  fr^m  the  air. — ^The  acid  salt,  C^N^H'KO*,  ia  pred- 
pitated  in  a  granular  form  on  passing  carbonic  add  gas  throtigh  a  solution  of  the 
neutral  salt.  It  dissolves  in  800  pta  of  cold  and  in  about  80  pts.  of  boUing  water, 
from  which  solution  it  is  deposited,  on  cooling,  in  amorphous  flocks. 

There  are  two  urates  of  sodium — the  neutral  salt,  containing  C*N*H*Na*0*.H'0 
and  the  acid  salt,  ON'H'NaO'.    Both  are  less  soluble  than  the  corresponding  potaa- 
aium-salts. 

Urate  of  Lithium  is  more  soluble  than  any  of  the  other  alkaline  urates:  hence 
lithia-water  is  sometimes  prescribed  to  gouty  patients,  and  others  who  suffer  frt>m  a 
superabundance  of  that  add. 

Urates  of  Barium.—The  neutral  salt,  C*N<H*Ba''0*,  is  obtained  by  adding  uric 
acid  to  a  boiling  saturated  solution  of  baryta,  keeping  the  latter  in  excess.  One  pt.  of 
it  dissolves  in  7,900  pts.  of  cold  and  1,790  pts.  of  boiling  water. — The  acid  salt, 
G'^N^H^Ba^'O*,  produced  by  boiling  uric  add  with  water  and  carbonate  of  barium,  ia  a 
white  powder,  insoluble  in  water  and  in  aloohoL 

Urates  of  Strontium. — These  salts  are  prepared  like  the  barium-aalta. — ^The 
neutral  salt,  C^^H*Sr"0'.2H'0,  appears  under  the  nucrosoope  as  a  mass  of  fine 
needles  grouped  in  stars.  It  absoros  moisture  from  the  air ;  gives  off  its  water  of 
crystallisation  at  165^;  decomposes  at  170^;  dissolves  in  4,300  pts.  of  cold  and  1,790 
pts.  of  boiling  water.— The  add  salt,  C**K*H*S^'0*.2H*0,  ia  white,  amorphous,  inso- 
luble in  alcohol  and  in  ether.  One  pt.  of  it  dissolves  in  603  pta.  of  cold  and  276  pta.  of 
boiling  water. 

Urates  of  Calcium,— The  neutral  salt,  C*N^H'Ca''0',  is  obUined  by  dropping  a 
solution  of  the  neutral  potassium-salt  into  a  boilins  solution  of  <»Idum-chloride  till  a 
permanent  predpitate  begins  to  form,  and  boiling  the  solution  for  an  hour ;  u^e  of 
calcium  is  then  depodted  in  anhydrous  grains,  soluble  in  1.500  ptis.  of  cold  and  1,440 
pU.  of  boiling  water.— The  add  salt,  C"N«H«Ca''0*.2H«0,  separatee,  on  mixing 
chloride  of  calcium  with  a  boiling  solution  of  add  urate  of  potassium,  as  an  amorphous 

•  These  cryttalt  have  been  suppoted  to  moalst  orammoDiuir.-oxslitrate,  but  thdr  nature  hu  not 
been  exactl j  aacertained. 
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|iredpitate,  soltible  in  603  pts.  of  cold  and  276  pto.  of  boiling  water,  mnch  more  eoluble 
m  water  containing  chloride  of  potassium. 

Urate  of  Magnesium, — ^The  neutral  salt  is  not  known. — The  acid  salt, 
C**N'H*Mg''0*.6HK),  separates,  after  two  or  three  hours,  from  a  mixture  of  magne- 
aium-Bulpl^te  and  acid  potassium-urate,  in  silky  nodules,  which  often  float  at  the 
surface  of  the  liquid.  The  solution  of  these  nodules  in  boiling  water  deposits  needles, 
which  at  170°  give  off  19*2  per  cent,  water  of  crystallisation,  corresponding  to  rather 
less  than  5  at.  H*0. 

Urates  of  Copper. — The  cupnc  salt  is  a  green  precipitate,  whieh  turns  brown 
when  boiled  with  water.  A  solution  of  uric  acid  in  potash  produces,  in  an  alkaline 
cupric  solution,  a  white  crystalline  precipitate  of  ctfproiM  urate^  which  is  permanent  in 
the  air,  is  decomposed  by  hydrochloric  acid,  yielding  uric  acid  and  cuprous  chloride, 
does  not  undeigo  any  alteration  in  hot  water  or  potash-ley,  but  when  boiled  with  the 
alkaline  cupric  solution,  is  converted  into  red  cuprous  oxide  (Berlin,  J.  pr.  ChenL 
Ixxxi.  184).  Babo  andMeissner  (Jahresb.  1858,  p.  639)  nave  applied  this  reac- 
tion to  the  yolnmetric  estimation  of  uric  acid ;  but  the  results  do  not  appear  to  be  very 
trustworthy. 

Ura  te  o/  ieaii,  C**N*H*Pb''0*,  iaobtained — ^by  dropping  a  dilute  solution  of  neutral 
potassium-urate  into  a  boiling  dilute  solution  of  lead-nitrate,  separating  the  yellow 
precipitate  which  first  forms,  and  adding  a  fresh  portion  of  the  potassium-salt  to  the 
filtrate — as  a  white  amorphous  precipitate,  apparently  anhydrous,  and  quite  insoluble 
in  water  and  in  alcohoL 

Urate  of  8il  v^r  is  a  white  amorphous  precipitate,  which  quickly  suffers  reduction. 

Ethtlubic  Acids.  (Drygin,  Jahresb.  1864,  p.  630.) — Neutral  urate  of  lead 
heated  with  excess  of  cthylic  iodide  to  100^  for  24  hours,  or  to  120^  for  12  hours, 
yields — together  with  iodide  of  lead—  two  ethylic  derivatives  of  uric  acid :  namely,  <li  - 
ethyluric  acid,  C^N^H'(C«H*)«0',  and  triethyluric acid,  C*N«H((?H»)«0«,  which 
may  be  separated  by  cold  ether-alcohol,  the  latter  only  dissolving  therein. 

biethyluric  acid,  the  most  abundant  product  of  the  reaction,  dissolves  in  water  and 
in  alcoholf  but  not  in  ether,  remains  as  an  amorphous  mass  when  its  alcoholic  solution 
18  evaporated,  and  ci7stalli»e8  from  hot  water  in  broom-shaped  groups  of  short  obtuf<e 
needles,  which  sublime  with  difficulty.  It  dissolves  in  cold  potash-ley,  and  is  preci- 
pitated therefrom  by  hydrochloric  acid,  in  amorphous  flocks  which  turn  red  after  some 
time.  It  is  decomposed  by  heating  with  dilute  hydrochloric  add,  but  the  products 
have  not  been  examined.    Iodide  of  ethyl  converts  it  into  the  triethylated  compound. 

Triethyiurie  o/cid  is  soluble  in  ether,  alcohol,  and  hot  water,  crystallises  in  small 
slender  needles,  melts  when  carefully  heated,  and  sublimes  very  easily.  It  dissolves 
in  potash,  and  is  precipitated  therefrom  by  hydrochloric  acid  in  white  needles.  When 
heiited  with  hydrochloric  acid  it  gives  off  gas,  and  yields  a  product  having  the  compo- 
sition, but  not  the  properties,  of  diethyluric  acid. 


Products  formed  from  Uric  Acid  hy  Oxidation,  jv. 

Uric  add  is  remarkable  for  the  f&dlity  with  which  it  is  altered  by  oxidising  agents, 
and  the  great  number  of  definite  and  crystallisable  compounds  obtained  in  this 
manner,  or  by  treating  the  immediate  products  of  oxidation  with  acids,  alkalis,  re- 
dudng  agents,  &c  The  following  is  a  list  of  the  prindpal  compoimds  thus  produced  :— 


Uric  acid  . 
Pseudo-uric  add 
Uroxanic  add    . 
Alloxan     . 
Alloxanie  acid  • 
Alloxantin 
Barbituric  add  . 


C»N<H«0».H« 
C^N«H»0».H« 


Bromobarbituric  add  C*N«H''BrO».H 
Dibromobarbituric } 


acid 
Violuric  acid 
Dilituric  add 
Violantin  . 
Bialuric  add 
Uramil 


{ 


CWH^r«0« 

C'N«H»0*.H 
C<N«HK)« 


Thionuric  add 
Hvdurilic  acid 
Allantoin 
Glycoluril 
Mycomelic  add 
Oxaluric  acid 
Allanturic  add 
Hydantoin    . 
Hydantoic  add 
Allituric  acid 
Leucoturic  acid 
Parabanic  acid 
Dibarbituric  acid 
Murexide 
Mesoxalic  acid 


C*N«H»0«S.H« 

ON«H«0* 

C*N*H»0=.H 
C'N2H«0«.U 

C«N«H»0».H 
CN^HW.TI 

C'N^n-0* 
C*N*H*0».H« 


When  uric  acid  is  subjected  to  an  oxidising  agent,  in  presence  of  water,  it  fl;ives  up 
two  of  its  hydrogen-atoms  :o  the  oxidising  agent,  while  the  debydixigenised  residue 


958  URIC  AGIO. 

(which  may  be  called  dehydnrie  acid)  reafets  with  water  to  focm  meaozalie  aeid 
and  urea: 

CW*HH)«  +  4HH)     -     C«H«0»  +  2CN«HK). 
D«hyduric  MetoKalic  Urea, 

acid.  acid. 

The  sepajation  of  the  tuea  generally  takes  place,  however,  by  two  etageat  the  ftrst 
portion  being  removed  more  easily  than  the  second ;  thus,  when  dilate  nitric  add  acts 
npon  uric  acid,  alloxan  is  produced ;  and  this,  when  heated  with  baryta-water,  is  far- 
ther resolved  into  mesoxaUc  acid  and  urea : 

ON^HW  +   2HK)    -   CWHH)*  +  CN«H«0. 
Debjrdaric  AUoxan.  Urea, 

acid. 

C*N«H*0«  +   2HH)     =     C»HK)»  +  CN«H*0. 

Alloxan.  Mesoxalic  Uraa. 

add. 

Moreover,  the  urea  is  frequently  resolved  into  carbonic  acid  and  ammonia  by  the 
action  of  the  acids  or  alkalis  present 

Alloxan  is  a  monureide  of  mesoxalic acid — ^that  is  to  say,  it  is  a  compound  of  that 
acid  with  one  atom  of  urea  minus  2H'0  ;  and  the  hypothetical  dehyduiic  acid  is  the 
diureide  of  the  same  acid,  derived  from  it  by  addition  of  1  at.  xirea  and  subtraction 
of  4  at  water.  Now,  by  hydrogenising  mesoxalic  acid,  we  obtain  tartronic  acid, 
C*H'0;  and  by  hydro^nising  alloxan,  we  obtain  dialuric  acid,  which  two  bodies, 
accordingly,  bear  to  unc  acid  the  same  relation  that  mesoxalic  acid  and  urea  bear  to 
dehyduric  acid :  thus — 

C^»0*.        (yWEK)\        C»N*HK)«. 

Me«oxaIic  Alloxan.  Dehrdurio 

acid.  acid. 

C«H«0».        C*N»H*0*.        CWH*0». 

Tartronic  Dialuric  Uric  •dd. 

add.  add. 

And  just  as  the  hypothetical  dehyduric  acid  yields  mesoxalic  acid  and  alloxan,  wo  should 
actual  uric  acid  yield  tartronic  and  dialuric  acids.  These  bodies,  however,  have  not 
been  obtained  by  the  direct  breaking-up  of  uric  acid,  but  only  by  rehydrogenising 
the  mesoxalic  acid  and  alloxan  which  result  from  the  breaking-up  of  its  &hydro> 
genised  product 

Provisionally,  however,  dialuric  and  uric  acids  may  be  regarded  as  tartron-uxvide 
and  tartron-diureide,  respectively. 

The  several  bodies  just  mentioned  are  typical  of  three  well-defined  classes  of  conk' 
pounds,  to  one  or  other  of  which  an  immense  number  of  uric  acid  products  may  be 
referred.  First,  there  is  the  class  of  simple  non-nitrogenous  acids,  or  an-ureides, 
like  tartronic  and  mesoxalic  add ;  secondly,  there  is  a  class  of  bodies  containing  a 
residue  of  the  acid  plus  one  residue  of  urea — ^these  are  the  mon-ureides,  sudi  as 
dialuric  acid  and  alloxan ;  and,  lastly,  the  class  of  bodies  containing  a  residue  of  the 
add  plus  two  residues  of  urea,  or  the  di-ureides,  such  as  uric  add  itself. 

Mesoxalic  acid,  the  most  complex  non-nitrogenous  product  obtainable  direct^ 
from  uric  add,  constitutes  the  third  term  in  the  following  series : 

Afi-ureidea. 

CH*0»,  Carbonic  add, 
C?H»0«,  OxaUc  add, 
C»HK)»,  Mesoxalic  add, 

eadi  of  which  contains  1  at  carbonic  oxide,  CO,  more  than  the  preceding.  Now, 
when  mesoxalic  add  is  acted  upon  by  nascent  oxygen,  its  excess  of  carbonic  oxide  'm 
removed  in  the  form  of  carbonic  dioxide,  and  it  is  thus  converted  into  oxalic  add : 


C«H«0»  +  0 

-      CO*   +    C«HK)«. 

Mesoxalic 

Oxalic 

acid. 

add. 

Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than  that  which  suffices 
to  produce  mesoxalic  acid,  we  obtain  oxalic  acid,  which  may  occur  either  in  its  simple 
anureide  state,  or  ooi^jugated  with  1  at.  urea  to  form  a  monurdde,  sudi  as  para- 
banic  acid ;  or  with  2  at.  urea  to  form  a  diureide,  such  as  my  comelic  acid,  a  body 
related  to  oxalic  acid  just  as  uric  add  is  related  to  mesoxalic  add. 

In  like  manner,  when  uric  add  is  subjected  to  a  still  more  powerful  oxidation  than 
Bufficee  to  produce  oxalic  acid,  we  obtain  carbonic  acid,  which,  like  oxalic  and  mes- 
oxalic acidb,  is  also  capable  of  giving  rise  to  ureides.    No  ureide  of  earbonie  add 
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hatp  indeed,  yet  been  formed  directly  from  nric  add,  the  aetlTe  treatment  required  to 
effect  the  complete  oxidation  of  the  uric  acid  producing  also  a  separation  from  one 
another  of  the  resulting  carbonic  acid  and  urea,  which,  however,  may  be  obtained  in 
combination  by  other  means.  Allophanic  acid,  for  instance,  is  a  monureide  of 
carbonic  acid ;  but  no  diureide  of  this  acid  appears  to  have  been  yet  produced. 

Alloxan,  the  monureide  of  mesoxalic  acid  above  mentioned,  is  formed  from  mes- 
oxalate  of  urea  by  elimination  of  2  at.  water ;  but  there  is  another  monureide, 
namely  alloxanic  acid,  which  differs  from  the  original  salt  by  only  1  at  water. 
Similarly,  oxalic  add  forms  two  monureides — namely,  parabanic  acid  or  paraban, 
analogous  to  alloxan  ;  and  oxaluric  acid,  analogous  to  alloxanic  acid.  Carbonio 
acid,  however,  forms  but  a  single  ureide,  which  is  pioduoed  by  Uie  elimination  of  only 
1  at.  water,  and  accordingly  belongs  to  the  same  series  as  the  oxaluric  and  alloxanie 
acida :  thus — 

Acids,  Ureidea, 

CBPO",    Carbonic.  (W«H*0»,    AUophanic  add. 

Similarly,  among  the  diureides,  some  are  formed  from  the  corresponding  monureides 
by  elimination  of  one  atom,  and  others  by  elimination  of  two  atoms  of  water. 

Mesoxalic  add,  as  already  observed,  is  convertible,  by  deoxidation  or  hydrogenation, 
into  tartronic  acid,  and  by  pushing  the  deoxidation  a  stage  further,  malonic  acid  is 
obtained,  both  of  which  acids  are  capable  of  forming  monureides  and  diureides ;  and, 
in  a  similar  manner,  oxalic  and  carbonic  adds  furnish  a  variety  of  similar  deoxida> 
tion-products. 

Of  the  namerous  compounds  belonging  to  the  uric  add  group  thus  produced,  the 
most  important  are  included  in  the  following  table,*  which  is  divided  perpendicularly 
into  three  columns  of  an-ureides,  mon-ureides,  and  di-ureides,  and  horizontally  into 
three  layers  of  carbonic,  oxalic,  and  mesoxalic  products.  The  compounds  connected  by 
dotted  hues  differ  in  composition  from  one  another  by  an  excess  or  deficit  of  one  atom 
of  urea  minus  one  atom  of  water,  while  those  etanding  on  the  same  level  in  the  ad- 
joining columns,  and  unconnected  by  dotted  lines,  differ  from  one  another  by  an  excess 
or  defidt  of  one  atom  of  urea  minus  two  atoms  of  water : — 

An-ureides.  Mon-ureides,  Di-ureides. 

CH'O*,  Carbonic -C«N»H*0«,  Allophanic 

C«N«H*0«,  Aceturea. 
^  -  ' 'C«N«H«0«,  Glycoluric  .eN«HH)«,  GlycoluriL 

.-^-^  "  .  -  ' '  .  ' '  C*N^K)«.  Allantoin. 

C«H«0«,  Acetic."'    .'"  .---  .'",-'' 

C«H«0«,  Glycollicr '  . - ' "      C«N»H«0»,  Hydantoin. ' '. - ' 
C*H*0«,  Glyoxylic  ,C«N«H*0«,  Lantanuric' '  C*N«HH)»,  MycomeUc 

^  -  -  -  '  ',.C«N»H*0«,  Oxaluric 
C*H«0«,  GlyoxaUc.--^ .  -  -  -  ' 
CHK)*,  Oxalic  - "  '  C«N«H«0«,  Parabanic 

0»N«H«0,  Hypoxanthine. 
CH^O*,  Malonic  C«N*H«0«,  Barbituric  C*N*H*0«,  Xanthine. 

C»H*0»,  Tartronic  C*N»H*0*,  Dialuric. .  C*N«H*0»,  Uric  add. 

C*N«H*0».  Alloxanic    '*"*"•-  -  .C»N*HH)*,  Pseudo-uric 
C"H*0».  Mesoxalic — CWH«0*,  Alloxan. 

Between  some  of  the  consecutive  monureides  shown  in  this  table,  there  exist  bodies 
formed  by  the  union  of  the  two  consecutive  monureides,  with  elimination  of  water. 
Such  is  the  mode  of  formation  of  allituric,  lantanuric,  and  hydurilic  acids, 
and  of  alloxan  tin;  thus: 

C^«H«0*     -     C»N»H*0»  +   C*N«H«0«  -  WO, 

Allituric  Hydantoin.  LantAnunc 

add.  acid. 

•  OdUng*!  •*  Lecture!  on  Animal  Chemistry  **  (London,  1806)  p.  la. 
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Leucoturic  Lantanurk  Panbantr 

acid.  acid.  add. 

HjdariUe  Barblturio  DIalurie 

acid.  add.  add* 

CW*H*0'     -     C*N«H«0*  +  C*N»H«0«  -  HH>. 
Allozaatin.  DIalurie  Alloxan. 

add. 

All  the  eomponncU  above  fonnnlated  are  described  in  their  alphab«tioal  plaeN, 
except  barbituric  acid,  gljooluril,  glycolnric  add,  and  some  deriTaUyes  of  aoetylam 
or  aeetoreide. 

1.  Oxalic  Monureides. — Gljeolnric  acid,  CN'H'O*,  appears  to  be  identical  vitb 
Baejer^s  hydantoic  acid  (iii.  177X 

Thn  barium-salt  of  this  add  is  produced,  together  with  urea,  by  heating  glycdnn] 
(p.  961 )  with  baiyta-water : 

C*N«HH)«  +  2H«0     -    C"N«H«0«  +  CN*H«0. 

Gljcoluril.  Glycoloiic  Urea. 

acid. 

The  urea,  howerer,  splits  up,  in  presence  of  the  baryta,  into  carbonic  acid  and  am* 
monia,  so  that  carbonate  of  barium  is  deposited  and  ammonia  given  oft 

The  glycolurate  of  barium  remains  in  solution,  and  by  decomposing  this  solotioo 
with  dilute  sulphuric  acid  and  evaporating  the  filtrate,  slycoluric  add  is  obtained  in 
transparent  crystals.  Its  dilute  solution,  treated  with  silver-oxide  in  excess,  yields  so 
alkaline  liquid,  whidi  gradually  deposits  a  silver-salt,  CN^^AgO*,  in  tine  pearly 
scales  and  warty  tufts  of  white  needles;  on  acidulating  with  nitric  add,  or  adding 
nitrate  of  silver,  the  pearly  scales  are  deposited  immediately.  (Rheineck,  Ann  Qi. 
Fharm.  cxxxiv.  219.) 

Lantanuric  acid,  C*N*H*0',  is  probably  identical  with  the  allanturic  add  of 
Pe louse  (L  182),  and  with  diffluan  (iL  822). 

The  relations  of  lantanuric  and  oxaluric  acid  to  one  another,  and  to  anodiAr 
uric  acid  product  called  ozaluramide  (iv.  277),  are  the  same  as  those  of  hydrogen 
and  water  to  ammonia : 

H.H,  hydrogen.        ....    C"N«H*(H)0«,  lantanuric  add. 

H.HO,  water C«N«H"(HO)0»,  oxaluric  add. 

HJI»N,  ammonia     ....    C"N«H»(HN)0«,  oxaluramide, 

Tribromacetylurea,  C^*¥PBi*0*  =  CN«H»((?BrK))0,  is  depomted  iromt 
solution  of  dibromobarbituric  add  saturated  with  bromine,  sifter  stanoing  for  twelre 
hours,  or  more  quickly  on  agitadon,  in  colourless  prismatic  needles : 

C*N«H«Br«0«  +  H«0  -h  Br    -    C»N«H"Br*0«  +  C0«  +  HBr. 

The  same  compound  is  separated  by  chlorine  from  a  solution  of  dibromobarbituric  add. 
It  is  'sparingly  soluble  in  cold  water,  easily  soluble  in  alcohol ;  its  vapour  or  powder 
strongly  irritates  the  mucous  membrane  of  the  nose  and  eyes.  It  melts  at  140^,  with- 
out decomposition,  to  a  colourless  liquid,  which  solidifies  at  123^ ;  and  when  mors 
strongly  heated,  gives  ofif  an  oil  (prol^bly  tribromacetamideX  which  solidifies  on  cool* 
ing,  while  cjranuric  add  remains  behind.  Tribromacetylurea  b  decomposed  by  b  il« 
ing  with  water,  adds,  or  alkalis,  yielding  urea^  carbonic  add,  and  bromoform,  the  fb^ 
mation  of  these  products  being,  however,  preceded  by  that  of  an  intermediate  arid, 
probably  CN'H'Br'.HH). — A  solution  of  tribromacetylurea  in  ammonia  becomes  turbid 
immediately  on  boiling,  with  separation  of  bromoform ;  and  the  filtrate,  when  conceo- 
trnted  by  evaporation,  deposits  long  needles  of  isobiuret,  CN'H^O'.HK),  which 
melts  at  185^  (biuret  at  177*^).  but  resembles  biuret  in  other  respects. 

Monobromacetylurea,  C«N«H»BrO«  -  CN^»(C«H«BrO)0,  is  obtained  by  mix* 
ing  3  pts.  urea  with  5  pts.  bromide  of  bromacetyl,  and  reo^staliising  the  product, 
from  dilute  alcohol,  in  needles,  which  dissolve  sparingly  in  cold  water,  and  are  decom- 
posed by  water  at  Uie  boiling  heat,  also  bv  alkalis.  Ammonia  converts  it  intoglycoljl- 
urea  (hydantoin,  iii.  177),  or  into  oxacetylurea  (glycoluric  add): 

CN«H«(C«H«BrO)0     -     CW^\(^R*OfO  +  HBr. 

Brutnacetflurea.  GIfcolylarea. 

CN«H«(C»H«BrO)0  +  H»0     «     CN«H»[C»H»(HO)0]0  +  HBr. 

Bromacetjlurea.  Oxacetfluma. 

2.  Oxalic  DiureideB, — Allantoin  and  mycomelio  acid  are  described  in  their 
alphabetical  places. 

Olycoiuril,  C'N^H*0*,  is  depodted  in  octahedral  crystalf,  when  a  tolotioQ  of 
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allftntoio,  in  about  30  pts.  water,  is  acidulated  with  sulphuric  acid,  and  treated  with 
sodium-amalgam  containing  about  1  per  cent,  of  sodium.  It  contains  1  at.  ozjgen 
less  than  allimtoin.  When  boiled  witn  baryta-water,  it  is  resolved  into  glyooluric  add 
and  urea  (p.  960).    (Rheineck.) 

8.  Mesoxalie  Monureides. — ^The  most  important  of  these  compounds  appear  to  be 
alloxan  and  barbituric  acid.  Alloxan,  the  first  discovered  product  of  tne  artificial 
oxidation  of  uric  acid,  has  recently  been  recognised  by  Liebig,  as  a  pre-formed  con- 
stituent of  urine.  When  treated  with  bromine,  it  yields  dibromobarbituric  acid,  con- 
vertible, by  successive  dehydrogenation,  into  bromobarbituric  and  barbituric  acid, 
which  last  may  be  regarded  as  a  sort  of  nucleus  of  the  following  series  of  compounds : 

Metoxalie  Afonureides, 


C«N*H«(HO)«0«       . 
C*N«H«(Br«)0« 

C*N^«(Br)0« . 
C*N«H«(HO)0» 
ON»H«(H«N)0«      . 
CWH«(H«NSO^O« . 
C*N«H»(NO)0» 
C*N»H«(NO»)0«       . 


Alloxanic  acid. 
Dibromobarbituric  add. 

Barbituric  acid. 

Bromobarbituric  acid. 
Bialuric  add. 
Uramile. 
Thionuric  add. 
Violuric  acid. 
Dilituric  add. 
Violantin. 


This  last  body,  violantin,  appears  to  be,  not  a  residuary,  but  a  comj^eted  compound 
of  violuric  and  dilituric  adds.  The  mutual  relationship  of  barbituric  add,/dialurie 
add,  and  uramile  in  this  subgroup,  is  strictly  parallel  to  that  of  lantanuric  add,  oxalurie 
add,  and  oxaluramide  in  the  oxalic  group.  Moreover,  malonic  and  barbituric  acids  are 
homologous  with  oxalic  and  parabanic  adds  respectively. 

Dibromobarbituric  aot<2, or  ^romaZ/oxan, C^ITH'BrH)'.  (Baeyer,  Jahresb. 
1863,  p.  634 ;  1864,  p.  632.)— This  compound  is  produced  by  the  action  of  bromine  on 
▼iolunc,  dilituric,  or  hydurilic  add, according  to  tne  equations: — 

Br*     -     C*N«BPBr»0»  +  NOBr  +  HBr. 
Dlbromobarbl* 
turicadd. 


C*N»H«(NO)0« 
Vlolark  add. 


C*N«H«(NO«)0«  +  Br* 
Dilituric  acid. 

OTJ«H«0«  +  H«0  +  Br* 

Hydurilic 
add. 


C<N»H«Br»0»  +  NO«Br  +  HBr. 

DitMromobar- 
blturtc  add. 


C*N»H»Br«0« 
Dibromobarbi- 
turic add. 


Alloxan. 


-»•   4HBr. 


To  prepare  it,  hydurilic  acid  (iii.  220)  is  triturated  to  a  paste  with  nitric  add ;  bro- 
mine is  added  as  long  as  it  is  taken  up,  and  the  solution' is  warmed,  whereupon  it 
gives  off  nitrous  acid,  and  deposits  dibromobarbituric  add. 

In  this  reaction  the  hydurilic  acid  is  first  converted  into  violuric  or  dilituric  add, 
which  is  then  transformed  into  dibromobarbituric  acid,  as  above. 

This  acid  crystallises  in  colourless  brilliant  plates  or  prisms,  belonging  to  the  tri- 
metric  system.  It  is  soluble  in  water,  very  soluble  in  hot  alcohol  and  in  ether.  When 
boiled  in  aqueous  solution,  it  is  quickly  decomposed  into  hydrobromic  acid  and  alloxan ; 
but  it  may  be  crystallised  easily  £rom  nitric  add,  which  does  not  decompose  it.  It 
dissolves  readily  in  alkalis,  yielding  compounds  which  are  easily  decompose  by  heat, 
with  loss  of  part  of  their  bromine. 

A  solution  of  dibromobarbituric  acid,  digested  with  metallic  eino,  loses  half  its  bro- 
mine, and  is  converted  into  bromobarbituric  acid,  C*N'H*BrO*. 

By  Bulph/dricacidy  in  presence  of  water,  it  is  reduced  to  dialurie  add : 

+  H'S  +  H'O     -     C*N«H«0«  +   2HBr  +  a 

Dialurie 
add. 

With  a  small  quantity  of  hydriodie  aoidf  it  yields  hydurilic  acid : 

2C*N*H»Br»0»  +  6H1     =      (>N*H»0«  +    4HBr  +  8P; 

HyduriUc 


C«N«H«Br'0« 
Dibronobarbi' 
turic  acid. 


Dibromobarbi- 
turic acid. 


add. 


but  when  it  is  heated  with  hydriodie  acid  in  excess,  the  reduction  proceeds  a  step  fw^ 
ther,  and  b  arbituric  acid  is  produced  : 

C*N^«Br»0«  +   4HI     ■=     C«N«HK)»  +  2HBr  +  2P. 
Dibromobarbi-  Barbituric 

turic  acid.  acid. 

Vol.  v.  3  Q 
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A  folntion  of  dibromobarbitnric'acid,  satiirated  with  bromine,  deposits  erjrstals  off 
t7ibroiiiacetjl-iirea(p.  960). 

Barbiturie  acid,  G*N'H^0'.2HK),  erystallises  in  beantifal  prisms,  or  sometimf« 
in  plates  or  needles,  belonging  to  the  trimetrio  system,  sparingly  soluble  in  cold,  easily 
in  not  water.  Bjfummg  nitric  mcidt  it  is  conyerted  into  dilituric  acid  (ii.  965) ;  by 
paiassie  nitraU  mto  potassicTiolurate;  andhj  brojnine,  intodibromobarbitnrie 
acid. — ^When  boiled  with  caostic  potaskt  it  giTss  off  ammonia,  and  yields  malonate 
of  potassium,  0'fl*KH>%  whence  it  appears  to  have  the  constitution  of  malonyl- 
urea: 

draPCO^HH)')"©     =    C«HH)«  +  CN«H*0  -  2H*0. 

Malonie  Urea, 

scid. 

Barlnturie  add  is  dibasic,  and  fonaa  chiefly  add  salts,  which  are  obtained  by  treat- 
ing the  corresponding  acetates  with  barbituric  add.  I^e  neutral  lead*salt  is  obtained 
Igr  predpitation  with  neutral  lead-acetate.    Hm  following  have  been  analysed : 

Barbiturate  of  Ammonium       .        C«N^'(NH*)0'. 
M  Fotaanus . 

Sodium     • 


Barium 


C*N«H^O«. 

C*N»H«KK)».2HK). 

CTJ«H«Ba"0«.2H«0. 

0'N«H«Cu"0«.8HK). 

C«N«H«Pb*0«. 


„  Copoer 

DOarinimne  aeid,  C*N«H<0«  -  2C«N*H«0*  -  HK).~The  ammoninmHnlt  of  this 
acid  is  formed  by  heating  barbituric  add  with  glycerin  to  150°.  The  add  itsdf 
is  separated  by  n^drochlorio  add  firom  its  potassium-salt,  as  a  white  nearly  inso- 
luble powder.  It  is  dibanc,  and  its  add  salts  are  sparingly  soluble  in  water,  and 
mostly  amorphous.  The  neutral  dibarbitnrates  of  alkali-metal  are  easily  soluble  in 
water,  and  are  precipitated  by  alcohol. 

Dibarbituric  acid,  treated  with  bromine  and  water,  is  transformed  into  yellow  crys- 
tals of  hjdrobromate  of  dibromodibarbiturie  acid,  C^N^fl^r'O'JEBr,  which, 
in  contact  with  water  or  alcohol,  are  conyerted  into  white  ciystals  of  dibromodi- 
barbituric  acid,  ON^HfBr'O^;  this  add  ciystallises  from  hot  water  in  large  oolonr- 
less  crystals  containing  1  at.  water. 

4.  Meaoxalic  JHureidei. — The  relationship  between  the  three  mesoxalie  diureides — 
hypoxanthine,  or  sarcine,  C'N*H*0;  xanthine,  C^N^H^O*;  and  uric  acid, 
ON*H*0* — tbouffh  long  suspected,  from  the  similsrity  of  their  formuke,  has  but 
recently  reedyed  an  experimental  demonstration  at  the  hands  of  Stre^er  and 
Rheineck.  These  chemists  haye  shown  that  hypoxanthine  is  conyerted  into  xanthine 
ig.ff.)  by  oxidation  with  nitric  add,  and,  conyersely,  that  uric  add,  by  deoxidatioii 
with  sodium-amalgam,  yields  a  mixture  of  xanthine  and  hypoxanthine.  Xanthine  m 
doubtless  a  monureide  cSf  barbituric  and  a  diurdde  of  malomc  acid,  in  the  same  sensa 
that  uric  add  is  a  monurdde  of  dialuric,  and  a  diurdde  of  tartronic  add. 

Fseado-uric  and  uroxanic  adds  haye  the  oompodtion  of  hydrates  of  uric  add. 
Uroxanicacid,C*N*H»»0«  -  (W^HW.SHH),  is  actuall:f  produced  bj  the  fixation 
of  water  on  uric  add,  its  potasdum-sah  bdng  formed  by  boihng  uric  acid  for  a  long 
tame  in  potash-ley.  Pseudo-uric  acid,  OTf«HH)*  -  C»N*RK)».HK)  (iy.  744),  is 
not  produced  by  direct  oxidation  of  uric  add,  but  results  from  the  oombinatiott  of 
^amc  add  yapour  with  uramile  or  amidobarbiturie  add,  C^N^H\H'K)C)'  (p.  961). 
Por  justas  cyanic  add  conyerts  ammonia  into  anomalous  eyanate  of  ammonia,  or  ursa, 
so  does  it  conyert  the  residue  of  ammonia  contained  in  uramile,  into  a  reddue  of  urea, 
th^^by  changing  the  amido-monureide  into  a  simple  diurdde,  thus : 

C*Nm«(H«N)0»  +  CNHO     -     CWH\CN«HK))0    or  C*N*HW. 
Ununile.  Cyanic  Pseodo- 

add.  lark  add. 

See  the  next  artide. 

The  secretion  of  the  kidneys,  the  chief  fluid  excretion  of  man  and  of  the 

higher  animals.  The  healthy  urine  of  man  is  a  clear,  yellowish,  fluorescent  liquid,  of  a 
peculiar  odour,  saline  taste,  and  add  reaction,  haying  a  mean  spedflc  grayity  of  1*020, 
and  generally  holding  in  suspendon  a  little  mucus. 

Normal  Constitusnts. — 1.  Water. — 2.  Inorgamo  salts  :  potasdum,  sodium, 
ammonia,  calcium,  magnesium,  in  combination  with  hydrochloric,  phosphoric,  sulphu- 
ric (nitric,  carbonic)  and  silidc  adds.  The  ash  contains  iron. — 3.  ifitroffmums  eryst^l^ 
lifu  bodies :  urea,  uric  acid,  hippuric  add,  creatinine,  xanthine  (ammonia).^-4.  Not^^ 
nitrogenous  organic  bodies:  sugar  (in  minute  quantities,  Briicke,  Beaee- Jones); 
luetic,  succinic,  oxalic,  formic  (malic),  and  phenylic  acids.    AU  these  are  found  in  small 
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qaanttties;  indeed,  their  nonnal  occanence  can  hardly  be  said  to  be  eertain. — 6.  Fre€ 
goMet:  oxygen,  nitrogen,  carbonic  acid.  In  100  cc  of  urine,  Planer  found  0*87  N, 
006  O,  4-54  free  CO*,  207  fixed  CO*,  measured  at 0^  C,  and  760  mm. 

6.  Pigments, — Seyoral  Bubstanoes  have  been  described,  by  various  obeervera,  at 
urinary  pi^enta.  Scherer  (Ann.  Ch.  Pharm.  Ivii.  180),  by  decomposing,  with 
hydrochloric  add  and  alcohol,  the  precipitates  foimed  in  urine  by  neutnd  and  basie 
acetate  of  lead,  obtained  colouring  bodies  of  variable  composition.  Harley  (Wurt. 
VerdhL  ▼.  1)  has  given  the  name  urohtgmaHn  to  a  dark-red,  amorphous,  resinous 
substance,  containing  iron,  readily  soluble  in  alcohol,  ether,  fresh  unne,  and  alkalis, 
Irat  insoluble  in  water  or  acids,  which  he  obtained  from  urine. — ^According  to  Thudi- 
chum  (Brit  Med.  Joom.  Nov.  6,  1864),  there  is  but  one  normal  urinary  pigment, 
mroekrome,  an  amorphous  substance,  of  a  pure  yellow  colour,  easily  soluble  in  water, 
less  so  in  ether,  very  dilute  adds,  and  alkalis,  and  least  of  all  in  aloohoL — Schu^k 
(Proc  Roy.  Soc  xv.  1)  believes  that  human  urine  contains  two  peculiar  and  distinct 
extractive  matters  (pigments),  one  soluble  in  alcohol  and  ether,  of  the  composition 
CH^'NO";  the  other  soluble  in  alcohol,  but  insoluble  in  ether,  and  of  the  composition 
C^H^O":  he  regards  the  results  of  previous  observers  as  bdng  the  products  of 
greater  or  less  decomposition. 

In  various  diseases  spontaneously  occurring  deposits  of  urates  are  often  highly 
eolouied  of  a  red  or  rose-red  hue.  The  pigments  in  such  cases,  known  under  the 
names  of  rosaeie  acid,  purpurin,  uroerythrm,  have  at  present  been  little  studied. 
The  urine  of  man  and  of  many  animals  (dog^s  urine  contains  a  very  large  quantity) 
eontains  in  health  a  small  quantity,  and  in  some  cases  of  disease  a  very  large  amount, 
of  a  substance  which  was  oilled  by  Heller  tfrojranMtn,  but  which  has  been  shown  by 
Sehunk  to  be  mdiean.  Fresh  urine  is  predpitated  with  neutral  and  basic  acetate  A 
lead,  the  filtrate  treated  with  ammonia,  and  ^e  resulting  predpitate  washed,  suspended 
in  alcohol,  and  submitted  to  sulphuretted  hydrogen.  The  filtered  alcoholio  solution  is 
evaporated  at  a  low  temperature.  It  may  be  frirther  purified  by  dilution  with  water, 
agitation  with  fresh  hydnited  oxide  of  copper,  filtration,  treatment  with  sulphuretted 
h;fdrogen,  and  renewed  filtration.  By  the  action  of  adds,  indigo-blue  and  indigo-red« 
with  which  most  probably  the  uroglauein  and  urorAM^tn  of  Heller  are  respectively 
identical,  may  be  obtained.  The  same  change  probably  takes  places  through  the 
natural  decomposition  of  urine  under  certain  coikUtions,  for  indigo-blue  has  been 
observed  to  occur  spontaneously  in  urine  on  exposure  to  air.    (H  a  s  s al  L) 

Harley  regards  ail  these  matters  as  derivatives  from  his  urohsematin.  Thudichum 
denies  the  existence  of  indican,  and  states  that  his  urochrome  yields,  under  various  pro- 
ceases  of  decomposition,  a  black  or  brown  powder,  uromeUmin  (and  a  red  resin),  the 
latter  consisting  mainly  of  uropUtin,  insoluble,  and  omichoUe  acid  (Schariingfs  omich- 
myl-oxide),  soluble  in  ether, — and  passes  by  a  simple  process,  probably  of  oxida- 
tion, into  uroeiythrin.  Hassall,  however,  was  able  to  convert  the  blue  pi^^ment  into 
isatin  and  aniline,  and  Sehunk  states  that  both  the  brown  powder  and  resin  are  pro- 
duets  from  indican. 

7.  Mbumimnd  Mattera  and  Ferments. — ^If  urine  be  mixed  with  four  or  five  times  its 
bulk  of  spirit,  and  a  watery  extract  be  made  of  the  resulting  deposit,  a  solution  is 
obtained  whidi  is  not  precipitated  by  nitric  add,  and  which,  on  boiling,  gives  a  pre- 
cipitate of  phosphates  onlv,  but»  esi>edally  when  concentrated  by  evaporation,  shows 
the  xanthoproteic  and  Millon's  reactions  very  distinctly.  The  same  solution  rapidly 
converts  starch  into  sugar.  By  treating  urine  with  phosphate  of  caldum  (see  Pxfsin, 
Sauva),  ferments  may  be  obtained  capable  of  acting  on  starch,  and  of  digesting  albu- 
minoid matters. 

8.  Exiraetives  and  other  Matters. — Colloid  acid  of  Marcet  (Proc.  Boy.  Soc  xiv.  1). 
Decolorised  urine  is  concentrated,  treated  with  baryta,  filtered,  dialysed  for  40  hours, 
again  concentrated,  and  treated  with  basic  acetate  c^  lead,  avoiding  an  excess.  The 
lead-salt  thus  obtained  may  be  decomposed  with  sulphuric  acid.  Schonbein  is  led 
to  believe  that  urine  normally  contains  a  trace  of  peroxide  of  hydrogen.  Urine  is  said 
to  contain  unoxidised  sulphur  and  phosphorus. 

Occasional  or  Abnormal  Constituents. — £/oo(f,  the  coipuscles  being  either 
entire  and  forminff  a  sediment,  or  destroyed,  and  their  haemoglobin  altered.  Pus, 
muauSt  spermatic  fvid,  &c.  Aibumin.  In  most  instances  the  albumin  of  albuminous 
urine  seems  to  be  identical  with  serum-albumin.  In  some  eases  heat  alone,  in  other 
cases  nitric  add  alone,  fails  to  produce  a  precipitate.  In  a  case  of  MoUUies  ossium, 
Bence-Jones  found  in  the  urine  a  peculiar  protein-substance,  which  was  coagulated 
by  nitric  acid  in  the  cold,  but  redissolved  on  applying  heat,  reappearing,  however,  on 
cooling.  Fibrin  in  bloody,  and  espedally  in  the  so-called  •*  chylous  "  urine.  Casern, 
or  alkaline  albuminates.  Fats,  cholester^n.  Leucine,  tyrosine  (m  certain  hepatic  dis- 
eases), ul/^^otn  (in  young  children).  Cystine,  xanthine,  taurine.  Cr/iMY>«0  (in  diabetea 
•nd  in  smaller  quantities  in  various  chronic  diseases).     Inosite,   acetone,   alkapton^ 
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laeHe,  oeeHe  (?)»  meiacetomc  (?),  butyric,  valerianie  (?),  beneoiCj  wcemie^  cxaliff 
oxiUurie,  iauroeiolief  glyooehoUc,  ckoUc  acids,    BiUofy  pigments,  indigiMue,  indamm. 

These  are  products  of  metamorphosis ;  but  the  urine  is  also  frequently  the  bearer  of 
matters  derived  directly  from  the  food.  Of  the  substances  which  are  capable  of  being 
absorbed  from  tlie  alimentary  canal  into  the  blood,  some  reappear  in  the  urine  un- 
changed,  while  others  are  more  or  less  altered,  the  changes  being,  with  some  exceptjons, 
those  of  oxidation.  Thus,  there  have  been  recovered  from  urine  (in  most  instances,  of 
course,  in  small  quantities)  arsenic,  antimony,  bismuth,  copper,  chromium,  gold,  iron, 
lithium,  lead,  mercuiy,  silver,  tin,  zinc.  The  following  subetances  also  are  said  to 
Xmss  unchanged : — alkaline  carbonates,  sulphates,  nitrates,  phosphates,  borates,  c3ik>- 
rates,  silicates,  chlorides,  iodides,  bromides ;  salts  of  oaldum,  ma^eeium,  and  bariiuB ; 
sulphocyanate  and  ferrocyanide  of  potassium ;  urea,  leucine,  hippuric  acid,  creatine, 
quinine  (?),  morphine,  strychnine,  atropine,  alcohol  (P),  snlphovinates,  sulphomethyUtes, 
ffulphoamylates ;  gallic,  pyrogallic,  anisylici  cumaric,  cuminic,  camphoric,  and  pine 
acids,  together  wiui  sevenJ  pigmentaiy  and  odoriferous  matters.  The  ammoaia-salti 
pass  unhanged,  or  are  partially  converted  into  nitrates.  Free  oiganic  acids  (oxalic, 
citric,  &C.)  are  unchanged ;  their  nentral  salts,  however,  are  converted  into  carbonates  ; 
malic  acid,  as  malate  of  CAlcinm,  becomes  succinic  acid  (Meissner).  Sulphur  aad 
alkab'ne  sulphides  and  sulphites  are  changed,  in  part  at  least,  into  sulphates,  fiulphuv 
taken  in  by  the  skin  is  said  to  give  rise  to  xanthine.  Free  iodine  becomes  alkaline 
iodide.  Tannic  is  changed  into  gaUio  acid.  Benzoic  add,  hydride  of  benzoyl,  ein- 
namic  add,  qainic  add,  and  mandelic  add  give  rise  to  hippnric  add.  Nitrobansoie 
acid  is  converted  into  nitrohippuric  add,  <£lorbenzoic  into  chlorhippnrie,  salicylic 
into  salicyluric,  toluic  into  toluric,  anisic  into  anisuric  acid.  Uric  add,  allaa- 
toin,  alloxantin,  guanine,  glyoodne,  theine,  and  theobromine  are  said  to  give  rise  to  an 
increase  of  urea.  Salicin  is  converted  into  salicylol,  salicylic  acid  (salicyluric),  and 
saligenin.  Ferrocyanide  of  potassium  beeomes  ferricyanide.  Indigo-blue  is  said  to  be 
reduced  to  indigo-white. 

Acidity  of  Urine, — Healthy  urine  has  generally  when  passed  an  add  reaction ;  the 
mean  amount  of  addi^  may  be  taken  as  equivalent  to  2  grms.  of  oxalic  add  in  tiie  24 
hours.  The  degree  of  acidity  varies  from  time  to  time;  it  is  lessened  during  diges- 
tion ;  indeed  the  urine  may,  after  a  meal,  become  alkaline.  The  addity  is  due,  in  part 
at  least,  to  the  add  phosphate  of  sodium,  but  the  quantity  of  that  salt  pesent  in 
healthy  urine  is  insufficient  to  account  for  the  whole  of  the  addity ;  the  rest  tB  supplied 
by  some  free  add  or  adds — hippuric,  lactic,  colloid.  According  to  Soberer,  the 
acidity  of  urine  exposed  to  the  atmosphere  gradually  increases  for  several  days,  through 
an  "acid  fermentation,'*  in  which  the  mucus  and  the  pisnientary  and  extractive  matters 
take  part  ,*  afterwards  a  opedes  of  yeast  appears.  This  increase  of  addi^  is,  how- 
ever, denied  byBence- Jones. 

Alkaline  Urine, — Sooner  or  later,  within  a  few  days,  or  not  until  two  or  three  weeks, 
the  add  gives  way  to  an  alkaline  reaction,  the  urea  becoming  converted  into  caibonate 
of  ammonia  through  a  process  of  fermentation.  This  change  is  accompanied  by  ths 
appearance  of  crystals  of  triple  phosphate,  confervmd  growths,  and  vibriones.  It 
may  take  plaee  almost  immemately  after  the  urine  has  been  passed,  or  (in  ceztain 
diseases)  even  within  the  bladder.  The  mucus  has  been  supposed  to  act  as  a  ferment ; 
bat  this  is  probably  incorrect  It  is  much  more  likely  that  the  change  if  do*  to 
the  action  of  a  distinct  ferment,  perhaps  an  organic  being. 

Table  (qfter  ParJkes)  pfike  Amounts  of  ike  several  Urinary  Constituenis  passed  m 

Ttoenty-four  Hours, 

By  sn  average  man  of  66  kilot.  Per  1  Ulo.  of  body-weiglit 

Water 1501*00   centimetres.    23-000    eentinieaes. 

Total  solids      ....  61-14    gzammes.            -98 

Uiea ZZ'IS                             -600 

Uric  add '655                            *0084 

Hippuricacid  (Ben ce-J ones).  *4                               *006 

Creatinine  (Keubauer)  .        .  '91                               -014 

Piffment  and  extractives    .        •  lO'OO                              *151 

SJphuric  add  ....  2012                            .0305 

Phosphoric  add        .        .  3164                            *048 

Chlorine  ....      (8*21)   700  •12« 

Ammonia.        .        •        •        .  '77 

Potassium         .        .        •        .  2-5 

Sodium 11*09 

Caldnm -260 

Magnesium       •        •        •        •  -207 
Iron 
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Urine,  being  the  yebicle  throngh  which  the  body  getfl  rid  of  by  &r  the  greater  part 
of  the  solid  matters  resulting  from  or  concerned  in  the  rital  processes  of  meta- 
morphosis, naturally  varies  within  the  widest  limits,  as  to  both  the  absolute  and 
relative  quantities  of  its  constituents,  according  to  the  condition,  behaviour,  and  treat- 
ment of  the  organism.  The  amount  of  urea  passed  during  a  given  time  is,  taken 
x«latively  to  the  body-weight,  increased  in  childhood  and  lessened  in  old  ager;  it  is 
directly  dependent  on  the  quantity  and  quality  of  food  consumed,  and  is  obscurely  con- 
nected with  the  labours  of  the  frame  (see  Nutbition,  iv.  1 53).  The  uric  acid  is  increased 
by  food  (especially  by  animal  food),  by  exercise,  by  hindrances  to  the  action  of  the  skin, 
or  to  the  function  of  respiration  in  general,  and  by  various  morbid  conditions.  Hip- 
pioric  acid  is  increased  by  vegetable  food  ;  in  the  horse  it  is  said  to  be  increased  by 
work.  Creatinine  is  increased  by  animal  food.  The  chlorides,  sulphates,  and  phos- 
phates vary  with  the  food ;  the  sulphates  and  phosphates  are  said  to  run,  to  some 
extent,  parallel  with  the  urea,  and  to  be  increased  by  muscular  work,  and  the  phos- 
phates (especially  the  earthy  phosphates)  by  mental  labour.  For  further  details  con- 
sult Parkes,  **  The  Composition  of  the  Urine  in  Health  and  Disease.'* 

Urvie  of  oiker  Animals. — ^The  urine  of  carnivorain  general  is  acid  and  dear, 
contains  a  large  amount  of  urea,  but  only  a  small  quantity  of  uric  add.  That  of 
herbivora  is  alkaline  and  turbid  (from  carbonates),  contains  hippuric  but  no  uric 
add  (unless  the  animals  are  starving  or  feeding  on  flesh),  a  large  quantity  of  earthy 
carbonates,  and  but  little  phosphates.  The  unne  of  the  dog  is  wholly  or  very  nearly 
free  from  uric  add ;  contains  cynurenic  add,  hippuric  acid,  a  large  quantity  of  indican ; 
and,  when  the  animal  is  feeding  on  fiesh  and  fat,  some  succinic  add.  That  of  the 
horse  is  rich  in  hippuric  acid  and  earthy  carbonates,  and  contains  a  dedded  quantity 
of  sugar.  That  of  the  cow  contains  from  *4 — 2*7  per  cent  of  hippuric  acid  (Hen- 
neberg);  from  it  have  been  obtained  damolic,  daznaluric,  and  taurylic  acids.  The 
urine  of  the  sucking  calf  is  remarkable  for  the  presence  of  allantoin  and  the  absence 
of  hippuric  acid,  a  feature  which  disappears  on  weaning.  The  urine  of  the  pig  is 
alkaline,  and  rich  in  alkaline  carbonates,  clear  even  on  standing  for  some  time,  but 
becomes  turbid  when  heated,  contains  urea,  but  ndtiior  uric  nor  hippuric  acid.  The 
portion  of  the  excrement  of  birds  that  corresponds  to  urine  is  rich  in  uric  acid  and 
urates  of  ammonia  and  lime.  Urea  is  said  to  exist  in  the  excrement  of  camiTorous 
birds.  The  urine  of  o  p  h  i  d  i  a  n  s  consists  of  uric  add,  urates  of  sodium,  potassium,  and 
ammonium,  some  urea,  and  a  little  calcic  phosphate.  The  urine  of  the  Tutydo  tabU' 
fata  contains  urea,  uric  and  hippuric  acids,  chlorides,  sulphates,  and  a  small  quantity 
of  phosphates.  The  urine  of  the  frog  contains  urea,  chlorides,  and  phosphates.  Unc 
acid  has  been  found  in  the  excrement  of  butterflies,  beetles,  caterpillars,  and  snails, 
and  guanine  m  the  excrement  of  spiders,  and  in  certain  organs  of  molluscai. 

Vrinarj  Sediments. — Many  specimens  of  iirine  exhibit,  on  standing,  depodts  or 
sediments  consisting  of  morphological  elements,  and  of  chemical  bodies,  crystalline  or 
amorphous.  To  the  first  class  belong  blood-corpuscles,  pus-  and  mucus-corpuscles, 
spermatozoa,  epithelial  scales,  casts  of  the  urinifrrous  tubes,  &c  The  members  of  the 
second  class  are  various  and  many. —  Urates  (the  ordinary  brick-dust  sediment)  in 
atraorphous  irregular  particles,  round  globules,  and  fine  acicular  crystals,  consipting  of 
a  great  excess  (82  per  cent)  of  uric  add  in  combination  with  variable  quantities  of 
ammonia,  soda,  potash,  and  lime. — Urie  acid,  in  crystals  of  various  shapes,  mostly 
coloured,  chiefly  rhombic  prisms  and  plates,  sometimes  thin  hexagonal  plates,  dumb- 
bells (artifidal  only?). — Fhosphates'.  ammonio-phosphate  of  magnesium,  in  large, 
transparent,  rhombic  prisms,  or  ponniform;  phosphate  of  caldum,  amorphous,  or 
crystallising  in  very  vanous  shapes,  often  forming  glomerules  or  rosettes,  with  lozenge- 
shaped  or  acicular  elements,  sometimes  penniform. —  Oxalais  of  calcium,  in  octahe- 
dral ciystals,  or  forming  the  "  dumb-bell "  bodies. — Carbonate  of  calcium  occasionally 
occurs  in  man,  sometimes  in  the  form  of  dumb-bells.  It  is  veiy  abimdant  in  the  urine 
of  the  horse,  in  peculiar  globular  bodies,  formed  of  concentric  layers. — Hippuric  acid 
(uncommon),  in  acuminated  needles  or  acicular  crystals. — Cystine,  amorpnous,  or  in 
trannparent^  colourless,  hexa^nal  plates. — Leucine,  in  peculiar  round  bodies^  having 
a  concentric  arrungement,  or  m  needles,  or  granular. — Ti/rosine,  in  acicular  heaps  and 
rosettes. — Xanthine,  amorphous,  or  in  small  oblong  plates  (Bence- Jones). — Choles' 
ierin. — Sulphate  of  calcium,  in  acicular  crystals,  has  been  observed.    (Valentiner.) 

Urinary  Calculi. — In  the  pelvis  of  the  kidney,  in  the  ureters,  in  the  bladder,  and 
in  the  urethra  are  found  concretions  of  very  variable  size,  form,  consistency,  structure, 
and  composition.  They  are  called  urinary  (renal,  ureteric,  vesical,  urethral)  calculi, 
and  are  made  up  chiefly  of  the  solid  constituents  of  the  urine.  Sometimes  homoge- 
neous, they  are  mure  frequently  formed  of  numerous  concentric  layers.  A  central 
portion,  the  nucleus^  may  genenlly  be  distinguished  from  the  external  portions,  and  lA 
aometimcs  formed  by  a  foreign  body. 
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Uric  acidy  icnitea  of  axmnonium,  calcium,  potaMinm,  sodiisai,  and  magnenain,  pbof* 
phates  of  calcium,  of  ammoniom  and  magnesium,  and  of  iron,  earbonatea  of  ciuciun 
and  magnesium,  oxitlatefl  of  calcium  and  ammonium,  hippurate  of  ammonium,  chloride 
of  ammonium,  cystine,  xanthine,  ferric  oxide,  silica,  mucus,  fat,  blood,  oolouriag  and 
other  extractive  matters,  have  all  been  mentioned  as  constituents  of  urinaiy  ealenli. 
It  is  very  unusual  to  meet  with  calculi  formed  exdusiyelj  of  a  single  substance ;  manj 
calculi  are  formed  chiefly  of  uric  acid,  others  chiefly  of  oxalate  of  calcium,  bat  these 
generally  contain  at  least  a  small  quantity  of  other  matters.  The  most  common  farms 
are  uric  acid  with  urates  of  ammonium  or  calcium,  ammonio-magnesian  phosphate 
with  phosphate  and  carbonate  of  calcjum,  uric  acid  with  phosphates,  oxalate  01  cal' 
dum  with  phosphates.  The  concentric  layers  are  frequently  distinct,  not  in  ^pear- 
anoe  onlv,  but  also  in  composition ;  and  a  curious  alternation  of  material  is  at  times 
observeo,  uric  acid,  for  instance,  changing  place  with  urates,  phosphates,  oxalates,  &c. 
A  nucleus  of  uric  acid  is  firequently  surrounded  by  an  external  coat  of  phosphates,  but 
a  nucleus  of  phosphates  with  a  coating  of  uric  acul,  &c.,  is  never  observed.  The  most 
external  layers  in  many  calculi  of  various  composition  is  apt  to  be  phosj^iatie.  The 
oxalate  calculi  (often  called  nudberrvt  from  their  peculiar  form)  are  generally  the 
hardest,  the  phosphatic  the  softest.  Calculi  of  qrstine  are  rare,  those  of  xanthine  still 
more  so. 

The  following  may  be  taken  as  analyses  of  the  more  typical  forms : 


Uric  acid. 

Uric  acid        ....  92*8 

Urates 3*2 

Ammonio-magnesian  phosphate 
Extractives     •        •        •        •         1*00  j 
Water 8-001 


84-69 
908 
1-12 

2-61 


Phosphatic. 

Urate  of  sodium     •  .  .  9*77 

Calcic  phosphate    .  .  .  84*74 
Ammonio-magnesian  phosphate  88*85 

Calcic  carbonate     .  .  .  8*14 

Magnesic  carbonate  .  .  2*65 

Exteactives,  &0.     .  .  .  6*87 


Osalsle. 

Calcic  oxalate           •        •  63'6 

Oildc  phosphate       •        *  6*2 

Water  and  organic  mattera  30*3 


Analysis  of  Urim, 

Determination  of  Urea,  (liebig's  method.)  Premared  urine  (if  albumin  be  pnr 
sent  it  must  be  separated  by  boiling ;  some  urea  will  probably  be  lost) :  two  volumes 
of  urine  are  mixed  with  1  volume  ox  a  "  baryta  mixture  *'  (consisting  of  2  volumes  of 
baryta-water  to  1  volume  of  a  solution  of  barium-nitrate,  both  saturated  in  the 
cold),  and  filtered. — Vrea-^utioni  2  grms.  of  pure  urea  are  disserved  in  water, 
and  the  solution  diluted  to  100  c.c. — Mercurial  solution',  a  concentrated  solution  of 
pure  mercuric  nitrate  is  diluted  with  four  times  its  bulk  of  water.  10  ex.  of  the 
urea-solution  are  measured  into  a  beaker,  and  the  mercurial  solution  is  slowly  added 
from  a  burette  as  long  as  any  precipitation  takes  place ;  a  drop  of  the  mixturo  is  then 
let  fall  by  a  glass  rod  into  a  drop  of  a  solution  of  sodic  carlxmate,  placed  in  a  watch- 
glass,  or  on  a  glass  plate,  over  some  black  surfiice.  If  the  precipitate,  which  occurs  on 
the  mingling  of  the  two  drops,  does  not  become  in  a  few  seconds  distinctly  yellow, 
more  of  the  mercurial  solution  must  be  added  to  the  mixture  in  the  beaker,  and  the 
trial  made  again.  As  soon  as  a  distinct  yellow  colour  appears  (the  shade  being  noticed 
by  the  observer  in  order  to  guide  him  afterwards),  the  trial  drops  aro  returned  into 
the  beaker,  and  a  little  of  the  soda-solution  added,  until  the  mixture  is  only  £untly 
acid.  A  drop  is  then  again  to  be  tried  with  the  soda-solution  ;  and  if  the  yellow  colonr 
does  not  show  itself,  a  small  quantity  of  the  mercurial  solution  must  still  be  added  to 
the  mixture  in  the  beaker,  and  trial  made  again.  When  the  yellow  colour  has  been 
thus  obtained,  the  total  quantity  of  mercuriiu  solution  used  is  read  off;  it  corresponds 
to  -2  grm.  urea.  The  mercurial  solution  itself  is  then  diluted  according  to  Uiese  re- 
sults, so  that  20  cc  of  it  corresponds  to  10  grma  of  the  urea-solution,  t.«.  so  that 
10  cc  correspond  to  *1  grm.  urea.  It  is  well  not  to  add,  at  once,  the  whole  of  the 
water  required ;  but  to  stop  a  little  short  of  that,  and  titrate  aeain,  since,  practioally; 
the  degree  of  dilution  required  is  rather  less  than  that  suggested  by  calculation. 

Meuiod, — Of  the  prepared  urine,  16  cc,  corresponding  to  10  cc  of  the  onginal 
urine,  are  poured  out  into  a  beaker  or  flask,  and  the  mercurial  solution  is  added  natU 
the  yellow  reaction,  as  described  above,  is  obtained ;  the  mixdire  is  also  in  the  same 
way  reduced  in  acidity,  and  trial  made  again.  The  quantity  of  merctirial  aolmtion 
used  will  give  the  amount  of  urea  in  the  10  c.c.  of  urine.     Unfortanately,  tbt 
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rMction  is  exact  only  for  fluids  eontaming  2  per  cent,  of  urea ;  its  appearance  is  pre- 
matuze  when  more,  and  is  delayed  when  less  than  that  percentage  is  present.  If  the 
prepared  urine  contains  an  excess  of  urea,  doable  its  yolame  of  the  mercurial  solution 
will  have  been  used,  and  yet  no  reaction  set  in.  Hence,  if,  on  amTing  at  this  point, 
1  cc  of  distilled  water  be  added  to  the  mixture  for  erery  additional  2  cc  of  the  mer- 
eorial  solution  employed,  the  proportion  of  urea  will  be  maintained  at  2  per  cent,  and 
the  final  result  will  be  correct  Thus  if,  after  the  addition  of  30  ce.  of  the  mercurial 
solution  to  16  cc  of  prepared  urine,  the  reaction  is  not  seen,  1  cc  of  distilled  water  is  ■ 
added,  and  the  process  continued.  Siropoein^  the  reaction  finally  sets  in  when  10  cc. 
more,  or  40  cc  in  all,  of  the  mercuriu  solution  have  been  used,  the  5  cc  of  distilled 
water,  which  hxve  been  also  added,  will  bring  up  the  original  15  cc  of  urine  to  20  cc ; 
the  40  cc  of  mercurial  solution  will  have  been  employed  on  a  fluid  containing  2  pei 
cent,  of  urea.  If  the  prepared  urine  contains  less  than  2  per  cent  of  urea,  an  approxi- 
mate correction  may  be  made  by  subtracting  '1  cc  from  every  6  cc.  of  the  mercurial 
solution  that  is  run  short  of  the  normal  30  cc  Thus^  if  with  15  cc  of  prepared  urine, 
the  yellow  colour  is  struck  on  using  20  cc  of  the  mercurial  solution,  *2  cc  (30—20 
B  5  X  2)  are  deducted,  and  therefore  19'8  cc  taken  as  the  correct  result  A  further 
eoirection  must  be  made  for  chloride  of  sodium,  the  presence  of  which  delays  the  reac- 
tion. We  may  make  an  approximate  correction  by  deducting  from  the  quantity  of 
mercurial  solution  employed  1*5  cc — 2*5  cc,  according  to  the  quantity  of  chloride  of 
sodium  present  Or  we  may  first  remove  the  chloride.  To  15  cjC  of  prepared  urine,  ono 
or  two  drops  of  solution  of  neutral  chromate  of  potash  are  added,  and  a  solution  of 
nitrate  of  silver  dropped  in  from  a  burette,  until  the  appearance  of  the  red  dizomate  of 
silver  indicates  that  the  whole  of  the  chloride  has  been  thrown  down ;  the  mercurial 
solution  can  then  be  at  once  used  without  removing  the  silver-precipitate  The  re- 
duction in  the  percentage  of  urea,  by  the  addition  of  the  silver-solution,  must  of 
course  be  taken  into  account  Or  two  portions  of  prepared  urine  may  be  taken  of 
15  cc  each.  One  is  neutralised  with  nitric  acid,  the  mercurial  solution  added,  and  the 
point  marked  at  which  a  permanent  precipitate  (a  disdnet  cloud,  not  a  meie  opales- 
cence) is  produced.  The  other  is  titrated  in  the  usual  way.  The  number  of  cc  em- 
ployed in  the  latter,  minus  those  employed  in  the  former  operation,  wiU  g^e  the  real 
quantity  of  urea.  It  must  be  remembered  that  ether  nitrogenous  bodies,  creatinine, 
allantom,  &c,  are  precipitated  by  the  mercurial  solution  in  the  same  way  as  urea. 

Heintz  and  Rag9ky*»  Method, — A  given  quantity  (20  cc)  of  urine  is  precipitated  with 
tetrachloride  of  piatioum,  and  the  precipitate  washed  with  spirit,  dried,  and 
weighed.  From  2  to  5  cc.  of  the  same  urine  (according  to  concentration)  are  beated  ts 
180° — 200^,  in  a  covered  platinum  or  porcelain  capsme,  with  an  equal  bulk  of  sul- 
phuric acid ;  and  after  cooling  are  diluted  with  water,  filtered,  and  precipitated  with 
tetrachloride  of  platinum.  Both  precipitates  are  calculated  for  100  cc  urme,  and  the 
former  deducted  from  the  latter ;  the  result  multiplied  by  '13423  gives  the  percentage 
of  urea. 

Daveffs  Method. — A  small  quantity  of  urine  is  poured  into  a  graduated  glass  tube 
a  third  full  of  mercury ;  the  tube  is  then  filled  with  a  solution  of  sodic  hypochlorite, 
rapidly  inverted  over  a  saturated  solution  of  chloride  of  sodium,  and  left  to  stand 
several  hours.  The  quantity  of  gas  (nitrogen)  given  out  is  read  o£  VbAQ  cubic  inches 
of  nitrogen  at  fiO^'  F.  and  30"  iMir.  ^  1  grain  urea. 

Uric  acid,  ammonia,  &c.  are  in  this  method  confounded  with  urea. 

BunaenCs  Method. — A  given  quantity  of  prepared  urine  is  heated,  at  220° — 24t)^, 
with  chloride  of  barium  in  a  sealed  tube,  and  tne  resulting  carbonate  of  barium  deter- 
mined.   1  grm.  barium-carbooate  «  *3041  uxea. 

Urie  Acid. — To  200  cc  of  urine,  10  cc  of  hydrochloric  acid  ars added,  the  mix- 
ture allowed  to  stand  48  hours  in  a  cool  place,  filtered  through  a  very  small  filter, 
on  which  the  crystals  are  placed,  washed,  dried,  and  weighed.  The  wash-water 
should  not  exceed  30  cc  ;  if  ue  last  drops  still  produce  cloudiness  is  a  silver-solufeioQ, 
more  must  of  course  be  used;  and  for  every  additional  cubic  centimetre  ef  wash- 
water  used,  '045  milligramme  is  added  to  the  amount  of  uric  acid  found.  This  correc- 
tion is  a  compromise  between  the  loss  arising  from  the  partial  s<dubility  of  the  uric  acid, 
and  the  gain  due  to  the  colourine-matter  inseparably  connected  with  the  crystals. 
Has  sail  (Lancet,  1867,  May  6),  has  shown  that  the  mixture  of  uric  acid  and  pig- 
ment, which  is  usually  weighed  as  uric  acid,  varies  extremely,  according  to  the  con- 
centration of  the  urine,  the  amount  of  acid  employed,  the  time  allowed  for  anrstallisa- 
tion,  and  the  surrounding  temperature.  If  the  urine  contains  albumin,  this  must 
first  be  removed  by  coagmation,  with  the  very  careful  use  of  dilute  acetic  add,  using 
afterwards  strong  acetic,  instead  of  hydrochloric,  acid  to  precipitate  the  urie  acid. 

Htppuric  Acid. — The  urine  is  digested  with  animal  charcoal  (2  grammes 
to  each  10  cc ),  and  filtered ;  200  cc  are  evaporated  down  to  50  cc,  20  cc 
of  hydrochloric  add  added,  and  the  mixture  allowed  to  stand  for  twenty-fovr  hours 
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in  a  oool  place.  The  hippnric  acid  which  crystallises  out  is  collect^x!  on  a  weiehcd 
filter,  wasned  with  a  small  quantity  of  cold  wat«r  until  the  fUtrate  is  colourless,  dried 
at  100^,  and  weighed.  The  wash-water  is  collected  and  measured,  and  for  every 
6  ex.  of  it,  *01  gramme  is  added  to  the  weight  of  hippuric  add,  in  order  to  correct 
the  error  due  to  that  substance  being  slightly  soluble  in  cold  water.  This  pcooess  ia 
of  course  useless  where  uric  acid  is  present. 

Creatinine. — To  300  c.c.  of  urine,  rendered  alkaline  with  milk  of  lime,  a  solu- 
•  tion  of  calcic  chloride  is  added  as  long  as  any  precipitate  occurs.  The  miztoro 
is  allowed  to  stand  for  one  or  two  hours,  and  filtered.  The  filtrate  and  washings  are 
evaporated  to  dryness  in  a  water-bath,  and,  while  still  warm,  treated  with  30  or  40 
C.C  of  alcohol,  95  per  cent.  The  mixture,  after  standing  for  four  or  five  houre  in 
a  oool  place,  is  passed  through  a  small  filter,  and  the  filter  washed  with  small  quantities 
of  spirit 

The  filtrate  and  washings — ^reduced  in  bulk,  if  necessary,  to  40  or  60  cc  by 
being  placed  over  hot  plates — are  mixed  with  5  cc  of  a  solution  of  chloride  of  sine 
(specific  gravity  1*2,  absolutely  f^  from  acidity),  and  allowed  to  stand  for  three  or 
four  days  in  a  very  cool  place.  The  crystals  that  appear  are  collected  on  a  small 
filter,  washed  first  with  the  mother-liquor,  and  then  with  small  quantities  of  spirit, 
dried  at  100^,  and  weighed.     100  pts.  of  zinc-compound  »  62*44  pta.  of  creatinine. 

Albumin,  —  From  30  to  100  cc  of  urine,  according  to  concentration,  are 
heated  with  the  naked  fiame,  a  drop  or  two  of  acetic  acid  being  added,  until  the 
albumin  is  thoroughly  coagulated,  and  the  fiuid  capable  of  being  filtered.  The  depoait 
is  dried  at  120^,  and  over  sulphuric  add,  until  it  ceases  to  lose  weight.  Other  mattect 
are  carried  down  with  the  albumin,  but  these  are  insignificant. 

Su^ar. — In  diabetes,  when  the  quantity  of  sugar  is  very  considerable,  the  deter- 
mination may  be  mads  with  the  alkaline  copper-solution,  by  the  saccharimeter,  or  by 
fermentation.  When  the  quantity  of  sugar  ia  very  small,  the  following  process  may 
be  adopted : — A  given  quantitv  of  urine  (1000  cubic  centimetres)  is  concentrated,  and 
precipitated  with  eo^r  of  lead  and  filtered ;  the  filtrate  is  predpitated  with  acetate  of 
lead  and  filtered.  This  second  filtrate  is  predpitated  with  ammonia,  the  deposit 
suspended  in  alcohol,  submitted  to  sulphydric  acid,  and  filtered.  The  spirit  fil- 
trate is  evaporated,  and  its  sugar  determined  in  any  of  the  usual  ways. 

Chlorides, — In  fresh  urine,  free  from  albumin,  much  uric  add,  or  mucut,  the 
chlorides  may  be  determined  with  tolerable  accuracy  by  the  silver  and  chromate  of 
potash  method. 

Pho8phat$$  maybe  determined  by  the  uranic  oxide  process. 

Ammonia. — ^Twenty  cubic  centimetres  of  urine  are  placed  in  a  shallow  veaeel,  over 
which  is  arranged  another  small  shallow  vessel  containing  10  cc.  of  a  standard 
solution  of  dilute  sulphuric  add ;  and  the  whole  is  covered  with  an  airtight  bell-jar. 
The  bell-jar  is  slightly  raised,  10  cc  of  milk  of  lime  quickly  introduc^  into  the 
urine,  ana  the  jar  at  once  replaced.  In  about  48  hours,  the  whole  of  the  ammonia  is 
disengaged  from  the  urine,  and  absorbed  by  the  sulphuric  acid.  By  titrating  the  sul- 
phuric acid  after  the  experiment,  and  comparing  it  with  the  standard  solution,  the 
amoimt  of  ammonia  is  arrived  at 

Bile  Aeidi. — ^Urine  is  predpitated  with  basic  acetate  of  lead  and  a  little  am- 
monia; the  predpitate  is  washed  boiled  in  alcohol,  and  filtered  hot;  the  alcoholic 
solution  is  treated  with  a  few  drops  of  soda,  and  evaporated  to  dryness ;  the  reeidne 
extracted  with  absolute  alcohol ;  the  filtered  solution  reduced  in  volume,  mixed  with 
an  excess  of  ether,  and  left  to  crystallise.  The  crystalline  deposit  is  mixed  with  dihiUi 
.  sulphuric  add  ( 1  to  4),  and  a  few  drops  of  a  solution  of  cane-sugar  added.  The  mixture, 
on  being  gently  warmed,  should  give  the  purple  coloration  of  Pettenkofer.       M.  F. 

xnXMM,  rUBIBia  SAZiT  OV.  Sal  wrinm  futibiUe. — ^Ammonio-sodie  phot- 
phate. 

mtzrav  B9TMTT  OV«  The  solution  of  ammonium-carbonate,  obtained  by  dis- 
tilling putrid  urine. 


^^       _  '• 

V&OBJBBKATZVf  VSOMBXULVXVp  ITMOWTSTtM^  UBOSHOSZV*     See 

UfilNABT  PlOMEMTS  (p.  963). 

UBOBTBA&ITB  (from  oipor,  urine ;  irr4ap,  tallow ;  and  kiBot,  stone). — A  &tty 
substance  found  in  a  urinary  calculus.  On  evaporating  the  solution  of  the  calculus  in 
carbonate  of  sodium,  adding  a  little  sulphuric  acid,  extracting  with  ether,  and  learinff 
the  ether  to  evaporate,  theurostealitewas  obtained  as  a  violet  residue,  which  softeuea 
in  boiling  water  without  dissolving  was  sparingly  soluble  in  alcohol,  moiv  easily  m 
ether  and  in  caustic  potash,  less  easily  in  ammonia  and  in  carbonate  of  potassium.  It 
softened  when  heated,  and  when  more  strongly  heated  gave  off  a  thick  smoke,  and  an 
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odour  like  that  of  benzoin  and  shellac    (Heller,  Arch.  f.  Fhys.  n.  pathoL  Chemie,  n. 
Mikros.  1846,  p.  1.) 

VSOZAVZC  ACXB.  C«N<H>»0«.  (Sta dele r,  Ann.  Ch.  Pharm,  Ixxviii.  286; 
Ixxx.  119.) — ^A  product  obtained  by  boiling  nric  acid  with  rather  strong  potash-ley ! 

C*N*H*0»  +   3H«0     «    C»N*H>«0«. 
Uric  add.  Uroxanic  add. 

Other  products  are  formed  at  the  same  time — ^namely,  lantanuric  add,  urea,  formic  acid« 
and  oxalic  acid. 

On  leaving  the  resulting  solution  in  contact  with  the  air,  it  absorbs  carbonic  acid, 
and  slowly  deposits  acid  urate  of  potassium  ia  the  form  of  a  white  powder ;  but,  after 
several  weeks  or  months,  tabular  crystals  of  potassic  uroxanate  are  formed,  the  urate* 
disappearing  at  the  same  time.  By  decomposing  the  solution  of  the  uroxanate  with 
hydrochloric  or  sulphuric  acid,  the  uroxanic  acid  is  obtained  in  indistinct  prismatic 
crystals,  or  from  warm  moderately  dilute  solutions,  in  colourless  transparent  tetra- 
hedrons. 

Uroxanic  acid  is  slightly  soluble  in  cold  water,  ^uite  insoluble  in  cold  alcohol.  It 
is  easily  decomposed  even  by  boiling  with  water,  giving  off  carbonic  anhydride.  The 
dry  acid  heated  in  a  glass  tube  above  100^,  gives  off  water  and  carbonic  anhydride. 
If,  however,  the  temperature  be  maintained  at  130^  till  the  weight  of  the  residue 
becomes  constant,  the  acid  is  found  to  have  lost  84*8  per  cent  of  its  weight,  and  a 
yellowish  hygroscopic  substance  is  left,  called  ur  ox  if  by  Stadeler,  and  £iving  the 
composition  of  uroxanic  anhydride,  CN^H'O' (which  is  also  that  of  dialurate 
of  ammonium).  At  a  stronger  heat,  uroxanic  acid  melts  to  a  brown  liquid,  flTvet  off 
ammonia,  and  probably  also  cyanide  of  ammonium,  yields  an  oQy  distillate  soudifyinff 
as  it  cools,  and  leaves  a  small  quantity  of  carbonaceous  residue.  Strong  nitric  acia 
does  not  act  on  uroxanic  acid  in  the  cold,  but  dissolves  it  when  heated,  without  evo- 
lution of  gas,  the  solution  on  cooling  yielding  crystals,  probably  a  product  of  oxida- 
tion. The  mother-liquor  yields,  on  evaporation,  a  white  residue,  which  is  not  coloured 
by  carbonate  of  ammonium. 

Uroxanic  acid  is  dibasic,  the  general  formula  of  its  salts  being  C'N^H'M'O*.  Some 
of  the  uroxanates  are  soluble  in  water,  but  most  of  them  are  insoluble  in  alcohol. 

Ihe  ammonium'Boit  separates,  in  small  four-sided  tablets,  on  adding  alcohol  to  a 
solution  of  the  acid  in  dilute  ammonia.— The  potasnum^saU,  C*N^H*K*0*.3HK), 
obtained  as  above  described  from  uric  acid,  crystallises  in  large,  nacreous,  four-sided 
plates,  with  angles  of  97^  and  83^.  It  is  moderately  soluble  in  cold,  very  soluble 
in  hot  water,  insoluble  in  alcohol ;  gives  off  its  water  of  crystallisation  at  100^ ; 
and  at  a  hieher  temperature  melts,  gives  off  a  little  carbonate  of  ammonium,  and 
leaves  a  resioue  blackened  by  charcoal. 

The  barium-salt  separates,  on  mixing  a  solution  of  the  add  in  excess  of  ammonia 
with  chloride  of  barium,  and  adding  alcohol,  in  thick  flocks  which  gradually  chanse 
to  slender  shining  needles. — The  cakium'Saltt  obtained  in  Uke  manner,  forms  small, 
■kining,  four-sided  plates,  which,  by  boiling  in  the  liquid,  are  converted  into  larger 
crystals,  like  those  of  the  barium-salt.— The  Uad-wlt,  20*N*H«Pb"0*.H«0,  is  j*e- 
cipitated  by  nitrate  of  lead  from  the  solution  of  the  potassium-salt,  in  delicate  satiny 
B(^es,  quite  insoluble  in  water,  and  becoming  anhydrous  at  100^. — ^The  silver-salt  is  ol>- 
tained  in  like  manner,  as  a  white  flooculent  precipitate,  but  soon  settles  down  to  a  dense 
powder,  which  turns  red  on  eoEposure  to  li^t,  and  black  when  heated  in  the  liquid. 

mtOlLAMlC  iLMUVDBZBB.    See  preceding  article. 

See  Ubxnabt  FioioaiTS  (p.  963). 

Syn.  with  Ubozakio  Aiyhtdbidb. 

Syn.  with  Alloxantik  (i.  138). 

Syn.  with  Uiioxn.. 

C**H*'0  ? — A  resinous  body  obtained  from  the  leaves  of  the  red  bear- 
berry,  Arctostaphvlcs  uva-ursi.  It  was  first  prepared  by  Trommsdorff  in  1854 
(Arch.  Pharm.  [2],  Ixxx.  273),  and  further  examined  by  Hlasiwets  (J.  pr.  Chem. 
Ixiv.  123),  who  assigned  to  it  the  formula  C**H*'0'.  To  prepare  it,  the  leaves  of  the 
bearberry,  after  being  freed  from  arbutin  by  exhaustion  with  water,  are  treated  with 
alcohol,  the  solution  is  evaporated,  the  residue  treated  with  water  and  ether,  and  the 
ursone  which  then  remains  imdissolved,  is  purified  by  crystallisation  from  alcohol. 
Or  the  leaves  are  treated  with  ether  in  a  displacement  apparatus,  whereby  a  dark- 
green  extract  is  obtained,  which  deposits  a  considerable  quantity  of  crystalline  ursone 
to  be  purified  by  crystallisation  from  alcohol. 

Ursone  crystallises  in  slender  colourless  needles,  having  a  silky  lustre,  tasteless 
and  inodorous,  insoluble  in  water  and  in  aqueous  acids  or  alkalis,  solabU  vith 
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difficulty  in  ether  or  alcohoL  It  mdta  at  190^—200°,  and  solidiflet  again  in  tha 
cr3r8tallme  form  on  cooling;  if  heated  abore  ita  melting-point,  it  remains  amoaphooa 
after  cooling,  and  at  a  sUll  higher  temperatore  boila,  and  appears  to  Tolatilise  wtdiont 
decomposition. 

According  to  Hlasiweta,  ursone  agrees  in  composition  and  in  most  of  its  propertiet 
with  hartin  from  lignite  (iii.  14). 

miTZCA.  The  stinginfl  power  of  nettles,  Urtioa  urgns  and  U.  dioiea,  is  doa  (ae- 
cording  to  Saladin)  to  acid  carbonate  of  ammoniam,  contained  in  glands  beneath 
their  epidermis ;  the  jnice  contains  nitrate  of  potassium  and  nitrate  of  calcinm.  Ac- 
cording to  Boll ig,  water  distilled  over  the  herb  contains  carbonate  of  ammonium; 
'  according  to  Gorup-Besanes,  it  contains  formic  acid. 

The  yellowish  decoction  of  the  leaves,  when  left  to  drv  in  contact  with  the  air,  espe- 
dallT  in  presence  of  alkalis,  is  said,  by  Leuch,  to  yield  a  fine  emerald-green  colocr. 
The  herb  of  U,  urmt  yields,  by  fermentation,  a  so-called  ferment-oil  (ii.  636)  (Bley). 
The  seeds  of  both  kinds  of  nettle  are  said  to  be  uaeful  as  remedies  in  cases  of  djsen- 

tenr. 

The  fibre  of  many  species  of  Urtiea  yields  usefhl  tissues.  The  Chinese  are  said  to 
fabricate  a  fine  silky  stuff  from  the  fibres  of  Urtioa  meeo.    (Handw.  d.  Chem.  ix.  66.) 

mvtO  ACIB9  or  VSMnr.  An  add  obtainedfrom  several  speoiea  of  lichen.  It 
was  first  prepared  and  eouunined  by  Knop  (Ann.  Ch.  Pharm.  zlix.  103),  and  further 
investigated  by  Rochleder  and  Heldt  (ibid,  zlviii.  12),  Thomson  (ibid.  liii.  262), 
8ten house  {ibid,  brriii.  97t  114),  and  Hesse  (ibid,  czrii.  348). — Stenhouse  aaaigned 
to  it  the  formula  C»»in'0**— mow  probably  C-WO^*,  or  C»*H»«0' ;  acoordinff  to 
Hesse,  it  is  0*«H**0'.  It  b  found  in  Usnea  florida,  U,  Maria,  U.  pHaOa,  U,  harSata, 
BamaUna  oaUcarit^  Cladonia  ran^erima,  J^melia/wrfuraeea,  Evemia  pntnastri,  and 
others. 

According  to  Stenhouse,  the  several  species  of  Ihnea  are  best  adapted  for  tha  pre- 
paration of  usnie  acid,  especially  Usnea  JMda;  next  in  point  of  eligibility  oomss 
dadoma  rang^ferina,  while  the  several  species  of  Ramatina  and  Emrma  vnmiatri  am 
less  adapted  for  the  purpose,  because  they  yield  resinous  acids  diiBcQit  to  purify. 
Hesse  uses  BamaUna  ealioarit  (var.  frojnnea  and  chumnuUica)  for  the  preparation  of 
alphsrusnic  acid,  and  Cladonia  rangiferina  for  the  preparation  of  beta-uanic  add| 

PreparoJUon. — ^Knop  exhausts  the  lichens  with  ether  in  a  distdaoement  appantus, 
then  distils  off  the  etner,  and  treats  the  residue  with  alcohol ;  tae  alcoholic  solutioa 
thus  obtained  deposits  usnio  acid  in  crystals  on  cooling.  Bochleder  and  Heldt  digMt 
the  lichens  with  a  mixture  of  ammonia  and  aqueous  aleohol,  filter  the  liquid 
after  some  minutes,  then  mix  it  with  one-third  of  its  volume  of  water,  and  neutralise 
with  acetic  acid ;  the  usnicacid  thereby  precipitated  is  washed,  and  reerystalHsed  from 
aloohoL— Stenhouse  exhausts  the  lichens  with  milk  of  lime,  uid  predpitatea  with  hy* 
drochloric  acid. 

Hesse  also  exhausts  the  lichens  {Ramaima  oaUoarii,  var.yramMand  cknammaHoa) 
with  milk  of  lime,  supersaturates  with  hydrochloric  add,  and  boils  for  a  short  tima, 
whereupon  alpha-usnic  add  crystallises  out.  The  deposit  is  washed  with  water,  then 
boiled  with  alcoho),  and  the  residue  is  dissolved  in  boiling  acetic  acid,  tha  solutioa 
mixed  with  animal  charcoal,  and  filtered. — ^To  prepare  beta-usnic  add  from  Ctadonia 
roMffiferinat  Hesse  exhausts  the  lichen  with  dilute  soda-ley ;  saturatea  with  hydro- 
chloric add ;  washes  the  predpitate,  which  contains  brown  humous  subatances.  with 
water ;  dries  it,  and  exhausts  it  with  ether ;  evaporates  the  ethereal  solution ;  and 
mixes  the  residue  with  alcohoL  Beta-usnic  add  then  crystallises  out,  and  may  be 
purified  by  recrrstallisation  from  alcohol  with  addition  of  animal  chaxcoaL 

Propertiss, — Usnic  add  forms  thin,  li^t,  sulphur-yellow  needles,  which  bsoome 
strongly  electric  by  friction,  are  not  moistcoied  by  water,  diseolve  bnt  aparin^y  in 
ordinary  alcohol,  even  at  the  boiling  heat,  but  easily  in  boiling;  ether  or  turpentine-oil. 

Usnie  acid  melts  when  somewhat  strongly  heated,  alpha-usnic  ada  at  203^ 
(Hesse),  at  200®  (Knop);  beta-usnic  add  at  176® :  this  difference  of  mdtiog-pobt  is 
the  only  essential  distinction  between  the  two  adds.  Melted  usnic  add  is  yellowish 
and  resinous,  and  solidifies  in  the  crystalline  form  on  cooling ;  at  a  higher  temperature 
it  yields  a  crystalline  sublimate,  an  oily  distillate  oontainine  beta-oreetn,  ana  a  car- 
bonaceous reddue.  Usnic  add  is  not  coloured  by  ferric  elunide  or  by  hypodilorite 
af  sodium. 

Chlorine  converts  usnic  add  into  a  rednous  body ;  eulpKurie  and  dissolves  it,  form- 
ing a  yellow  solution,  which  is  predpitated  by  water.  ifUric  aoid  heated  with  it,  forms 
a  yellow  resin.  Usnic  add  diMdves  easily  in  alkaline  li^uide :  the  solutions,  which 
contain  beta-orcein  together  with  a  remn,  become  dark-red  on  exposure  to  the  air,  and 
at  last  nearly  black. 

Usnic  acid  is  monobasic,  the  composition  of  its  salts  being  C'*H*^0\  aocordiog  te 
Hesse i   C**H**J1I0^  according  to  Knop.    The  nsnotcs  of  the  aikali-mctals  are 
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tolnble  in  water ;  the  rest  are  insoluble  in  water,  but  soluble  in  alcohol ;    ether 
extracts  osnie  acid  from  them. 

Usnaie  of  ammcnium,  obtained  bjpassinff  ammonia-gas  into  absolute  alcohol  in 
which  usnic  acid  is  suspended,  forms  neeSe-shiqp^  crystals. — The  poia»aium-8aIt, 
C"H*'E0'.6HH),  is  prepared  by  boiling  omie  acid  with  a  strong  solution  of  potai^sic 
carbonate.  It  separates  almost  completely  from  the  solution  on  cooling,  and  when 
ncrystaliiaadfrom  aleohol,  forms  white  lamina,  which  give  off  all  their  water  at  130^. 
Its  solution  froths  like  soap-water,  and,  when  mixed  with  a  large  Quantity  of  water, 
deposits  an  add  salt.— The  sodium-salt  forms  stellate  groups  of  siUcy  needles ;  it  re- 
acts like  the  potassium-salt,  but  is  more  easily  decomposed. — ^The  barium-salt^ 
C*'H**Ba''0",  may  be  oystallised  from  alcohol ;  thesqueous  solution  quickly  becomes 
coloured  on  exposure  to  the  air. — ^The  cupric  salt,  C*'HrCu''0*^  is  a  green  precipitate ; 
the  Uad-salt,  a  white  precipitate ;  the  sUver^salt,  a  white  precipitate  which  quickly 
blackens. 

U  VITIC  and  WITOMZO  AOXB8.  Acids  produced,  according  to  Finck, 
by  the  action  of  baryta-water  on  pyroracemic  add.  The  former  has  Uie  composition 
C'HH)* ;  the  latter  appears  to  be  merely  a  syrupy  modification  of  pyroracemic  acid 
(iv.  770). 


Ckroms-gamet,  Chrfme^fme-famet,  8GaO.Cr'0>.3SiO*,  with 
■mall  quantities  of  alumina,  ferrous  oxide,  and  magnesia,  occurs  at  Saranowskaja, 
near  Bissersk,  and  near  Kyschtimsk,  in  the  Ural,  in  rhombic  dodecahedrons,  and 
massive,  with  imperfectly  oonchoidal  or  splinte^  firacture,  emerald-green  colour,  and 
greenish-white  sU«ak,  Titreous  lustre,  more  or  less  transparent  on  Uie  edges.  Hard- 
ness B  7*5  to  8*0.  Specific  gravity  =  3*4  to  3'5.  It  does  not  fuse  by  itself  before 
the  blowpipe,  but  fonns  a  cleur  oliTo-green  glass  with  borax.    (See  Gabicst,  ii.  772.) 


This  name  was  giTsn  by  Lerch  (Ann.  Ch.  Pharm.  xlix. 
227)  to  a  volatile  add,  obtained  on  one  occasion  by  the  saponification  of  butter  from 
eonrs  milk,  but  whidi  appears  to  have  been  merely  a  mixture  of  butyric  and  cuprie 
adds. 


•Soluble  in  water. 


A  small  senus  of  plants  induding  the  bilberry  and  whortle- 
berry. The  green  parts  of  the  common  bilberry  (FAxrmtiim  MyrtiUus)  contain 
quinic  add  (Zwen^er,  Ann.  Ch.  Pharm.  cxv.  108).  The  fruit  contains,  according  to 
^resenins  (t&ict.  cl  225): 

Fmit-suffar 6*8\ 

Free  add  (regarded  as  malic  acid).  •  1*3 
Albununous  substances .  •  •  .0*8 
Pectin,  gum,  colouring-matter  .  •  0*5 
Ash •       •    0*8 

Kernel  and  husk 12*8  ) 

Pectoae 0*2   llnioluble  in  water. 

Ash 0*65J 

Water 77*6 

The  colouring-matter  of  the  berries  forms  with  lead-oxide,  a  fine  blue  compound 
which  is  coloured  green  by  alladis.  The  berries  ^eld,  by  fermentation,  a  kind  of 
brandy  (**  Hddelbeerbrantwein  "  or  **  Hdddbeergeist ")  which  is  prepared  in  large 
quantities  in  many  parts  of  the  Black  Forest 

Whortleberries,  Uie  fruit  of  Vaodmum  Vitis  id^a,  and  cranberries,  the  fruit  of 
Vacdnium  Oxffcoocus  (L.),  Oxyeooeus  palustris  (Rich.),  contain,  according  to  Scheele, 
dtric  add  and  a  small  quantity  of  malic  add. 

VAOVniK.  The  most  usual  method  of  producing  a  Tacuum,  or  rather  a  highly 
rarefied  atmosphere,  is  by  the  common  air-pump.  ^  The  exhaustion  may  be  made  much 
more  complete  by  flllinff  the  eidiausted  receiver  with  carbonic  add  gas,  absorbing  this 
gas  by  lime,  and  repeating  the  process  several  times.  A  vacuum  may  slso  be  produced 
by  driving  the  air  out  of  a  vessd  with  steam,  and  then  condensing  the  steam  by  cooling. 

In  the  barometric  or  Torricellian  vacuum,  there  is  nothing  present  but  a  very  minute 
quantity  of  mercnnr-vapour.  An  excellent  method  of  producinj^  a  vacuum  has  l)eon 
contrived  by  Dr.  Sprengel  (Chem.  Soc.  J.  xviii.  9).    It  consists  in  connecting  the 
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Teasel  to  be  exhausted  with  the  upper  part  of  a  long  yertieal  tal)e,  down  which  » 
column  of  mercuiy  is  made  to  flow. 

Sjm.  with  VALBBomi. 

A  name  giren  by  Breithanpt  to  orthoclase  from  the 
Bilver-miue  of  Valenciana  in  Mexico ;  reUted  to  adularin,  and  containing,  aocording 
to  Plattner,  66*82  per  cent,  silica,  17*58  alumina,  0'09  ferric  oxide,  and  14'80  potash. 

The  trimetric  variety  of  native  antimonious  oxide  (i.  323). 

C"H<"N*0«.  (Schlieper,  Ann.  Ch.  Pharm.  lix- 
16.)— A  body  containing  the  elements  of  4  at.  valeronitrile,  C^H'N,  and  3  at«  acetic  add, 
C*H<0«,  or  of  1  at.  valeronitrile  and  3  at.  valeracetamide,  0»H  •(C*HK))NO.  It  iB 
found  in  the  neutral  oil  produced  by  distilling  glue  with  potassium-chromate  and  sul- 
phuric acid,  and  is  obtained  therefrom,  in  the  same  manner  as  valeronitrile  (ii.  272), 
by  repeated  fractional  rectification  of  the  portion  boiling  between  68**  and  90®. 

Valeracetonitrile  is  a  mobile  colourless  liquid,  moderately  soluble  in  water,  and 
miscible  in  all  proportions  with  alcohol  and  ether.  It  lias  an  aromatic  odour,  makes  a 
transient  grease-spot  on  paper,  has  a  specific  gravity  of  0*79,  and  boils  between  68^ 
and  71*^.  It  is  veir  inflammable,  and  bums  with  a  faintly  luminous  flame.  By  heating 
with  sulphuric  add,  or  with  aqueous  flxed  alkalis,  it  is  decomposed,  with  fozmation  of 
ammonia^  acetic  add,  and  valerianic  add : 

C«H«NH)«  +  8H«0     =    40»H»»0«  +  3C»H«0«  +  4NH». 

Chlorine  and  bromine  decompose  valenoetonitrile,  with  evolution  of  hydrochlorie  or 
hydcobromic  add. 

VJL&BBAXn    C»H»»0  -   ^H^jor^gjO.     Valeraldehyde.     VOm-Mic  M^ 

dehyde.  Amylic  Aldehyde,  Valeiyl^kydride. — This  body  was  discovered  by  Dnmas 
and  St  as  (Ann.  Ch.  Phys.  [21  Ixxiii.  145),  who  obtained  it  by  oxidising  amylic  alco- 
hol with  nitric  or  chromic  add.  It  is  also  produced  in  the  distillation  of  fusel-oil  with 
sulphuric  acid  (Gaul tier,  Ann.  Ch.  Pharm.  xliv.  127) ;  by  the  dry  distillation  of  a 
mixture  of  formate  and  valerate  of  caldum  (Limpricht,  t'^tc^.  xcvii.  370);  by  the 
action  of  manganese-peroxide  and  sulphuric  acid  upon  p^luten  (Keller,  ibid,  xadL  31); 
of  chromic  acid  on  castor-oil  (Arsbacher,  ibid,  ham,  202),  and  of  sulphurie  anhy- 
dride on  leucine  (Sohwanert,  ifrti.  di.  226),  in  the  dry  distillation  of  valeratai, 
most  easily,  according  to  Ebersbach  (ibid.  cvi.  262),  from  valerate  of  caldum  after 
addition  of  lime ;  and,  lasUy,  bv  the  diy  distillation  of  lupulin-resin  which  has  been 
exhausted  with  water,  after  adaition  of  lime.  (Personne,  J.  Pharm.  [3]  xxvi.  241, 
329 ;  xxvii.  22.) 

Valoral,  obtained  by  the  dry  distillation  of  valerates,  was  formerly  regarded  as 
isomeric,  but  not  identical,  with  valeraldehyde  produced  by  oxidation  of  amylic  alco- 
hol ;  the  two  products,  however,  invariably  exhibit  the  same  reactions,  and  appear  to 
differ  only  in  boiling-point,  that  of  the  product  obtained  by  distillation,  of  valerates 
being  somewhat  the  higher  of  the  two,  and  not  constant,  a  peculiarity  doabtlefli 
arising  from  admixture  of  other  substances. 

Preparation, — Valeral  is  usually  prepared  by  oxidising  amylic  alcohol  with  ehromate 
of  potassium  and  sulphuric  acid.  The  beet'  way  of  proceeding,  aocording  to  Pa  r  k  i  n  - 
son  (Ann.  Ch.  Phann.  xo.  114),*  is  to  allow  a  mixture  of  11  pts.  amylic  alcohol, 
16^  pts.  sulphuric  add,  and  16|-  pts.  water,  to  flow  slowly  into  a  lukewarm  solution  of 
12^  pts.  potassium-chromate,  whereby  sufficient  heat  iff  produced  to  cauae  the  greater 
part  of  the  valeral  to  distil  over^  towards  the  end,  however,  the  distillation  must  be 
assisted  by  external  heating.  The  oily  layer  of  the  distillate  is  separated,  and  shaken 
up,  flrst  with  potash-le^,  to  remove  valerianic  acid  formed  at  the  same  time,  and  then 
with  acid  sodium-sulphite,  with  which  it  forms  a  crystalline  compound ;  the  resulting 
crystals  are  pressed  and  washed  witii  alcohol,  and  the  valeral  is  separated  thereftom 
by  distiUation  with  carbonate  of  sodium. 

Properties. — Colourless,  very  mobile,  strongly  refracting  liquid,  neutral  to  vegetable 
colours,  having  a  burning  bitter  taste,  a  pungent  fruity  c^our,  and  exdting  cooghing 
when  inhaled,  like  most  compounds  of  the  amyl-group.  Specific  gravity  »  0*8057 
at  17^  0-8224  at  0°  (Kopp).  Boiling  point  96<>  to  97°  under  the  ordinary  pre*- 
sure,  92*8°  under  a  pressure  of  740  mm.  (Kopp).  After  keeping  for  some  time, 
the  boiling-point  rises,  and  a  considerable  portion  of  the  valeral  passes  into  a  modifi- 
cation, probably  polymeric,  having  a  higher  boiling-point.  Valezal  is  very  inflam- 
mable, and  burus  with  a  bright  flame,  exhibiting  a  famt  blue  colour  on  the  edges. 

Valeral  is  insoluble  in  watery  but  mixes  in  all  proportions  with  alcohol,  ether,  and 
volatile  oil^.  It  dissolves  iodine,  phoephonu,  and  various  reeim,  but  not  sulphur.  »od 
mixes  with  strong  sulphuric  add. 
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IkcompoiUums. — 1.  Valezal  heated  above  its  boilinff  point  is  transformed  into  an 
iiomeric  compound,  boiling  between  160^  and  200°. — ^The  same  compound  is  found  in 
the  mother-liquor  of  the  preparation  of  yaleral-sodium-sulphite  (p.  974),  and  is  also 
formed  by  heating  that  salt  with  dry  sodium-carbonate  (P ar  ki  nson).  According  to 
Limpricht,onthe  other  hand  (Ann.  Ch.  Pharm.  cziv.  244),  Taleral  is  not  conreited 
into  an  isomer  by  heat,  neither  is  any  8uch  body  found  in  crude  raleral. 

2.  Valeral  exposed  to  the  air  is  gradually  converted  intoTaloriauic  acid ;  the  oxida- 
tion is  accelerated  by  contact  with  platinum-black.  The  same  change  is  produced  by 
the  action  of  a  mixture  of  potassium-chromate  And  sulphuric  add,  and  by  other  oxidibing 
agents.  —NUric  add  of  ordinary  strength  converts  it  into  nitrovalerianic  acid. — 3.  By 
the  prolonged  action  of  cAZorinf,  valeral  is  converted  into  dichloro valeral,  which 
unites  with  add  ammonium-sulphite,  forming  the  crystalline  compound  OH*C1*0. 
NaHSO*  (Kiindig,  Ann.  Ch.  cxiv.  1). — 4.  By  distillation  with  phosphoric  pentachlo' 
ride,  valeral  is  converted  into  the  chloride  C*H'*C1',  which,  when  treated  with  alco- 
holic potash,  gives  up  hydrochloric  acid,  and  yields  the  compound  C*H*C1.  (£  bers- 
bach.) 

^  6.  The  ammonia-compound  of  valeral  is  converted  by  sulphydrie  add  into  valeral- 
dine,  a  base  homologous  with  thialdine  (p.  772). 

6.  When  valeral-ammonia  is  evaporated  with  hydrocyanic  acid,  the  valeial  is  con« 
Terted  into  leucine,  just  as  aldehyde  is  converted  into  alanine  (i.  63): 

C*H»»0  +  CNH  +  H«0     -    C«H'«NO». 

ValeraU  Leucine. 

7.  With  cyanic  add,  valeral  forms  an  add,  CH'^NH)'  (Baeyer),  homologous  with 
trigenic  acid  (p.  883) : 

C*H'«0  +  3CNH0     -     C0«  +  C'H»*N*0». 

8.  Valeral  fiised  with  potauium-hydraUy  gives  off  hydrogen  and  yields  valerate  of 
potassium: 

C»H'»0  +  KHO     -     C*H»KO«  +  W, 

9.  When  valeral  is  heated  with  lime,  amylic  alcohol  and  valerate  of  caldum  are 
produced ;  and  on  distilling  the  mixture,  decomposition-products  of  the  latter  are 
obtained,  including  the  two  compounds,  C*H''0  and  C^H'^0,  apparently  consisting 
of  mixed  acetones — the  former  isomeric  with  caproic  aldehyde,  the  latter  with  (snanthol. 
(Fittig,  Ann.  Ch.  Pharm.  cxvii.  68.) 

10.  When  valeral  is  treated  with  aodium,  ultimately  with  aid  of  heat,  hydrogen  is 
evolved,  and  a  yellow  sodium-compound  is  formed,  which  is  decomposed  by  heating  to 
120°  with  ethylic  iodide, yielding  an  oil,  C*H'*0,  i8omeriewithvalerone(Eber  sbach). 
Borodin,  on  the  other  hand  (Zeitschr.  Ch.  Pharm.  1864,  p.  363;  Jahresb.  1864, 
p.  337)i  obtained  a  mixture  which  was  decomposed  by  water  into  caustic  soda,  valerate 
of  sodium,  amylic  alcohol,  and  two  new  bodies,  C'*H**0  and  C**H'*0.  The  first  of 
these  is  a  monatomic  alcohol,  isomeric  or  identical  with  decatylic  alcohol.  It  is  a 
colourless  aromatic  oil,  boiling  at  203*3°  and  having  a  specific  gravity  of  0*8569  at  0°. 
It  forms  ethers  with  acetic  and  benzoic  acids,  reacts  like  other  monatomic  alcohols 
with  pentachloride  of  phosphorus,  forms  a  sulpho-acid  when  treated  with  oil  of 
vitriol,  and  with  sodium  a  compound  analogous  to  sodium-ethylate.  Its  formation 
from  valeral  is  represented  by  the  equation : 


3C»H»«0 
Valeral. 

+ 

Na« 

■■ 

C"H"NaO» 

Decatvlate 
of  sodium. 

+  C»IPNaO. 

Valerate 
of  sodium. 

C'»H"NaO 

Deratvlate 
of  sodium. 

+ 

H«0 

" 

NaHO  + 

C'»H»0. 

Drcatjilc 
alcohol. 

The  second  bod^,  C'*H''0,  isomeric  with  camphol,  is  a  light-yeHow,  tasteless,  neu- 
tral oil,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  haying  a  spedflc  gravity 
of  0*9027  at  17°.  Its  boiling-point  rises  from  260°  to  280°  and  290°,  without  percep- 
tible change  of  composition. 

11.  Valeral,  treated  for  fifteen  days  with  eodium-amalgam  and  water,  is  partly  con- 
verted into  amylic  alcohol.    (Wurtz,  Ann.  Ch.  Pharm.  cxxxiv.  201.) 

12.  Alsberg  (Jahresb.  1864,  p.  486),  by  heating  a  mixture  of  1  vol.  valeral,  3  vols, 
amylic  alcohol,  and  1  vol.  acetic  acid,  obtained  a  compound,  C^H**(C'H")'0',  which  he 
calls  diamylvaleral,  but  which  has  in  reality  the  composition  of  the  diamylic  ether 
of  amylene-glycol  (p.  974).  The  same  compound  is  produced,  together  with  valerianic 
acid  and  a  little  amylic  alcohol,  by  treating  valeral  with  ethylate  of  sodium  and  abso- 
lute alcohol : 

6C»H>«0  +  2C*H»NaO  +  H«0     -     2C*H»NaO«  +  C*H"(C»fl'»)*0«  +   2C^«0. 

Valeral.  Sodium-  Sodium-  Dlamjlic  Bthjlic 

ethylate.  valerate.  amyleaate-  alcohol. 
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CoXFOniPS  AMD  DEBITATim  OP  VjT.IWftT. 

VaUral-amMonia,  G*H>*Oim*  -  C*H*(NH«)0.— Valeral  ablMurbs  unmoaU-gM 
forming  a  thick  syrup,  which,  after  seroiil  weeks,  daponts  dystala  of  Taleral-aiomonia 
(Parkinson).  According  to  Ebers bach,  the  compound  is  more  eanljr  prepared  by 
adding  aqneons  ammonia  to  yaleral  mixed  with  a  thousand  times  its  bul<  of  water : 
the  liqnia  immediately  becomes  milky,  and  after  a  few  hours  deposits  oystals,  the 
formation  of  which  goes  on  for  seyeral  months.  Valeral-ammooia  melts  when  heated, 
is  insoluble  in  water,  but  dissolves  easilv  in  alcohol  and  ether.  It  is  decomposed  hy 
sulphydric  add  with  formation  of  TalecBldine,  and  by  hydzoqranie  acid  with  fonnatioo 
of  leucine  (p.  978). 

Comwmnds  of  Valeral  with  AlkaUm  BiaulpkUei, — ^The  ammamum'sait, 
OB*(SE*)SO',  is  denosited  in  shining  lamins  on  distilling  a  mixture  of  acid  ammo- 
nium-sulphite and  Taleral,  and  leaving  the  distillate  to  evaporate.  Jt  is  deoompo«ed 
by  water,  acids,  and  alkalis,  with  separation  of  valenL — The  »odmm-salt,  2C*H'NaSO\ 
2&K),  is  nearly  insoluble  in  absolute  alcohol  and  in  ether,  sparingly  soluble  in  oold 
water;  it  dissolves  without  decomposition  in  water  at  70^  to  80^,  but  when  more 
strongly  heated  with  water,  it  is  decomposed  with  separation  of  valeral  and  sulphurous 
acid.  Alkalis  and  acids  decompose  it  immediately.  The  air-dried  crystals  effloresce 
in  a  vacuum  over  oil  of  vitrioL 

Cbmwmnds  of  Valeral  untk  Aeetio  and  B&nsoie  Jnhydridss, — ^The  compound  C*H'*0. 
C^H*0*  is  formed  by  heating  1  at.  valeral  with  1  at.  acetic  anhydride,  or  2  at  acetic 
add,  to  200^  in  a  sealed  tube  for  four  to  eight  hours,  and  passes  over  at  195^  on  sub- 
mitting the  oily  product  to  fractional  distiUation.  It  is  a  colourless,  ethereal,  mobile^ 
neutral  liquid,  of  specific  gravity  0*968,  boiling  at  about  195^,  insoluble  in  water, 
easily  misciblA  with  alcohol  and  ether.  It  is  not  altered  by  water,  but  in  contact  with 
potash  is  easily  resolved  into  acetic  add  and  valeral  (Eolbe  and  Guthrie,  Ann.  Ch. 
Pharm.  dx.  296).— The  heiuoie  compound^  G*H>^.C'H>*0*,  is  obtained  in  like  manner 
by  heating  valeral  with  benzoic  anhydride  to  260°,  and  passes  over  on  rectification  at 
264°.  It  is  a  white  ciystalline  body,  tasteless  and  inodorous,  insoluble  in  watc^, 
melting  at  111°,  and  boiling  at  264°.  Alkalis  decompose  it  into  valefal  and  bensoic 
add.    (Eolbe  and  Guthrie.) 

JHcMorovaleralt  C^H'CIH),  is  produced  by  the  action  of  cUorine  on  valeral  (p.  978) 

Methylvaleral,  C*H*(CH')0,  is  obtained  by  distilling  a  mixture  <^  equivalent  onan- 
tiUes  of  alkaline  valerate  and  acetate,  agitating  the  oily  distillate  with  potash,  and  ree- 
tigring  till  the  boiling-point  becomes  constant.  It  is  an  oily  liquid  boiling  aft  120°. 
(Williamson,  Ann.  Ch.  Pharm.  Ixxxi.  86.) 

JHamylvaleral  (so-called),  C'^H'^^ — This  compound,  isomeric  or  identical  with 

diamylic  amylenate,  /nftHM\t[  O'l  ^  neutral  amylio  ether  c^  amylenic  glycol,  is  pro- 
duced, as  already  observed  (p.  973),  by  heating  valeral  with  amylic  alcohol  and  acetic 
acid,  or  with  sodium-ethylate  and  absolute  alc&oL  It  has  a  disagreeable  odour  like 
that  of  the  amyl-compounds,  and  of  celery,  is  insoluble  in  water,  of  spedfic  gravity 
0-849  at  7°.  and  boils  at  255°.— DirfAy/wiforo/  (so-caUed),  C^"(C«H»)«0«,  pre- 
pared  b^  heating  1  vol.  valeral  with  4  vols,  alcohol  and  1  vol.  acetic  aad,  is  sUgntly 
soluble  in  water,  has  a  pleasant  fruity  odour,  a  specific  mvity  of  0*835  at  12°,  and 
boils  at  lb%'2^, --Dimeihylvaleral  (so-called),  C»H»»(CH«)H)«,  prepared  with  1  voU 
valeral,  2*6  vols,  methylic  alcohol,  and  0*5  vol  acetic  acid,  has  an  agreeable  odour,  a 
spedfic  gravity  of  0*852  at  10°,  and  boils  at  124°.    (Alsberg.) 

See  preceding  artide. 
Syn.  with  Valeral. 


C»»H«»NS".  (Beissenhirts,  Ann.Ch.  Pharm,  xc.  109.— 
Parkinson,  ibid,  xc  119.)— -An  organic  base,  homologous  with  thialdine,  produced  by 
the  action  of  sulphydric  add  on  vaJeral-ammonia  suspended  in  water.  It  is  a  viscid 
oil,  which  does  not  solidify  at  —20°,  has  a  strong  unpleasant  odour,  is  iuKvluble  in 
water,  soluble  in  alcohol  and  ether,  and  volatiuses  without  decomposition.  It  has 
an  alkaline  reaction,  and  unites  with  hydrochloric  add,  forming  the  salt  C^ll^-Nb'. 
HCl,  which  ciystallises  in  needlrs,  and  t^hen  dissolved  in  water,  yields  with  silver- 
nitrate,  firat  chloride  and  then  sulphide  of  silver. 

VAZASAMZC  AOZB.    S^yn.  with  Amidovalbric  Acn>  (p.  076). 

VJikUniAMXBa.  C»H*O.H^.— The  primary  amide  of  valeric  add,  first 
prepared  by  Dumas,  Malaguti,  and  Leblanc  (Compt  rend.  xxv.  475,  658),  and 
further  examined  by  Dessaignes  and  Chautard  (Ann.  Ch.  Pharm.  IxviiL  883).  It 
is  produced  by  the  action  of  7  or  8  vols,  strong  aqueous  ammonia  on  1  vcU.  ethylie 
v&lerate,  and  sublimes  on  evaporating  the  b'quid  in  shining  laminie.   It  melts  at  100°» 
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fnblimeB  at  h  somewhat  higher  teinperatare.  It  ia  inaoliiblA  in  water,  gires  off 
ammonia  when  boiled  with  alkalis,  but  is  not  decomposed  thereby  at  ordinary  tempo* 
ratnres ;  when  heated  with  phosphoric  anhydride,  or  passed  in  the  state  of  faponr  oyer 
red-hot  lime,  it  is  resolved  jnto  water  and  Taleronitnle,  or  cyanide  of  tetryl,  C*IPN 
(ii.  272).  When  ignited  with  potassium,  it  gires  off  hydrogen  and  carburetted  hydro- 
gen, and  forms  cyanide  of  potassiam. 

▼  ATiTOi ilMiya.    The  name  originally  given  by  Wnrtz  to  amylamine. 

▼A&XSAWIIiZBa.  C»'H"NO  -  C*H"(C^»)NO».— PA«»y/i«ifer<wnttfo.— Pro- 
tfneed  by  the  action  of  Taleric  anhydride  on  aniline.  Crystallises  in  Instrons  needles 
or  inrisms,  sparingly  soluble  in  water,  easily  in  alcohol  and  ether.  Melts  at  115^,  and 
distils,  for  the  most  part  unaltered,  at  a  temperarore  above  220°.  It  is  but  slowly 
attacked  by  caustic  potash,  and  it  is  only  by  fusion  with  hydrate  of  potassium  that  any 
appreciable  quantity  of  aniline  can  be  obtained  from  it.  (Chiozza,  Ann.  Ch.  Phys. 
[3],  TTT1T   201.) 

See  Valkbio  Acid  (p.  976). 

Syn.  with  Amnjooi  and  with  BoRiTEKznL 

The  root  of  Valeriana  officinalis  ocmtaABB  starch,  extractive  matter, 
iiesin  (about  6  per  cent),  an  essential  oil,  valeric  add,  and  the  ordinary  plant-consti- 
toents. 

The  esBential  oil  of  valeri  an  is  obtained  bj  distillation  with  water,  1,000  pta. 
of  the  root  yielding  from  4  to  12  pts.  of  oiL  It  is  a  pale-yellow  or  greenish  liquid, 
having  a  strong  odour  of  valerian,  an  aromatic  taste,  and  strong  acid  reaction.  Specific 
gravity  »  0'90  to  0*93°.  Becomes  viscid  at  — 16°,  but  does  not  solidify  completely  even 
at  —  40°.  Begins  to  boil  at  about  200^,  the  boiling-point  gradually  rising  to  above  400?. 

Crude  valwian-oil  is  a  mixture  of  several  substances.  AccorcUng  to  Pierloi  (Ann. 
Ch.  Phys.  [3],  Ivi.  291),  100  pta.  of  it  contain : 

25  pts.  camphene,  C'*H**  (bomeene,  valerene). 

5  pts.  valeric  acid. 
18  pts.  stearoptene  \ 
47  pts.  resin  l  or  70  pts.  valeroL 

5  pts.  water  J 

On  submitting  the  crude  oil  to  fhictional  distillation,  a  yellowish  oil  passes  over 
between  120°  and  200^,  containing  nearly  all  the  valenc  acid  and  the  bomeene 
(i.  626);  afterwards,  according  to  6erhardt(Ann.  Ch.Phys.  [3],  vii.  276),  an  oxy* 
genated  oil,  valerol;  according  to  Pier  lot,  this  oil  may  be  resolved,  by  further 
fructional  precipitation,  and  distillation  over  potassium-hydrate,  into  a  camphor  or 
stearoptene,  a  resin,  valeric  acid,  and  water. 

▼AXJOtXAVXO  or  VA&SRIC  AOXB.    C^Hi^O*     -     ^^lo.—POpkinie 

Acid.  Phoemie  Acid,  Bvtylcarbonic  Acid,  BaldriancSure,  (Chevreul  [1817], 
BecMcrekec  cur  Us  corps  pros,  pp.  99,  209. — Grote,  BrandM*  Aich,  zzxiii.  160. — 
Trommsdorff  and  flttling,  Ann.  Ch.  Pharm.  vi.  176. — Dumas  and  Stas,  ibid, 
zxzv.  146. — ^Balard,  tMc^.  lii.  311. — Meyer  and  Zenner,  ibid.  Iv.  317. — ^Moro, 
ibid,  Iv.  330. — ^Redtenbacher,  ibid,  lix.  41. — Hlasiwetz,  ibid,  Ixxi.  40. — 
Winckler,  Report.  Pharm.  xxvii.  169. — Kriimer,  Brandos'  Arch. xl.  269;  xliii.  21. 
— ^P.  Morin,  J.  Pharm.  [3],  vii.  299.) — This  acid,  related  to  amylic  alcohol  in  the 
aame  manner  as  acetic  acid  to  ethylic  alcohol,  was  first  obtained  by  Chevreul,  in  1Q17, 
fimnthefiit  of  Defpkinum Phocmna,  and  thence  called  delphinic  or  phocenic  acid. 
Grote,  in  1830,  obtained  from  essential  oil  of  valerian  an  acid  which  be  designated  as 
valerianic  acid.  This  was  shown  by  Trommsdorff  and  Ettling  to  be  identical  with 
Chevrears  phocenic  acid,  and  the  same  add  was  afterwards  produced  by  oxidation  of 
amylic  idconol,  by  Dumas  and  Stas,  who  established  its  composition  and  its  relation  to 
amylic  alcohoL 

Valeric  acid  appears  to  be  somewhat  widely  diffused  in  the  vegetable  kingdom, 
being  found  in  valerian-root, angelica-root,  the  root  of  Atkamanta  orwselinumf  the  fruit 
and  bark  of  the  suelder  rose  (  Viburnum  Opulus),  the  bark  of  the  elder-tree,  and  in 
many  plants  of  the  composite  order.  It  is  also  found  in  many  animal  oils  and  other 
animal  secretions.  It  is  a  frequent  product  of  the  oxidation  of  fats  and  of  the  putre* 
faction  of  albuminous  substances,  &c  Amylic  alcohol  yields,  by  oxidation,  valerianic 
acid,  together  with  valeral  and  amylic  valerate. 

Preparation, — By  oxidation  of  amylic  alcohol. — A  mixture  of  1  pt.  amylic  alcohol  and 
2  pts.  strong  sulphuric  acid  is  allowea  to  flow  slowly  into  a  solution  of  6  pts.  acid  potas- 
sium-chromate  in  water ;  and  when  the  first  action,  which  takes  place  spontaneously,  is 
over,  the  mixture  is  heated  for  some  time  in  a  flask  provided  with  a  vertical  condena- 
ing-tube,  in  order  to  convert  the  valcral  produced  in  Uie  first  instance  into  valeric  acid* 
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The  liquid  is  then  distilled ;  the  distillate  saturated  with  carbonate  of  sodium ;  the 
amylic  Talorate  contained  in  it  is  distilled  off;  and  the  diy  residue  of  sodium-Talerate 
is  dissolyed  in  an  equal  weight  ofi  water  and  distilled  with  sulphuric  acid  (^  to  }  pC 
oil  of  vitriol  to  1  pt.  sodium-salt).  The  distillate  consists  of  an  aqueous  solntioo  of 
valeric  acid,  surmounted  by  an  oily  layer  consisting  of  a  definite  hycu&te,  G*H**0*.H*0, 
from  which  the  pure  add  or  hydric  valerate,  C*H"0*,  may  be  obtained  by 
rectification,  a  milky  aqueous  distillate  passing  over  at  first,  and  afterwards,  at  175°, 
the  pure  acid,  in  the  form  of  a  clear  oily  liquid. 

Properties, — ^Pure  valeric  acid,  or  hydric  valerate,  is  a  colourless  mobOe  oil,  baring 
a  sour  burning  taste,  and  a  strong  peculiar  odour,  like  that  of  valerian-oU,  tonifr< 
what  also  like  that  of  butyric  acid  and  decayed  cheese.  Specific  gravity  «s  0*937  at 
16''  (Dumas  and  Stas);  0*9378  at  19*6^  and  0*9565  at  0"^  (Kopp)  ;  0*9568  at  15'' 
(Mendelejef).  Index  of  refraction,  1*3952  (Delffs).  It  is  active  or  inactive  to 
polarised  light,  according  as  it  has  been  prepared  from  active  or  inactive  amylic  alcohol : 
the  active  modification  produces  a  rotation  of  17°  to  the  left  in  a  tube  50  centimetres 
long  (Pedler,  Chem.  ^.  J.  zzi.  74).  It  remains  liquid  and  transparent  at  "  15^ 
makes  transient  grease-spots  oo  paper,  boils  at  175°*  (Dumas  and  Stas;  Persia): 
at  175*8°  under  a  pressure  of  746  mm.  (Kopp).  The  specific  gravity  of  its  vapour, 
when  determined  at  a  sufiiciently  high  temperature,  is  3*66 ;  calc  for  2  vols,  a  3*53. 

Hydric  valerate,  (C'H^'O*),  dissolves  in  30  pts.  water  at  12°,  mixes  in  all  proportions 
with  alcohol  and  ether,  and  dissolves  abundantly  in  strong  acetic  acid.  It  dissolTes 
water,  and  forms  an  oily  hydrate,  C*H**0'.HH)  (commonly  called  the  trihjdrate,  frook 
having  been  regarded  as  C**'H**0'.3H'0),  which  separates  on  decomposing  a  valent* 
with  sulphuric  acid  not  too  much  diluted ;  or  on  adding  chloride  of  calcium,  or  othiT 
dehydrating  salt,  or  phosphoric  anhydride,  to  an  aqueous  solution  of  the  acid.  This 
hydrate  is  oily,  like  the  pure  hydric  valerate,  but  has  a  higher  specific  gravity  (0-9^, 
according  to  Trautwein),  and  a  lower  boiling-point;  when  it  is  heated,  aqueous 
valeric  acid  first  passes  over,  and  afterwards  pure  hvdric  valerate. 

Valeric  acid  mixes  with  oil  of  turpentine,  and  dissolves  phosphorus,  camphor,  sad 
some  resins. 

DecompoHtions. — 1.  Valeric  acid  vapour  passed  through  a  red-hot  tube,  is  rescdred 
into  carbonic  oxide,  carbonic  anhydride,  and  a  mixture  of  hydrocarbons  of  the  <J^ae 
croup  (ethylene,  tritylene,  and  tetzylene),  sometimes  also  mixed  with  marsh-pis 
(Hofmann,  Chem.  ooq.  Qu.  J.  iii.  121). — 2.  When  an  s^<rt0Ctfrreii/ia  passed  throojrii 
a  solution  of  potassic  valerate,  the  valeric  acid  is  resolved,  with  absorption  of  axyges 
into  tetiyl  and  carbonic  anhydride : 

2C*H'»0»  +  0     =     C«H'»  +  2C0«  +  H«0. 

V«I«rlc  Tetnrl. 

add. 

The  tetryl  is,  however,  converted  by  f^irther  oxidation  into  tetrylene  and  water : 

C»H«»  +  O     =    2C«H«  +  HH); 

or  it  is  oxidised  to  tetrylic  oxide,  (OH*)^),  which  then  reacts  witli  the  Talerie  usA 
to  form  tetrylic  valerate  (Kolbe,  Ann.  Ch.  Fharm.  Ixix.  257).—  3.  By  foUMtk  p^ 
manganate  m  alkaline  solution,  valeric  add  \a  oxidised  to  carbonic  add,  oxalic  add, 
butyric  add,  and  its  lower  homologues,  together  with  a  volatile  solid  acid,  periupt 
angelic  add  (Neubauer,  Ann.  Ch.  Pharm.  cvi.  59). — 4.  Valeric  add  dissolves,  vitii 
evolution  of  heat,  in  strong  mlphuric  aoid^  apparently  forming  a  conjugated  add— 
5.  Strong  nitric  acid  slowly  converts  it  into  nitrovalenc  add. — 6.  With  eUorine  sad 
bromine  it  also  forms  substitution-products.  It  disf olves  iodine^  but  without  forauo; 
an  iodatedacid. — 7.  With  petUachloride  or  oxychioride  of  phovphorus^  it  forms  vakre 
chloride  or  valeric  anhvdride.— 8.  When  heated  ynthpentasulphideofphaaphorM^fi 
forms  thiovalericacid,  a  liquid  having  an  extremely  offensive  odour,  and  piobsblj 
consisting  of  C*H»»OS.    (Ul rich,  Ann.  Ch.  Pharm.  ex.  281.) 

VaJerates. — ^Valeric  acid  is  monobasic,  forming  neutral  salts,  C*H'MO',  and  a  ftw 
acid  and  basic  salts.  The  valerates  are  produced  by  direct  saturation.  Theytn 
tmctuous  to  the  touch,  inodorous  when  dry,  but  smell  of  valeric  add  when  moist,  fspe- 
dally  if  they  are  also  warmed ;  they  have  a  sweetish  taste,  with  somewhat  poBCwt 
aftei^taste.  Most  of  them  dissolve  in  water,  a  few  also  in  alcohol ;  maav  of  thwi 
rotate  on  the  water  in  the  act  of  dissolving.  By  dry  distillation,  they  yield  chiefly 
valerene  and  valerone.  A  mixture  of  valerate  and  formate  sulyject  to  dry  distillstiM 
yields  valeral ;  a  mixture  of  valerate  and  acetate  yields,  in  like  manner,  mathvlvaleral 
(p.  975).  The  soluble  valerates  are  decomposed  by  the  electric  current,  with  fenna- 
tion  of  carbonic  add,  tetrylene,  and  tetrylic  valerate. 

Valerates  are  decomposed  by  mineral  acids  and  by  many  oiganic  adds:  e^.  a«tif. 
tartaric,  citric,  malic  acid,  &c.,  with  separation  of  valeric  add.  Butyric  add  does  nor 
decompose  tVvem*,  on  the  other  hand,  butyrates  heated  with  valeric  add  yidd  fm 
butyric  acid.    Oi\  \\V\s  t«^?^(^\\o\x  \^  lQM\A^^\asxVi^Qf  separating  butyric  aad     •— *- 
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■cids,  by  parKal  satonition  with  potash,  whereby  only  Talerate  of  potMsimn  \a  tt  first 
produced.  When  a  mixture  of  acetic  and  ▼aierie  adds  is  partially  neutralised  with 
potash,  and  heated,  acid  acetate  of  potassium  remains  behind.  (Lie big,  see  Avaltsis, 
i.  260.)  Valeric  acid  is  further  distinguished  from  butyric  acid,  which  it  resembles  in 
many  respects,  by  the  behaviour  of  its  cupric  salt  {infra). 

VaUrate  of  Ammonium,  C*H*(NH*)0',  easily  gives  off  ammonia  when  heated* 
It  dissolves  freely  in  water  and  in  alcohol.  When  heated  with  phosphoric  anhydride, 
it  yields  valeronitrile.  This  salt  is  formed  in  the  putrefaction  of  oiganic  bodies,  and  is 
a  frequent  constituent  of  mouldy  cheese. — The potasiium-ialt,  C*H*KO*,  solidifies 
on  evaporation,  to  an  amorphous,  white,  deliquescent,  saline  mass,  having  an  alkalina 
reaction,  very  soluble  in  water  and  in  strong  alcohol,  soluble  in  less  than  3*9  pts.  of 
absolute  alcohol  at  20^.  It  melts  at  140°,  imd  decomposes  at.  a  stronger  heat.  When 
distilled  with  arsenic,  it  yields  a  heavy,  oily,  alliaceous,  fuming  liquid,  probably  the 
cacodyl  of  valeric  add  (Gibbs,  Sill.  Am.  J.  [2],  zv.  118). — The  todium-^aU  crystal- 
lises, by  spontaneous  evaporation  in  dry  air  at  82^,  in  cauliflower-like  masses,  eitremely 
deliquescent,  very  soluble  in  water,  and  even  in  absolute  alcohol,  melting  at  140°.— 
The  Uikium^alt,  2C*H*LiO'.H*0,  crystallises  from  the  syrupy  solution,  in  spherical 
warty  masses. 

Valerate  of  Barium,  C'*H*'Ba''0*.2HK),  cr^rstallises  by  spontaneous  evi^ration 
in  shining,  easily  friable  crystals,  which  dissolve  in  2  pts.  water  at  15°,  in  1  pt.  at  20°, 
exhibiting  a  very  brisk  rotation,  and  are  sparingly  soluble  in  alcohol.  They  give  off 
from  2  to  24  per  cent,  water  on  exposure  to  the  air  at  26^,  the  rest  fabont  7  per  cent) 
when  heated ;  the  dry  salt  decomposes  at  a  dull  red  heat,  giving  off  an  inmunmable 
gas,  probablv  tetrylene,  yielding  a  strong-smelling  distillate  of  valeral,  with  a  little 
valerone,  andf  leaving  carbonate  of  barium  mixed  with  a  little  chareoaL — The  eaUium- 
salt,  C**H**Ca''OMi^O,  crystallises  by  slow  evaporation  in  stellate  gproups  of  pnsms 
and  needles,  easily  soluble  in  water  and  in  oroinary  alcohol,  sparingly  soluble  in 
absolute  alcohol,  melting  with  decomposition  at  150^.  A  mixture  of  6  pts.  valerate  of 
caldum  and  1  pt  lime  yields,  hj  dry  distillation,  a  mixture  of  valerone  and  valeral. — 
The  s^ron^iwm-sa/^  crystallises  in  four-sided  tables. — The  magneeium-salt  is 
obtained,  by  slow  evaporation,  in  tufts  of  transparent  prisms,  moderately  soluble  in 
water,  slightly  soluble  in  alcohol. 

The  cuprie  salt  separates  from  the  blue-green  solution  of  cupric  carbonate  in  the 
aqueous  acid,  in  green  monodinic  prisms  containing  C'*H''Gu  0*JSH),  soluble  in 
water  and  in  alcohoL  When  concentrated  valeric  acid  is  added  to  a  solution  of  cupric 
acetate,  and  the  liquid  agitated,  anhydrous  cupric  valerate  separates  after  a  while  in 
oily  drops,  which  in  five  to  twenty  minutes  change  into  a  greenish-blue  crystalline 
powder  of  the  hydrated  suit  According  to  Larocque  and  Huraut  (J.  Pharm.  [3] 
IX.  430),  this  reaction  distinguishes  valeric  from  butyric  add,  which,  when  added  to 
cupric  acetate,  immediately  forms  a  crystalline  precipitate. 

Iron-salts, — Neutral  ferric  valerate  has  not  been  obtained  in  the  separate  state. 
Valerate  of  sodium  added  to  ferric  chloride,  throws  down  a  mixture  of  neutral  and 
basic  salt,  which,  after  drying,  forms  a  dark  brick-red,  amorphous  powder.  Iron 
dissolves  in  aqueous  valeric  acid  with  evolution  of  hydrogen,  forming /err<>us  valerate. 

Lead-salts. — The  neutral  salt,  C'*H"Pb''0*,  separates  from  solution  by  slow  eva- 
poration, in  shining,  easily  fusible  lamine.—  A  basie  salt,  C'*H*'Pb"0^2PbO,  is  obtained, 
oy  treating  valeric  add  with  excess  of  litharge,  exhausting  with  cold  water,  and  eva- 
porating the  filtrate  in  a  vacuum  over  oil  of  vitriol,  in  hemispherical  groups  of  shining 
needles,  infusible  and  sparingly  soluble  in  water. 

Msreury-salts. — The  neutral  mercuric  salt  separates,  on  mixing  mercuric  chlorids 
whh  valerate  of  sodium,  in  slender  white  needles,  which  are  also  deposited  on  boiling 
the  basic  salt  with  water,  and  leaving  the  filtrate  to  cool.  The  basic  salt,  which  has  a 
red  colour,  is  obtained  by  moderately  heating  the  neutml  salt,  or  by  dissolving  mercu- 
ric oxide  in  warm  concentrated  valeric  acid.  It  is  insoluble  in  cold  water,  and  is 
decomposed  by  boiling  water  into  the  neutxal  salt  and  a  red  residue. — The  mercurous 
salt  separates  in  small  needles  from  a  solution  of  mercurous  oxide  in  hot  concentrated 
valeric  acid. 

The  silver-salt,  C*H*AgO', separates  on  evaporation,  in  white  shining  lamina.  On 
adding  an  alkaline  valerate  to  nitrate  of  silver,  a  curdy  predpitate  is  formed  which 
C^radaally  becomes  crystalline.  The  salt  blackens  on  exposure  to  light,  and  is  decom- 
posed by  heat. 

Zinc-salt,  C'*'H'*Zn'0*. — ^Metallic  sine  dissolves  slowly  in  aqueous  valeric  add. 
The  aqueous  acid  saturated  by  boiling  with  aino-carbonate  and  filtered  hot,  deposits 
the  anhvdrous  due-salt  in  nacreous  scales  resembling  boric  acid.  The  same  salt  is 
obtAined  by  precipitation.  According  to  Daclou,  it  dissolves  in  50  ptn.  cold  and  40  pts. 
boiling  water,  in  17*5  pts.  cold  and  16*7 pts.  boiling  alcohol;  according  to  Wittstein, 
Vol.  V.  3  \\ 
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it  dissolves  in  90  pis.  oold  water,  in  60  pts.  cold  alec^ol  of  80  i>er  eent.,  in  600  pts. 
cold  and  200  pts.  boiling  ether.  The  aqneous  solution  gires  off  ralcnc  acid  on  boiling. 
The  salt  melts  at  140"^,  and  decomposes  at  a  higher  temperatore. — A  hfd/rmUi  talt, 
C'*H*"Zn''0M2HK),  is  obtained  by  mixing  equivalent  quantities  of  bydricTalente  and 
recently  precipitated  zinc-carbonate  with  a  small  quantity  of  water,  and  diying  at  a 
gentle  heat  It  does  not  differ  in  appearance  from  the  anhydrons  salt,  gives  off  ^  its 
crystallisation-water  at  100°,  and  dissolves  in  44  pts.  of  cold  water,  the  solntion,  when 
evaporated,  yielding  cxystals  of  the  anhydrous  salt  (Witts  tei  n).  Valerate  of  sine  ii 
usea  as  a  remedy  in  nervous  disorders.  The  commercial  salt  is  said  to  be  sometimes 
contaminated  with  butyrate,  the  piesenee  of  which  may  be  detected  by  sepaiating  the 
acid,  aad  testing  with  acetate  of  copper  in  the  manner  already  describKl  (p.  977). 

'  SitbBiihiium'denvaiives  of  Vakric  Acid, 


0»H"NO>  -  C«H'(NH*)0*.    Vakramio  Aoid.     VoUrmmiw 

AeUL—ThM  acid,  which  might  also  be  regarded  as  oxyvaUfwido  add,  (C*H*0)''>^,was 

found  by  Gornp-Besanes  (Ana.  Ch.  Fharm.  xcviii.  15),  together  with  leveine 
(amidocaprie  acid)  in  the  pancreas  of  an  oz.  It  is  produced  artificially  by  the 
action  of  ammonia  on  an  alooholic  solution  of  bromovalenc  acid : 

C«H»BiO«  +  2NH«     -     0»H»»NO«  +  NH*Br. 

(Cahonrs,  Ann.  Ch.  Pharm.  Suppl.  ii.  83. — ^Fittig  and  Olark,  Zeitsefar.  f.  Chera. 
1865,  p.  603).  It  might  probably  also  be  formed,  similarly  to  the  homologous  aaie 
adds,  by  reducing  nitrovaleric  aad  with  sulphydric  acid,  and  by  the  action  of  hjdro- 
cyanic  and  hydrochloric  adds  on  butyral. 

Amidovaleric  add  was  prepared  from  the  pancreas  of  the  ox  by  extraction  with  cold 
water.  The  solution  was  boded,  the  filtrate  mixed  witli  excess  of  baryta>water  te 
separate  phosphoric  acid,  and  the  filtrate  evaporated  to  a  syrup  over  the  water-bath ; 
whereupon  it  aepoeited  a  mixture  of  leudne  and  amidovaleric  acid,  which  were  sept* 
rated  by  fractional  solution  in  alcohol  of  specific  gravity  0*82,  the  amidovaleric  add 
being  much  less  soluble  than  the  leudne.  It  was  ultimately  purified  by  reerystaUisa- 
tion  from  strong  alcohol. 

Amidovaleric  acid  closely  resembles  leudne  (amidocaprie  add),  but  is  lees  soluble  ia 
water  and  in  alcohol,  espeeiaUy  in  the  latter ;  it  is  insoluble  in  ether.  It  unites  with 
adds,  forming  crystallisable  compounds,  which  are  much  more  sduble  than  thecQrr»> 
sponding  lencine-salts.  It  dissolves  easOy,  and  without  decomposition,  in  aqueoos 
allcalis,  forming,  for  the  most  part,  aystallisable  compounds. 

When  heated  in  a  glass  tube,  it  melts  and  sublimes,  with  partial  decompoction, 
giving  off  alkaline  vapours  having;  a  strong  odour  of  herring^pickle,  probably  tetiyl< 
amine.    When  heated  in  the  air,  it  bums  quickly  with  a  bluish  flame. 

Bromowalarlo  Aoid,  0*H*BrO*.— Produced  by  the  action  of  bromine  on  valerie 
add  at  140<^— 150^  (Cahonrs,  Ann.  Ch.  Fharm.  Suppl.  ii.  74),  or  on  valerate  of 
silver  (Borodine,  tW.  cxix.  121).  It  is  a  colourless  heavy  oil,  having  a  puncent 
odour,  and  boiling,  according  to  Gahours,  between  226°  and  280°,  without  pen^Sble 
decomposition  ;  according  to  Sorodine,  on  the  other  hand,  it  is  deoomposed  by  boiling, 
giving  off  hydrobromic  add,  yielding  a  distillate  containing  valeric  ado,  aad  apparantly 
valeral,  and  leaving  a  carbonaceous  reddue. 

Bromovaleric  add  separates  valeric  acid  from  valerates.  Its  compounds  with  the 
alkalis  and  alkaline  earths  are  easily  soluble  aad  not  crystallisable.  The  silve^saU 
is  white,  insoluble,  and  veiy  unstable.    (Bo r o dine.) 

This  add  is  easily  etherified ;  its  ethylic  ether  boils  between  190°  aad  194°. 

Cblorowalerte  Aoids.  Driehlorovaime  or  Chiorova/erisie  aeid,  C*H'CIH>*, 
is  formed  by  passing  chlorine-gas  into  hydric  valerate  in  the  dark,  the  liquid  being 
cooled  at  first,  and  afterwards  warmed  to  50°  or  60° ;  the  excess  of  chlorine  is  expdoiea 
by  a  stream  of  carbonic  anhydride.  Tridilorovaleric  add  is  an  oily  liquid,  very  viseid 
at  —18°;  not  verv  mobile  at  ordinary  temperatures,  but  perfectly  mobile  at  ZO^.  It  is 
inodorous,  has  a  sharp  buminff  taste,  is  heavier  than  water,  and  decomposee  at  110°— 
1 20°,  with  evolution  of  hydrochloric  add.  In  contact  with  water  it  forms  a  very  fluid 
hydrate,  which  mnks  to  the  bottom  of  the  water.  The  add  dissolves  in  aqueous  alka* 
lis,  but  is  predpitated  therefrom  by  acids  in  its  original  state.  The  aqueous  solution 
forms,  with  nitrate  of  silver,  a  predpitate  soluble  in  nitric  acid.  (Dumas  aad  Stas.) 

Tetrachlorovalerk  or  Ckhramlerotic  acid,  C*H*C1*0*,  is  formed  bv  the  prolonged 
action  of  an  excess  of  chlorine  on  valeric  add  in  sunshine,  the  action  odng  ultimately 
assisted  by  heating  the  liquid  to  60°.  It  is  a  colourless,  inodorous,  semiflt^otl,  baring 
a  sharp,  burning,  bitter  taste,  heavier  than  water,  not  solidifying  at  — 15°,  not  volstile, 
deeompofring  when  heated  above  150°.    It  unites  with  water,  forming  an  oily  bydrat^ 
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C*HH/1H>'.HH),  and  dissolyes  in  a  large  quantity  of  water,  eaail^  also  in  aleohol  and 
ether.  The  solutions,  after  a  while,  contain  free  hydrochloric  acid.  The  add  is  easily 
decomposed  by  fixed  alkalis,  but  not  by  aunmonia. 

Tetrachlorovaleric  acid  decomposes  carbonates.  The  alkaline  tetrachloroTaleratea 
are  <«*ily  soluble  in  water;  the  rest  insoluble  or  sparingly  soluble. — The  nlver-salt, 
C*H^AgClH)*,  obtained  by  precipitation  from  the  ammonium-salt,  is  white,  slightly 
soluble  in  water,  easily  in  nitric  acid;  the  solution,  when  exposed  to  light, deposits 
chloride  of  silrer.  The  dnr  salt  decomposes  slowly  in  the  dark,  forming  chloride  of 
■ilyer,  and  a  substance  which  makes  grease-spots  on  paper — probably  tricliLoroxyTalerie 
aeid,  C'H'Cl'O".    (Dumas  and  Stas.) 

WttroraleHe  Add,  C*H*(NO*)0*.  (Dessaignes,  Ann.  Ch.  Fharm.  Ixix.  274.) 
—Formed  by  the  action  of  strong  nitric  acid  at  the  boiling  heat  on  Taleric  acid ; 
crystallises  from  the  add  solution  in  thin  needles,  from  water  in  rhombic  plates.  It 
sublimes  at  100^,  but  its  boiling-point  is  much  hieher. — NUrovalerate  of  lead  is  easily 
soluble,  and  crystallises  in  thm  prisms. — ^The  firric  aali  is  insoluble,  and  resembles 
ferric  succinate. — ^The  barium-  and  oalcium-BoJUs  are  very  soluble,  the  latter  crystal* 
lising  in  needles. — ^The  ntver-mU,  G*H*Ag(NO'}0*,  crystallises  from  boiling  water  ia 
slender  prisms. 

Dessaignes  is  of  opinion  that  the  add  designated  as  nttroraleric  acid  may  perhaps  be 
nitro-angelic  add,  C»H'(NO»)0«. 

See  Vaixbian  (p.  976). 

CO  AXASBTDS.    Syn.  with  Valbbal  (p.  973). 

CO  AVBTBBZBa.  C'«H»0'  -  (C*H«0)<0.  Valeric  Oxide,  Vale- 
rie Valerate,  Jnhydraue  Valeric  Acid,  (Chiozza,  Ann.  Ch.  Pharm.  Ixxxiv.  106.) 
— Prepared  by  decomposing  6  at.  dry  valerate  of  potassium  with  rather  more 
than  1  at.  oxychloride  of  phosphorus,  and  purified  by  washing  the  distillate  with  carbo- 
nate of  sodium,  dissolving  it  in  ether,  and  evaporating.  It  is  a  colourless,  moderately 
mobile  oil,  not  misdble  with  water.  When  recently  prepared  it  has  a  faint  and  not 
unpleasant  odour  of  apples,  but  when  rubbed  between  the  fingers,  it  emits  the  offen- 
sive odour  of  valeric  add.  Specific  gravity  »  0*934  at  15^.  Boiling-point,  216®. 
Yapour-density  «■  6*28.  It  slowly  absorbs  teater,  and  is  converted  into  valeric  add. 
When  heated  with  an  alkali^  it  is  instantly  converted  into  a  valerate.  On  gently 
warming  it  with  a  small  quantity  of  potaesic  hydrate^  a  violent  action  takes  place,  and 
free  valeric  add  is  formed  as  well  as  potassic  valerate : 

(C*H»0)»0  +  KHO     -     C*H»O.K.O  +  C*H»O.H.O. 

With  alcohol  it  quickly  forms  ethylic  valerate ;  hence  the  ether  used  in  purifying  it 
must  be  free  from  alcohol. — By  ammonia  it  is  quickly  converted  into  valeramide  ;  by 
aniline  into  valeranilide. 

Benzovaleric  anhydride,  CH'O.C^H'O.O,  is  produced  by  the  action  of  benaoie 
chloride  on  potassic  valerate  (i.  658),  and  other  double  anhydrides  containing  valeryl 
may  be  formed  in  a  similar  manner. 

VA&BXZC  BSOlBXBBf  C^HK)Br,  is  produced  by  the  action  of  phosphoric  pen- 
tabromide  on  valeric  acid.    It  is  a  liquid  boiling  at  1 43®.    (B  A c  h  a  m  p.) 

VA&BRZC  CB&O&ZBBf  C'H'OCl,  is  produced  by  the  action  of  phosphorie 
oxychloride  on  valerate  of  sodium  (Moldenhauer),  or  of  phosphorous  cUoride 
on  valeric  acid  (B^champ).  It  is  a  colourless,  mobile,  fuming  liquid,  having  a  sped- 
fie  gravity  of  1*006  at  6®,  and  boiling  between  115®  and  120®;  easily  decomposed  hj 
water  into  hydrochloric  and  valeric  acid.  (B^ champ,  Compt  rend.  xlii.  224. — 
Moldenhauer,  Ann.  Ch.  Pharm.  dv.  111.) 

CO  BTHBAS.    The  valerates  of  methyl,  ethyl,  and  amyl  are  prepared 


Boils  at  116®.    Spedfic  heat  (between  45®  and  21®)  -  0*491.  (Kopp.) 

Eihylic  Ffl/«ra<#,C'H*(CH*)0,  is  a  colourless  liquid,  having  a  frnityodour,  also 
like  that  of  valerian.  Specific jravity  «=  0-866  at  18®  (Kopp).  0*894  at  0®  (Otto). 
Index  of  refraction  -  1*3904  (Delffs).  Boils  at  133®  (Otto  ;  Kopp;  Berthelot); 
at  131®  (Delffs).  Dissolves  sparingly  in  water,  easily  in  alcohol.  Ammonia  converta 
it  into  valeramide. 

Etlu'lic  valerate  dissolves  sodium,  with  little  or  no  evolution  of  hydrogen.  Wan  k- 
lyn  (Chem.  Soc  J.  xvii.  371),  by  heating  2  grms.  sodium  with  6  grms.  cdiylic  valerate 
and  7*5  grms.  pure  ether,  obtained  an  oily  body,  having  approximately  the  compodtioa 
of  valeryl : 

2(C»H»0.C«H*.0)   +  Na*     -     2C«H»NaO  +  (C*H»0)«. 
EthjUc  valerate.  Sodium-eibjrUta.         Valeryl. 

3b  2 
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GeAt  her  and  Greiner  ^Jahresb.  1865,  p.  819)  obtained  no  valei7lt  boUhe  soiiimi* 
salt  of  a  cryBtallisable  acio,  and  an  oily  body,  which,  when  distilled,  yielded,  as  prioo- 
pal  product,  a  liquid  boiling,  like  the  Bo-called  diamylvaleral  (p.  974),  between  240^ 
and  260^ 

Amy  lie  Valerate^  C^H*(C'H")0,  ie  prepared  as  abore,  and  ie  likewise  formed  ia 
the  preparation  of  valeric  acid  by  oxidising  amylic  alcohol  with  sulphuric  acid  and 
potassic  chromate,  being  contained  in  the  oily  liquid  separated  from  ihe  valerate  ol 
sodium  (p.  975).  It  is  an  oily  liquid,  having  an  agreeable  fruity  odour.  Specific 
gravity  «  0'8646  at  17°.  Boiling-point  187°  to  ISS*'  (Kopp);  196°  (Balard), 
Vapour-density  *  6*1.  A  solution  of  this  ether  in  6  to  8  pts.  alcohol  has  a  strong 
odour  of  apples,  and  is  used  for  aromatising  sugar,  &e. 

Cetylie  Valerate,  C*H*(C>*H**)0,  has  a  specific  gravity  of  0-852  at  20°,  melta  at 
25°,  solidifies  again  at  20^  and  boilsat  280*'— ^290O.  (E.BoUfns,  Ann.  Ch.  PharnL 
cxxxi.  283.) 

▼A&BBIO  ZOBZBBt  G*H*OI,  is  prepared  bv  distilling  an  anhydrous  valerate 
with  iodide  of  phosphorus,  and  rectifying  the  distillate  over  mercury.  It  is  a  baary 
nearly  colourless  liquid,  boiling  at  108°,  quickly  decomposed  by  water  and  by  alcohoL 
(Cahours,  Compt  rend.  xliv.  1252.) 

▼A&BBZO  OZZBBB.  The  'protcxiie,  (C»H*0)K),  has  been  alnady  described  as 
valeric  anhydride  (p.  979). 

Vakrie  Peroxide,  C"H>H)*i=(C»H»0)«0«,  is  produced  by  the  action  of  hydrated 
barium-peroxide  on  valeric  anhydride.  It  is  a  heavy  oilv  liquid,  slightly  soluble  in 
water,  exploding  slightly  when  heated,  and  acting  as  an  oxidising  agent  when  suspended 
in  water.    (Brodie,  Froc  Roy.  Soc.  xii.  655.) 

▼A&BRZV8.  Glycerides  produced  by  heating  valeric  add  with  s^ycerin.  The 
delphinin  or  phocenin  which  Chevreul  obtained  by  treating  dolphin-oil  with  alcohol, 
was  probably  a  mixture  of  trivalerin  with  monovalerin  and  divalerin. 

Monovalerin,  C«H>«0»  -  (C^»)'"(;HO)«.(OH»0»)  -  C»H»»0«  ^  C»H»0«  -  HK). 
— ^Produced  by  heating  valeric  add  with  excess  of  glycerin  to  200°  for  three  boon, 
and  purified  with  potaui-ley,  &c  in  the  usual  way.  It  is  also  formed  by  the  action 
of  hydrochloric  acid  gas  on  a  mixture  of  glycerin  and  valeric  add.  Oily  neutral  liquid 
having  a  faint  odour,  and  a  spedfic  gravity  of  1*100  at  16®.  Mixes  with  half  iti»  bulk 
of  water  to  a  dear  liquid ;  separates,  on  addition  of  more  water,  and  mixes  with  100 
volft.  water  to  a  liquid  having  the  character  of  an  emulsion.  By  contact  with  the  air 
for  some  weeks  it  becomes  add,  and  then  contains  frne  valeric  add,  but  the  alteration 
is  not  attended  with  any  perceptible  absorption  of  oxygen.  Alcohol  and  hydrochloric 
add  decompose  it,  even  in  the  cold,  forming  ethylic  valerate  and  glycerin.  Aqueous 
ammonia  slowly  converts  it  into  valeramide. 

Divalerin,  C"H**0»  «  (C«H»)-'JHO.(C*H«0»)'  -  CHH)*  +  20»H»K)»  -  2HH>. 
—Produced  by  heating  glycerin  with  valeric  add  to  275°.  Oily  liquid,  having  a  dis- 
agreeable fishy  odour  and  a  bitter  aromatic  taste.  Specific  gravity  «*  1*059  at  16^. 
Solidifies  at  —  40<^,  but  remains  soft  and  transparent;  does  not  mix  radily  with 
water.    Its  reactions  are  similar  to  those  of  monovalerin. 

Trivalerin,   C"H»«0«  -  ((?H»r(C*fl*O0'  -  C^W  -»•   3C»H««0«  -  8H«0. 

— ^Produced  by  heating  divalerin  to  220^  with  8  or  10  times  its  wd^t  of  valeric  add. 

It  is  a  neutnd  oily  liquid,  having  a  funt  unpleasant  odour,  insoluble  in  water,  but 

soluble  in  alcohol  and  ether ;  decomposed  by  alcohol  and  hydrochloric  add  like  the 

-other  valerins.    (Berthelot.) 

▼JkUntlSXO  ACZBB,  in  the  nomenclature  of  Laurent  and  others,  are  substitti- 
tion-products  of  valeric  acid,  in  which  3  at.  hydr(»en  are  replaced  by  chlorino  or 
other  radides,  e^,  chlorovalerisic  acid,  OH'Cl'O*.  In  like  manner,  those  prodocta  in 
which  4  at  hydrogen  are  thus  roplaced,  aro  called  valerosic  acids. 

▼AXJnOBZCBXiO&BTBltZV,  (C*H*)'"(<^''H*0)0C1*,  is  produced  b^  heating 
•pichlorhydrin  (i.  894)  with  chloride  of  valeryl  to  100°.  It  is  a  mobile  liquid,  smell- 
ing like  amylic  acetate,  having  a  specific  gravity  of  1*149  at  11°,  and  boiling  at  246^« 
ui^er  a  pressure  of  737  mm.    (Truchot,  Ann.  Ch.  Pharm.  cxxxviii.  297.) 

(C'H*)'* 

▼A&SSOaZiTCSSAZte    C'Hi'O'  »  H 

f  C»H>»)* 

H*0. — A  compound  analogous  to  acetal,  produced  by  heating  glycerin  with  valeral  to 
170°— 180°  for  24  hours.  It  is  a  liquid  boiling  between  224°  and  228°.  Specific 
gravity  »  1*027  at  0°.  Vapour-density,  obs.  »  5*526  ;  calc  «»  6*544.  It  is  inao- 
luble  in  water,  has  only  a  fkmt  odour,  but  is  decomposed  by  moist  air,  and  then  emits 
an  odour  like  that  of  valerol.  (Harnitz-Harnitzky  and  Menschatkio,  Ann. 
Ch.  Pharm.  cxxxvi.  126  ;  Jahresb.  1865,  p.  506.) 

Similar  compounds  are  obtained  with  acetic  and  benzoic  aldehydes. 


0«    -    C^H>»  +  C«H>«0  - 
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C*H"0? — The  neutral  oxygenated  constituent  of  ralerian-oil 
p.  976).  It  was  first  prepared  and  examined  by  Gerhardt  (Ann.  Ch.  Fhys.  [3],  vii. 
275%  and  afterwards  found  byPersonne  (Compt.  rend,  xxxrii.  309)  in  the  yolatile 
oil  uf  Inpulin.  It  is  prepared  by  rapidly  distilling  valerian-oil  in  a  stream  of  carbonic 
anhydride,  whereupon  bomeene  (Talerene),  bomeol,  and  raleric  acid  pass  over  first, 
and  afterwards  valeroL  The  latter  is  heated  to  200®,  for  some  time,  in  an  atmosphere 
of  carbonic  anhydride,  then  cooled  in  ice,  and  the  ralerol  which  ciystallises  out  is 
washed  with  aqueous  sodic  carbonate,  rectified  several  times  in  carbonic  anhydride, 
and  crystallised  by  cooling  (G-erhardt).  According  to  Pierlot  (Ann.  Ch.  Phys. 
[31,  Ivi.  294),  it  must  be  distilled  over  hydrate  of  potassium,  to  tree  it  completely  from 
valeric  acid. 

Valerol  crystallises  at  0®  in  colourless  transparent  prisms.  It  melts  at  20^,  then 
remains  liquid  at  ordinary  temperatures,  and  does  not  solidify  till  cooled  to  0^.  In  the 
liquid  state  it  floats  on  water.  It  is  slightly  soluble  in  water,  easily  soluble  in  alco- 
hol, ether,  and  volatile  oils.  According  to  Pierlot,  its  boiling-point  is  not  constant, 
but  varies  during  distillation  from  200®  to  430°  without  remaining  stationary  at  any 
intermediate  point ;  in  fact,  valerol  is  not  a  definite  compound,  but  a  mixture  of  the 
stearoptene  of  valerian-oil  (p.  975),  with  resin  and  a  little  water.  According  to  Gkrhardt 
and  Cahours,  it  is  converted  into  valeric  acid  by  atmospheric  oxidation,  and  when 
heated  with  potassic  hydrate  gives  off  hydrogen,  and  yields  valerate  and  carbonate  of 
potassium: 

C«H»«0  +  3KH0  +  H«0     =     C*H»KO«  4-  K*CO»  +  3H«. 

According  to  Pierlot,  on  the  other  hand,  it  is  not  converted  into  valeric  acid  by  ex- 
posure to  the  air,  or  by  treatment  with  any  oxidising  agent,  and  if  quite  free  from 
valeric  add  is  not  acted  upon  by  potash. 

▼JLXiX&0&A«TIO  ACZB.  C*H**0*.- Syn.  with  ethyl-lactic  acid  (see  Lactio 
Etesbs,  iii.  463).  According  to  J.  Clark  (Jahresb.  1865,  p.  319),  it  is  produced  by 
heating  bromovaleric  add  with  silver-oxide  and  water.  Its  zinc-salt  crystallises  readily. 

▼A&nova.     C^»«0  -  ^^2,|    -  Q^^O.—VaUtyl-lmiyl.    VaUne.    Fa- 

leroyl-butyloxide.  Dtbuiylacetone,  Dibutylcarbonoxyd, — This  body,  the  ketone  of 
valeric  add,  is  produced  by  the  distillation  of  valerates,  the  caldum-salt  being  gene- 
rally used.  It  was  first  prepared  by  Lowig  (Pogg.  Ann.  xlii.  412),  mixed,  however, 
with  a  large  quantity  of  vueral;  pure  valerone  was  first  obtained  byEbersbach 
(Ann.  Ch.  Pharm.  cvi.  268),  who  separated  the  valeral  by  means  of  acid  sulphite  of 
sodium.  The  best  mode  of  preparing  it  is  to  distil  valerate  of  caldum  with  one-sixth  of 
its  weight  of  lime ;  the  quantity  obtained,  however,  is  but  small,  probably  because  the 
mater  part  of  it  is  resolved  into  valeral  and  tetiylene:  C»H»»0  -  C»fl"0  +  C^H". 
Valerone  is  a  transparent,  colonrle  's,  mobile  liquid,  having  a  pleasant  ethereal  odour 
and  burning  taste.  It  is  lighter  than  water,  does  not  mix  with  it,  but  dissolves  in 
alcohol  and  ether.  It  boils  at  165®,  does  not  combine  with  add  sulphite  of  sodium, 
and  is  decomposed  by  sodium  and  by  pentachloride  of  phosphorus  only  when  heated. 

▼AXiBBOVrntELS.  C*H^.~Syn.  with  Ctaiode  OF  Tbtbtl,  C*H*.CN.  (Se« 
Ctaiodes,  iL  272.) 

Ldwig*s  name  for  the  hydrocarbon  C^H* 

See  Valsbisic  Acids  (p.  980). 
Syn.  with  Valbbtl. 

A  name  applied  to  the  hydrocarbon  C*H*,  aeoording  to  which  de- 
nomination, valerene  or  amylene  may  be  designated  as  hydride  of  valeroyl,  C*H*.H,  &c, 
Talerone  as  valeroyl-butyloxide,  C*H*.C*H*.0,  &c. 

Syn.  with  Valbbtlurba.    (See  Carbamipb.*!,  i.  753.) 

C*H*0.  Valeroxyl. — The  radicle  of  valeric  add  and  its  derivatives. 
According  to  Wanklyn,  it  is  obtained  in  the  free  state  by  the  action  of  sodium  on  ethylio 
Talerate  (p.  979). 

The  bromide,  chloride,  &c.  of  valeryl  are  described  as  valeric  bromide,  &c.  (p.  979) ; 
the  protoxide  as  valeric  anhydride  (p.  979) ;  the  peroxide  as  valeric  peroxide  (p.  980). 

LCZB.    Syn.  with  Ajudovalbbic  Aan  (p.  978). 

Syn.  with  Valbbonb. 

C*H".    (Reboul,  Ann.  Ch.  I^iarm.  cxxxi.  238;  cxxxii.  117; 


cxxxv.  372;  Jahreub.  1864,  p.  605;  1865,  p.  509.)— This  hvdrocarbon,  homologoua 
with  acetylene,  is  obtained  byhoating  bromide  of  amvlene  with  concentrated  alcoholic 
potash  to  140°  for  several  hours,  di»tilling  the  liquid  separated  from  the  product  by 
water  &?d  collecting  that  which  passes  over  from  44^  to  46®.    It  is  a  cok>iirless  very 
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mobile  liquid,  which  floats  on  water,  and  is  nearly  insoluble  therein.  It  baa  a  pnag^nt 
alliaceons  odonr,  boils  at  44^  to  46*^  under  a  pressure  of  746  mm.,  has  a  Tapon^easity 
of  2*366  (calc.  2*864).  It  is  not  absorbed  by  an  ammoniacal  solution  of  enprous  chloridi^. 
Bromine'Oampounds  of  VaUryUM. — ^Valerylene  shaken  up  with  strong  aqoeou* 
hydiobromie  acid,  becomes  hot  and  is  oonTerted  into  a  red  oil,  whi^  afUs  washing 
with  alkaline  water,  yields,  by  fractional  distillation,  the  two  following  conpoaBda : 

Monohydrobromate  of  valeiylene,  C*H".HBr,  boiling  at  112^; 
Dihydrobromate  of  Talerylene,  C*H«.2BBr,  „         170**— 176<>. 

The  former,  which  is  the  chief  product,  is  distinguished  from  the  tsonerie  body  mooo- 
bromamylene,  OH*Br,  boiling  at  116^,  chiefly  by  its  property  of  forming  with  bromijM 
a  liquid  compound,  C^H'.HBr.Br*,  whereas  monobromamylene  forms  with  bromine  s 
crystallisable  compound,  C'H'Br.^. 

When  bromine  is  added  by  drops  to  Talerylene  cooled  by  a  freedng  mixture,  a  freah 
quantity  of  Talerylene  added  before  the  red  colour  appears,  then  more  broaune,  and  so 
on  alternately,  a  heavy  oil  is  formed  containing  two  liquid  bromine-oompounda, 
OH'Br*  and  C'H'Br*,  in  Tarious  proportions.  If  the  addition  of  bromine  be  discon- 
tinued when  no  more  instantaneous  decoloration  takes  place,  the  product  consists 
mainly  of  the  dibromide ;  in  the  contrary  case,  TOorided  the  action  be  sufficiently  pro- 
longed, nothing  but  tetiabromide  is  obtained.  In  sunshine  the  tetrabromide  forms  in 
an  hour  or  two,  together  with  the  crystalline  compound,  C'H'Br^r^  (a). 

Tetrabromide  of  Falerylene,  C*H*Br*,  is  a  thick  Tery  heavy  liquid,  friiiich  does  not 
solidify  at  —10^;  it  is  isomeric  with  the  (probably  sciid)  bromiae  of  dibromamyleiieb 
C*H"Br*.Br*. 

Dibromide  of  ValeryUne^  C^H'Br*,  is  obtained  by  distilling  the  aboTe-mentioned 
mixture,  and  collecting  the  portion  which  passes  over  .below  200^.  It  boils  at  166^ — 
172°,  and  unites  qnicUy  with  bromine,  forming  a  tetrabromide,  horn  which,  howerer, 
on  exposure  to  sunshine,  crystals  of  a  compoond,  (yWBT!Bt\h)  separata,  differing 
&om  tile  isomeric  body  (a)  in  crystalline  form,  behaviour  when  heated,  and  solubility 
in  ether.  Hence  it  appears  probable  that  there  are  two  isomeric  tetrabromides  of 
Talerylene,  C?*H*Br*  and  C*H'Br'.Br*,  each  of  which  yields  a  corresponding  substitu- 
tion-product.   Wurtz's  diallyl  is,  perhaps,  homologous  with  Taleryhme. 

BromovaleryUne^  OH'Br. — When  the  aboTe-mentioned  mixture  of  dibromide  and 
tetrabromide'  of  Tal^lene  Is  distilled  to  dryness  with  alcoholic  potash-solution,  and  the 
distillate  mixed  with  water,  a  heavy  oil  separates,  which  is  resolTed  by  fractional 
distillation  into  the  three  following  compounds: — (1)  JHbromid/B  of  valeryUne, 
OH'Br*  (boiling  at  170° — 176°),  mixed  with  a  small  quantity  of  the  oompouad 
C»H*Br(C«H*0) ;  (2)  Bromovalerylene,  C*B'Br,  boiUng  at  125°— 180°;  aad  (8) 
Valylene,  OH*,  boiling  at  46°  to  60°,  together  with  a  small  qanntity  of  valeiylsos. 
The  formation  of  these  bodies  is  represented  by  the  equations : 

C»H"Br«  ~     HBr    -     C»H^.    BromoTalervlene. 
C»H»Br«  -  2HBr     -     C*H«.        Valylene. 
C*H«Br»  -        Br*   =     C»H«.        Valeiylene. 

BromoTalervlene  is  partially  decomposed  by  distillation,  and  becomes  odoured  by  keep- 
ing. It  unites  at  low  temperatures  with  bromine,  forming  the  compounds  d^H'Br' 
and  OH^Br*.  When  shaken  up  with  an  ammoniacal  solution  of  cuprous  chloride^  it 
is  immediatelT  couTerted  into  a  yellow  solid  body,  eonsiBting  of  euproua  valylide, 
OHH)u,  together  with  cuprous  bromide  and  oxide : 

C»H*Br  +  CuK)     -     C»H»Cu  +  CuBr  +  HH). 

Syn.  with  Vaudul  (p.  978.) 

See  Cabbamidbs  (i.  763). 

The  commercial  name  of  the  large  cups  of  the  prickly-cupped  oak 
{Quereue  Mgilofe\  an  infbsion  of  which  is  used  in  tanning  leather.  They  eooCain 
tannin  and  gaUic  acid.  The  tanniu  does  not  ^eM  pyrogallie  acid  by  dry  distilhtioB, 
and  is  but  slightly  precipitated  by  sulphuric  acid,  cTen  from  Tery  coacentiated 
•olutions. 

Eolbe's  name  for  Tstbtl  or  Buttl. 

C*H*.  (Reboul,  Ann.  Ch.  Fharm.  cxxxt.  872;  Jahresb.  1866, 
p.  610.^ — ^This  hydrocarbon  is  found;  as  aboTe  mentioned,  among  the  prodnets  uf 
the  action  of  alcoholic  potash  on  dibromide  of  Talerylene,  passing  over  on  dis- 
tillation, together  with  a  little  valerrlene,  between  46°  and  60°.  It  may^  be  obtained 
pure  by  treating  the  mixture  witn  ammoniacal  cuprous  chloride,  which  converts 
the  Talvlene  into  cuprous  Talylide,  C*H*Cu,  but  does  not  act  upon  tke  valeiy- 
lene.   The  cuprous  i^ylide  (which  may  albo  be  obtained  by  the  action  of  ammo* 
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niacal  eupToos  chloride  on  bromoyalerylexie),  is  washed  by  decantation  with  ammo- 
niacal  water,  then  with  a  little  alcohol,  and  dried.  It  decomposes  quickly  when  heated, 
leaving  a  black  residue.  It  is  decomposed  by  bromine  with  inflammation,  and  by 
fuming  nitric  add  with  incandescence.  An  ammoniacal  silTer-solution  converts  it 
into  a  silver-compound  of  analogous  composition  and  properties. 

To  separate  £he  valylene,  the  copper-compound  is  warmed  with  a  Tery  slight 
excess  of  dilute  hydrochloric  add,  and  the  hydzY)carbon  which  distils  over  is  condensed 
by  a  freeaing  mixture.  Valylene  is  a  light  Hquid  boiling  at  about  60^,  having  an 
alliaceous  odour,  recallin<;  also  that  of  prussic  add.  When  brought  in  contact  by 
drops  with  brwnine  in  a  freeiing  mixture,  it  forms  a  crystalline  mass  saturated  with  a 
thick  liquid,  the  crystalline  portion  consisting  of  bromide  of  yalylene,  C*H*Br',  and 
the  liquid  being  a  mixture  of  the  compounds  C*H*Br*,  C*H*Br*,  and  perhaps  C*H'Bx» 

See  the  last  artide. 


I     See  Vahadhtm,  Oxidbs  or  (p.  989). 


This  name  is  given  by  Schftfhautl  (N.  Jahresb.  1 
Hin.  1844,  p.  721)  to  a  mineral  from  the  Serpentine  of  Bracoo,  on  the  coast  of 
Genoa,  containing  49*50  per  cent,  silica,  5*55  alumina,  )8'I3  lime,  1412  magnesia, 
3*28  ferrous  oxide,  8  65  vanadium-pentoxide,  3*75  soda,  and  1*77  water.  It  is 
coarsely  laminar,  with  one  distinct  and  two  indistinct  directions  of  deavage,  has  a 
nacreous  lustre  and  greenish-grey  colour,  and  is  translucent  in  thin  lamina*.  Hazdnesi 
less  than  4.    Specific  gravity  =  8*255. 

▼AVABZlfZTB.     Vanadate^  or  more  properly,  Vojiadato^UoritU  of  l&uL    See 
Vanadatbs  (p.  991). 

rABZOVB  AOZB.|     g^^  Vakamum,  Oxides  of  (p.  988). 


rABZVBC*  Atomic  toeiffht,  51*2 ;  Symbol,  V. — ^A  metal  usually  classed'  with 
molybdenum  and  tungsten,  but  shown  by  recent  mvestigations  to  bdong  to  the  same 
series  as  arsenic,  antimony,  and  bismnith. 

Del  Rio,  in  1801  (G-ilb.  Ann.  Ixxi.  7),  found  in  the  lead-ore  of  Zimapan,  in  Mexico, 
a  new  metal  which  he  designated  as  ervthromum ;  subsequently,  however,  he  regarded 
it  as  impure  chromium. — Sefstrom,  m  1830  (Pogg.  Ann.  xxi.  43)  found  in  the  bar- 
iron  obtained  from  the  ores  of  Taberg  in  Sweden,  and  espedally  in  the  refinery  slags, 
a  new  metal  which  he  named  vanadium,  after  the  l^sandinavian  ddty  Vanadis; 
Wohler  {ibid.  xxi.  49)  then  showed  that  the  lead-ore  of  Zimapan  consisted  ef  lead- 
vanadate,  and  that  Del  Rio's  eiythronium  was  not  chromium,  but  vanadium.  Subse- 
quently this  metal  has  been  found  in  several  other  ores,  most  abundantly  in  lead- 
vanadate  from  Wanlockhead  in  Scotland,  and  from  La  Plata ;  in  smaller  quantity  also* 
in  pitchblende,  in  many  iron-ores,  and  the  pig-iron  obtained  from  them  ;  also  on  the 
native  copper  of  Lake  Superior,  probably  as  phosphate ;  and  in  several  kinds  of  clay,  to- 
the  amount  of  0*02  to  0*07  per  cent.  Vanadium  appears,  therefore,  to  be  somewhat widdy 
diffused,  but  it  never  occurs  in  large  quantity,  and  has,  indeed,  been  hitherto  regarded  as 
one  of  the  rarest  of  the  metals.  Quite  recently,  however,  a  more  productive  source  of 
it  has  been  discovered  by  Roscoe  (Proc.  Roy.  Sbc.  xvi.  223)  in  some  of  the  copper- 
bearing  beds  of  the  Lower  Keuper  sandstone  of  the  Trias,  worked  at  Alderlcy^  £dge  and 
Mottram  St  Andrews,  in  Cheshire.  In  working  up  a  pure  cobalt-ore  froi»Mottnm» 
a  large  quantity  of  a  lime-precipitate  was  obtained,  containing  nearly  2*  per  ctnt^  of 
vanadium. 

Extraciion.—V  From  the  refinery  slag  of  the  Talxerg  iron-ore. — The- 
findy-pulverised  slag  is  deflagrated  with  nitre  and  carbonate  of  sodium ;  the  fused 
mass  is  digested  wiUi  boiling  water ;  and  into  the  crude  solution  bf  potassium-vauA- 
date  thus  obtained,  lumps  of  sal-ammoniac  are  introduced,  whereby  vanadate  of  aui- 
moniura,  which  is  insoluble  in  a  saturated  solution  of  sal-ammoniae,  is  deposited  in 
crystalline  grains.  This  salt,  when  ignited  in  an  open  yessel^  leaves  pure  vanadium- 
pentoxide.     (Berzelius.) 

2.  From  certain  kinds  of  pig-iron. — The  grey  pig-iron  smelted  from  the  oolitic 
iron-ores  of  Westbnry,  in  Wiltshire,  contains,  aoeoimng  to  Riley  (Chem.  Soc.  J.  xvii. 
21),  about  0*7  per  cent,  vanadium,  which  becomes  concentrated  in  the  graphitic  residue 
left  on  dissolving  the  iron  in  h3rdrochIoric  acid.  On  treating  this  residue  with  pot- 
ash-ley, to  free  it  from  silica,  and  burning  the  remaining  graphite  with  free  access  of 
air,  a  mixture  of  tctroxide  and  pentoxide  of  vanadium  is  obtained.    (Rilej.) 

3.  From  native  vanadate  of  lead. — The  solution  of  the  mineral  in  nitric  add  is 
freed  from  lead  and  arsenic  by  snlphydrie  add ;  the  blue  filtered  liquid  is  boiled  for 
a  short  time,  and  then  evaporated  to  dryness  at  a  moderate  heat ;  the  dark-red  residue 
is  boiled  with  a  saturated  solution  of  ammonium-carbonate,  which  is  added  from  time 
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to  time ;  and  the  liquid  is  filtered  at  the  boiling  beat     On  coolinff,  it  deponts  wfaha 
needles  of  ammonium-vanadate,  which  may  be  purified  by  redystallis&tioa.     (John 
B  ton,  N.  Edinb.  J.  of  Sc.  v.  166,  318.) 

4.  From  the  lime- precipitate,  obtained,  as  already  mentioned,  in  workiDg 
the  cobalt-ore  of  Mottram  in  Cheshire. — This  precipitate^,  containing  mainly 
arsenic,  iron,  lead,  copper,  vanadium,  and  lime,  with  sulphuric  and  phosphoric  addfl, 
was  first  well  fumaced  with  ground  coal,  to  driye  off  the  greater  portion  of  the  arsenic ; 
then  roasted  with  one  quarter  of  its  weight  of  soda-ash,  so  as  to  oonrert  the  Tanadimn 
into  a  soluble  vanadate ;  and  on  lixiviation,  arsenic  and  the  heavy  metals  were  oom- 
pletely  thrown  down  by  sulphuretted  hydrogen.  The  deep  blue  solution  was  neatia- 
Used  by  ammonia,  the  precipitated  vanadium-oxide  dried  and  oxidised  by  nitrie  acid, 
and  the  crude  vanadic  acid  thus  obtained  was  boiled  out  with  a  saturated  solatian  ai 
ammonium-carbonate.  The  slightly  soluble  ammonium-vanadato  was  washed  sad 
recrystallised.  In  order  to  prepare  pure  vanadic  acid  from  this  salt^  it  was  roasted,  tad 
the  powdery  acid  thus  obtamed  was  suspended  in  water  into  which  ammonia-g«s  was 
passed ;  the  dissolved  ammonium-vanadate  was  separated  by  filtration  firom  a  reiidiift 
containing  silica,  phosphates,  &c  The  pentoxide  obtained  by  heating  this  ash  was 
free  from  phosphorus.  A  second  method  of  preparing  the  pure  vanadium-peotaxidA 
consista  in  decomposing  the  pure  oxychloride  with  water,  and  freeing  the  add  from  aay 
traces  of  silica  by  exposure  to  hydrofiuoric  acid  gas.  Great  difSculty  was  ezpfnenoed 
in  obtaining  vanadium  free  from  phosphorus ;  all  the  native  vanadates  contain  kige 
quantities  of  phosphorus.    (R  o  s  c  o  e. ) 

Metallic  vanadium  remains  when  vanadium-nitride  is  heated  to  whiteness  in  an- 
monia-gas  (Uhrlaub,  Pogg.  Ann.  ciii.  134),  but  it  does  not  appear  to  have  bees 
obtained  quite  pure. 

Berzelias,  by  igniting  vanadium -pentoxide  with  potassium,  and  washing  out  the 
fused  mass  with  water,  obtained  a  brilliant  metallic-looking  powder,  which  has  been 
hitherto  regarded  as  pure  vanadium ;  but  Roscoe  has  shown  that  it  is  an  oxide. 

Compottvdsof  Vanadium, — Berzeli  us,  to  whose  elaborate  research,  published 
in  1331  (Po^g.  Ann.  xxii.  1),  we  were  till  lately  indebted  for  nearly  all  our  knowledge 
of  the  vanadium -compounds,  obtained  three  oxides,  to  which  he  assigninl  the  foram^ 
FO,  VO^,  VO*  ( V  «  68*5,  0  »-  8) ;  he  also  obtained  a  chloride  corresponding  to  the 
highest  oxide,  namely  YCl'.    According  to  these  results,  vanadium  was  regarded  as 
a  metal  belonging  to  the  same  class  as  chromium,  molybdenum,  and   tungsten.    Thtf 
view,  however,  was  somewhat  difficult  to  reconcile  with  the  observed  fact  of  the  iso- 
morphism of  certain  vanadium-compounds  with  analogous  compounds  belonging  to  the 
phosphorus  and  arsenic  groups ;  the  mineral  vanadinite,  for  example,  which  is  a  com- 
pound of  lead-vanadate  and  lead-chloride,  is  isomorphous  with  apatite,  pvromcnphite^ 
and  miractesite — minerals  consisting  of  calcium-phosphatochlonde,  leaa-phaspiistD> 
chloride,  nnd  lead-arsenatochloride.   This  anomalv  induced  several  chemists  to  sospeei 
that  vanadium  might  really  belong  to  the  phosphorus  and  arsenic  group  of  elenMoti. 
Baumgarten,  in  particular  (Jahresb.  1865,  p.  219),  was  led  to  this  oondnsion  by  ob> 
serving  among  the  last  crystallisations  from  the  soda  mother-liquors  at  Schoni^m, 
colourless  crystals,  consisting  of  phosphatofiuoride  of  sodium,  2Na'FO\NaF.19^0, 
in  which  the  phosphorus  was  partly  replaced  by  arsenic,  and  to  a  greater  extent  bf 
Tanadium  (the  crystals  containing  from  0*89  to  1*06  per  cent,  vanadic  oxide).  Bsob- 
garten  likewise  obtained  perfectly  similar  ciystals,  containing  the  some  piopoitioo  ol 
vanadium,  by  direct  synthesis. 

Such  observations  could  not,  however,  be  regarded  as  having  much  weight  againni 
the  definite  experimental  results  of  Berzeli  us,  which  showed  beyond doobt  that,irths 
lowest  of  the  three  oxides  obtained  by  him  is  a  monoxide,  FO^  the  highest  most 
be  a  trioxide,  VO^.  This  conclusion  was  based :— 1.  On  the  constant  loss  of  weight 
which  the  highest  oxide  undergoes  on  reduction  in  hydrogen  at  a  red  heat. — 2.  On 
the  action  of  chlorine  on  this  reduced  oxide,  whereby  a  vohitile  chloride  is  formed,  sod 
a  residue  of  vanadic  oxide  obtained,  which  is  found  to  be  exactly  one-third  of  the  quan- 
tity originally  taken  for  reduction  in  hydrogen.  These  results  may  be  represented  by 
the  following  equations : 

(1)  VO^   +   JP     -      FO  +     IPO" 

(2)  ZVO  +    Ct*    ^     VO*  +   2VCP, 

But  the  recent  experiments  of  Koscoe,  whilst  fully  confirming  these  fnndaBsntal 
results  of  Berzelius,  and  proving  that  if  the  atomic  weight  assigned  to  vaaadisB  by 
that  chemist,  viz.  685,  be  correct,  the  formula  of  the  oxides  must  be  VO,  TO*,  FO^, 
or  V«0,  V'0\  V^0\  and  that  of  the  volatile  chloride  VCI*,  have  shown,  on  the  other 
hand, — 1.  Thatthe  supposed  metal  of  Beizelius  is  reallyan  oxide. — 2.  Thatthe  qnaatitias 
of  oxygen  in  this  and  the  three  higher  oxides,  united  with  the  same  weidlit  of  vaaadiaB, 
are  to  one  another  as  the  numbers  2,  3,  4,  5 — these  four  oxides  being,  in  net,  npressBted 
by  the  {otmvi\at  \^0\NK)\N*0\N^0\^xv;i.VQ^u8  to  those  of  the  oxides  of  aitropv 
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(neglect'mg  the  monoxide). — 3.  That  the  supposed  trichloride  obtained  by  BerzelinB  is  aa 
ozychloride,  VOCl',  related  to  vanadie  ozide,  VO*,  in  the  same  manner  as  phosphori« 
oxychloride  is  related  to  phosphoric  oxide.  The  quantitative  resalts  of  the  rednctioD 
of  vanadie  oxide  in  hydrogen,  and  the  treatment  of  the  reduced  oxide  by  chlozine,  ar* 
represented  on  this  view  by  the  equations : 

V»0»  +    2H«     -     V»0«  +  2HK). 
8VK)»  +  eCl*     -     V»0*  +  4V0C1*. 

Roscoe  has  farther  pointed  out  that  vanadie  oxide  formsj  with  metallie  oxides,  two 
classes  of  salts,  analogous  in  composition  to  the  orthophosphates  and  metaphosphates 
(p.  991).  It  may  therefore  be  concluded  that  vanadium  exhibits  in  all  respects  th* 
characters  of  a  metal  belonging  to  the  phosphorus  and  arsenic  group. 

VAVABIVMf  BSOXZDBB  OF.  No  bromide  of  vanadium  has  yet  been  ob- 
tained in  the  free  state.  The  so-called  tribromide  obtained,  by  Schafiirik,  is  an  oxy- 
bromide,  VOBr*  (p.  992). — The  tetrabromide,  VBr*,  is  probably  contained  in  the  blu* 
solution  of  vanadium-tetroxide  in  hydrobromic  acid.  This  solution  dries  up  in  a 
vacuum  to  a  blue  gum,  which  becomes  violet-brown  when  heated,  but  is  still  perfectly 
soluble  in  water.  The  aqueous  solution  gives  off  a  greenish-grey  precipitate  with  am- 
monia. 


rABIVMy  CHXOXZBXS  OF.  None  of  these  compounds  are  known  in  the 
free  state. — The  tetrachloride,  VCl*,  probably  exists  in  solution  and  in  two  isomeric 
modifications : 

a.  Vanadie  acid,  boQed  with  strong  hydrochloric  acid,  gives  off  chlorine  and  forms  a 
blue  solution,  which,  when  concentrated  by  evaporation,  yields  a  blue  syrup  not  pre- 
cipitated  by  alcohol.  When  perfectly  dried  by  heat,  it  leaves  a  brown  oxychloride  no 
longer  quite  soluble  in  water. 

jB.  Vanadium-tetroxide  dissolved  in  strong  hydrochloric  acid  forms  a  brown  solution^ 
which,  when  left  to  evaporate,  yields  a  blade  liquid,  becoming  brown  again  on  dilution. 
The  brown  solution  turns  blue  when  evaporated  by  heat,  or  on  addition  of  strong 
sulphuric  acid.  Ammonia  added  to  the  brown  solution  forms  a  greenish-brown  pre- 
cipitate, insoluble  in  water. 

Several  oxychlorides  of  vanadium  have  been  obtained  (p.  992). 

▼AVAAZUM,  BBTBCTZOV  AWS  B8TZXATZOV  OF.  1.  Blowpipe 
Reactions, — All  compounds  of  vanadium  heated  with  borax  or  phoaphorus-ealt,  pro* 
duce  a  clear  bead,  which  is  colourless  if  the  quantity  of  vanadium  is  small,  yellow  if  it 
is  large ;  in  the  inner  flame  the  bead  acauires  a  beautiful  green  colour. 

2.  Seactione  in  Solution, — Vanadium-dioxide  (the  metallic  vanadium  of  Ber- 
selius),  may  be  obtained  in  solution  by  the  action  of  nascent  hydro^on  a  solution 
of  the  pentoxide  in  sulphuric  add.  The  solution  of  hvpovanadious  sulphato 
thus  obtained  has  a  lavender  colour,  and  is  an  extremely  powerful  reducing  agent. 
(See  p.  987) 

Vanadium-tetroxide,  or  vanadious  oxide  (the  dioxide  ofBerxelius)  dissolves  in 
acids,  forming  salts  called  van  ad  ions  salts,  most  ofwhich  are  of  a  blue  colour.  Vana- 
dious salts  form,  with  the  hydrates  and  tnonocarbonatee  of  the  fixed  alkalis,  a  gre3risk- 
white  precipitate  of  hydrated  vanadious  oxide,  which  dissolves  in  a  moderate  excess 
of  the  reagent,  but  is  precipitated  by  a  large  excess,  in  the  form  of  a  vanadite  of 
the  alkali-metal. — Ammonia  in  excess  produces  a  brown  precipitate,  soluble  in  puro 
water,  but  insoluble  in  water  containing  ammonia. — Ferrooyantde  of  potassium  forma 
a  yellow  precipitate,  which  tarns  green  on  exposure  to  the  air. — Sulphuric  aeid  pro- 
duces no  precipitate. — Sulphide  of  ammonium  forms  a  black-brown  precipitate,  so- 
luble in  excess. — Tincture  qfgaUs  forms  a  finely- divided  black  precipitate,  which  gives 
to  the  liquid  the  appearance  of  ink. 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  forming  salts 
called  vanadite 8,  all  of  which  are  insoluble,  except  those  of  the  alkali-metals.  The 
solutions  of  the  alkaline  vanadites  are  brown,  but  when  treated  with  sulphydrio  acid, 
they  acquire  a  splendid  red-purple  colour,  arising  from  the  formation  of  a  sulphur- 
salt. — Acids  colour  them  blue,  by  forming  a  double  vanadious  salt ;  tineiure  of  galls 
colours  them  blackish-blue.  The  insoluble  vanadites,  when  moistened  or  covered  with 
water,  become  green,  and  are  convert^nl  into  vanadates. 

Vanadium-pentoxide,  or  vanadie  oxide,  reacts  for  the  most  part  as  an  acid  oxide, 
uniting  with  bassf  to  form  salts  called  vanadates.  These  salts  are  all  more  or  less 
•oluble  in  water 5  the  barium-  and  lead-salts,  however,  are  veiy  sparingly  soluble. 
The  alkaline  vanadates  are  sparingly  soluble  in  cold  water,  especially  if  it  contains 
free  alkali  or  anGiher  alkaline  salt :  e.g.,  vanadate  of  ammonium  is  nearly  insoluble 
in  water  containinff  sal-ammoniac :  hence,  on  treating  a  solution  of  potaHsium-vana- 
dote  with  excess  of  sal-dmmoniac,  a  precipitate  of  ammonium-vanadate  is  produced. 
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The  aqoeoTu  solutions  of  the  Tanadates  are  coloured  red  hr  the  stronger  acids,  but  tho 
mixture  often  becomes  colonrlf^s  again  after  a  while.  They  give  orange-red  precipi- 
tates with  the  mitimomoust  plumbie,  cu/priCy  and  mercwrk  Mtuts. — Sulphydne  acid  pro- 
duces, in  neutral  solutions  of  the  vanadates,  a  mixed  preci[»tate  of  sulphur  and  bj* 
drated  vanadious  oxide ;  In  acid  solutions  it  merely  throws  down  8ul{J!rar,  and  rednctfs 
the  vanadic  oxide  to  vanadious  oxide. — Sulphide  of  ammonium  imparta  to  solutions 
of  the  vanadates  a  brown-red  colour,  and,  on  adding  an  acid  to  the  solution,  a  light* 
brown  precipitate  is  formed,  consisting  of  vanadic  sulphide  mixed  with  sulphur ;  the 
licmid,  at  the  same  time,  generally  acquires  a  blue  colour. 

vanadic  and  chromic  acids  aro  the  only  adds  whose  solutions  are  red ;  they  are 
distinguished  from  one  another  by  the  vanieuiic  add  becoming  blue,  and  the  dmmue 
add  green,  by  deoxidation. 

When  a  solution  of  vanadic  add,  or  an  acidulated  solution  of  an  alkaline  vanadate, 
is  shaken  up  with  ether  containing  hydric  peroxide^  the  aqueous  solution  aoquirM  m 
red  colour,  like  that  of  ferric  acetate,  while  the  ether  remains  colourless.  Thia  reac- 
tion will  serve  to  detect  the  presence  of  1  pt.  of  vanadic  add  in  40,000  pta.  of  liquid. 
The  red  colouring  is  also  produced  by  OEonised  oil  of  tuipentine,  and  by  hydric  per^ 
oxide  alone ;  also  by  ordinary  ether  not  containing  hydne  peroxide.  Chromic  add, 
even  in  considerable  quantity,  does  not  interfere  with  the  reaction.  (G.  Wert  hex; 
J.  pr.  Chem.  Ixxziii.  195.) 

3.  Estimation  and  Separation, — ^Vanadium,  in  the  form  of  free  pentoxide  or 
tetroxide,  is  estimated  by  reducing  it  to  trioxide  by  ignition  in  a  stream  of  hydrogen. 

In  solutions  of  vanadites,  the  vanadium  is  precipitated  by  mixing  the  solution  with 
excess  of  mercuric  chloride,  and  then  with  ammonia.  The  predpitate,  consisting  of 
mercuric  vanadite  and  chloride  of  dimeicuranmionium  (white  precipitate)  is  ignited  in 
contact  with  the  air,  whereupon  vanadium-pentoxide  remains  mixed  only  with  a  small 
quantity  of  mercuric  oxide,  from  which  it  is  separated  by  solution  in  carbonate  of 
ammonia. 

When  vanadic  add  is  dissolved  in  a  liquid  not  containing  any  other  fixed  oonstita* 
ents,  it  may  be  separated  as  vanadium-pentoxide  by  evaporation,  and  if  volatile  adds 
fit  ammonia  are  also  present,  by  igniting  the  residue. 

Vanadic  acid  may  be  separated  from  many  acids  and  other  substances,  by  causing  it 
to  unite  with  ammonia,  expelling  the  excess  of  ammonia  by  evaporation,  and  then 
adding  a  saturated  solution  of  sal-ammoniac,  in  which  vanadate  of  ammonia  is  inao- 
luble.  The  precipitate  is  then  washed  on  a  filter,  first  with  solution  of  sal-ammoniac, 
tlien  with  alcohol,  and  the  ammonia  driven  off  by  ignition.  This  method  serves  to 
separate  vanadium  from  the  alkaU-metals. 

Vanadium  may  be  separated  from  many  of  the  preceding  metals  by  the  solubility 
of  its  sulphide  in  sulphide  of  ammonium ;  and  from  others,  which  are  piedpttated 
from  their  acid  solutions  by  sulphydric  add,  by  acidulating  the  liquid  and  passing 
eulphydric  acid  gas  through  it;  the  vanadium  then  remains  dissolved  in  the  tbrm  of 
vanadious  oxide. 

From  kady  barium,  and  strontium,  vanadic  add  may  be  separated  by  fbdon  with 
acid  sulphate  of  potassium ;  on  treating  the  fbsed  mass  with  water,  sulphate  of  lead, 
barium,  or  strontium  remains,  while  vanadate  of  potassium  is  dissolved.  Sulphurie 
add  cannot  be  used  to  efi^  this  separation,  because  the  predpitated  sulphate  always 
carries  down  with  it  a  portion  of  the  vanadium.    (Berzelin  s.) 

Vanadium  may  also  be  separated  from  these  metals,  and  from  all  others  ii^ch  form 
insoluble  carbonates,  by  fusing  the  vanadate  with  twice  ite  weight  of  sodium-carbonate, 
digesting  the  fused  mass  in  water,  and  washing  the  undissolve  portion,  (v.  Hauer, 
J.  pr.  Chem.  Ixix.  385.) 

Atomic  Weight  of  Vanadium. — The  atomic  weight  of  this  metal  has  been  de- 
termined in  two  ways : — a.  By  igniting  vanadium-pentoxide,  VK)*,  in  pure  dry  hydro- 
gen-gas, whereby  it  ia  reduced  to  the  tnoxide,  V*0*.  The  atomic  weight  of  vanadium 
is  then  determined  from   he  equation: 

8  (Si- 8a) 

whero  a  »■  the  weight  of  vanadium-pentoxide  t^kcn  ; 

„      &  =  „  vanadium- trioxide  obuiined, 

Roscoe,  in  four  experiments,  obtained  the  following  results : 

Wefgbt  of  Weight  of  Atomie 

No.  pentoxide  trioxide  weight  of 

tiken.  obtJkined.  vaoadium. 

1-  7-7397  6-3827  51-26 

2.  6-5819  5-4296  51*89 

8.  51895  4-2819  51-4S 

4.  5*0450  41614  bVU 
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The  mean  atomic  weight  deduced  from  these  experiments  is  51*37i  with «  mean  error 


bjr  Berzelias  contained  a  trace  of  phoephoros,  which  preyented  the  complete  reduction. 
0.  Bj  the  analysis  of  ▼anadiam-ozytrichloride  or  vanadyl-trichloride,  VOCl'. — Hie 
chlorine  in  this  compound  was  estimated  both  by  Gay-Lu8sac*s  Tolume^c  process,  and 
by  weight-analysis.  Nine  yolumetric  determinations  give  61*306  per  cent  chlorine; 
•even  gravimetric  determinations  giye  61*241  percent.  From  these  numbers  an  atomic 
weight  of  51*05  is  obtained  f or  yanadiunl.  The  mean  of  51*05  and  51*37  (the  number 
obtained  from  the  reduction  experiments),  yia.  51*21,  is  regarded  as  the  true  atomie 
weight  of  vanadium.'    (Hoscoe.) 

VifcWAPXUH,  WlaUOMXDWB  OF.  Vanadium-tetroxide  dissolves  in  hydro- 
fluoric acid,  forming  a  blue  solution,  which  yields,  by  spontaneous  evaporation,  • 
greenish  syrup  and  green  crystals,  probably  consisting  of  the  hydrated  tetrafluoride. 
It  forms  light-blue  double  salts  with  the  fluorides  of  potassium  and  sodium. 

Vanadium-pentoxide  also  dissolves  in  warm  aqueous  hydrofluoric  acid,  and  the 
solution,  evaporated  at  40^,  leaves  a  white  mass,  which  dissolves  perfectly  in  water, 
but,  when  strongly  heated,  leaves  an  insoluble  residue  of  pure  vanaoium-pentoxide. 

PABZUMf    ZOBZBB8    OF*      Vanadium-tetroxide   dissolves  in    aqueous 


h^'driodic  acid,  forming  a  blue  solution,  which  turns  men  in  contact  with  the  air,  and 
yields,  by  spontaneous  evaporation,  a  brown  semifluid  mass,  soluble  with  black-brown 
colour  in  water. 


rABIVMy  VZT&ZBBB  OF.  There  aro  two  compounds  of  vanadium  and 
nitrogen. — The  Tnononitride,  VN,  obtained  by  heating  the  compound  of  vanadium-oxy- 
trichloride  with  ammonium-chloride  to  whiteness,  in  a  current  of  ammonia-gas,  is  a 
greyish-white  powder,  unalterable  in  the  air.  It  ^ve,  by  analysis,  78'6  per  cent,  vana- 
dium and  21*4  nitrogen,  the  formula  VN  requiring  77*8  vanadium  and  20*2  nitrogen. 
(Koscoe.) 

Vanadium-dinitride^  VN*,  was  obtained  by  Uhrlaub  (Pogg.  Ann.  ciii.  134),  who 
however  assigned  to  it  a  different  formula,  by  heating  the  ammonium-oxychloride  in 
ammonia-gas  to  a  moderate  temperature.  It  is  a  black  powder,  which  is  strongly 
acted  upon  by  warm  nitric  acid,  and  gives  off  ammonia  when  fused  with  potash. 

▼AVAAZUM,  OXZBBB  OF.  The  oxides  of  vanadium  are  analogous  in  com- 
position to  the  oxides  of  nitrogen,  excepting  that  the  one  corresponding  to  the  prot- 
oxide or  monoxide  of  nitrogen  nas  not  yet  been  obtained.  The  complete  series  is  as 
follows : 

Vanadium-monoxide  (hyp.) VK) 

Vanadium-dioxide,  Hypovanadious  oxide»  or  Vanadyl VH)' 

Vanadium-trioxide,  or  Hypovanadic  oxide      .        .        .        *        .        .        •  V'O* 

Vanadium-tetroxide,  Vanadious  oxide,  or  Vanadious  anhydride  .        .  VH)* 

Vanadium-pentoxide,  Vamidic  oxide,  or  Vanadic  anhydride     ....  VH)* 

Vaiiadlam-diozide,  VO'.— This,  the  lowest  oxide  of  vanadium  yet  obtained, 
was  regarded  by  Berzelius  as  metallic  vanadium.  As  it  enters  into  many  vanadium- 
eompounds  (just  as  uranyl  enters  into  the  nranic  compounds),  it  may  be  appropriately 
called  vanadyl. 

Vanadium-dioxide  is  obtained  by  reducing  either  of  the  higher  oxides  with  potassium 
(Berzelius),  or  by  passing  the  vapour  of  vanadium-oxy trichloride,  (VOCI*),  mixed 
with  excess  of  hydgogen,  through  a  combustion-tube  containing  red-hot  charcoal 
(Schafarik,  Ann.  Ch.  Pharm.  dx.  85;  Jahresb.  1859,  p.  168).  As  obtained  by  the 
second  process,  it  forms  a  light-grey  glittering  powder,  or  a  metallically  lustrous  crys- 
tellino  crust,  having  a  specific  gravity  of  3*64,  brittle,  verj  difficult  to  fuse,  and  a 
conductor  of  electricity.  When  heated  to  redness  in  the  air,  it  takes  fire  and  bums 
to  black  oxide.  It  is  insoluble  in  sulphuric,  hydrochloric,  and  hydrofiuoric  acid,  but 
dissolves  easily  in  nitromuriatic  acid,  K>rming  a  dark-blue  liquid.    (Schafarik.) 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent  hydrogen,  evolved 
by  metallic  zinc,  cadmium,  or  sodium-amalgam,  on  a  solution  of  vanadic  acid  in  sul- 
phuric acid.  After  passing  through  all  shades  of  blue  and  green,  the  liquid  acquires  a 
permanent  lavender  tint,  and  then  contains  the  vanadium  in  solution  as  dioxide,  or  as 
hypovanadioussalt    This  compound  absorbs  oxygen  more  rapidly  than  any  other 

•  B«r»cllu«,  regarding  the  highest  oxide  as  V(fi,  [0  «  8]  and  supposlug  ll  to  be  r^uced  to  VO 
Vj  ignition  in  hydrogen,  calculated  the  atomic  weight  of  the  meUl  from  the  equation  F-»  _L_  -~^^. 

which  giTes,  according  to  hu  experiment*.  V  =  68  5\  aud,  according  to  Ko»coe*<,  V  ^  67*37  i  thif  li 
really  the  molecular  weight  of  the  dioxide. 
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laown  reducing  agent,  and  bleaches  indigo  and  other  Tegetable  ooloora  as  qniddy  ■• 
chlorine.    (Koscoe.) 

The  degree  of  oxidation  of  the  ranadimn  in  the  larender-coloored  eolation  waa 
ascertaincKl  by  oxidising  it  with  a  standard  solution  of  permanganate.  By  this  method 
it  was  found  that  150  pta.  of  vanadium-pentoxide  lost  26*53  percent,  oxygen  on  redue 
tion  with  zinc ;  the  calculated  loss  from  V«0*  to  V*0»  is  26*3. 

When  the  neutral  lavender-coloured  solution  of  a  hypovanadioos  salt  is  left  exposed 
to  the  air  for  a  few  seconds,  the  colour  changes  to  a  deep  chot*olate-brown  from  Abeorp 
tion  of  oxygen;  indeed,  this  reaction  is  as  delicate  as  tnat  of  an  alkaline  pyrogallate. 
If  air  be  passed  through  the  acid  larender-coloured  solution  of  hypovanadious  sulphate, 
oxygen  is  absorbed,  the  liquid  assumes  a  permanent  blue  colour,  and  the  ranadinin  is 
then  contained  in  solution  as  tetroxide.  If  the  free  acid  contained  in  the  larender 
solution  be  neutralised  by  zinc,  the  liquid,  on  exposure  to  air,  attains  a  parmanent 
brown  tint,  which,  on  addition  of  acids,  becomes  green,  the  solution  then  containing 
Tanadium-trioxide.    (Roscoe.) 

Vaiuullam-«nozide,  V^O*,  or  VaiuUlyi-uoaozida,  (V<0')''0.  (Benelius's 
suboxide). — Obtained  by  igniting  the  pentoxide  in  hydrogen-gas,  or  in  a  cmcible 
lined  with  charcoal.  It  is  a  black  powder,  with  an  almost  metallic  lustre,  and  infu- 
sible ;  by  pressure  it  may  be  unitMl  into  a  coherent  mass  which  conducts  electrieity 
(Schafarik).  When  exposed  warm  to  the  air,  it  glows,  absorbs  oxygen,  and 
is  converted  into  pentoxide.  At  ordinary  temperatures,  it  slowly  abaorbs  oxy^n, 
and  is  converted  into  tetroxide.  By  ignition  in  chlorine-gas  it  is  converted  into 
vanadyl-trichloride  and  vanadium-pentoxide.  It  is  insoluble  in  acids,  but  may  be 
obtained  in  solution  by  the  reducing  action  of  nascent  hydrogen  evolved  from  metallto 
magnesium  on  a  solution  of  vanadic  acid  in  sulphuric  acid.  100  pts.  of  vanadium- 
pentoxide  were  found  to  lose,  on  reduction  with  magnesium,  17*7  per  cent,  oxygen  ;  the 
calculated  loss,  on  reduction  to  VO',  is  17*5  per  cent  Solutions  of  vanadinm-trioxide 
may  also  be  obtained  by  partial  oxidation  of  the  lavende^K^oloured  solution  of  the  dl» 
oxide  (Roscoe).  According  to  Schafarik,  vanadium-trioxide  unites  with  acids,  fonning 
salts  (which  may  be  called  hypo  vanadic  salts),  red  in  the  anhydrous,  and  green 
in  the  hydrated  state.  When  tne  tetroxide  or  pentoxide  is  ignited  in  a  glass-tube  in  a 
stream  of  hydrogen,  the  glass  acquires  a  red  colour,  in  consequence  of  the  formation  of 
hypovanadic  silicate. 

▼anadinm-tetroxldaf  VO*.  Vanadioui  Oxide  or  Anhydride.  (B^urelius's 
vanadic  oxide.) — This  oxide  is  produced,  either  by  the  oxidation  of  the  dioxide  or  tzi- 
oxide,  or  by  the  partial  reduction  of  the  pentoxide.  By  allowing  the  trioxide  to 
absorb  oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue  shining 
crystals.  It  dissolves  in  acids,  the  more  easily  in  proportion  as  it  has  been  less 
strongly  ignited,  forming  solutions  of  vanadious  salts,  which  have  a  bngbt-Uua 
colour.  The  same  solutions  ere  produced  by  the  action  of  moderate  reducing  agents, 
such  as  sulphurous,  sulphydric,  or  oxalie  aad,  upon  vanadic  add  in  solution ;  also  bv 
passing  air  through  acid  solutions  of  the  dioxide  till  a  permanent  blue  colour  is  attsdnenl 
100  pts.  of  vanadium-pentoxide,  reduced  with  sulphurous  or  sulphydric  aeid,  losa 
9*08  per  cent. ;  the  calculated  loss  on  reduction  to  the  tetroxide  is  8*75  per  oenL 
(Roscoe.) 

The  principal  reactions  of  vanadious  salts  have  been  already  mentioned  (p.  985). 
The  solutions  treated  with  alkaline  carbonates,  yield  a  precipitate  ofvanadioas  hy- 
drate, which,  when  dried  out  of  contact  with  ihe  air,  is  neutral,  has  a  grey  colour,  and 
is  insoluble  in  water.  It  oxidises  readily  in  contact  with  the  air,  acquixing  a  brown 
colour  and  acid  reaction,  and  imparting  a  green  colour  to  water.  It  dissolves  easily  in 
acids,  and,  when  ignited,  leaves  the  anhydrous  tetroxide. 

Vanadious  phosphate  and  sulphate  have  been  obtained  in  definite  crystals  (iv.  586 ; 
▼,  617). 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  forming  salta 
called  vanadites.  Those  of  the  alkali-metals  are  soluble  in  water,  and  are  formed 
by  dissolving  the  tetroxide  or  the  corresponding  hydrate  in  caustic  alkalis;  the  rest 
are  insoluble  aad  are  obtained  by  precipitation. — ^The  ammtmium-talt  is  likewise  jn^ 
duced  bv  adding  ammonia  to  a  warm  solution  of  a  vanadious  salt  (the  sulphate,  for  exam* 
pie),  till  the  renting  precipitate  redissolves  with  black-brown  colour.  This  sohttko, 
if  leSft  to  itself  in  a  weU-cl(^ed  veseel,  deposits  vanadite  of  ammonium  on  ooolins,  as  a 
brown  crystalline  powder,  the  liquid  then  becoming  colourless.  The  salt  dissolves  in 
pure  water,  forming  a  brown  solution,  from  which  it  is  precipitated  by  ammonia. — The 
poUumtfn-iaUf  prepared  in  a  similar  manner,  forms  brown  snining  crystals. 

The  insoluble  vanadites  have  been  but  little  examined. — ^The  man^ncut  mM  is  % 
brown  powder,  which,  when  exposed  to  the  air  in  the  moist  state,  oxidises  to  man- 
ganous  vanadate. — The  mercuric  salt  is  thrown  down,  together  with  chloride  of  dimetw 
curammonium  (white  precipitate),  on  adding  ammonia  to  a  solution  of  mercoxie 
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chloride  mixed  with  a  Tanadoue  salt    The  precipitate,  wheo  ignited,  leaTea  TaDadimn- 
tetroxido,  still  retaining  a  small  quantity  of  mercuric  oxide. 

▼anadiiiin-pentozida»  VO*.  Vanadic  Oxide.  Vdnadic  Anhydride,  Anhydrous 
Vanadic  Acid. — This  is  the  highest  oxide  of  Tanadinm.  It  is  prepared  by  igniting 
vanadate  of  ammonium  in  an  open  platinum-crucible;  when  cold,  it  has  a  rusty-yellow 
colour,  lighter  in  proportion  as  the  oxide  is  more  finely  divided. — ^The  pentoxiae  may 
also  be  obtained  by  dissolving  the  impure  tetroxide  in  strong  sulphuric  arid,  and 
evaporating  the  solution.  Pure  vanadic  sulphate,  V*0*.2S0*.H*0  (p.  617 — there 
called  "  basic  vanadic  sulphate,"  and  represented  oy  the  formula  V0'.2S0'),  then  remains 
as  a  light,  orange-coloured,  sandy  powder,  which,  on  ignition,  leaves  the  pure  pentoxide 
(Fritzsche,  J.  pr.  Chem.  liii.  98). — ^Very  pure  vanadium-pentoxide  is  likewise 
obtained  by  decomposing  vanadyl-trichloride  with  water  (Schafarik): 

2V0C1«  +  3HK)     -    V»0»  +   6HC1. 

Pure  vanadium-pentoxide  has  a  more  or  leas  reddish-yellow  colour :  it  is  tasteless* 
reddens  moistened  litmus-paper,  and  dissolves  in  1,000  pts.  of  water,  forming  a  light- 
yellow  solution.  When  heated,  it  melts  without  decomposition,  if  kept  from  contact 
with  deoxidising  substances;  and  the  red  liquid  ciystedlises  on  cooling,  becoming 
incandescent  at  the  moment  of  solidification,  in  consequence  of  the  heat  then  suddenly 
evolved.  The  solidified  mass  is  yellowish-red,  and  according  to  Nordenskjold 
(Pqgg.  Ann.  cxiL  160),  contains  more  or  less  distinct  rhombic  crystals. 

'\^adium-pentoxide  is  not  altered  by  simple  ignition,  but  is  easily  reduced  by 
heating  with  potassium,  charcoal,  hydrogen,  carburetted  hydrogen,  organic  substancea, 
&c.  In  solution,  it  is  also  easily  reduc^  by  sulphurous  or  smpbydnc  add,  and  even 
by  nitrous  acid ;  also  by  stannous  salts,  and  by  sugar,  alcohol,  and  other  organic  sub- 
stances, the  colour  of  the  solution  then  changing  from  red  or  yellow  to  green  and 
blue.  The  solution  of  the  acid  in  hydrochloric  acia  gives  off  chlorine  when  evaporated ; 
tincture  of  galls  colours  the  solution  of  vanadic  acid  black,  on  standing,  in  consequence 
of  reduction. 

Vanadic  Hydrate  or  Vanadic  AcuL,  H«O.V«0»  +  aq.  or  2HV0«.HK),  is  ob- 
tiuned,  by  treating  a  somewhat  concentrated  solution  of  an  anhydrovanadate  of 
alkali-metal  with  nitric  acid,  as  a  bulky  flocculent  precipitate,  which  dries  up  in  the 
air  to  a  light  brown-red  powder  having  the  composition  just  mentioned.  It  gives  off 
1  at.  water  over  oil  of  vitriol,  and  when  dried  by  heat,  forms  solid  lumps,  having  a 
conchoidal  fracture. 

Vanadium-pentoxide  dissolves  in  the  stronger  acids,  forming  red  or  yellow  solutions, 
which  are  paitly  decolorised  by  boiling  and  evaporation,  especially  when  they  contain 
excess  of  vanadium ;  many  of  these  solutions  yield  crystalline  compounds  by  spon- 
taneous evaporation.  (See  Phosfhatovanadic  Acm,  iv.  686;  and  Sulfhatbs  of 
Vamaoiitm,  v.  617).  Alkalis  added  to  the  solutions,  form  precipitates  soluble  in 
excess.    The  solutions  are  easily  reduced  by  oxidisable  substances. 

Vanadatss.— Vanadium-pentoxide  unites  with  bases  much  more  readily  than 
with  acids.  When  fused  with  alkaline  carbonates,  it  eliminates  3  at.  carbonic  anhy- 
dride, forming  orthovanadates,  analogous  to  the  orthophosphates,  e.g.: 

3(Na«0.C0«)   +  V»0»     =     3Na«0.V«0»  +  3C0«. 

It  also  forms  metavanadates,  analogous  to  the  metaphosphates,  and  two  series  of 
acid  vanadates  or  anhydrovanadates,  viz.: 

Orthovanadates,  M«VO*    -      ^^^1(0"         -    3M«0.V«0*.» 

Metavanadates,  MVO»      =      ^^m    |^*         -    M*O.V»0*. 

Divanadates,  M«V*0»       =     2MV0».V«0*     -    M«0.2Vr». 
Trivanadates,  M»V«0>«     -    2MVO».2V«0»     -     M*0.3VK)*. 

Metavanadate  of  lead  occurs  native,  as  Dechenite ;  the  orthovanadate  also,  combined 
with  lead-chloride,  as  Vanadinite.  Jkedoizite  is  a  diplumbic  vanadate,  Pb^O'  « 
2PbO.V-0^,  analogous  in  composition  to  a  pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them  however,  especially  those  of 
the  alkaline  earth-metals,  and  of  zinc,  cadmium,  and  lead,  are  converted  by  warming 
— either  in  the  solid  state,  or  under  water,  or  in  aqueous  solution,  especially  in  presence 
of  a  free  alkuli  or  alkaline  carbonate — into  isomeric  colourless  salts.  The  same 
trunsiformation  takes  place  also,  though  more  slowly,  at  ordinary  temperatures.  The 
metavanadates  of  alkali-metal  are  colourless.  The  acid  vanadates  are  yellow,  or 
yellowish-red,  both  in  the  solid  state  and  in  solution ;  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowiah-red  on  addition  of  an  acid.     The  metavanadates  of 

•  iMO.J'(fi,  ■ccordinK  to  the  old  atomic  weights. 
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•mmonium,  the  alkali-metals,  barium,  and  lead  are  Imt  sparingly  soluble  in  water; 
the  other  metaranadates  are  more  soluble.  The  alkaline  Tanadates  are  more  soluble 
in  pure  water  than  in  water  containing  free  alkali  or  salt ;  hence  they  are  precipi* 
tated  from  their  solution,  by  addition  of  alkali  in  excess,  or  of  salts.  The  vanadates 
are  insoluble  in  alcohoL  The  aqueous  solutions  of  vanadates  form  yellow  precipitaies 
with  antimony-,  copper-,  lead-,  and  mercuiy'SaXU ;  with  tincture  of  galU^  tney  form  a 
deep  black  liquid.  * 

Vanadates  containing  fixed  bases  are  not  decomposed  by  ignition ;  strong  dcida 
turn  their  solutions  red»  ind  when  added  in  excess,  often  throw  down  very  acid  salts. 
From  concentrated  solutions  of  acid  vanadates,  nitric  acid  throws  down  a  bulky  brown 

Srecipitate  of  vanadic  acid,  retaining  a  small  quantity  of  the  base. — Hydrochloric  acid 
ecomposes  the  vanadates,  with  evolution  of  chlorine  and  formation  of  vanadium- 
tetroxide. — Acetic  add,  in  excess,  takes  away  part  of  the  base  from  neutral  vanadate*, 
converting  them  into  di-  and  tri -vanadates. — Sulphurous  add,  alcohol,  and  other 
reducing  agents,  colour  the  acid  solutions  blue,*by  formation  of  vanadium-tetroxide. 

The  vanadates  have  been  examined  chiefly  by  Berze line,  and  mon^  recently  by 
T.  Hauer(J.  pr.  Chem.  Ldx.  385;  Ixxvi.  156,  929;  Ixxx.  324),  and  Czudnowioa 
(Pogg.  Ann.  cxx.  17 ;  Jahresb.  1863,  p.  221);  their  crystalline  forms  by  0railich 
{KrystaUoffraphische  Untersuchmgen,  Wien  u.  Olmiitz,  1868,  p.  3). 

Vanadates  of  Ammonium. — The  meUxvanadate,  (NH*)VO*,  is  obtained  by 
adding  an  excess  of  ammonia  to  the  reddish-yellow  acid  solution  of  vanadic  acid  in 
ammonia,  then  warming  it  aud  leaving  it  to  evaporate,  or  mixing  it  with  alcohol ;  also 
by  placing  a  lump  of  sal-ammoniac,  more  than  sufficient  for  saturation,  in  a  solution 
of  potassium-  or  sodium-vanudate  (p.  985).  It  separates  in  colourless,  transparent, 
crystalline  crusts,  which  dissolve  slowly  in  cold  water,  forming  a  colourless  liquid ; 
quickly  in  boiling  water,  forming  a  yellow  solution.  It  is  decomposed  by  heat,  leaving 
vanadium-pentoxide  when  hea^  in  contact  with  the  air.  Its  solution  forms,  with 
tincture  of  galls,  a  deep  black  liquid,  which  may  be  used  as  an  insoluble  ink.  Alkalis 
do  not  act  upon  it ;  acids  colour  it  blue ;  chlorine  destroys  the  black  colour,  but  the 
ink  does  not  fade  spontaneously  (Berzelius). — Yellow  metavanadate, — The  yellow 
solution  of  vanadic  acid  in  ammonia  mixed  with  excess  of  ammonia,  and  left  to 
evaporate  without  warming,  yields  lemon-yellow  indistinct  crystals,  which  dissolve  in 
water  with  the  same  colour,  and  are  reprecipitated  therefrom  by  alcohol. 

The  divanadate,  2(NH*)VO».VK)».4H*0  or  (NH*)«0.2VK)».4HH),  is  obtained  by 
saturating  warm  ac^ueous  ammonia  with  vanadic  acid,  and  leaving  it  to  evaporate; 
or  by  mixing  a  boiling  solution  of  the  metavanadate,  gradually  and  with  agitation, 
with  acetic  acid,  till  the  precipitate  redissolves.  The  yellowish-red  liquid,  on  cooling, 
deposits  the  salt  in  large,  transparent,  orange-red  crystals,  which  dissolve  in  water, 
and  are  precipitated  by  alcohol  as  a  lemon-yellow  powder. — This  trivanadate, 
(NH«)V0».VK)*.3H»0  or  (NH0«O.3V«O*.6H«O,  is  obtained  by  repeated  crystallisa- 
tion of  the  diadd  salt  from  water  containing  acetic  acid.  It  forms  large  splendid 
red  crystals,  which  are  permanent  in  the  air,  more  soluble  in  water  than  tha  preceding 
salt,  but  give  o£f  water  and  ammonia  at  a  moderate  heat    (v.  Hauer.) 

Vanadates  of  Barium, — The  metavanadate,  Ba'(VO'J*.HH),  is  obtained,  by 
double  decomposition,  as  a  yellow  gelatinous  precipitate,  which  turns  white  sloiriy  in 
the  cold,  immediately  when  heated.  The  white  and  yellow  salta,  which  have  the  same 
composition,  dissolve  sparingly  in  water,  each  with  ita  own  colour,  and  the  solution, 
when  left  to  evaporate,  deposits  the  salt  in  white  crystalline  grains.  It  dissolves  with 
red  colour  in  strong  sulphuric  acid.  When  heated,  it  gives  off  water,  and  turns  yellow, 
but  becomes  white  again  on  cooling.  At  a  red  heat,  it  melts  to  a  yellow-brown  trans- 
parent mass.  It  is  completely  decomposed  by  fusion  with  acid  sulphate  of  potassium. 
— The  divanadate,  Ba"(  VO*)*.V*0*,  separates  by  spontaneous  evaporation,  from  a  solu- 
tion of  potassiura-divanadate  mixed  with  chloride  of  barium,  in  oranse^yellow  prisms, 
or  on  addition  of  alcohol,  in  shining  lemon-yellow  scales,  slightly  soiubie  in  water. — 
Another  acid  eaU,  3Ba0.5V«OM9HH)  -  3Ba(VO»)«.2VK)».19H*0,  is  obtained  by 
dropping  chloride  of  barium  into  a  warm  solution  of  the  divanadate,  and  then  adding 
acetic  acid  till  the  precipitate  redissolves.  The  solution,  on  cooling,  deposits  the  salt 
in  reddish-yellow,  shining,  oblique  prisms,    (v.  Hauer.) 

A  so-caJled  hade  salt  (?  the  ortnovanadate)  is  formed,  on  mixing  the  solution  of 
the  metavanadate  with  baryta-water,  as  a  yellow  precipitate,  which  after  a  while  turns 
white. 

Vanadates  of  Calcium. — ^The  metavanadate  is  obtained,  by  slow  evaporation  of 
ammonium-vanadate  mixed  with  calcium-chloride,  in  white  or  yellowish  cry«taJline 
crusts ;  it  is  moderately  soluble  in  water  (more  soluble  than  the  strontium- salt),  and  is 
precipitated  by  alcohoL — The  add  salt  forms  large,  orange-red,  non-effiorescent  cry*i- 
tals,  easily  soluble  in  water. — A  bade  salt  (?  orthovanadate)  is  said  to  be  obtained  by 
mixing  the  solution  of  the  metavanadate  with  lime-water. 
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V^nadat$$  cj  Copper. — (htpricfiisttnHmadaU  separates,  as  a  jellow  pcecipitats^ 
OB  adding  alo<^l  to  a  mixtnxe  of  a  copric  salt  and  potassinm-metaTanadate. — ^An  add 
mtt  separates,  aa  a  yellow  exystalline  crusty  from  a  soliition  of  add  potaseiiim«vanadate 
mixed  vith  enprie  sulphate. 

C^^rie  orthovanadaU  occurs  native  in  to  lb  or  th  i  t  e,  i^  mineral  found  at  Friedrichs* 
Tode  in  the  Tbnringian  Forest,  and  at  Syssersk  and  Kischne-Tagilsk  in  Buseia.  The 
mineral  horn.  Friedrichsrode  contains,  according  to  Credner's  analysis  (Fogg.  Ann* 
Izxiz.  546),  3002  per  cent  YHy^,  38*27  CuO,  16*62  CaO,  and  6*05  water,  together 
with  0*92  2^p(0, 0*52  MnO,  and  0*76  insoluble  matter,  agreeing  neaiiy  with  the  formula 
(Ca;Ca)"(VO«)^(Cu;Ca)H<0' ;  that  from  Russia  appears  to  be  similarly  constituted, 
but  to  contain  only  copper  without  calcium ;  but  it  has  not  been  analysed.  The  specific 
gravity  of  the  Thuringian  mineral  is  3*495 ;  that  of  the  Russian,  3*55.  Hardness  » 
3.  Both  minerals  form  small  six-sided  tables,  spherical,  radiate,  granulo-laminar  or 
scaly  lamps*  or  earthy  deposits,  having  an  olive-green,  grass-green,  siskin-green,  or 
lemon-yellow  colour,  vitreous  and  nacreous  lustre,  and  yellow  or  greenish-yellow  to 
greyish  streak.    The  mineral  is  soluble  in  nitric  acid. 

Vanadates  of  Lead. — The  metavanadaU,  Fb^VO*)',  occurs  native  as  dechenite 
(iL  ^8).  It  is  dso  obtained  by  precipitating  eitner  the  metavanadate  or  acid  vana- 
d^e  of  potassium  with  acetate  cl  lead.  It  dissolves  slightly  with  yellow  colour  in 
water,  easily  in  dilute  nitric  acid ;  when  it  is  heated  with  strong  nitric  add,  a  brown 
substance  separates,  probably  consisting  of  a  lead-vanadate  containing  a  very  large 
ttCoeBa  of  acid.  The  metavanadate  is  not  decomposed  by  boiling  with  aqueous  carbonate 
of  potassium,  and  not  completely  by  boilixig  with  strong  sulphuric  add ;  but  fusion  with 
ada  sulphate  of  potassium  decomposes  it  perfectly. — ll\iedivanadateyVUyO*f.\^0^, 
is  obtained  by  predpitating  the  acid  potassium-salt  with  nitrate  of  lead,  as  an  orange- 
yellow  predpitate,  slightly  soluble,  with  yellow  colour,  in  water. 

A  diplurmnc  vanadate  (pyrovanadate),  Fb^*0'  «  2PbO.V=0*,  occurs  native  as 
descloizite. 

The  triplumbic  salt,  or  orthovanadaie,  ooeurs  native  in  combination  with  chloride  of 
lead,  as  vanadinite  or  vanadite,  PbCl'.3Pb*VH)*,  a  mineral  occurring  at  Zimapan 
in  Mexico,  in  the  county  of  Wicklow  in  Ireland,  at  Wanlockhead  in  Scotland,  at  Windisch- 
kappel  in  Carinthia,  and  at  Beresowsk  in  the  Ural,  in  crystals  belonging  to  the  hexa- 
gonal system,  isomoiphous  with  pyromorphite  and  miroetesite.  The  crystals  usually 
exhibit  the  combination  of  the  hexagonal  prism,  ooP  with  the  basal  face  oP  and  tb» 
hexagonal  pyramid  P,  having  the  angle  P  :  P  in  the  terminal  edges  *  143^.  It  idsa 
forms  kidney-shaped  lumps,  with  fusiform  to  fibrous  separation.  Ck^ur  vellow  to 
brown.  Lustre  waxy  to  adamantine.  Transparent  to  translucent  on  the  edges  only. 
Hardness  »  3.  Spedfic  gravity  ■■  6*8  to  7*2  It  dissolve-s  in  nitric  add,  forming  a 
yellow  solution,  any  nndisisolved  portion  becoming  covered  with  a  red  deposit  of  vana- 
aium>pentoxijle. 

Jmalyate: — a.  FromZimapan(Berzelius). — h.  From  Wicklow  in  Ireland  (Thorn - 
son»  (httUnee,!.  574). — e.  From  Windischkappel :  crystallised;  specific  gravity  «■  6*886 
(BammelsbergfPogg.  Ann.  xcviii.  249).— <2.  From  Beresowsk :  brown  cmsts  on  crys- 
tallised pyromorphite ;  spedfic  gravity  *»  6*863  (Struve,  Verh.  d.  min.  Ges.  xu 
Petersburg,  1857): 

a,  b,  e. 

Chlorine     ....    2*56        2*44  2*23 

Vanadium-pentoxide    ,        ...      23*43  17*41 

Phosphoric  pentoxide 0*95 

Lead-oxide .        ,        .        .  76*54      73*94  76*70 

97*29     101*99 

A  cuffricoplumbie  tfonadaie  called  chileite,  occurring  as  an  arooiphous  brown  sub- 
stance in  carities  of  the  massive  pyromorphite  of  Mina  Grande  in  Chile,  was  found  by 
Domeyko  (Ann.  Min  [4],  xiv.  145}  to  contain  15  21  per  cent  YK)*,  5*26  Ajb*0*, 
0*72  Ph^,  60*56  PbO,  17*88  CuO. and  0*37  PbOl',  which  maybe  represented,  approxi- 
mately, Vy  the  formula  (Pb;Cu)XV0*)*.3(Pb;Cu)0,  the  vanadium  being  partly  replaced 
by  arsenic  and  phosphorus. 

Vanadates  of  Lithium. — The  metavanadate  crystallises  from  concentrated  solu* 
tions,  in  radiate  groups  of  slender  colourless  needles,  easily  soluble  in  water. — ^The  acid 
salt  forms  large  red  efflorescent  crystals,  resembling  add  chromate  of  potassium,  easily 
soluble  in  water  and  not  completely  predpitated  by  alcohol. 

Vanadates  of  Potassium,— The  metavanadate,  KVO»  or  KH).VH)*,  disolvei 
slowly  in  cold,  easily  in  boiling  water,  with  difficulty  in  water  containing  potash.  The 
solution  yields,  by  spontaneous  evapontion,  a  syrup  which  dries  up  to  a  white  earthy 
melting  when  heated  to  a  transparent  yellow  liquid,  and  becoming  white  again  on 
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cooUng.— The  acid  scJl,  2KVO».V«0».8HH),  «p  K»0.2VK)».3HH),  is  obtuiied  by 
fnnng  the  metavaiiadate  with  Tanaditim-pentozide,  or  hjy  boiling  it  with  additioD  of 
water.  It  forms  bioad,  reddish-yeUow,  czTstidline  laminae,  slightly  solnble  in  cdd. 
abundantly  in  boiling  water.  The  crystals,  when  heated,  giTo  off  their  water,  and 
torn  brick-red  ;  the  dry  salt  is  easily  fusible,  and  forms  a  yellow  masa  on  oooling.  The 
salt  is  partially  decomposed  by  boiling  with  a  small  quantity  of  water,  metavaaadat* 
and  diyanadate  dissolying,  and  a  more  acid  salt  remaining  behind.  On  mixing  a  cold 
concentrated  solution  of  the  divanadate  with  caustic  potash,  the  divanadate  partly 
separates  unaltered;  bia  if  the  two  solutions  are  mixed  not,  metaranadate  is  produced^ 

Vanadates  of  Silver, — The  metavanadate  is  a  gelatinooa,  yellowish,  or  whitish 
precipitate,  soluble  in  nitric  acid  and  in  very  dilute  ammonia,  and  nrecipitated  tton 
the  latter  solution  by  concentrated  ammonia.  It  is  not  completely  decompoaNl  by 
hydrochloric  acid. — The  acid  salt  is  yellowish-red,  slightly  soluble  in  water,  easily 
soluble  in  nitric  acid  and  in  very  dilute  ammonia.  It  melts  below  a  red  heat,  and  crys- 
tallises on  cooling.  The  ammoniacal  solution  yields,  by  evaporation,  erystala  of  ammo- 
nio-argentic  vanadate. 

Vanadates  of  Sodium. — The  metaoanadate  resembles  the  potasaium-Balt. — ^The 
divanadate,  2NaVO«.V»0».9HK)  -  NaK>.2V«0».9HK),  is  prepared  like  the  cone- 
■ponding  potassium-salt,  and  separates,  by  spontaneous  evaporation,  in  large  oystsls  ef 
a  splendid  orange-red  colour,  it  is  but  slightly  soluble  in  water,  even  at  the  boilmg 
heat:  nevertheless,  1  pt.  of  it  imparts  a  distinct  yellow  colour  to  200,000  pts.  of  water 
It  effloresces  in  drv  air,  acquiring  a  rusty-brown  colour,  melta  at  an  indpieot  red  best, 
and  forms,  on  cooling,  a  shining,  amorphous,  varnish-like  maas  of  a  dark-red  eokmr. 

A  phoephatovanadate  of  sodium  is  obtained  by  heating  a  mixture  of  vanadic  and 
aodsc  phosphates  with  nitric  add. 

Vanadates  of  Strontium. — The  metatfonadaie,  8T(V0^t  u  gradually  precipi- 
tated by  chloride  of  strontium  finom  metavanadate  of  ammonium,  in  white  aystalline 
grains.    It  is  more  soluble  than  the  barium-salt    The  solution,  mixed  with  strootia- 
water,  forms,  after  some  time,  a  yellow  precipitate,  which  afterwards  turns  white  (no- 
bably  the  orthovanadate).— The  divanadate,  8r(V0«)«.VK)».9HK)  «  arO.2V»0».9H*0, 
separates  on  cooling  from  a  hot  very  strong  solution  of  sodium-divanadate  mixed  with 
chloride  of  strontium,  in  shining  orange-r^  crystals,  bavins  the  form  of  sodium-dirm- 
nadate.    It  is  not  very  soluble  in  water,  but  more  soluble  than  the  barium-salt    The 
crysUls  do  not  effloresce  even  in  dry  air.— The  trioanadate,  Sr(VO*)«.2V*0*.14HK)- 
8r0.3yOM4H'0,  is  prepared  by  mixing  a  solution  of  an  alkaline  divanadate  with 
acetic  acid  and  strontium-chlonde,  and  heating  the  liouid  nearly  to  the  boiling-point 
A  straw-yellow  basic  salt  is  then  deposited,  and  the  deep-red  filtrate  evaporated  ovfr 
oil  of  vitriol  yields  crystals  of  the  trivanadate.    By  recrystallisation,  with  addition  of 
a  large  quantity  of  free  acetic  acid,  it  is  obtained  pure,  m  large,  red,  diclinic  orstalf, 
exhibiting  a  golden-yellow  surface-lustre  by  reflected  light    They  are  pnmanent  in 
the  air,  give  off  8  at  water  at  100^,  turn  yellow,  and  melt  at  a  low  red  heat  to  adsrk- 
red  liquid  which  solidifies  to  a  crystalline  mass  on  oooling.     The  salt  dissolves  easily, 
and  without  d'H»)mposition,  in  water,  on  addition  of  acetic  acid.    (v.  Haner,  J.  pr. 
Chem.  Ixxvi.  156.) 

Vanadates  of  Vanadium. — Several  oxides  of  vanadium,  intermediate  in  cobh 
position  between  the  tetroxide  and  pentoxide,  and  perhsps  consisting  of  compoundi  of 
the  two,  are  described  by  Berzelius.  Thejy  are  produced  by  direct  oxidation  of  th« 
tetroxide,  or  by  mixing  vanadious  salts  with  vanadates  in  various  proportions.  Tb<> 
compounds  thus  characterised  are : — 1.  A  purple  oxide,  formed  when  vanadious  hydz«t« 
is  left  for  twenty-four  hours  in  a  vessel  not  perfectly  closed ;  2.  A  green  oxide  coo* 
taining  V20'.2V«0*;  8.  A  yellow-green  oxide,  VW.4VK)*;  and  4.  An  ormnge-yellov 
oxide.     (See  G  m  e  1  i  n '  s  Handbook^  iv.  84.) 

The  remaining  vanadates  have  not  been  examined  with  sufficient  exactness  to  nadtr 
special  description  necessary. 


yAVABZim,  OZTBBOMXSB  OF,  orVA«ABT&-B»01gIBa»  VOBr*.- • 

This  compound  (regarded  by  Schafarik,  who  discovered  it,  as  tribromideof  vanadiusi. 

VBr^\  is  formed,  like  the  corresponding  oxychloride,  by  igniting  a  mixture  of  tskv 

dium-tetroxideand  charcoal  in  bromine-vapour.  It  forms  needle-shaped  crystals,  hiring 

a  dark-brown  colour  and  blue  metallic  iridescence.     (Schafarik.) 

VAVABZVM,  OZTCB&OXZBB8  OF.— a.  Vanadium'Oxyirickloriit,n 
Vanadyl'trichloridf,  V0C1»  (usually  regarded  as  vanadium-trichloride),  is  pn*- 
pared :  (o).  By  the  action  of  chlorine  on  vanadium-trioxide  : 

SV'O"   +   6C1*     -     V«0»   -I-   4V0a". 
(0.)  By  burning  the  dioxide  (Berzelius's  metal)  in  chlorine-gas^  at  a  nd  best,  a 
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greenish-yellow  Tapour  being  then  formed,  which  condenses  to  a  liq-u id. — (y.)  By  passing 
chlorine-gus  over  an  ignited  mixture  of  the  trioxide,  tetruxide,  or  pentoxide  of  vana- 
dium, with  charcoal,  and  condensing  the  resulting  Ta|)our8  in  a  cooled  U-tube.  The 
liquid  is  freed  from  excess  of  chlorine  by  passing  dry  air  through  it,  or  by  rectifying 
it  over  mercury. 

Vanadyl-trichloride  is  a  golden -yellow  liquid,  of  specific  gravity  1764  at  20°, 
(Schafarik),  1*841  at  14*6"  (Roscoo).  Boiling-point  127"'.  Vapour-density  « 
6*41  (Schafarik),  6*108  (Roscoe);  ealc.  (2  vols.)  <»  6119.  When  exposed  to  tho 
air,  it  emits  cinnabar-coloured  vapours,  being  resolved  by  tho  moisture  of  the  air  into 
hydrochloric  and  vanadic  acids.  With  a  small  quantity  of  water,  it  becomes  turbid, 
£rom  separation  of  vanadic  acid ;  with  a  larger  quantity,  it  forms  a  clear  pale-yellow 
solution,  which  when  left  to  itself  for  some  time,  or  more  quickly  when  heated,  gives 
off  chlorine,  turns  green  or  blue,  and  then  contains  vanadium-tetrachloride,  or  the  cor- 
responding oxide,  or  vanadyl-dichloride.  The  same  effects  are  produced  on  dissolving 
▼anadyl-trichloride  in  hydrochloric  acid.  The  recently  prepared  solution  in  hydro 
chloric  acid  dissolves  gold.  Vanadyl-trichloride  dissolves  also  in  alcohol,  the  solution, 
ho>wever,  being  quickly  reduced  to  a  lower  chloride.     (Schafarik.) 

The  following  experiments  show  that  this  compound  contains  oxysen : — (1.)  The 
Tapour,  passed  over  perfectly  pure  carbon  at  a  red  heat,  yields  carbonic  anhvdride.— > 
(2.)  It  oxidises  magnesium,  converting  it  into  magnesia. — (3.)  It  converts  sodium  into 
caofitic  soda. — (4.)  Its  vapour  passed,  together  with  hydrogen,  through  a  red-hol  tube, 
yields  vanadium- trioxide.     (Roscoe.) 

fi.  Vanadium-cxydickloride,  OT  Vanadyl-dicldoridey\0O?. — This  compound,  obtained 
by  the  action  of  zinc  on  vanadyl-trichloride  at  400°  in  sealed  tubes,  is  a  light- 
green  crystalline  solid,  ha^'ing  a  specific  gravity  of  2'88,  insoluble  in  water,  deli- 
quescipg  on  long  exposure  to  the  air,  easily  soluble  in  acids.     (Roscoe.) 

7.  Vanadium-oxymonochloridef  or  Vanadyl-monockloride^  VOCl,  formed  by  the  action 
of  hvdrogen  upon  vanadyl-trichloride  at  a  red  heat,  is  a  brown,  light,  powdery  solid, 
insoluble  in  water,  but  easily  soluble  in  acids.     (Roscoe.) 

Z.  Divanadyl-manochloride,  V'0*C1,  is  also  formed  by  the  action  of  hydrogen  at  a 
red  heat  It  is  easily  separated  from  the  preceding  compound,  as  it  is  a  heavy, 
shining,  metallic  powder,  resembUng mosaic  gold.    (Roscoe.) 


rABZVlBv  BUXiVBZBSB  OF.  Two  vanadium-sulphides  are  known,  cor- 
responding to  the  tetroxide  and  pentoxide. 

The  tetrasulphide  or  Fanadious  sulphide^  VS^,  is  produced  by  heating  the  tetroxide 
to  redness  in  a  stream  of  sulphydric  acid  gas.  It  is  black,  very  friable,  of  sp.  gr. 
4*70,  insoluble  in  water,  aqueous  alkalis,  and  sulphides  of  alkali-metal,  not  altered 
by  hydrochloric  or  sulphuric  acid,  but  converted  by  nitric  acid  into  vanadious  sulphate. 
When  heated  in  the  air,  it  bums,  producing  sulphurous  and  vanadic  anhydrides. 

Jfydrated  vanadious  fulphide  is  obtained  by  dissolving  a  vanadious  salt  in  excess  of 
an  alkaline  monosulphide,  and  precipitating  with  hydrochloric  acid.  The  precipitate 
is  brown  at  first,  but  becomes  black,  without  decomposition,  on  washing  and  drying. 

Vanadious  sulphide  unites  with  basic  metallic  sulphides,  formiog  salts  called 
sulphovanadites.  Those  of  the  alkali-metals  are  obtained  by  dissolving  the 
hydrated  sulphide  in  monosulphide  of  ammonium,  &c.,  or  by  treating  a  vanadite  with 
exeees  of  sulphydric  acid.  These  sulphosalts  are  black  in  the  dry  state,  purple-brown 
in  solution  (like  the  permanganates).  The  other  sulphovanadites  are  insoluble  in 
water,  and  are  obtained  by  precipitation.    (Berzelius.) 

Peniamdphide  of  Vanadium,  or  Vanadic  sulphide^  V^*,  cannot  be  formed  in  the  dry 
way,  but  is  obtained  by  dissolving  the  pentoxide,  or  an  alkaline  vanadate,  in  excess  of 
alkaline  monosulphide,  and  precipitatmg  with  hydrochloric  acid.  It  is  brown  when 
moist,  black  in  the  dry  state,  but  yields  a  brown  powder.  When  heated  in  a  retort, 
it  is  resolved  in  sulphur  and  the  tetrasulphide ;  by  nesting  in  the  air,  it  is  oxidised  to 
snlphurous  and  vanadic  anhydrides.  It  dissolves,  with  red-brown  colour,  in  aqueous 
eolations  of  alkaline  carbonates,  hydrates,  and  sulphydrates. 

Vanadic  sulphide  unites  with  basic  metallic  siuphid^,  forming  the  iulphovana- 
dates.  Those  of  the  alkali-metals  are  soluble  in  water,  and  are  obtained  by  dissolving 
▼anadium-pentoxide  in  excess  of  alkaline  sulphide,  or  by  treating  the  alkaline  vali- 
dates with  excess  of  sulphydric  acid ;  in  the  dry  way  also  by  fusing  vanadium-com- 
pounds with  alkali  and  sulphur. 

The  sulphovanadates  of  alkali-metal  are  brown  in  the  dry  state,  red-brown  in 
solution.  The  aqueous  solution  of  the  potassium-salt  gives,  with  alcohol,  a  scarlet 
precipitate,  which  turns  brown  when  washed  with  alcohol. — The  sulphovanadates  of 
barium,  calcium,  and  strontium  may  be  obtained  as  crystalline  powders,  sliehtly 
soluble  in  water.  All  the  other  sulphovanadates  are  insoluble  in  water,  ana  are 
obtained  by  precipitation.    (Berzelius.) 
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Syn.  with  Vakadium-Moicoiidb  (p.  987). 

See  Vanadium,  Oztbboicii>b  of  (p.  992). 
TAB'nk-DZCBlbOXZBB.     Syn.  with  VANABluif-OxTCHLOBilXB  (p.  993). 

L    Syn.  with  yANADn7X-0zTnucHiA>Bn>B  (pi  992). 

VanUU,  Vaniglia. — The  fruit  of  Vanilla  plamfolia,  a  climbing 
orchidaceous  plant  growing  wild  in  Mexico,  Brazil,  and  Gumna,  and  enltiTatod  in 
Jamaica,  Trinidad,  Mauritius,  Ceylon,  Java,  and  other  tropical  ooontries.  The  pods, 
which  are  nearly  cylindrical,  five  or  six  inches  long,  and  a  line  or  two  thick,  ha^e  a  rery 
pleasant  aromatic  taste  and  smell,  and  are  often  covered  externally  with  white 
shining  crystals  of  yani Uin,  which  is  their  principal  constituent.  They  iIbo  contain 
an  iron-greening  tannin,  a  non-drying  fat-oil,  wax,  resin,  &c. 

Vanilla  is  us^  for  fiavouring  ices,  creams,  chocolate,  Sk,  ;  also  in  medidne  in  the 
form  of  powder  and  of  alcoholic  tincture. 

Syn.  with  Vakillht. 

r,C'»H«0«  (Gobley) ;  C»^"0"rStokkebye),  the  neutral  odorifePOTs 
principle  of  vanilla,  was  formerly  mistaken  for  benzoic,  and  afterwards  for  cinnamie 
acid.  It  was  first  recognised  as  a  peculiar  substance  by  B ley  (Jahreeb.  1858,  p.  536 ; 
1859,  p.  508),  further  examined  by  Gobley  (J.  Phum.  [3],  xxxiv.  401 ;  Jahresb. 
1858,  p.  534),  and  afterwards  by  Stokkebye  (Jahresb.  1864,  p.  612),  who  designates 
it  as  vanillic  acid.. 

Vanillin  may  be  prepared  by  mixing  the  alcoholic  extract  of  vanilla  with  water  to 
a  syrupy  consistence;  agitating  with  ether,  evaporating,  and  treating  the  residue  with 
boiling  water ;  again  evaporating ;  and  treating  the  resulting  crystals  with  animsl 
charcoal  (Gobley).  It  crystallises  in  long,  colourless,  four-sided  prisms,  bevelled  at 
the  ends.  It  is  nearly  insoluble  in  cold  water,  moderately  soluble  in  hot  water,  more 
easily  in  alcohol,  ether,  and  volatile  oils.  The  alcoholic  solution  has  a  &int  aod 
reaction.  It  melts  at  76^  (Gobley),  at  82^  (Stokkebye),  begins  to  sublimeat  150^ 
(Gobley),  and  distils  over  with  vapour  of  water  (Stokkebye).  It  dissolves  in 
strong  sulphuric  acid  and  in  caustic  potash.    Nitric  acid  converts  it  into  oxalic  add. 

VAPOVABt  BBVBZTT  OF.    See  Spscmc  Gbavitt  (p.  365). 

VAPOUBS,  XiATBWT  BBAT  OF.     See  Hbat  (iu.  96). 

VAPOVH,  TSV8ZOW  OF.     See  Hkat  (iiL  81). 

VASao.  The  name  applied  in  Normandy  to  the  ash  of  seaweed,  used  as  naooT* 
and  for  the  preparation  of  bromine,  iodine,  and  potassium-salts.  In  Scotland  the  same 
substance  is  called  kelp  (p.  210). 

V A«  »Wir A^  U1C».    Suoeus  varmnm. — ^The  juice  of   Varetma  yolyrtsrito,  t 

leguminous  plant  indisenous  in  Mexico.    When  dry,  it  has  a  brownish  vitrsoos  ^m. 
and  consists  almost  wholly  of  tannin.    (Soubeiran,  J.  Pharm.  [3],  xxviiL  196.) 

VAJtZO&ASZA.    A  genus  of  lichens,  several  species  of  which,  vix.  Fl  deaHait, 
V.  as^rgilla,  V.  orcina,  and  others,  are  used  for  the  preparation  of  archiL —  Fl  csmts 
eontams  a  bitter  substance  called  picrolichenin  (iv.  642). 

VAJtZOZJUtZV.  The  name  applied  by  Bobiquet  to  a  crystalline  body,  whidi  he 
obtained  from  that  portion  of  the  alcoholic  extract  of  Varwaria  dtalbaia  which  if 
insoluble  in  water.    It  was  probably  lecanoric  or  orscJlic  acid. 

VAJtZOZiZTB.  A  fine-grained  to  compact  diorite,  enclosing  roimdish  hamfi  of 
felspar. 

▼ABZBCZTB.  A  hydrated  aluminic  phosphate,  occurring  in  quartz  and  silieioss 
shale  at  Mosbach  in  the  Salon  Voifi;tland.  It  contains  smaU  quantities  of  femNit 
oxide,  chromic  oxide,  magnesia,  and  anunonia,  and  is  apparently  related  to  tmquois 
(iv.  551).  It  is  non-crystalline,  has  an  apple-green  colour,  and  fiunt  waxy  los^ ; 
hardnees  »  5'0  to  5*5.  Specific  gravity  «•  2*34  to  2*38.  (A.  Breithanpt,  J.  pr. 
Chem.  X.  507.) 

VAJUrZBB.  Vemis.  Fimiss. — A  solution  of  a  resinous  substance  spread  onr 
the  surface  of  wood,  metal,  &c,  and  forming  shining,  transparent,  hard  crusts,  eapahU 
of  resisting  the  influence  of  air  and  moisture.  The  principal  resins  used  fior  making 
varnishes  are  copal,  anim^,  mastic,  and  sandarach ;  the  solvents  are  spirits  of  wise^ 
turpentine-oil,  or  linseed  and  other  drying  oils. 

Crystal  varnish  for  maps,  prints,  drawings,  &c.  is  made  by  dissolving  Canada  bal- 
sam m  the  best  oil  of  turpentine.  (See  Ure*8  Dictionary  of  Arts  and  MamtfadMm^ 
iii.  940.) 

▼ABVZCZTB.  A  manganese-ore  from  Warwickshire,  consisting,  sceording  to  Bsbi- 
melsberg,  of  MnO«.Mn«0«.H*0 ;  accoitiing  to  Phillips,  of  Mn0.8MnK>".H«0  (iii.  813) 
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I.  A  substance  constituting,  according  to  Fr^my  (JahresK  1869, 
p.  638),  the  principal  part  of  the  vessels  of  wood.  It  is  distinguished  by  its  insolubility 
in  concentrated  acids  and  in  cuprate  of  ammonia,  and  is  prepared  by  treating  wood, 
first  with  dilute  potash-ley,  then  repeatedly  with  hydrochloric  acid,  afterwards  with 
cuprate  of  ammonia,  and  finally  with  cold  hydric  sulphate. 


V,  indica,  a  tree  growing  in  Malabar,  yields  a  semifluid  resin,  which 
hardens  in  the  air,  and  is  used  for  making  Peynie-vamish. 


The  name  given  by  Fo urn et  (Annal.  des  Mineral.  [4],  xix. 
149)  to  a  coarse-grained  variety  of  diorite  from  the  gneiss  of  Yaugnezay  (IX&pait. 
dn  Bh6ne),  rich  in  oUgoclase,  blackish-green  hornblende,  and  brown-bUck  mica. 


▼AV^VBUaraU  A  name  originally  given  by  Pelletier  and  Caventou  to  strych- 
nine ;  also  by  Pallas  to  a  crystalline  substance  obtained  from  the  bark  of  the  (uive- 
tzee* 


Native  chromate  of  lead  and  copper.  (See  Chboxatbs,  L  984.) 

Syn.  with  Potash  (p.  700). 

A  charcoal  prepared  by  incinerating  common  sea^ 
wrack  {Fucua  tfesiculostu)  in  a  covered  crucible. 

VaOMTABM  IVORT.  This  name  is  applied  to  the  tagua-nut,  the  fruit  of 
PkyteUphas  macrocarpa^  a  tree  growing  on  the  borders  of  the  Magdalen  river  in  Co- 
lumbia, South  America.  It  contains  about  80  per  cent,  of  woody  fibre,  is  yezy  hard 
and  compact,  has  the  appearance  of  ivory,  and  may  be  turned  in  the  lathe. 

VBOBTAB&B  PARCHMBVT.    See  CxLLUix>8x  (i.  819). 

▼BCWTAB&BBv  MUTltZTZOW  OV.    See  NirrBmoir  of  Plamts  (iv.  162). 

V JUA  -BTOHSS.  Phebolites. — Concretions  found  in  the  veins,  chiefly  of  the 
pelvis,  and  consisting  of  calcic  phosphate  and  carbonate,  with  a  small  quantity  of  mag« 
nesia,  and  generally  an  organic  nucleus. 

The  term  tfginstone  is  also  applied  to  the  mineral  substances  which  accompany  and 
often  enclose  metallic  ores. 

Syn.  with  Stkatitb. 

A  pigment  formed  of  red  haematite. 

See  TXTRPHNTINE  (p.  919). 

C'<H»»0»?  (Schunck,  J.  pr.  Chem.  lix.474.)— A  substance  con- 
tained  in  madder-root,  whence  it  is  extracted  by  processes  already  described  (pp.  121, 
123).  It  is  a  reddish-brown  amorphous  powder,  like  snuff  or  roasted  coffee.  Soiling 
water  scarcely  dissolves  it,  but  renders  it  soft  and  coherent.  It  is  easily  soluble  in  boil- 
ing alcohol ;  the  solution  reddens  litmus.  It  dissolves  in  alkalis  and  alkaline  carbonates, 
forming  dingy-red  solutions,  from  which  it  is  precipitated  in  brown  flocks  by  acids. 
The  alcoholic  solution  forms  dark-brown  precipitates  with  cuprie  and  plumbic  acetates. 
Verantin  also  forms  a  stannous  lake,  the  preparation  of  which  is  described  under  Bv- 
BiAFiN  (p.  121).    Verantin  does  not  impart  any  colour  to  mordanted  fabrics. 

vaSATRZC  ACSZB.  C*H'*0*. — An  acid  existing  in  sabadilla-seeds ;  discovered 
by  £.  Merck  in  1839  (Ann.  Ch.  Pharm.  xix.  180),  farther  examined  by  Sclfrotter 
(ibid.  xxix.  188),  and  by  W.  Merck  (ibid,  cviii.  68).  It  is  prepared  by  exhausting 
■abadiUa-seeds  with  alcohol  acidulatea  with  sulphuric  acid,  precipitating  the  extract 
with  mUk  of  lime,  evaporating  the  filtrate,  mixing  the  clear  solution  of  calcic  vera- 
trate  thus  obtained  with  sulphuric  or  hydrochloric  acid,  and  leaving  it  in  a  cold  place. 
Veratric  acid  then  crystallises  out,  and  may  be  purified  by  solution  in  alcohol  and 
treatment  with  animid  charcoal. 

Veratrio  acid  crystallises  from  its  alcoholic  solution  by  spontaneous  evaporation,  in 
Blender  colourless  spiculss,  or  four-sided  prisms.  It  has  a  slieht  acid  reaction ;  dissolves 
sparingly  in  cold,  more  fireely  in  boiling  water ;  also  in  alccmol,  especially  when  warm, 
but  is  insoluble  in  ether.  At  100°  the  crystals  give  off  water  and  become  opaque ;  at 
a  higher  temperature  they  melt  to  a  clear  liquid,  the  acid  afterwards  subliming  without 
decomposition. 

Chlorine  and  bromine  act  strongly  on  veratric  acid,  forming  viscid  uncrystallisable 
substitution-products.  The  acid  appears  to  be  but  slightly  acted  upon  hy  oil  of  vUnnl, 
and  not  at  all  by  pentachloride  of  pkoephorue.  It  dissolves  in  very  strong  nitric  acid, 
and  the  solution,  when  mixed  with  water,  deposits  nitroveratrieacid,  (^H*(NO')0\ 
which  dissolves  easily  in  alcohol,  and  crystallises  therefrom  in  small  yellow  lamin», 
melting  and  decomposing  at  100°.    This  compound,  boiled  with  nitric  acid,  in  eon- 
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verted  into  dinitroyeratric  acid,  which,  howeyer,  is  difficult  to  separate  from  the 
mononitrated  acid.    (W.Merck.) 

Yeratric  acid  distilled  with  excess  of  baryta  is  resolved  into  carbonic  anhydride  and 
veratrol:  C»H'«0*  «  CO*  +   C»H"0».    (W.  Merck.) 

Yeratric  acid  is  monobasic. — ^The  veratrat48  of  the  alkali-metals  are  cxystallisable, 
non-deliquescent,  easily  soluble  in  water. — ^The  lead-salt  is  insoluble. — ^The  eilver-salt, 
(?H*AgO*,  is  a  white  precipitate,  slightly  soluble  in  water. 

Ethylic  Veratrate,  C*H*(CH*)0*,  is  obtained  by  passing  hydrochlortc  acid  gu 
into  a  moderately  concentrated  solution  of  yeratric  acid  in  strong  alcohol,  distilling 
the  saturated  solution,  treating  the  distillate  with  water,  &c.,  as  a  radio-crystaUioe 
easily  friable  mass,  having  a  specific  gravity  of  1*141  at  18^,  inodorous,  but  having  a 
slightly  bitter,  burning,  and  somewhat  aromatic  taste.  It  is  slightly  soluble  in  water, 
easily  in  alcohol,  ana  separates  therefrom  by  spontaneous  evaporation  in  diining 
needles.  It  does  not  volatilise  without  decomposition ;  when  heated  in  the  air,  it 
bums  with  a  luminous  fiame.  It  is  decomposed  by  heating  with  potash-ley.  (Will, 
Aim.  CIl  Pharm.  zzxvii.  198.) 

Syn.  with  YsBiLTSUM-BBSiN  (p.  997). 

C''H**N*0*.  (Meissner,  Neues  Joum.  v.  Trommadorlt  ▼.  J. 
— Pelletier  and  Caventou,  Ann.  Gh.  Phys.  [2],  ziv.  69. — Conerbe,  ibid.  hi.  S51 
— ^MerckfN.  Joum.  v.  Trommsd.  xxi.  134.— -G.  Merck,  Ann.  Ch.  Phsnn.  zev.  2<X).>-> 
An  organic  base  discovered,  in  1818,  by  Meissner,  in  sabadilla-seeds  (p.  141^  Aod  sooo 
aftem^rds  by  Pelletier  and  Caventou,  in  white  hellebore  (  Veratrum  allium) ;  it  is  pro- 
bably contained  also  in  other  species  of  veratrum. 

Prepar€Uion. — 1.  The  evaporated  alcoholic  extract  of  sabadilla-seeds  is  dissolyed  in 
dilute  sulphuric  acid;  the  solution  treated  with  animal  charcoal,  and  then  precipitated 
by  an  alkali  ( 100  pts.  of  the  seeds,  thus  treated,  3neld  9  pts.  veratrine) ;  the  preapitate 
still  containing  sabadilline  and  other  bodies,  is  dissolved  in  dilute  sulphuric  ado,  aad 
nitric  add  is  added  as  long  as  a  black  pitchy  precipitate  is  thereby  pztxiuced ;  the  fil- 
trate is  precipitated  with  dilute  potash-ley;  the  washed  and  dried  predpitate  is  dis- 
solved in  absolute  alcohol ;  the  solution  evaporated  ;  the  residue  boileid  out  with  wat^. 
and  the  impure  veratrine  which  remains  is  dissolved  in  ether,  which,  on  evaporattoo, 
leaves  the  pure  base  (Conerbe). — 2.  The  pulverised  seeds  are  boiled  with  water  con- 
taining hydrochloric  add ;  the  extract  is  evaporated  to  a  syrup ;  hydroehlorie  add  is 
added  as  long  as  it  forms  a  precipitate  ;  the  filt^^jed  liquid  is  decomposed  with  exeefs 
of  lime ;  the  precipitate  is  treated  with  hot  alcohol ;  the  extract  evaporated ;  the  resi- 
due dissolved  in  dilute  acetic  acid,  and  prf>cipitated  by  ammonia :  and  thepredpitate  ti 
purified  by  ether.     By  this  process,  5  kilogrammes  of  sabadilla-seeds  yield  10  to  16 
grammes  of  veratrine  (Merck). — Delondre(J.  Pharm.  [3],  xxvii.  417)  prepares  pore 
veratrine  by  exhausting  crushed  sabadilla-seeds  with  water  containing  hydrochume 
acid  in  a  displacement-apparatus,  finally  washing  them  with  water,  precipitating  the 
extracts  with  a  slight  excess  of  potash,  and  heating  the  washed  and  dried  predpitate 
with  twice  its  weight  of  ether  for  four  hours  in  a  vessel  which  can  be  dosed.    Tbs 
solution  left  to  evaporate  in  shallow  basins  leaves  pure  veratrine. 

Properties. — Yeratrine  is  ordinarily  a  white  or  whitish-green  crystalline  povder ; 
but,  by  spontaneous  evaporation  of  its  alcoholic  solution,  it  is  obtained  in  long  prisai 
with  rhombic  base  (Merck),  which  effloresce  in  contact  with  the  air,  assuming  th» 
aspect  of  porcelain,  and  becoming  very  friable  (6.  Merck).  It  is  inodorous,  bat  tht 
smallest  quantity  introduced  into  the  nose  produces  violent  sneezing,  accompanied  bj 
headache  and  general  uneasiness.  It  is  very  acrid  and  poisonous,  produdng  vomiting 
and  purging  when  taken  internally :  3  milligrammes  of  it  killed  a  young  cat  in  tea 
minutes.  It  is,  however,  used  in  medicine  as  an  external  application,  and  when  takeo 
internally,  in  properly  regulated  doses,  is  said  to  exert  an  antifebrile  action.  It  is  inso- 
luble in  water  and  alkaline  liquids,  very  soluble  in  alcohol,  and  still  more  in  ether  (0. 
Merck).     The  solutions  turn  litmus  blue. 

Veratrine  dried  at  100°  gives,  by  analysis,  64*51  to  65*00  per  cent,  carbon,  8-55  to 
8-84  hydrogen,  and  6-5  nitrogen  (G.  Merck).  The  formula  C"H**NH)*  requiies 
64-86  C,  8-78  II.  4*73  N.  and  2163  O. 

Veratrine  melts  easily  when  heated,  and  decomposes  at  a  higher  temperature:  hot 
by  very  careful  heating,  small  quantities  of  pure  veratrine  may  be  sublimed  without 
decomposition. 

Strong  sulphuric  oi'id  colours  veratrine  first  yellow,  then  a  fine  carmine-red,  sod 
ultimately  violet;  according  to  Vasiner  (Arch.  Pharm.  ii.  74),  1  pt.  of  Tfratrine 
imparts  an  amethyst -red  colour  to  3,000  pts.  of  the  acid.— Strong  ntfrtcflcirf  is  coloured 
by  veratrine,  first  scarlet,  and  then  yellow.— Strong  kt/drockloric  acid  dissolves  rers- 
Irine,  especially  when  heated,  forming  a  deep  violet  solution,  and  separating  small 
dropf«  of  oily  liquid. 
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Vera  trine-salts. — ^Veratrine  dissolres  easily  in  dilute  acids,  forming  colonrlesi 
salts,  which  have  a  sharp  burning  taste  and  poisonous  action.  There  appear  to  be  two 
classes  of  voratrine-sults,  inasmuch  as  Couerbe  obtained  cryst^illisable  salts  containinff 
2  at.  hydrochloric  or  1  at.  sulphuric  acid  to  1  at.  Teratrine.  whereas  G.  Merck  obtained 
only  uncr}'stalli8able  gummy  salts  containing  half  that  proportion  of  acid. 

The  solutions  of  veratrioe-salts  are  inactive  to  polarised  light.  Most  of  them  give, 
with  alkaline  hydrates,  carbonate's,  and  phosphates,  precipitates  not  perceptibly  soluble 
in  excess  of  the  reagent.  A  solution  of  a  veratrine-salt,  mixed  with  tartaric  acid, 
gives  a  precipitate  with  acid  carbonate  of  sodium,  but  not  with  acid  carbonate  of 
potassium.  The  concentrated  solutions  give  yellow  precipitates  with  auric  acid  and  pla- 
tinic  chloride,  yellowish-white  with  potassium-iodide,  light-red  with  potassium -sulpho« 
cyanate,  kermes-brown  with  tincture  of  iodine,  sulphur-yellow  with  picric  acid.  Tinc- 
ture of  galls  renders  the  neutral  solutions  turbid,  and  on  addition  of  hydrochloric  acid, 
a  copious  white  precipitate  is  formed. 

CMoro-auraie  of  Veratrine,  C»=H»«N«0".HCl.Aua»,  crystallises  from  iolution  in 
hot  alcohol,  on  cooling,  in  thin  yellow  crystals  having  a  silky  lustre,  and  giving,  by 
analysis,  20  87  to  21*26  per  cent,  gold  (calc.  =s  21*09). 

VBRATSOXk  C"H'«0^  (W.  Merck,  foe,  cit.y-A  compound  formed  by  distil- 
ling veratric  acid  (p.  997),  with  excess  of  baryta  at  a  gentle  heat.  It  is  a  colourless 
oil,  having  an  agreeable  aromatic  odour,  and  specific  gravity  1*086  at  15^,  solidifying 
at  -f  16°,  and  boiling  at  202°— 205°. 

Veratrol  does  not  appear  to  unite  with  alkaline  bisulphites.  It  is  not  altered  by 
alkalis  or  by  weak  acids. — With  potassium  it  forms  a  gelatinous  mass  without  evolution 
of  hydrogen. — Chlorine  decomposes  it,  forming  at  first  a  crystalline  product,  converted 
by  the  further  action  of  the  chlorine  into  an  unctuous  mass. 

Bromine  converts  veratrol  into  dibromoveratrol,  C*H*Br*0*,  which  forms  whita 
prismatic  crystals,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  melting  at 
92°,  and  volatilising  without  decomposition  at  a  higher  temperature. 

Nitric  acid  acts  strongly  on  veratrol,  forming  at  first  nitro veratrol,  C'H*(NO*)0*, 
which  crystallises  &om  alcohol  in  yellow  laminse.  By  further  action  of  the  nitric  acid, 
dinitroveratrol,  C*H*(NO')'0',  is  produced,  which  forms  long  yellow  needles, 
sparingly  soluble  in  water,  easily  in  alcohol,  melting  at  100°,  and  then  volatilising 
with  decomposition. 

VBRATRUM.  Bad.  veratri,  the  root  of  white  hellebore  ( F.  aUmm),  is  used  in 
medicine ;  it  contains,  according  to  Pelletier  and  Caventou,  a  volatile  acid  resembling 
sabadillic  acid,  also  gallic  acia  and  veratrine,  together  with  starch,  sugar,  and  fat ; 
according  to  Simon,  it  contains  also  another  base,  called  jer vine  (iii.  443). 

Veratrum  Sabadilla,  Retz  ( V.  officinale^  Schlecht),  yields  sabadilla-sceds  (8em/en 
sahadiUas). 

VS&ATRUM-&BSUr.  Veratrin,  (Couerbe,  Ann.  Ch.  Phys.  [2^,111.  352.)-- 
A  constituent  of  sabadilla-seeds.  When  the  solution  decanted  from  the  pitchy  precipi- 
tate obtained  m  the  preparation  of  veratrin  after  treatment  with  nitric  acid  (p.  996), 
is  precipitated  with  potash,  and  the  alcoholic  solution  of  the  resulting  precipitate  is 
evaporated,  there  remains  a  yellow  resinous  mass  ;  and  on  exhausting  this  mass,  first 
with  wateT  and  then  with  ether,  veratrum-resin  remains  behind,  and  may  be  purified  by 
solution  in  alcohol  and  evaporation.  This  resin  is  said  to  have  the  composition 
C"H'^*0*,  but  it  is  perhaps  only  a  mixture.  It  is  brown,  insoluble  in  water,  ether, 
and  alkalis,  melts  at  185°,  and  decomposes  at  a  higher  temperature.  It  unites  with 
acids,  but  without  neutralising  them  or  forming  crystalline  compounds. 

VBRBASCUM.  The  fiowers  of  great  mullein  (  F,  7%apstis)t  which  are  used  in 
medicine  as  flares  verbascif  contain,  according  to  Morin,  a  resinous  colouring-matter, 
volatile  and  fat  oil,  together  with  other  constituents;  according  to  Rossignon,  the 
entire  plant  contains  a  large  quantity  of  ammonium-nitrate. 

WRBBVA-OZX,  from  Jloysia  cUn'odora,  has  a  red  colour,  and  yields,  bv  distil- 
lation, an  oxygenated  oil,  while  the  residual  resinised  portion  gives  off  sulphydric  acid 
when  heated  (Gladstone,  Chem.  Soc.  J.  xvii.  1).  Kespecting  its  specific  gravity  and 
optical  properties,  see  Oils,  Voiatilb  (iv.  186). 

Basic  cupric  acetate.    See  Acxtatis  of  Coppbb  (i.  14). 

The  commercial  name  of  normal  cupric  acetate,  Cu''(C'H'0')'  (i.  14). 

A  chloritic  mineral  from  Vermont  in  North  America,  con- 
taining, according  to  Thomson  {Outlines  of  Mineralogy,  i.  372),  4908  percent  silica, 
7*28  alumina,  16*96  magnesia,  1612  ferrous  oxide,  and  10*27  water.  It  resembles 
scaly  talc,  but  is  specially  characterised  by  swelling  up  very  strongly  before  the  blow- 
pipe, and  breaking  out  into  vermicular  excrescences  before  it  melts.    Similar  mineraUi 
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are  found  at  Milbnry  in  Massachasetts  and  at  Westchester  in  PennsjrlYania.  (Hindv. 
d.  Cbem.  ix.  214). 

See  Mbbcusic  Stti^phidb  (iii.  913). 

The  name  of  one  of  the  fire  varieties  (poisonoos  pyrites,  mis- 
pickel,  Tennontite,  dalamite,  and  aconitite)  into  which  A.  Breithaupt  diTidies  the  mine* 
ral  species,  arsenical  pyrites,  on  account  of  differences  in  the  angles. 

The  seed  of  V,  anthdmintica  is  known  in  commsice  as  Cedaggro. 

An  organic  base,  not  yet  isolated,  existing,  according  to  C.  Qr. 
Williams  (Chem.  Soc.  Qu.  J.  vii.  97),  in  very  smaU  quantity,  in  the  tar  of  bitnmi- 
nous  shale.  On  separating  the  volatile  bases  from  the  tar  by  the  action  of  an  acid, 
and  subjecting  them  to  fractional  distillation,  vertidine  is  found  in  the  portion  boiling 
between  183^  and  210°.    It  imparts  a  fine  green  colour  to  solution  of  chloride  of  iimew 

vasmrZAV.  Idocrase.  Egeran.  Gokumite.  Loboite,  Ftftgardiie.  ProikeUe^ 
WUuUe.  Cyprine,  XanthiU.—K  caldo-aluminic  silicate,  9(2CiaO.SiO*).2(2Al»0». 
3SiO'),  in  which  the  lime  is  replaced  to  a  small  amount  by  magnesia,  ferrous  oxide, 
and  manganous  oxide,  and  the  alumina  to  a  somewhat  greater  extent  by  fenie  oxide, 
for  analyses  and  discussion  of  formuls,  see  Bammelsbeig's  Mmeralchemie  (pp.  784- 
73y. 

Yesuvian  occurs  in  quadratic  cijstals,  usually  exhibiting  the  combination  P .  oP . 
ooP  .  Poo  .  00  Poo ,  &c  [somewhat  like>^.  322  (Cbtstallographt,  iL  160),  suppos- 
ing the  terminal  summits  very  much  truncated].  Sometimes  crystals  occur  witn  a 
great  number  of  secondary  fiices.  For  P,  the  length  of  the  pnnnpal  axis  is  0'4t»96. 
Angle  P:  P  in  the  terminal  edges  »  129°  21';  in  the  lateral  edges  »  74°  27'.  Cleav- 
age indistinct  parallel  to  ooP  and  ooPoo .  The  crystals  usually  have  the  prismatic 
feiiees,  more  rarely  the  pyramidal  faces  predominant ;  they  occur  implanted  and  im- 
bedded, intergrown,  and  forming  aggregations  of  various  character,  foom  colnmnar  or 
fibrous  to  granular,  passing  into  massive.  Fracture  conchoidal  or  uneven  to  splintexy. 
Brittle.  Hardness  -  6  to  7.  Specific  gravity  =  3*2  to  3*6.  Colour  brown  or  green, 
light  or  dark  to  nearly  black ;  aliK)  yellow,  rarely  blue.  Streak  white.  Lustre  TXtreoni, 
sometimes  very  strong  on  the  crystalline  faces;  also  waxy,  especially  on  the  fractured 
surfaces.  Transparent  to  translucent  on  the  edges  only.  Before  the  blowpipe,  vesu- 
vian  melts  easily,  and  with  intumescence,  to  a  yellowish-green  or  brown  glass ;  with 
borax  or  phosphorus-salt  it  exhibits  the  iron  reaction,  and  with  the  latter  a  skeleton  of 
silica.  In  its  natural  state  it  dissolves  but  imperfectly  in  hydrochloric  add ;  but 
after  fusion  it  dissolves  completely,  with  separation  of  gelatinous  silica. 

Yesuvian  was  first  observed  in  the  ancient  Yesuvian  lavas ;  it  has  since  been  found 
in  serpentine,  gneiss,  and  granular  limestone.  The  mineral  firom  Yesnvins  has  a  hair* 
brown  or  olive-green  colour ;  the  crystals  from  Ala  in  the  Yal  di  Brozzo,  in  Piedmont, 
are  usually  transparent  and  shining,  with  agreen  or  brown  colour,  rarely  black.  £^ 
near  Christiania  in  Norway,  the  Ural,  the  Vfilui  river,  near  Lake  Baikal,  Cziklowa  iq 
the  Bannat,  and  Monzoni  in  the  Fassa  valley,  are  other  localities.  Sulphnr-yellow 
crystals  have  been  found  at  MonzonL  A  hght-brown  variety  occurs  in  Donegtl, 
Ireland.  The  variety  called  Jrvgardite  comes  from  Prugard  in  Finland ;  gokumite^  or 
loboitc  from  Gokum  near  Bannemora  in  Sweden.  Liver-brown  diverging  crystals,  from 
Fger  in  Bohemia,  have  been  called  egeran.  Crystals  called  cyprin^,  of  a  blue  tint, 
attributed  to  copper,  come  from  near  Tellemark  in  Norway ;  xanikiU  is  from  near 
Amity,  New  York.  Yesuvian  is  found  also  at  many  other  localities  in  the  United 
States.    (Dana,iL  199.) 

VSTCB.    See  YicLi. 

VJftTlVBB.  Kus-kus.  Iwaranaua-root. — The  rootstock  of  an  Indian  grass, 
yrohAhXy  Anatherwm  mtfrico^Kfn,  and  similar  species,  such  as  Androvogon  Schanantkm, 
&c  It  is  used  in  India  for  making  mats,  for  window-blinds  and  other  coverings,  these 
objects,  when  moistened  with  water,  exhaling  the  fragrant  odour  of  the  vetiver-root 
The  root  contains  two  essential  oils,  the  more  volatile  of  which  is  lighter  than  water, 
the  other  of  more  viscid  consistence.  100  lbs.  of  root  of  good  quality  yield  about  J  lb. 
of  volatile  oil  resembling  oil  of  sandalwood. 

Citronella-oil,  from  the  leaves  of  Jndropogon  Shharumthua,  consists  almost  whoUy  of 
an  oxygenated  oil,  boiling  at  200^,  and  of  spocific  gravity  0'874l  at  20^.  L^non-gxass 
oil,  from  AndrMogon  Nardus^  is  scarcely  distinguishable  from  oitzonella-oiL  (01  ad* 
stone,  Chem.  Soc.  J.  xrii.  1.) 

Kinuno  AOZB*    See  the  next  article. 

A  genus  of  trees  and  shrubs  belonging  to  the  eaprifbHaeeooa 
order.  The  bark  and  berries  of  the  guelder-rose  (  V.otnUus)  contain  valeric  arid  (ribur- 
nic  acid).  The  red  berries  of  the  wayfaring-tree  (  F.  LofUana),  contain,  aoeordiag  to 
£nz  (Jahresb.  1863,  p.  614),  an  iron-greening  tannic  acid,  valeric,  acetic,  and  taxtario 
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acids,  a  bitter  principle,  an  acrid  principle,  red  colooring-matter,  sugar,  gum,  fat-oil, 
wax,  resin,  and  chlorophylL 

VIOXA.  Vetch, — The  seed  of  the  common  vetch  (Vicia  sativa)  contains  the  ordi- 
nary constituents  of  leguminous  seeds.  According  to  Gobel,  100  pts.  of  the  seeds 
contain  39  pts.  starch  and  4  pts.  gluten.  Greif  found  68  pts.  starch  to  2  pts.  gluten, 
besides  sugar,  albumin,  &c 

The  following  table  exhibits  the  composition  of  the  ash  of  three  species  of  vetch. 
L — III.  Seed  of  V,  sativa. — ^L  according  to  Sprengel(J.  techn.  Cnem.  x.  350). — 
II.  according  to  Lewi  (Ann.  Ch.  Pharm.  1.  421). —  lU.  Vetch  from  Neufchatel 
(Cohen,  ibid.  Ixxxv.  288).—- IV.  Straw  of  F.  saliva.  The  air-dried  straw  contiined 
10 — 12  per  cent,  water,  26*0  substances  extractable  by  water,  30*7  extractable  bj 
potash-ley,  42*0  woody  fibre,  and  5'10  ash  (Sprengel,  J.  techn.  Chem.  vi.  398). — 
V.  Ash  of  the  entire  plant  of  V,  sativa,  100  pts.  of  the  fresh  plant  yielded  82*9  pts. 
water  and  1*1  ash.  1,000  pts.  of  the  dry  plant  contained  2*38  pts.  sulphur  (Way  and 
OgstoD,  Jahresb.  1858,  p.  661,  Table  B).— VI.  The  tufted  vetch  {V,  cracca):  the 
entire  plant  vielded  68  per  cent  water,  11*5  substances  soluble  in  water,  13*8  sub- 
stances soluble  in  dilute  potash,  and  1*626  ash  (Sprengel,  J.  techn.  Chem.  viii.  365). 
— 7.  Ftota  dumetarum  contains,  in  the  flowering  state,  68*0  per  cent,  water,  10*4  sub- 
stances soluble  in  water,  11*5  substances  soluble  in  dilute  potash-ley,  and  2*25  ash 
(Sprengel,  loe.  cii.) : 

Ash  of  Vetches, 


Fida  imUva, 

r.  CTttOCA* 

''iSST 

S«ed. 

SMd. 

Seed. 

Straw. 

Bntirv 
plant. 

EoUre 
plant. 

Entire 
plant. 

I. 

11. 

III. 

IV. 

V. 

VI. 

VII. 

Quantity  of  ash . 

2-29 

2-40 

510 

2-6 

6-50 

1*62 

2*26 

Potash 

891 

30*3 

35*5 

24-7 

32-8 

17-6 

16-4 

Soda. 

271 

9*8 

•         • 

13*1 

•     . 

•          • 

30 

Lime. 

70 

4-7 

38*3 

8*0 

20*7 

525 

55*3 

Biagnesia  . 

6*2 

8-4 

6*3 

4-8 

5-3 

8*9 

4-8 

Ferric  oxide 

0*4 

0-7 

0-2 

0*8 

0*6 

0*7 

Phosphoric  anhydride 

60 

87-8 

6*5 

29*6 

10*6 

10*2 

7-9 

Sulphuric            „ 

22 

41 

2*4 

9-7 

26 

4*2 

6'6 

Silica 

8*7 

20 

8-7 

11 

1-3 

2*9 

8*8 

Chlorine    . 

1-9 

.     • 

.    . 

•     • 

•    . 

2-2 

81 

Alumina    . 

10 

.    • 

0*3 

Manganic  oxide . 

0*2 

•    . 

0*1 

trace 

•    • 

•        • 

0-5 

Chloride  of  sodium     . 

•         • 

20 

2*6 

7-5 

7-3 

According  to  Schwers,  a  hectare  yields,  on  the  average,  1,275  kilos,  of  seed  ol 
Vieia  sativa  (15  hectolitres),  and  3,000  kilos,  straw.  The  seed  contains  about  30*6 
kilos.*  the  straw  1531  kilos.,  the  entire  plant,  therefore,  183*7  kilos,  of  ash-constituenta, 

VZOWITB.  A  mineral  from  the  Jura  limestone  near  Vignes,  in  the  Department 
of  Moselle  in  France,  consisting  of  greenish-blue  grains,  bound  together  by  a  cement  of 
the  same  colour  but  diflferent  composition.  The  grains  have  a  specific  gravity  of  3*7f 
and  contain,  according  to  Karsten  (Archiv.  t  Beiffbau,  xvi.  30),  41*12  percent,  ferrio 
oxide,  29*98  ferrous  oxide,  11*87  carbonic  anhydride,  3*38  phosphoric  anhydrid^  and 
2*9  water,  with  small  quantities  of  silica,  alumina,  magnesia,  and  lime ;  probably  a 
decomposed  iron-ore. 

VSUbABSXTB.  A  hydrated  msgnesium-silicate,  4Mg'SiO*.H*0,  with  small 
quantities  of  iron,  manganese,  calcium,  and  potassium,  oocumng  mas8iv^  and  in 
granular  aggregates,  at  TraTert<ella  in  Piedmont  (Dufrinoy,  Ann.  Mia.  [4], 
1.  387.) 

VZn.  Boussingault  (Ann.  Ch.  Phys.  [3],  xxx.  889)  has  determined  the 
quantities  of  mineral  constituents  abstracted  from  the  soil  by  the  culture  of  the  vine. 
As  the  leaves  are  returned  to  the  soil,  the  products  actually  removed  from  the  vineyard 
are  limited  to  the  wine,  the  lees,  and  the  branches  cut  off  in  pruning.  A  vineyard  of 
170  acres,  in  Alsace,  produced,  in  1848,  55-05  hectolitres  of  wine,  containing  10*294 
kilos,  of  ash  (1*87  grm.  per  litre) ;  together  with  492  kilos,  of  air-dried  lees,  containing 
6-65  per  cent,  or  32*72  kilos,  of  ash ;  and,  finally,  2,624  kilos,  of  branches,  with  2*44  per 
cent,  or  64*03  kilos,  of  ash.    The  composition  of  these  ashes  was  as  follows : 


ICOO 


VINETIN— VIOLANTIN. 


Aahof  KXO.  Na?a  CaO.  MgO. 

Wined  litre)  If «4*i       —  0-092  0-172 

Leet         .        SfrtJ  0-4  10-7  22 

Vranche«         18  0  0*2  27-3  6*1 


F«S09 
Amm 

8-4 


80«. 
0-096 
6-4 
16 


CL 

trace 
04 
0-1 


COS 

O'idO 
12-4 
20S 


P30». 
11-412 
10-7 
10-4 


0-0  « 
10-9 


l«70 
»7 


The  following  table  exhibits  the  quantities  of  the  seTeral  mineral  constitiients 
removed  by  the  vine-culture  from  the  170  acres  of  soil  (as  calculated  from  the  pre- 
ceding results,)  compared  with  those  removed  by  other  crops  grown  on  eqtud  smface* 
of  land  in  the  neighbourhood  of  the  vineyard : 


Abstracted  by 

KSO. 

N««0. 

c«o. 

MgO. 

p«o 

s<^. 

Wine 

Lees 

Branches     .... 

11-53 

1207 

4-64 

013 
013 

•         • 

17-48 
3-60 
0-61 

3-91 
0-72 
0-95 

6-66 
3-50 
2-27 

1-02 
1-77 

0-68 

Total 

28-24 

026 

21-49 

5-58 

12-43 

332 

Potatoes      .... 
Mangold-wurzel  . 
Wheat,  with  straw 

1071 

1530 

45-9 

•     • 
■     • 

•  • 

•  • 

•  • 

23-8 

20*4 

3230 

Hence  it  appears  that  the  culture  of  the  vine  does  not  remove  more  potash  from  the 
0oil  than  that  of  cereals  and  root-crops. 

On  the  composition  of  the  several  parts  of  the  vine,  see  Crasao  (Ann.  Ch.  Fhaim. 
Ivii.  69 ;  Ixii.  59 ;  Jahresb.  1847-1 848.  p.  1082  ;  Table  B.  Nos.  45-53).— On  the  ash  of 
the  several  parts,  also  Berth ier  (Ann.  Ch.  Phys.  [3],  xzxiii.  249;  Jahresb.  1851, 
p.  708). 

In  the  juice  exuding  in  spring  from  fresh-cut  surfaces  of  the  vine,  Wittstein 
(Jahresb.  1857,  p.  520),  found  chiefly  potash,  combined  with  dtrio  and  lactie  acids ; 
malic  acid  was  not  present. 

vnrBTIV  (from  vinetier^  the  French  name  of  Berheria  vidgarui).  The  name 
given  by  Wacker  to  the  base  obtained  by  Polex  from  the  root-bark  of  the  oommoii 
barberry,  and  by  him  called  oxyacanth  in  (iv.  288).  This  latter  name  has  also  been 
given  by  Leroy  to  another  base  extracted  from  the  white  thorn  (Cratagtu  ox^fOoanM), 


See  Acinc  Acid  (i.  7)* 
The  fragrant  flowers  of  the  violet  ( V,  odorntd)  are  said  to  oontaiiu 
besides  colouring-matter,  slight  traces  of  »  volatile  oil,  two  acids,  one  red  and  the 
other  colourless,  an  emetic  principle  calleil  violin  (probably  identical  with  emetin 
from  ipecacuanha-root)  (iL  485),  sugar,  and  other  substances.  The  colouring-matter 
of  the  flowers  is  easily  turned  red  b^  acids,  and  green  by  alkalis.  The  colourless  add 
called  violenic  acid  bv  Peretti  (Buchn.  Kepert.  xl.  130),  is  said  to  ciyatallise  in 
silky  needles,  to  be  soluble  in  water,  alcohol,  and  ether,  and  to  form  yellow  salts  which 
stain  the  skin. 

Viola  tricolor  (heartsease  or  pansy)  contains  a  yellow  colouring-matter,  redot 
vegetable  mucus,  and  other  substances,  but  no  violin.    (BouUay.) 


Syn.  with  Violin  (p.  1001). 

A  dlieate  of  aluminium,  calcium,  magnesium,  and  soditfm,  containing 
also  iron  and  manganese,  from  St.  Marcel  in  Piedmont  It  occurs  massive,  and  in 
indistinct,  elongated,  granular  concretions,  cleavable  in  two  directions  indined  at 
nearly  90^.  It  is  nearly  opaque,  with  a  dark  violet-blue  colour,  and  ritreous  lustra ; 
hardness  »  5  to  6 ;  specific  gravity  »  8*233.    (Piatt ner,  J.  pr.  Chem.  xv.  329.) 

VXO&AITTZV.  CN'H'O*.  (Baeyer,  Ann.  Oh.  Pharm.  cxxvii.  223.)— A  com- 
pound containing  the  elements  of  violuric  and  diliturie  adds,  and  produced  by  their 
direct  combination,  just  as  alloxantin  is  formed  from  alloxan  and  dialuric  add : 

CWH'O*  +  C^»H«0»    -     C»N*H«0». 


Violuric  acid. 


Diliturie 
Acid. 


Violantin. 


A  mixture  of  the  hot  concentrated  solutions  of  the  two  adda  depodts  violantin  Ml 
cooling,  in  crystals  containing  0'N*H*0*.4HH).  Violantin  is  likewise  always  pro- 
duced by  imperfect  oxidation  of  violuric  add,  or  by  imperfect  reduction  of  mli^irio 
add.  It  may  also  be  prepared  by  gently  headng  hydurilic  acid  with  dilute  nitric  add 
(the  vessel  being  dipped  into  hot  water),  till  a  yellow  colouring  appeaxB  on  the  e4gM  ; 
on  removing  it,  a  brisk  reaction  sets  in,  and  violantin  separates  as  a  yellowish-wbite 
crystalline  b)dy.    If  too  little  heat  has  been  applied,  the  product  is  chiefly  violurie 
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acid ;  if,  on  the  other  hand,  the  mixture  has  been  too  strongly  heated,  dilitoric  add  ia 
the  principal  product. 

Violantm  dissolves  in  water,  but  is  resolved  at  the  same  time  into  Tiolnric  and 
dilituric  acids.  The  same  decomposition  takes  place  on  heating  it  wiUi  solutions  of 
salts  of  the  stronger  acids,  a  diliturate  of  the  base  being  then  separated,  and  fiolnria 
acid  remaining  in  solution.  On  heating  it  with  acetates,  both  diliturate  and  riohirate 
of  the  base  are  produced,  the  less  soluble  diliturate  separating  out,  but  in  most  cases 
strongly  coloured  by  adhering  violurate.  From  a  mixture  of  equal  parts  of  alcohol 
and  water,  violantin  may  be  partly  crystallised  without  decompositioa. — Amrnania^as 
colours  violantin  blue ;  aqueous  ammonia  decomposes  it  into  violurate  and  diliturate.-* 
Stdphydrie  and  hydriodio  acid  easily  reduce  violantin  to  uramiL 

Dry  violantin  heated  to  120^  decomposes  immediately  through  the  entire  mass, 
giving  off  gas,  and  leaying  a  brown  substance  which  dissolves  with  red  colour  in 
caustic  potash. 

VZO&BVZO  AOZ1K    See  Viola  (p.  1000). 

VXOUVT  (AWZ&zra).  Hofmann^a  violet  consists  of  trietfaylrosaoflbe  (it. 
471).  According  to  Duprey  (Bull.  Soc.  Chim.  1867,  i.  95),  it  maybe  renderad 
soluble  in  water  by  decomposing  the  hydriodate  with  boiling  caustic  soda,  and  ndia- 
solving  in  an  acid.  Poirrier  and  Chappat  {ibid,  1866,  ii.  502^  describe  methods  of 
prepanng  violet  dyes  from  methyl-,  ethyl-,  ana  amyl-aniline,  without  first  preparing 
rosaniline.  Lau  th  {ibid.  362)  prepares  methylaniline-Tiolet  by  simply  heating  certain 
salts  of  methylaniline.  Thus,  when  a  mixture  of  10  pts.  methyUnuine.  8  pts.  Ij^dro*- 
chloric  acid,  and  200  pts.  sand,  is  heated  to  100^ — 220^,  and  the  crude  product  ex- 
hausted with  water,  a  solution  is  obtained  havine  a  very  deep  and  pure  violet  colour.  Th« 
colouring-matter  contained  in  it  may  be  purified  from  a  trace  of  tany  matter,  by  pre- 
cipitating with  an  alkali  or  alkaline  salt,  and  redissolving  the  precipitate  in  water.  A 
second  precipitation  yields  tiie  methylaniline-violet  quite  pure,  and  in  the  form  of  a  fine 
green  mass,  which  constitutes  the  commercial  product.  A  similar  product  is  obtained 
by  subjecting  methylaniline  to  the  action  of  powerful  oxidising  agents,  such  as  cuprie 
nitrate,  mercuric  acetate,  &c. 

VXOZiZVg  or  VZOZhflL-BimBTZV.  An  emetic  substance  contained,  accoidinff  to 
Boullay,  in  all  parts  of  the  common  violet.  It  has  not  been  obtained  pure,  and  ifl^ 
perhaps,  identic^  with  emetin  &om  ipecacuanha-root. 


This  name  was  given  by  Pri  ce  (Rep.  of  Patent  Inventions,  Feb.  1860)» 
to  a  blue  precipitate  obtained  by  treating  aniline  with  sulphuric  acid  and  peroxide  of 
lead. 

VZOZiXntZO  ACZO,  C*N«H»0\  or  Nitrosobarhiturie  acid,  C*N«H«(NO)«0». 
(Baeyer,  Ann.  Ch.  Pharm.  cxxvii.  200.) — An  acid  produced: — 1.  By  the  action  of 
nitric  acid,  nitrous  acid,  or  a  metallic  nitrite  on  hydunlic  add : 

C»N<H«0«  +  HNO»     =     C*N«H"0*  +   C*N«H«0*  +  H«0. 
HyduriUc  Violuric  acid.         Alloxan, 

acid. 

C"N«H«0«  +  KNO«   +   2HN0«    -    C*N»ffKO*    +    C'N  H-C   +   2HK)  +   N«0«. 

Hyduhlic  Violurate  of  Alloxau. 

add.  potaiiium. 

2.  Together  with  other  substances,  by  the  partial  reduction  of  dilituric  acid,  (CWHW^ 
as  when  that  compound  is  cautiously  heated  with  glycerin,  or  when  fenous  diliturate  m 
reduced  by  solution  of  potassium-cyanide. 

To  prepare  it,  hydurUic  acid  is  warmed  with  water  and  nitrate  of  potassium,  whereby 
deep-blue  violurate  of  potassium  is  formed,  the  quantity  of  which  may  be  increased  br 
alternately  adding  small  quantities  of  acetic  acid  (to  neutralise  fne  potash,  which 
would  exert  a  decomposing  action)  and  nitrate  of  potassium.  After  filtering  off  the 
mother-liquor,  the  violurate  of  potassium  is  washed  with  a  small  quantity  of  water, 
mixed  in  hot  solution  with  chloride  of  barium,  and  the  precipitated  violurate  of  barium 
is  exactly  decomposed  by  dilute  sulphuric  acid.  The  filtrate  evaporated  at  60<>— 70**, 
yields  pure  violuric  acid  (about  f  of  the  hydurilic  acid  used). 

Violuric  acid  crystallises  in  shining,  yellowish,  rhombic  octahedrons,  containing 
C*N»H«0*.H«0.  They  give  off  their  wat^r  of  crystallisation  at  100®,  dissolve  with 
moderate  facility  in  cold,  more  easily  in  hot  water;  the  solution  is  not  precipitated  by 
alcohol. 

Violuric  acid  soon  turns  mouldy  in  aqueous  solution,  and  decomposes  at  the  boiling 
heat ;  the  dry  acid  likewise  decomposes  when  strongly  heated,  giying  off  red  fumes.--— 
Nitric  acid  converts  it  into  di  li  turic  (nitrobarbitunc)  add. — Bromine  converts  it,  in 
aqueous  solution,  into  alloxan-bromide  or  dibromobarbituric  acid,  and 
fcydzobromic  add,  with  evolution  of  red  vapours : 
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2C«N»H«(N0)0»  +  4Br«  +  H«0     -     2(W«H«BiW  +  4HBr  +  NK)». 

Vlolurk  Dibromobarbitaric 

acid.  add. 

HeAted  with  chloride  of  lime,  it  yields  chloropicrin. — ^Heat«d  with  cau9tiefotQ»h4eg^ 
it  gives  offa  small  quantity  of  ammonia,  and  is  converted  into  hydro  violnrie  aeid^ 
a  compound  not  yet  examined. — ^Violnrie  acid  heated  with  aodaiime^  gives  off  aU  ita 
nitrogen  in  the  form  of  ammonia. 

Kedncing  agents,  such  as  mfpkjfdrie,  hfdHodic  acid,  &e^  convert  Tiolarie  add  into 
uamil  (amidobarbitaric  acid) : 

C*N«H«(NO)0«  +   2Bre     -    (?N«H^NH«)0«  ^.  S«  +  HK>. 

Violiiric  Uramtl. 

acid. 

With  aidpkiU  of  ammomum,  it  forms  snlphoric  add  and  thionarate  of  ammo- 
nium. — With  dilituric  acid  it  unites  directly,  forming  violantin. 

Yiolurate  s. — Violuric  add  is  monobasic.  It  decomposes  acetates,  but  not  ehlofidea. 
Its  salts  are  distinguished  by  the  great  beauty  and  vanet^  of  their  colours. 

Violurate  of  Atnmonimn,  C*N*H"(NH*)0*,  crystallises  m  fine,  dark-blue,  anhydrous 
prisms. — The  potassmm-aaltf  C*N*H'K0*.2H*0,  forms  deep-blue  lamin»  or  prisma, 
which  dissolve  in  hot  more  easily  than  in  cold  water,  forming  a  deep-blue  solution. 
At  116^ — 120^  the  salt  gives  off  its  water,  and  becomes  greenish-blue.  The  solution 
mixed  with  excess  of  potash,  turns  red,  perhaps  from  formation  of  a  basic  salt  A 
solution  of  potassium-violurate  in  hot  concentrated  hydrochloric  add  deposits,  on 
cooling,-  the  compound  2(ECLC^'H'0*).Ha.6H*0,  in  larse,  colourless,  shining, 
efflorescent  prisms,  easily  soluble  in  water,  sparingly  in  ^oohoL  At  100*^,  these 
crystals  give  off  water  and  hydrochloric  add,  leaving  tie  compound  KC1.C*N*H*0*. — 
Violurate  of  sodium  forms  red  nodules  composed  of  short  needles,  easily  soluble  in  hot 
water. 

Violurate  of  barium,  CmfR^BaTO^AWO,  is  precipitated  by  chloride  of  bsrium 
from  a  solution  of  th«%  potassium-salt,  in  red  shining  quadratic  tables,  which  are  nearly 

insoluble  in  cold  water,  and  give  off  all  their  water  of  crystallisation  at  about  230^. 

The  caldum-ealt  forms  bridk-red  crystals. — ^The  cupric  salt  is  an  amorphous  olive- 
green  precipitate. — Ferrous  salt.  Violuric  add  added  to  ferrous  acetate  forms  a  dark- 
blue  solution,  from  which  alcohol  precipitates  ferrous  violurate  in  six-sided  tables 
with  red  metallic  lustre ;  they  dissolve  easily  in  water,  forming  a  dark-blue  solution. — 
The  lead-salt,  C«H<Pb''NH)*.4H<0,  is  obtained,  bv  double  decomposition,  in  small  nd 
crystals,  becoming  dark-red  when  dry.  A  reddish  basic  salt  (containing  6$  per  cent, 
lead,  and  05  hydrogen),  is  formed  by  precipitating  the  potassium-salt  with  basic 
acetate  of  lead. — The  magnesium-salt,  C*Ii*Mg'N'0'.6HH),  separatee,  on  cooling,  from 
a  warm  mixture  of  magnesium-acetate  and  violuric  acid  or  the  potassium-salt,  in  hard* 
shining,  purple-red,  rhombic  cystals,  becoming  dark-red  when  dry. — The  silver'taU  is 
a  violet  gelatinous  precipitate. 

VXROZaXA.  <:saBVB&.  Ampelopsis  kederaeea,  Vitis  hederacea,  L.  Bedera 
guinquifolia,  Du  Roi. — The  leaves  of  this  plant,  which  turn  red  in  autumn,  contain  s 
red  colouring-matter,  called  by  Wittstein  eissotannicacid,  which  may  be  extneted 
by  alcohol.  100  pts.  of  the  fresh  leaves  yielded  1*56  per  cent,  ash,  containing  in 
100  pts. :  23-9  K«0,  120  Na«0,  202  CaO,  80  MgO,  O'l  Al«0».  06  Fe«0«,  31S0», 
161  PK)».  60  SiO*,  10-0  CO*,  and  1*8  CI  (Wittstein,  Buchn.  Bepcrt  xcvi  818).— 
The  berries  contain  malic,  tartaric,  and  dtric  adds  (Biegel,  Arch.  Pharm.  [21,  It. 
163.) 


AOZB.  An  acid  obtained,  seoording  to  Quevenne  (J.  Fhann. 
zxii.  449),  by  heating  the  fot-oil  of  the  Viiginian  senega-root  to  200^.  It  is  described 
as  a  reddish-yellow  oil,  having  a  strong  odour  and  sharp  taste,  soluble  in  aloohol, 
ether,  and  alkalis. 


8yn.  with  Vsrdiobis. 

C»*H»«0»(?)  (Rochleder,  Ann.  Ch.  Pharm.  bail  108.>— An 
acid  produced  by  the  oxidation  of  caffetannic  add  in  presence  of  ammonia.  Ooffee- 
beans  owe  their  green  colour  to  a  small  quantity  of  calcic  viridate.  To  prepare  the 
add,  the  solution  obtained  by  decomposing  caffetannate  of  lead  (i.  709)  with  snlphy* 
dric  add  is  supersaturated  with  ammonia,  snd  left  in  contact  with  the  air  for  thirty* 
six  hours,  till  it  acquires  a  deep-blue  colour ;  then  mixed  with  excess  of  acetic  aod, 
which  colours  it  brown ;  then  with  alcohol,  which  predpitates  a  few  black  flodcs  (of 
ulmous  substance).  The  liquid  filtered  from  these  flocks  is  predpitated  with  acetats 
of  lead,  and  the  blue  precipitate  of  lead-viridate  is  decompueed  by  sulphydric  add. 
The  brown  solution  thereby  obtained  leaves  viridic  add,  on  evaporation,  as  an  amor^ 
phous  mass  of  the  same  colour,  and  veiy  sduble  in  water.    The  solution  fbtms  a  bins 
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precipitate  with  acetate  of  lead,  grpenish-blue  witli  baryta-water,  and  is  instantly 
coloored  deep-green  by  ammonia,  potash,  or  soda.  Yiridic  acid  dissoWes  in  strong 
sull^aric  acid,  forming  a  solution  of  a  fine  crimson  colour,  from  which  water  throws 
down  a  blue  flocculent  precipitate. 

Syn  with  Chlobophtll. 

C*'H"N. — A  base  obtained  from  coal-tar.  Specific  grarity  i*  1*017. 
Boiling-point  230°.  Slightly  soluble  in  water,  easily  in  alcohol  and  ether. — The 
piatinum-8aU,  2(C**M'*N.HCl)PtCl\  is  greenish-brown,  insoluble  in  alcohol  and  in 
ether. — ^The  mercuric  salt  crystallises  from  water,  and  melts  at  86°.  (Then ins, 
Jahresb.  1861,  p.  603.) 

VZSOXJL  TA^^O'Vir.  The  fat  of  Virola  sebifera,  Anbl.  (Myriatica  $dftfera,  Jj,\ 
a  tree  indigenous  in  Carolina  and  G-uiana.  It  is  obtained  by  boiling  the  shelled  and 
bruised  almonds  with  water ;  has  a  yellowish  colour,  melts  at  40® — 60°,  dissolves  in 
alcohol  and  ether,  partly  also  in  ammonia,  and  is  slowly  but  completely  saponified  bj 
potash.    (Bona St  re,  J.  Fharm.  ziz.  186.) 

VX8C AUTSCBZV.  The  portion  of  crude  viscin  which  is  insoluble  in  alcohol  and 
ether,  and,  according  toBeinsch,  forms  the  chief  constituent  of  bird-lime  (i.  689). 

VX80SVB.    An  oil  obtained  by  the  dry  distillation  of  Tiscin« 

VX8CZO  AOZ]>«    See  the  next  article. 

VZ8CZV.  A  substance  which  forms  the  glutinous  constituent  of  the  staUci,  leaves, 
and  especially  the  berries  of  the  mistletoe  ( Kiseum  aUmm),  and  is  the  principal  con- 
stituent of  bird-lime.  It  is  also  contained  in  the  receptacle  and  floral  envelopes  of 
Atractylia  awnmifera  (Maca  i  re,  J.  pr.  Chem.  i.  416};  in  the  bark  of  the  holly  {Bex 
«oift/b^f«m)  (Bouillon-Lagrange);  in  the  milky  juice  of  JPYcfMfW^toM  (Nees  y. 
£8  en  beck),  and  in  the  glutinous  substance  which  coats  the  branches  of  Bobinia  vieeoaa, 
(Vauquelin.) 

Crude  viscin  is  obtained  by  bruising  the  finely-scraped  bark  of  the  mistletoe,  and 
kneading  it  with  water  as  long  as  anything  is  thereby  dissolved.  A  yellow,  very  visdd, 
and  glutinous  mass  then  remains,  containing  (besides  woody  fibre,  part  of  which  may  be 
medunically  removed),  pure  viscin,  a  waxy  substance  soluble  in  alcohol,  and  a  mass 
insoluble  in  alcohol  and  ether,  called  viscautschin.  To  obtain  pure  viscin,  the  crude 
mass  is  boiled  several  times  with  strong  alcohol;  the  undissolved  portion  macerated 
five  or  six  times  with  ether,  at  ordinary  temperatures,  for  twelve  hours ;  and  the  residue 
left  on  evaporating  the  ethereal  extracts  is  kneaded  first  with  alcohol,  as  long  as  this 
solvent  takes  up  anything,  and  then  with  water.    (Beinsch,  Jahresb.  1860,  p.  641.) 

Viscin  thus  obtained  is  clear,  colourless,  nearly  inodorous,  and  tasteless ;  has  the 
consistence  of  honey  at  ordinary  temperatures;  may  be  dravm  out  into  very  fine 
threads;  has  the  same  density  as  water ;  becomes  more  fluid  at  80°,  and  at  100°  is  as 
fluid  as  oil  of  almonds,  and  makes  a  greasy  stain  on  paper.  It  has  an  add  reaction. 
(Beinsch.) 

Viscin  is  decomposed  by  dry  distillation  (the  boiling-point  rising  from  210°  to 
above  276°),  a  mobile  oil  called  vi scene  first  passing  over,  then  a  greenish  oil,  and 
afterwards  a  crystalline  buttery  mass,  while  a  black  substance  resembling  asphalt 
remains  in  the  retort. 

Viscene  is  a  very  mobileyollowish  oil,  of  specific  gravity  0'86,  and  distilling 
almost  completely  at  226°.  When  mixed  with  soaa-ley,  it  solidifies  to  a  crystalline 
pulp,  which,  when  distilled  with  water,  gives  off  a  fragrant  oil  called  viscinol,  while 
the  remaining  impure  sodium-salt  contains  an  acid  called  viscic  acid,  which,  in  the 
free  state,  is  an  oil  having  a  strong  add  reaction,  and  a  feuut  odour  like  that  of  angelie 
add.    (Beinsch.) 

Viscautschin  is  contained  in  the  portion  of  crude  yisdn  which  is  insoluble  id 
alcohol  and  ether.  To  purify  it,  the  residue  is  repeatedly  treated  with  rectified  oil  of 
turpentine,  which  leaves  woody  fibre  undissolved  ;  the  solution  is  mixed  with  water, 
ana  evaporated ;  the  clear  yellowish  residue  is  treated  with  ether,  in  which  it  now 
dissolves ;  the  ether  is  evaporated ;  and  the  residue  is  repeatedly  washed  with  alcohol, 
and  dried  at  100^ 

Viscautschin  has  a  density  of  0*978.  It  is  extremely  yisdd  and  glutinous,  being,  in 
fact,  the  substance  to  which  bird-lime  owes  its  adhesive  properties.  At  120°  it  has 
the  consistence  of  olive-oil.  Crude  viscin  contains  about  0*6  pt.  viscin,  0*2  viscautschin, 
and  0*3  waxy  matter.    (Beinsch.) 

See  the  last  article. 


VX8008ZMXTSB.    This  name  is  given  bv  Bollfhs  to  an  apparatus  for  measuring 
the  viscosity  of  colouring  liquids  thickened  with  gum,  Ace,  by  comparing  the  time  r»- 
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quired  by  a  given  quantity  of  the  liquid  to  pass  through  a  certain  aperture,  with  thit 
required  by  an  equal  quantity  of  water. 

VXSCVM.  The  leaves  and  younger  branches  of  the  mistletoe  ( Vucum  a&um)  oootaia 
(according  to  Winckler),  besides  viscin,  about  167  per  cent,  ancrystallisable  ngu, 
6*8  fat-oil,  together  with  tannin,  gum,  &c.,  and  a  small  quantity  of  a  Tolatile  odoh- 
ferous  principle. 

The  ash  of  the  leaves  and  branches  contains,  according  to  Fresenins  and  Will, 
and  according  to  Eeuling,  the  constituents  given  under  a  in  the  foUowiog  table. 
C.  Er  dmann  found  in  the  leaves,  62*5  per  cent  water  and  3*85  ash,  containing  the 
constituents  given  under  6 ;  in  the  stalks  of  a  mistletoe  growing  on  an  applMrea 
he  found  56*68  per  cent,  water  and  1*9  ash,  composed  as  under  c,  Reinseh  Ibnnd 
the  ash  of  the  stalks  and  leaves  of  a  mistletoe  growing  on  a  Scotch  fir,  to  eootain, 
in  100  pts.,  the  constituents  given  under  d.  The  bark  of  the  stem  containf  white 
▼iscin,  gum,  sugar,  albumin,  tannic  acid,  pectin,  and  similar  substances  (Beinseh); 
the  ripe  fruit  contains  resinous  substancea  (bird-Ume),  gum,  wax,  &c.: — 


Ash  of  Mistletoe, 

K«0. 

Na«0. 

CaO. 

MgO.    Fe'-PO*.  P«0*.     S05. 

CO«. 

80». 

a. 

N«a 

<x.  35*3 

•        • 

19*4 

19-6       1-8       16-6       1-4 

13-1 

1-6 

•          V 

1-0 

b.  19*7 

4-3 

22*6 

9-3       1-6       16-4       20 

16-8 

1-2 

0-8 

c.  20-1 

41 

22-2 

9-7       1-6       16-3      20 

16-7 

10 

0-8 

d.  22*0 

3-8 

21-7 

11-7       6-6       141       1-7 

15-8 

1-7 

0-6 

This  name  was  given  to  the  albumino'idal  substance  of  the  jolk  of 
birds*  eggs,  now  known  to  be  merely  a  mixture  of  albumin  and  casein. 

VZTSX.  The  seed  of  Viiex  Agnus  castus  is  said  to  contain  a  peculiar  bitter  pnn- 
ciple  called  castine  (i.  814),  a  volatile  acrid  substance,  a  large  quantity  of  freeaeid, 
and  fat-oil.  In  Greece,  the  fresh  and  rather  unripe  berries  are  said  to  be  added  to  the 
must  of  the  grape,  to  render  the  wine  more  intoxicating,  and  prevent  it  from  tnniBf 
sour.     (Landerer,  Buchn.  Eepert.  liv.  20  ;  Ixxxi.  229 ;  Buchn.  N.  Hepert.  iiL  391) 

VZTZB.    See  Vinb  and  Viroinia.  Crbefeb  (pp.  999  and  1002). 

VITRXirOPA^  Vitrite.—  The  matrix  of  Bohemian  pyrope,  relat<>d  to  pitchstooe, 
and  containing,  according  to  Wertheim,  83*72  per  cent,  silica,  3*58  ferric  oxide,  7*57 
lime,  0*67  magnesia,  aud  11*46  water.     (Handw.  d.  Chem.  ix.  288.) 

VZTSZOZi.  An  old  name  for  sulphates,  still  frequently  used  in  commercial  1«b- 
guage,  the  several  vitriols  being  distinguished  by  their  colours,  or  by  the  metals  vlueh 
they  contain :  e.g.,  white  or  zinc-vitriol,  blue  or  copper-vitriol,  red  or  cobalt-Tiixiol, 
green  or  iron-vitriol,  lead-vitriol,  nickel-vitriol,  &c.  Ferroso-cupric  sulphates,  obtaioad 
in  the  preparation  of  cupric  sulphate  on  the  large  scale  from  fermginous  nialeriak,art 
known  as  Admont,  Bayreuth,  and  Salzburg  vitriols  (p.  693). 

VlTJUtO^  OXZi  or.     Concentrated  sulphuric  acid. 

VZTSZOXi-OCB&B  (the  VUticite  of  Beudant)  is  a  basic  ferric  sulphate  faoad 
in  the  copper-mines  of  Fahlun  in  Sweden.  It  contains  15*9  per  cent.  SO*,  62*4  FsW, 
and  21*7  water  =  2FeK)».SO».6H«0. 

VZTKZTB.     Syn.  with  Vitrinopal. 

VXTKUM    AKTZHKOWZZ.     An  oxysulphide  of  antimony,  formed  by  haag 

tetroxide  of  antimony  with  sulphur  (i.  328). 

Native  ferrous  phosphate.     (See  Phosjphates,  iy.  664.) 
Xm    See  Htdrotajxhtb  (iii.  219). 

VOOZiZTS.     A  carbonate  of  uranium,  copper,  and  calcium,  occurring  at  Joaduns* 

thai  in  Bohemia.     (See  Carbonates,  i.  798.) 

VOZOTZTXm  A  mictoccous  or  chloritic  mineral,  occurring  in  the  graphic  graaite  of 
Elirenberg,  ncarllmenau,in  the  Thuringian  Forest,  forming  green  sdft  Utmine,  noitly 
turned  brown  by  weathering.  Specific  gravity  «=  2*91.  It  gives  off  water  wbfss 
heated,  and  before  the  blowpipe,  exfoliates  strongly,  turns  dark-brown,  melts  essilyto 
a  black  glass,  aud  gives  witii  fluxes  the  reactions  of  iron.  It  is  easily  deoomposnf  by 
hydrochloric  acid,  forming  a  yellow  solution,  with  separation  of  tumefied  slics* 
According  to  Schmid  (Fogg.  Ann.  xcvii.  108),  it  contains  33*02  per  cent,  silica,  IS'M 
alumina,  33*  15  ferric  oxide,  7*28  magnesia,  1*99  lime,  '96  soda,  an4  0*52  water. 

VOZiBOSTBZTB.     Calcio-cupric  vanadate.     (See  Yanadiuic,  p.  Ml.) 
VOZiCABZC    OZJLSS.     Syn.  with  Obsidlak  (iv.  169). 
VOILCABZTB.    Selenide  of  sulphur,  from  Vulcano,  one  of  the  Lipsri  Xshadib 
VOIiOBBXTB.     ^TiVvmouic  hydrate,   5H«0.Sb=K>*,  or  Sb*H*0*,  occunim  ss  s 
white  powder  ox  ciu&l  V\\^i  ttt\A.^V\V^^.  ^'l\\^\v\xR.'^^si^cv\!^fe<iUl  its  alterutioo. 
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L  pefuliar  rheostat  or  cmrent-rdgalBtor,  iDTSDt«d  by 
Jacobi.     (Pogg.  Ann.  luriii.  173). 

▼O&TAXC  SKBCTIUCZTT.     S««  Elhttbicitt  (ii.  414). 

▼OXiTAira.  A  fptroBO-ferric  mlphate,  coDlaining  Blamina,  ocrurring  at  th« 
Solfatar*,  near  NHplcg,  m  opaque  octah«lroiiB  and  other  moaometric  furius,  hnriDg  a 
naioooa  Inslre.  dull  gnea  brom  or  black  roloar,  and  greyish- grepo  streak.  Accord- 
ing to  AbichtBcm.  u.  hiitt.  Z.'itung.  1842,  No.  171,  it  cootainB  1 8-3:2  p«r  cent.  SO*, 
J-20  Al'O',  17  6,i  Fe'O',  116  FaO,  404  K'O,  6  25  Na'O,  and  I5B4  wb<«,  vhence 
KaiBiiialsberg  dalucrs  the  formula  3(JF.".^K')SO'.2(iil.''e.JAI)  "(aO')'.12H'0.— A 
nmilar  ninrnil,  containing  roangiinoas  as  vt-ll  u  rerroiu  oiids,  haa  been  found  by 
Clrieh  at  the  R'tmniPltrbrig  mine,  near  Goahir  iu  the  Hun, 

▼OKTAmrsn.  An  apparatuB  for  measuring  the  force  of  an  electric  ctutpdC 
Vy  the  quaatilifa  of  hydrogen  and  oiygen  evolved  in  the  electrolysis  of  water.  (See 
^.aCTBiciTT,  ii.  433.) 

▼OKTXDT  or  TOXiTKZTB.  Ad  oiysulphide  of  zinc,  Zd'S'O,  ocenrriag  In 
implaBtsl  iphi-rlial  globules  at  RiJsiires  in  Puy-de-Doma,  and  at  th^  ^lias  mine  near 
Joachimsthat  in  Uohemia.  Hnrdiieu  -  4  6.  Specific  gTHTJly  >  3'6S.  (Fonrne^ 
Add.  Cb.  Fbjc.  [21,  ili.  428.— Landecker,  Jabrb.  geol.  Reich sanstalt,  ir.  120.) 

▼OKWS.  The  volume  of  a  regnlarly-fonned  body  may  be  calculated  from 
BnauiemcDts  of  its  liuraj'  and  angular  dimene Ions.  The  volume  of  an  irmgalar  body 
may  be  found  from  its  seight  and  ipecific  gravity — that  ia  to  say,  the  veight  of  m 
nnii-Tolume.    If  ic  be  the  weight  of  the  body  in  gnmmes,  and  t  ita  speciSc  gravity, 


the  fntctioo  —  gives  ita  volume  in  cubic 

The  capaciiies  of  Teasels  are  determined  by  Slling  them  with  water  or  mercnry  Irom 
a  meamriQg  tube  or  other  vessel,  wbose  capacity  is  previously  known,  or,  when  very 
gnat  accuracy  is  required,  by  determining  the  weight  of  watnr  or  maicary  at  the 
stiadard  temperature  which  Mis  the  vessel.  The  capacities  of  wooden  vessela  may  be 
aatimited  with  sufficient  aocnracj,  for  commercial  purposes,  bj  filling  them  with 
meaanrsd  quantities  of  sand  or  flne-grainrd  seeds,  taking  care  to  shake  the  veasel  ftom 
time  to  time,  so  that  the  gniiaa  may  lie  cloie  logeT^ier. 

The  Tolume  of  a  large  cavity,  or  vessel  full  of  vattr,  miEht  in  some  casea  he  con- 
veniently determined  by  dissolving  a  known  weigbtof  a  soluble  inbstanee  iu  the  water, 
«y  I  kilogramme  of  common  salt,  af^lating  the  water  to  aeenre  nniformity.  and  then 
aulysiog  one  litre  of  it  Jf  this  litre  were  found  in  the  above  case  to  contain  one 
gramme  of  salt,  it  would  be  apparent  that  the  cavity  or  vessel  contained  1,000  littM 
ofwatn. 

VOKVBO,  ATOmo  or  8MOIJIC.     (See  Atoidc  VoLTm,  L  440.) 

▼O&tnnnroaCBTaS,   or    ■TBBaOKarBm.      These    names     fy,  830. 
ai*  applied  to  instruments  for  measuring  the  volume  of  a  solid  body  by  _ 

tbe  quantity  of  a  liquid  or  of  air  which  it  displaces,  and  thence  slsodetcr- 
minins  ita  specific  gravitr-  A  very  eimple  apparatus  of  this  kind  waa 
naed  67  PI  ay  fair  and  Joule  in  their  eiperimeuls  on  atom  ie  volumes 
(Chem.  Soe.  Mem.  ii,  477),  It  consists  of  a  globular  flask  provided 
with  a  utrRiT  neck,  about  twelve  inches  long,  and  graduated  from 
'  *    ■■  'water.     The  flaak  has  a  tubuluro, 

r.  for  admitting  the  solid  body  to 
being  filled  to  the  mark  0"  on  the 
Back  witb  water,  oil  of  turpentine,  or  other  liquid  which  does  not  act 
DDon  the  solid,  it  is  inclined  on  one  side,  the  stopper  removed,  and  the 
•Mid  bo^  ou^lly  introduced.  The  sti>pi>er  ia  then  replaced,  and  the 
Dumbsr  of  divisions  through  which  the  liquid  is  raised  in  the  stem  gives 
at  once  (he  volmne  of  the  body  in  grain-measures.  Any  other  nnit  of 
gradaatioD  might  cf  nrene  be  adopted. 

The  Btereometer,  invented  by  Captwn  M.  K.  Say,  of  the  French 
Engineers,  for  determining  the  specific  gnvity  of  gunpowder,  is  an 
instrument  which  raeiBures  the  volnme  <n  a  body  by  the  amount  of  air 
which  it  diimlaccB. 

The  simplest  form  of  this  instrument  is  ahown  in  fy.  B20,  where  AB  is 
a  unifurm  grailaatHl  ulass  tube,  open  at  the  bottom,  and  commonicating 
hj  a  small  hole  with  the  glass  vewel  AB,  which  can  be  closed  air-tight, 
by  a  piece  of  ground  plate-glass,  F.  The  instrument  is  immprsnl 
in  a  cylindrical  glass  vesarl,  full  of  clean  mercury.  If,  now,  AB  bo 
blunged  into  the  mercnry  up  Ul  A,  the  aero  of  the  scale,  anil  the  upper  * 
end  of  the  vesiwi  AG  be  then  closed  air-tight,  we  may,  by  again  raising 
the  tube,  diminish  the  pressure  on  the  air  within  by  the  wight  of  a  measurable 
Cnlumn  of  mpnury  ;  ve  ;iUd  learn  the  increase  of  the  ralume  of  the  air,  provided  wa 


letow  npwaid*  to  indicate  grains  of  wal 
lOenrataly  fitted  witb  a  gmund  st«)per,  fc 
le  measured.     The  instrument  being  t 
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know  the  capacity  of  the  diriBions  of  the  tube  AB,  which  we  shall  8iippo««>  known.  Thcs 
suppose  that,  on  the  tube  being  raised,  the  mercuiy  within  stands  at  C,  and  witbont 
at  D,  then  h  being  the  ordinary  barometric  pressure  of  the  atmosphere  at  the  time, 
h  ~  CD  (inches)  is  now  the  pressure  on  the  air  within.  If  «  be  the  capaat  j  of  th^ 
▼easel  A£,  down  to  the  zero  A,  we  find  that — 

Under  the  pressure  A,  the  air  within  has  the  Tolnme  u ; 

„  „       A— CD  „  „  M  +  ToLAC. 

Hence,  by  the  law  that  the  yolnmea  of  gases  are  inrenely  as  their  preianrea,  we 
find— 

_!f =  *^l^,orii.*rCP^oLAC. 

tt  +  Tol.AC  h      '  CD 

Now,  if  we  place  any  object,  as  sand,  gunpowder,  a  soluble  salt,  &c,  having  the  total 

folume  9,  in  the  vessel  AC,  we  may  proceed,  as  before,  to  find  the  volume  u— v  of  air 

still  remaining  in  AE ;  and  as  u  is  already  known,  we  thus  find  e,  in 

Fiff,  cubic  inches.    From  the  volume  v,  the  weight  of  the  objects  in  AE,  and 

g  the  weight  of  a  cubic  inch  of  pure  water  at  60^,  we  may,  by  a  simple 

calculation,  find  the  specific  gravity  of  the  objects. 

The  stereoraeter  has  been  rendered  much  more  aocoiate  and  eonvenient 
by  Prof.  W.  H.  Miller,  whose  form  of  the  instrument^  as  employed  by  him 
in  finding  the  specific  gravity  of  standard  weights  not  allowed  to  be 
weighed  in  water,  we  will  now  describe,  referring  to  the  PhiL  Msg. 
[1884]  V.  203,  and  Phil.  Trans.  [1866]  advi.  799. 

It  consists  of  two  glass  tubes,  PQ,  DB  (fy.  821),  of  equal  diameto*, 
communicating  with  each  other  at  their  lower  ends,  which  are  cemented 
into  the  oblong  piece  of  iron,  QB.  Below  the  ends  of  the  tubes  are  hole* 
eoncentric  with  the  tubes,  that  below  PQ  being  dosed  by  the  screw  K, 
while  below  DB  is  the  stopcock  L.  On  the  upper  end  of  PQ  is  the 
metallic  cup  F,  which  may  be  closed  air-tight  by  the  plate  of  glass  E^ 
smeared  with  lard.  The  tube  PQ  is  accurately  marked  with  a  scale  of 
centimetres,  and  the  fractional  parts  of  the  divisions  may  be  read  off  by 
the  ivory  scale  S,  a  centimetre  long,  divided  to  every  fifth  of  a  millimetre. 
Some  contrivances  of  Prof.  Miller  for  avoiding  error  of  pftw^H*''^  io  this 
reading  need  not  here  be  described. 

To  use  this  instrument,  the  object  experimented  on  is  placed  in  a  cup 
within  the  vessel  F  ;  and  mercuiy  is  poured  into  the  tube  at  D,  until  both 
tubes  are  nearly  full,  and  the  surface  m  PQ  stands  exactly  at  sero  of  tha 
scale.  The  plate  £  is  now  placed  air-tight  upon  F,  which  being  accozn- 
plished,  the  stopcock  £  is  opened,  and  mercuiy  is  allowed  to  run  out. 
until  the  difference  of  altitude  of  the  mercary  in  the  two  tubes  is  nearly 
equal  to  half  the  height  of  the  barometer  at  the  time.  Suppose  the  mer- 
cury in  PB  now  to  stand  at  the  point  M,  and  in  DB  at  the  point  C ;  then 
the  pressure  within  F  is  less  th^  the  atmospheric  pressure  by  the  wei^ 
of  the  column  of  mercuiy,  MC,  which  corresponds  to  the  column  of  mer- 
cury, CD,  in  the  simple  form  of  instrument  above  described  {fy.  820  >. 
Hence,  by  the  formula  already  given,  we  may  find  the  volume  of  sir 
within  F,  occupied  or  unoccupied  by  other  objects.  This  is  on  the  con- 
dition, however,  that  we  know  the  volume  PM,  and  it  is  neoessaiy  to 
determine  accurately  the  capacity  of  the  divisions  of  the  tube  PQ  by  the 
usual  method  of  filling  it  with  mercury,  and  weighing  the  portions  as 
they  run  out,  corresponding  to  given  lengths  of  the  tube.  To  fadUtate 
this  operation,  F  may  be  unscrewed,  and  the  stopcock  L  snbstitated;  and 
the  instrument  being  inverted,  mercuiy  may  be  poured  in  through  a  tabe- 
funnel  at  the  opening  K. 

The  results  of  this  instrument  are  much  affected  bv  diaaffes  of  tOB- 
perature,  and  will  be  uncertain  and  inexact,  except  u  the  bands  of  a 
skilful  and  careful  operator.  Actual  readings  of  a  good  barometer  at  the 
time  are  also  necessaiy.     (See  BAsoMsnm,  i.  609.)  W.  8  J. 

and  VOZiZZTB.    Syn.  with  Yoltzuc  and  Voltdtb. 


BB 


^ 
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Syn.  with  Lazulitb  (iii.  477). 

TB.    A  massive  dark-brown  variety  of  serpentina  firom  Mxmmm 
in  the  Flemser  valley,  T>to1:  specific  gravity  —  2-45.    (Oellacher,  JahrK  geoL 

Eeichsanstalt,  1867,  p.  268.) 

▼OSOXTB.    This  name  was  given  by  Delesse  to  a  green  felspar  firom  tKa  pocphjiy 
of  the  Vosges,  and  from  the  gabbro  of  Mont  Gen^vre.    Rammelsbo^  ha%  bowmr, 

•hown  thut  it  is  merely  a  decomposed  labradorite. 


VULCANISATION— VULPDLIN.  lOOT 


The  process  of  combining  caontchonc  with  ralphnr,  at 
hiffh  temperature,  whereby  it  acquires  increased  elasticity  (i.  739).  Oils  heated  with 
sulphur  likewise  form  more  or  less  tenacious  and  elastic  masses;  and  Perra  has 
ahown  (Compt.  rend,  zlvii.  878),  that  linseed-oil  heated  with  chloride  of  sulphur 
yields  a  product  of  this  nature,  which  he  calls  vulcanised  oil.  100  pts.  linseed- 
oil  heated  with  25  pts.  chloride  of  sulphur  (saturated  with  sulphur),  yield  a  product  of 
considerable  hardness,  though  not  so  hard  as  ebonite.  It  is  opaque,  brittle  when  cold, 
permanent  in  the  air ;  withstands  the  action  of  dilute  mineral  acids  and  alkalis,  but  is 
decomposed  by  them  in  the  concentrated  state ;  turns  brown  at  120^,  and  decomposes 
at  a  somewhat  higher  temperature ;  becomes  strongly  electric  by  friction. 

VUJiCSAirZTB,  or  BBOVITB.    Hardened  caoutchouc. 

▼fTLVZO  AOZB.  C"H**0*. — An  acid  occurring  in  Cetraria  tnUpina  (lAchen 
mJfinus,  L.)f  ft  lichen  which  grows  in  Norway,  and  is  there  collected  for  mixing  with 
nuz  Tomica,  as  poison  for  wolves.  It  was  first  separated  by  Bebert  (Ann,  Ch. 
Pharm.  ii.  342), — who  called  it  vulpulin, — bat  in  an  impure  state,  so  that  it  WM 
regarded  by  Berzelius  as  identical  with  the  oolouriuff-matter  of  Parmelia  panetina, 
and  was  afterwards  mistaken  for  chzysophanic  acid,  till  its  true  composition  was 
demonstrated  by  Strecker  and  Moller  (ibid,  cxiii.  56),  who  designated  it  vulpie 
acid.  It  is  very  much  like  usnic  acid  (p.  670),  from  which  it  differs  only  by  the 
elements  of  2  at.  water. 

To  prepare  vulpie  acid,  the  lichen  is  macerated  with  20  pts.  of  lukewarm  water,  and 
a  little  milk  of  lime  for  six  hours,  and  then  strained ;  the  residue  is  again  exhausted 
with  10  pts.  of  warm  water ;  the  united  extracts  are  slightly  supersaturated  with  hy« 
drochlonc  acid ;  and  the  yellow  flocculent  precipitate,  consisting  of  vulpie  acid*  con- 
taminated with  resin  and  chlorophyll,  is  purified  by  recrystallisation  from  strong 
boiling  spirit  or  from  ether.     100  pts.  of  the  lichen  yield  about  12  pts.  of  the  acid. 

Vulpie  acid  separates  from  its  ethereal  solution  on  cooling,  in  transparent  yellow 
needles;  by  slow  evaporation  it  is  obtained  in  well-defined,  bulky,  trann)arent,  mono- 
clinic  crystals,  having  nearly  the  colour  of  rhombic  sulphur.  It  is  nearly  insoluble  in 
water  even  at  the  boiling  heat,  dissolves  with  difficulty  also  in  boiling  absolute  alcohol^ 
and  separates  for  the  most  part  on  coolinff ;  more  easily  in  ether,  but  most  abundantly 
in  chloroform^  which  might  therefore  be  advantageously  used  for  extracting  it  from  the 
lichen.  It  melts  at  a  temperature  above  100°,  and  solidifies  in  the  crystalline  form 
on  cooling.  At  a  stronger  heat  it  decomposes,  leaving  a  small  quantity  of  charcoal, 
and  giving  off  a  yellow  smoke,  which  condenses  partly  in  brown  drops,  partly  as  a 
yellow  |X)wder. 

Vulpie  acid  boiled  with  excess  of  potash^ey,  of  specific  gravity  1*06  to  1*15,  is  re- 
solved into  oxatolylic  add  (iv.  287),  carbonic  anhydnde,  and  methylic  alcohol: 

C'«H»«0*  +   8H«0     =     C»«H'«0«  +   2C0«  +  CHK). 
Vulpie  add.  Okatolylie  MKbvIte 

acid.  alcohol. 

Bat  when  boiled  with  baryta-water,  it  undeigoes  a  different  decomposition,  yielding 
alphatoluic  acid  (p.  863),  oxalic  acid,  and  methylic  alcohol : 

C»»H"0»  +   4H«0     -     2CmH)*  +   C*H«0*  +  CH«0. 
Vulpie  Alphatoluic  Oxalic  Methylic 

add.  acid.  acid.  alcoliol. 

Vnl pates. — ^Vulpie  acid  is  monobasic.  The  vulpates  of  the  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water,  and  are  easily  obtained  by  treating  tho 
acid  with  water  and  alkaline  hydrates  or  carbonates.  The  other  vulpates  are  in- 
soluble, and  are  obtained  byprecipitation. 

Vulpate  of  ammonium,  C'*H'*(NH*)0*.H'0,  forms  yellow  crystals,  which  dissolve  in 
water  and  in  alcohol,  give  off  ammonia  and  water  when  heated,  and  are  then  no  longer 
perfectly  soluble  in  water.— The  barium-salt,  C"^"Ba''0'«.2H«0,  is  obtained  by  boiling 
vulpie  acid  with  water  and  barium-carbonate,  and  separates  fr^m  the  filtrate  on  cooling, 
in  light-yellow  needle-shaped  crystals ;  but  by  recrystollisation  from  alcohol,  it  is 
obtained  in  orange-yellow  needles  containing  a  different  amount  of  water. — The  pota9~ 
eium-ealtf  C"H"KO*.H^O,  oystBillises  in  Ught-yellow  needles,  somewhat  sparingly 
soluble  both  in  wa'ter  and  in  alcohol.— The  silver-salt,  C"H"A^,  is  a  yellow  easily 
decomposible  precipitate,  which  dissolves  in  ammonia,  and  likewise  in  boiling  water, 
though  in  the  latter  case  with  partial  decomposition.  It  blackens  at  100^,  but  without 
much  loss  of  weight 

Anhydrite  from  Vulpino,  near  Bergamo. 


•jSyn. 


with  VuLFic  Acid. 
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WACKE— WALNUT. 


W 


Syn.  ynih  Gr^xtwackb  (ii.  842). 

A  tenn  applied  to  ores  of  manganese  of  Tariabla  oompontion,  eonsistiiig 
mostly  of  mixtures  of  the  sesquioxide  and  dioxide  of  manganese.  (See  Mahoaxbu, 
iii.  813.) 

IVACUTB.  A  mineral  from  Niscbni-Jagort  in  the  Ural,  containing  26*0  per  c«nt. 
•ilica,  86*9  Einc-oxide,  4' 7  water,  and  1*65  lime,  together  with  traces  of  coppw  and  iron, 
closely  allied  therefore  to  hemimorphite,  but  containing  somewhat  less  water.  It  forms 
crystalline  coatings  of  blue  to  green  colour ;  hardness  »  6*0,  and  specific  grarity  » 
2*707.     (Radosekowski,  Compt.  rend.  liiL  107.) 

IVAOmntXTB.  Fhosphatofluoride  of  magnesium,  found  in  the  Talley  of  HoQen- 
graben  in  Salzbuig.    (See  Phosphates,  It.  569.) 

IVAZr  A.    The  Chinese  name  of  a  yellow  dyestufl^  consisting  of  the  nnderelopfd 

flower-buds  of  Sophorajaponica, 

Retinite  from  the  coal-mines  of  Walchow  in  MormTia  (p.  98). 

A  green  mineral  resembling  actinob'te,  from  the  serpentiiM 
of  Waldheim  in  Saxony,  containing,  according  to  Knop  (Ann.  Ch.  Pharm.  ex.  S60\ 
65*58  per  cent,  silica,  10*65  magnesia,  10*84  Ume,  12*64  soda,  5*66  ferrous  oxide,  0*3( 
manganous  oxide,  and  1*72  alumina.    Hardness  <»  5*0.    Specific  graTity  ^  2*967. 

Parmdia  parietina,    (See  LiCHXirs,  iii.  587.) 

Julians  regia. — ^The  green  shells  of  the  fruit  of  this  tree  eotrtain, 
according  to  Braconnot,  a  peculiar  bitter  principle,  together  with  citric  acid,Bsbe 
acid,  tannin,  &c.  According  toBuchner,  the  alterable  constituent  of  the  shells  sod 
leaves  of  walnuts  is  not  tannin,  but  a  peculiar  acid,  j  uglandic  acid,  iHiich,  in  oontaet 
with  the  air,  is  converted  into  a  neutral  brown  insoluble  substance  called  jaglandin 
(iii.  444). 

The  ripe  kernels  contain  40  to  50  per  cent,  of  a  fat-oil,  having  a  yellow  or  ffresniali- 
yellow  colour,  a  mild  taste  and  odour,  and  a  specific  gravity  of  0*96.  It  solidxfies  at 
—  27°,  dissolves  sparingly  in  alcohol,  and  dries  easily  in  contact  with  the  air.  According 
to  Saussure  and  Hermann,  it  contains  from  79  to  80  per  cent,  carbon,  azid  10'6  to  11*0 
hydrogen. 

According  to  Vogel  and  Reischauer  (Buchn.  Repert.  v.  106;  vi.  l\  freih 
walnut-shells  contain  a  peculiar  principle,  which  they  call  mucin  (iy.  143). 

The  ash  of  the  wood,  bark,  and  leaves  of  the  walnut-tree  in  spring  and  antnmn  hsi 
been  analysed  by  Staf  fel  (Ann.  Ch.  Pharm.  Ixxvi.  379) ;  that  of  the  nuts  themsikw 
by  Glasson  (ibid.  Ixi.  343)  : 

Ash  of  the  Walnut-tree. 


Wood. 

Bsrk. 

Lmvcs. 

Nsli. 

Spring. 

Antamn. 

Spring. 

Aueamn. 

Spring. 

Aotma. 

Ash  per  cent,  of  fresl 
substance 

'    I    0-90 

1-47 

1*38 

8*68 

1.09 

2-67 

0<T 

Ash  per  cent,  of  dr} 
substance 

'     1 003 

2*98 

8*75 

6*40 

7-72 

70 

Potash 

.      40*8 

14*9 

44*5 

110 

42*0 

25*6 

271 

Lime .         .         .         . 

.     22*5 

55-9 

18*4 

70-1 

26*9 

63*6 

21*6 

Magnesia  . 

.       8*9 

81 

7-2 

10*5 

4*8 

9*8 

77 

Alumina     . 

I             •         • 

•        • 

.     . 

0*3 

0-2 

006 

1 

Ferric  oxide 

27 

2*2 

0*8 

0*4 

04 

0*5 

07 

Sulphuric  anhydride  . 

4*9 

31 

4*4 

01 

2*6 

2-6 

2*3 

Silicic            „ 

2*4 

2*8 

2-7 

0-7 

1-2 

2*0 

M 

Phosphoric    „ 

14*9 

12*2 

19*9 

5*8 

211 

4-0 

15-6 

Chloride  of  potassium 

31 

0-6 

1-9 

0*9 

10 

17 

0-8 

1 

Several  preparations  from  the  leaves  and  young  shells  of  the  walnvt  an  need  ia 
medicine ;  the  oil  of  the  nuts  is  us«h1  chiefly  as  a  condiment.     (Handw.d.  Chem.  ix.  55o. ) 


WARWICKITE— WATER.  1009 

[CXXTB.  A  mineral  occurring  at  Warwick  in  New  York,  in  dark-brown 
or  iron-black,  indistinct,  monoclinic  crystals,  of  specific  grayity  3*0  to  3*3.  According 
to  Shepard  (Sill.  Am.  J.  zzxiy.  313  ;  zzxri.  85),  it  contains  27*33  per  cent,  fluorine^ 
61*71  titanium,  7*14  iron,  0*80  yttrium,  and  traces  of  aluminium.  According  to 
L.  Smith  (t^.  xvi.  293)  it  contains  20  per  cent  boric  acid. 

Titaniferous  iron,  from  Litchfield,  Connecticat  (p.  847). 

This  name  was  given  by  Bah r  (Pogg.  An.  czix.  572 ;  Jahresb.  1863, 
p.  199)  to  a  mineral  resembling  orthite,  from  Rensholm,  an  island  near  Stockholm, 
which  he  supposed  to  contain  the  oxide  of  a  new  metal,  wasinm ;  subsequent  eoroeri- 
ments,  however,  have  led  him  to  regard  this  supposed  new  oxide  as  most  probably  iden« 
tiealwith  thorina  (Ann.  Ch.  Pharm.  cxxxii.  227;  Jahresb.  1866,  p.  207).  The  so< 
called  wasite  contains  alumina,  ferric  oxide,  yttria,  thorina,  the  oxides  of  cerium, 
lanthanum,  didymium,  and  manganese,  lime^  and  alkali. 

See  the  last  article. 


Sponyms,  Waaser.  Eau,  Aqua,  SSt^.  Symbol,  HK).  Mdeealar 
weight,  18. — This  substance,  which  plays  so  important  a  part  in  most  terrestrial 
phenomena,  was  long  regarded  as  an  element  or  simple  substance.  Towuds  the  end  of 
the  last  centuiy,  however,  the  observations  of  Cavendish  on  inflammable  air  furnished 
the  material  by  which  Lavoisier  was  enabled  to  show  that  water  is  a  compound  of 
two  distinct  elementary  substances,  and  thus  to  supply  an  important  feature  of  the 
chemical  system  he  had  introduced.    (See  Gas,  i.  780  et  »eq.) 

Water  occurs  universally  on  the  earth  in  one  or  other  of  the  physical  states  which 
it  is  capable  of  assuming.  As  a  liquid  it  constitutes  the  gr«»at  mass  of  the  oceans, 
seas,  rivers,  lakes,  &c,  which  cover  upwards  of  three-fourUis  of  the  earth's  surface. 
Water  also  issues  from  the  interior  of  the  earth  at  many  places  as  springs  (pp.  1014, 
1015).  Id.  the  solid  state,  as  ice  and  snow,  it  occurs  permanently  in  the  polar  regions, 
and  in  lofty  mountain  districts,  and  periodically  in  the  temperate  zones.  In  the  state  of 
vapour  it  occurs  invariably  as  a  constituent  of  the  aerial  envelope  of  the  earth,  and  to 
an  extent  determined  by  the  temperature  and  other  local  conditions.  (Atmosfhbsb, 
i.  437,  and  Clouds,  i.  1027  et  Mtq,)  Water-vapour  also  occurs  abundantly  in  the  exha- 
lations of  volcanoes,  during  eruptions,  and  is  continuously  evolved  from  the  interior  of 
the  earth  at  many  places,  as  in  Iceland  and  at  the  solfatara  and  fumaroles  in  tbe 
neighbourhood  of  volcanoes. 

Water  also  occurs  mechanicsUy  disseminated  throughout  the  mass  of  the  stiata 
underlying  the  earth's  sur&ce,  sometimes  in  considenu)le  proportion,  and  even  the 
most  compact  rocks  contain  a  sensible  amount  of  water.  In  many  solid  minerals  and 
organic  substances  it  also  exists  in  a  state  of  combination,  sometimes  to  the  extent  of 
40  or  50  per  cent,  and  upwards.  Thus  allophane  contains  about  40  per  cent,  of  water, 
ehabasite  contains  20  per  cent.,  and  brown  iron  ore  15  per  cent,  of  water.  Living  plants 
and  animals  contain  from  80  to  90  per  cent,  of  water. 

Properties. — ^Pure  water  is  perfectly  free  from  taste  and  smell,  and  within  a  range  of 
temperature  between  0^  and  100^  C,  under  the  ordinary  atmospheric  pressure,  it  is  a 
transparent^  almost  colourless  liquid.  The  slight  blue  colour  of  water  may  be  observed, 
as  pointed  out  by  Bun  sen  (Ann.  Ch.  Pharm.  Ixxii.  44),  by  looking  at  a  shining  white 
object  through  a  column  of  pure  water  2  metres  long,  contained  in  a  tube  blackened 
inside. 

The  density  of  water  in  the  liquid  state  is  about  770  times  as  much  as  that  of  at- 
mospheric air,  and  is  greatest  at  a  temperature  of  about  4^  C.  ( •»  39*2®  F.)  (Hbat, 
iii.  58  et  seq.)  Taking  the  density  at  this  temperature  as  uniQr,  it  is  0*999877  at  0^ 
C,  and  0*999107  at  16*5^  C.  The  density  of  water  is  always  taken  as  the  standard  of 
comparison  in  reference  to  which  the  densities  of  other  solid  and  liquid  substances  are 
expressed  (see  Sfbcific  Oravitt,  p.  357  et  seq.).  In  the  United  Kingdom  the 
density  of  water  at  the  temperature  of  60^  P>  (  =  15*5^  C.)  is  taken  as  unity ;  but  on 
the  continent  the  density  of  water  at  the  temperature  of  4®  C.  is  more  generally 
adopted  as  unity.  A  cubic  centimetre  of  pure  water  at  this  temperature,  snd  under  a 
pressure  equal  to  a  barometric  column  of  760  millimetres  of  mercury — 29*922  inches 
— weighs  15*432349  grains  or  1  gramme,  which  is  the  unit  of  weight  in  the  metric 
■ystem. 

The  following  table  (p.  1010)  gives  the  weights  of  certain  volumes  of  water  in  tems 
both  of  the  metric  system  and  of  the  system  of  weights  and  measures  used  in  the 
Unired  Kingdom. 

Water  is  slightly  elastic.  By  an  increased  pressure  of  one  atmosphere  its  volume 
is  reduced  to  the  extent  of  000045  (Oersted),  or  '000047  (Begnault),  and  under  a 
pressure  of  200  atmospheres  its  volume  is  said  to  be  reduced  ^  (Perkins,  Oilb.  Ann. 
Ixxii.  173;  Pogg.  Ann.  ix.  554).    The  compressibility  increases  as  the  temperature 

Vol.  V.  3  T 
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WATER. 


Grains. 

Cubic  oentliMtrei 

at  40  c. 

grain  inoi* 

Cubielndwt 
at8S°F. 

PBwnfli 

OallMit 
CIPF. 

atCPF. 

1 

16-432349 
262-456 
7000- 
70000- 
436,495' 

1 

16-3861769 
464-3467969 
4643-467969 
28316- 

-061027 
1 

27-727 
277-276 
1728- 

1 
10- 
62-366 

-0003301 

•I 

1 
6-2365 

-0000363 

-016046 
-16046 

1 

rites.  Thaa  at  0^  C.  it  amoimts  to  -0000603  ;  at  IO-80  to  -000048 ;  at  35^  to  -0000456, 
and  at  63*'  to  000041.  (Grassi,  Ann.  Ch.  Phys.  [8],  ttxi.  437.  See  Elasticxtt, 
ii.  370.) 

Taking  the  Tolame  of  water  at  O^C.  asonity,  it  expands  to  1-042986  when  heated  to  100** 
0.(Kopp),  and  to  1*1016  when  heated  to  166*8°.  (Mendelejeft— See Hs^t, ill  58.1 

Water  has  a  high  capacity  for  heat^  and  its  spec^  heat  is  taken  as  the  atandatd  of 
unity  in  reference  to  which  the  capacities  of  other  sobstuioes  for  heat  are  expRMed. 
(HsAT,  iii.  34.) 

Water  is  a  very  bad  conductor  of  heat ;  but  when  heat  is  applied  to  water  firam  below 
the  portion  which  is  heated  expands,  and  thus  becoming  specifically  lighter,  lisef 
to  the  surface,  while  the  colder  and  denser  portion  sinks,  and  is  in  its  turn  heated, 
until  the  whole  mass  acquires  a  uniform  temperature.  (GoKDUcnoir  of  Hut, 
p.  73.) 

At  the  temperature  of  0^  C.  water  becomes  solid  or  fireeses,  aild  at  the  same  time  ex- 
pands considerably.  In  that  state  it  presents  as  ice  ayBtalline  structure,  and  as  snov 
crystalline  forms  belonging;  to  the  hexagonal  system,  which  are  deriTatives  of  the  rfaoo- 
bohedron  and  six-sided  pnsm. 

Ice  is  colourless  or  slightly  blueish,  and  transparent  when  it  has  been  foxmed  from 
water  perfectly  at  rest.  Its  density  is  less  than  that  of  water  at  0-*  C,  or  about  0  920 
^Dufour,  Compt.  rend.  Ivi.  1079. — ^Duvernoy,  Pogg.  Ann.  cxrii.  454).  Consequratly 
lee  always  floats  on  the  surface  of  water,  and  since  water  attains  its  maTimnm  deDsity 
at  the  temperature  of  4°  above  the  freezing-point,  it  follows  that  when  the  water  df 
lakes,  rivers,  &c.,  is  cooled  below  that  point,  the  colder  portion  remains  at  the  matux^ 
and  when  it  reaches  the  freezing  point*  is  there  converted  into  ice,  while  the  water  below 
remains  at  4^  C. 

The  expansion  which  takes  place  in  the  fireezing  of  water,  to  the  extent  of  needy  ^ 
the  volume  of  the  water,  frequently  causes  the  bursting  of  pipes  and  other  vesseli, 
and  it  is  a  powerful  agent  in  the  disintegration  of  rocks.    (See  Uxat,  iii.  78  et  «f.) 

Water  contained  in  closed  vessels  and  in  a  state  of  perfectrest  may  be  cooled  to  — 10^ 
or  — 13°  C.  without  becoming  solid,  and  then  on  the  slightest  agitation  it  suddenly  soli- 
difies.   (HsAT/iii.  76.) 

The  conversion  of  water  at  0^  C.  into  ice  is  accompanied  by  liberation  of  heat,  and 
in  the  melting  of  ice  heat  is  absorbed  or  rendered  latent  to  the  same  extent,  without 
raising  the  temperature  of  the  water  above  0^,  so  that  by  applying  heat  to  a  mixture  of 
ice  and  water,  the  temperature  is  not  raised  above  0°  until  after  all  the  ice  has  beta 
melted.  The  quantity  of  heat  absorbed  or  liberated  in  the  melting  of  ice  or  freecinf  of 
water  is  sufficient  to  raise  the  temperature  of  an  equal  weight  of  water  to  the  extent  of 
79-2^  C,  so  that  wheni  pound  of  ice  is  mixed  with  1  pound  of  water  at  79*3^,  the  ice  is 
melted  and  the  whole  of  the  water  has  a  temperature  of  0°  C.    (Hxat,  iii.  77.) 

The  melting  point  of  ice  is  reduced  slightly  below  0°  C.  by  increase  of  preasme  to 
the  extent  of  0*00747°  C.  for  each  additional  atmosphere.  (Mousson,  Ann.  Ch.  Phji. 
[3],  Ivi.  252.    See  Hkat,  iii.  76.) 

Water  evaporates  at  all  temperatures  when  in  contact  with  atmospheric  air  or  ocbft 
gases,  and  the  vapour  thus  formed  has  a  density  and  tension  detennined  by  the  tem- 
perature (see  Heat,  iii.  81,  93).  This  evaporation  takes  place  only  from  the  nAtt, 
and  to  an  extent  proportionate  to  the  volume^  temperature,  and  dryness  of  the  air  with 
which  the  water  is  in  contact.  In  a  confined  space  this  evaporation  ceases  when  the 
air  becomes  saturated  with  water-vapour.  In  the  open  air  it  proceeds  moi»  rapidly 
in  proportion  to  the  extent  of  surface  exposed,  and  when  the  air,  which  has  beeoma 
saturated  with  vapour,  is  constantly  replaced  by  fresh  air.  Consequently  a  rapid  eoi^ 
rent  of  air  favors  evaporation. 

Under  the  ordinary  atmospheric  pressure — 760  mm.  or  29*922  inches — water  boQs 
at  the  temperature  of  100°  C,  and  is  converted  into  upwards  of  1600  times  its  TDtmna 
of  vapour.  When  the  pressure  lb  reduced  to  near  a  vacuum,  Uie  boiling  point  is  loevr^i 
to  nearly  0°  C. ;  and  it  rises  when  the  pressure  is  increased,  as  shown  in  the  fullaviof 
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table  of  tbe  reiolts  obtained  by  Arago  and  Dnlong  (Ann.  Ch.  Fl^jt.  [2],  xliiL 
74): — 


PrMrare 

Inatmo- 

•pherM. 

Tempera- 
turt. 

Pressure 

iDatmo- 

spheres. 

Tempera- 
ture. 

Pressure 
In  atmo- 
spheres. 

Tempera- 
ture. 

Pressure 
in  atmo- 
spheres. 

Tempera* 
ture. 

1 

lOOO 

6 

1631 

12 

190-0 

26 

226-8 

1-5 

112-2 

6 

160-2 

14 

197-2 

80 

286-2 

2 

121-4 

7 

166-6 

16 

203-6 

86 

244-8 

8 

1361 

8 

172-1 

18 

209-4 

40 

262-6 

4 

146*4 

10 

181-6 

20 

214-7 

46 

266-9 

The  boiling  point  of  water  under  the  ordinary  pressure  is  slightly  inflnenoed  by  the 
nature  of  the  vessel  in  which  it  is  heated,  and  by  the  state  of  its  snn&ce.  Thus  in 
Teasels  of  glass  or  porcelain,  with  Tezy  smooth  snr&ces,  water  boils  1  or  2  degrees 
hi^er  than  in  metallie  vessels  with  a  rough  surfiice.    (See  Hkat,  iii.  87.) 

The  conversion  of  water  into  vapour  is  alwavs  attended  with  absorption  of  heat.  The 
quantity  of  heat  absorbed  or  rendered  latent  by  water  at  100^  C,  in  becoming  vapour 
at  the  same  temperature,  would  raise  the  temperature  of  water  6*37  times  as  much 
from  0°  to  100^  0.,  so  that  when  one  pound  of  water  vapour  at  100^  C.  is  mixed  with 
6-37  pounds  of  water  at  0®  C,  the  vapour  is  condensed  and  the  6-37  pounds  of  watev 
have  a  temperature  of  100°  C.    (See  umat,  iii.  96  et  nq.) 

Water-vapour  is  colourless  and  transparent^  and  becomes  visible  only  when  pai^ 
tiall^  condensed,  as  in  the  case  of  steam  escaping  into  the  atmosphere.  The  spedfio 
gravity  of  water-vapour  at  100°  G.  is  0*622,  as  compared  with  air  at  the  same  tem- 
perature, and  as  compared  with  air  at  0®  G.  it  is  0*466. 

Water  is  a  very  efficient  solvent,  so  much  so  that  there  are  very  few  substances, 
solid,  liquid,  or  gaseous,  which  are  not  to  some  extent  capable  of  being  dissolved  by 
water.  Manv  substances,  however,  can  be  dissolved  by  water  only  in  such  minute 
proportions  tnatfor  most  purpoaes  they  may  be  regarded  as  practically  insoluble.  Thus 
calcic  carbonate  is  generally  classed  among  insol&le  substance ;  but  since  it  dissolves 
in  from  10,601  ?  (Fresenius)  to  30,000  parts  of  water,  it  must  be  considoed  as  a 
soluble  substance,  so  fiir  as  relates  to  the  character  and  contents  of  natural  waters* 
since  the  above  proportion  amounts  to  at  least  2*6  grains  per  gallon,  and  especially 
since  calcic  carbonate  in  some  form  or  other  is  so  frequently  a  constituent  of  the  strata 
with  which  water  comes  in  contact. 

The  solubility  of  different  substances  in  water  is  very  unequal.  Some  are  readily 
soluble,  and  require  only  small  pro^rtions  of  water,  others  are  but  sparingly  soluble. 
Generally  the  solubility  of  any  particular  solid  or  liquid  substance  is  incre^ed  in  pro- 
portion as  the  temperature  is  raised.  (See  Hkat,  iii.  79 ;  and  SoLirnoN,  v.  p.  349.) 
but  there  are  m&nj  exceptions  to  this  rule :  thus  cold  water  dissolves  calcic  sulphate 
in  larger  proportion  than  water  at  100°  G.,  and  water  at  120°  G.  does  not  dissolve 
any.    Water  at  0°  G.  dissolves  nearly  twice  as  much  lime  as  water  at  100°  G. 

In  the  case  of  gases,  the  amount  capable  of  being  dissolved  by  water  is  very  much 
dependent  on  the  pressure.  Under  the  ordinary  pressure  it  is  generally  larger  in 
proportion  as  the  temperature  is  lower.  Thus  water  at  0°  G.  dissolves  68*61  times  its 
volume  of  sulphurous  acid  gas,  while  water  at  24°  G.  dissolves  only  31*8  times  its 
volume.  There  are,  however,  exceptions  to  this  rule ;  between  the  temperatures  of  0^ 
and  26°  G.,  water  dissolves  a  constant  amount  of  hydrogen,  or  0*0193  of  its  volume. 
(Gasbs,  AnsoRpnoN  of,  i.  791  et  seq.) 

When  the  solution  of  a  solid  substance  in  water  is  not  accompanied  by  chemical 
combination,  there  is  veiy  often  a  reduction  of  temperature  produced,  sometimes  to  a 
considerable  extent  (See  Heat,  iii.  79,  80,  and  1 12.)  The  solution  of  gases,  on  the 
contrary,  is  generally  attended  with  increase  of  temperature,  partly  in  consequence  of 
the  change  of  state  in  the  gas. 

Aqueous  solutions  of  solid  substances  have  a  hieher  density  than  water ;  and,  for 
any  given  substance,  the  density  is  pro^rtionately  hieher  according  to  the  amount  of 
substance  in  solution.  The  water-solutions  of  certain  liquids  and  gases  are  also  denser 
than  water ;  but  in  many  instances  the  density  of  such  solutions  is  less  than  that  of 
water.  For  some  purposes  the  degree  of  density  of  water-solutions  of  any  particular 
substance  affords  a  sufficiently  accurate  indication  of  the  amount  of  such  substance  in 
the  solution,  as  in  the  case  of  sugar,  soda,  sulphuric  add,  hydrodiloric  acid,  ammonia, 
alcohol,  &c 

The  freezing-point  of  water-solutions  is  lower  than  that  of  water :  thus  sea-water 
freezes  less  readily  than  fresh  water.  When  dilute  solutions  freeze,  pure  ice  is  formed, 
and  thus  the  solution  is  concentrated.    In  cold  countries  salt  is  often  obtained  in  this 
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way.  A  Bolution  containing  10  per  cent,  of  common  salt  freeces  at  —  6°  C. ;  one  wKk 
10  per  cent,  ammonium-chloride  freezes  at  —  6*5^  C. ;  one  with  43  per  cent  ciTStaDiaed 
calac  chloride  freezes  at  — 10°  C,  and  a  saturated  solution  of  calcic  chloride  frceas 
at  — 21°C.    (Budorf,  Poggend.  Annal.  cxiy.  68.) 

The  boiling-point  of  water  is  raised  when  it  contains  solid  substances  in  solstieo, 
and  to  an  extent  proportionate  to  the  amount  of  substance  in  solution.  (See  He4T, 
iiL  89.)  Liquid  and  gaseous  substances  dissolved  in  water  sometinaea  cause  a  rise  and 
sometimes  a  depression  of  the  boiling-point. 

Certain  liquids  when  mixed  with  water  form  two  solutions  which  do  not  mix,  ss^ 
liquid  acting  as  a  solvent  to  the  other ;  thus  water  dissolves  10  per  cent  bj  measue  of 
ether,  while  ether  dissolves  about  ^  of  its  bulk  of  water,  and  whea  water  is  mixed 
with  more  ether  than  it  can  dissolve,  these  saturated  solutions  are  formed  in  two 
separate  layers. 

The  saturated  solutions  of  solid  substances  which  are  capable  of  crystallisiD^ 
deposit  these  substances  in  a  ciystalline  form  when  the  water  is  evaporated,  and 
the  ciystals  thus  produced  are  generally  larger  and  more  regular  wheo  the  evapoiation 
goes  on  slowly,  and  without   disturbance  of  the  liquid.    (Cbtstaixis^tiox,  ii  114 

^^') 

Water,  in  its  chemical  characters,  is  a  remarkably  neutral  substance,  the  rdatrrtlr 

basylous  and  chlorous  characters  of  its  constituents  being  so  nearly  compensated  Uui 

it  is  capable  of  assuming  either  relation  according  to  the  nature  of  the  siibetanee  vith 

which  it  reacts  or  combines.     Its  basyl  constituent  may  be  replaced,  either  hi  i 

basylous  or  chlorous  substance  (Mbtaxs  and  Metaixoids,  iii.  937)*  so  as  to  proucf 

a  great  variety  of  compounds  whose  constitution  is  referrible  to  the  type  of  wat«. 

Water,  though  itself  an  eminently  neutral  substance,  often  exercises  an  impoitue 

influence  in  determining  the  chemical  activity  of  other  substances,  not  only  as  a  sohcflt 

by  rendering  one  or  more  of  the  substances  concerned  in  a  particular  reacticm,  liqiid. 

and  in  so  far  more  susceptible  of  chemical  action,  but  also  by  taking  part  in  the  tme- 

tion  itself ;  thus,  for  instance,  concentrated  sulphuric  acid  and  iron  present  no  rtaetiaa 

even  when  heated  to  the  boilins-point,  and  this  is  also  the  case  with  concentrated  nitrie 

acid,  and  the  metals  tin,  lead,  and  iron.    When  water  is  added,  however,  vignoof 

chemical  action  is  at  once  set  up,  and  in  numerous  other  instances  the  pressDC*  of 

water,  in  some  condition,  is  essential  to  chemical  action.     The  chemical  pcooesui 

taking  place  in  the  organisms  of  plants  and  animals  require  the  presence  of  watsr,  and 

in  the  alteration  of  minerals  it  is  equally  necessary,  both  as  the  solvent  of  prodscti 

of  decomposition,  and  as  the  medium  for  rendering  efficient  the  carbonic  acid,  oxjgen, 

frc,  by  which  alteration  is  produced. 

ComwmtUm. — The  composition  and  constitution  of  water  have  already  been  tnated 
of.    (Htdbooen,  Oxides  of,  iii.  195.) 

Decomposition. — Water  may  be  decomposed  in  various  ways ;  via. 

1.  With  liberation  of  both  constituents. 

By  Heat — Grove  first  observed  that  water  is  decomposed  by  heat  BeTille  coa- 
siders  that  this  decomposition  (disassociaiion)  takes  place  between  1000^  and  2000^  C, 
and  that  at  a  lower  temperature  the  greater  portion  of  the  gases  again  eombint  Ur 
gether. 

By  Electricity. — When  two  platinum-plates  are  immersed  in  a  vessel  of  vster, 
slightly  acidulated  with  sulphuric  acid  to  increase  its  conducting  power,  sjid  thai 
plates  are  connected  with  the  poles  of  a  voltaic  battery,  hydrogen  and  oxygen  gun 
are  evolved  at  the  surfaces  of  the  plates.  If  these  gases  are  collected  in  two  gUii 
tubes  filled  with  water  and  inverted  over  the  platinum-plates,  the  volume  of  the  hy- 
drogen gas  evolved  at  the  one  plate  will  be  found  to  be  exactly  double  that  of  tbe 
oxyfi:en  gas  evolved  at  the  other  plate,  except  in  so  far  as  the  greater  solubility  of  eajgei 
gas  m  water  afiects  this  relation.     (Elbctboltsis,  ii.  432  et  seq.) 

2.  With  liberation  of  one  constituent  only : — 

The  metaU  of  the  alkalis  and  alkaline  earths  decompose  watw  at  the  oirdiiiaiy  tssK 
perature,  disengaging  hydrogen  and  form'ng  oxides.  Many  other  metals  dseonpai* 
water  or  water- vapour  in  the  same  way  at  temperatures  varying  from.  10€9  C  to  t 
white  heat.  Others  do  not  decompose  water  under  the  influence  of  heat  alone. — In^ 
and  many  other  metals  decompose  water  at  the  ordinary  tempeiatnre,  only  is  tbi 
presence  of  an  acid. — ZiMc  and  some  other  metals  decompose  water  under  the  in^*y*>*» 
of  heat,  and  in  the  presence  of  an  alkali. 

Carbon  also  decomposes  water- vapour  at  a  red  heat,  yielding  hydrogen,  sosb*  es^ 
bonic  oxide,  and  a  little  carburetted  hydrogen. 

Some  of  the  lower  oxides  decompose  water,  or  water- vapour,  with  evolutioa  of  hj- 
drogen,  either  at  the  ordinaiy  temperature  or  with  the  aid  of  heat — Hydrattd  sifirrw 
pgide  decomposes  water  in  presence  of  acids  or  ammonia,   forming  silioc  sbd.— 
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Oarbome  oxide  decomposes  water-yapour  at  a  red  heat,  yielding  hydrogen  and  carbonic 
acid. 

Chlorine  decomposes  water  under  the  influence  of  light,  and  water-vaponr  at  a  nd 
heat,  with  formation  of  hydrochloric  acid  and  liberation  of  oxygen.  Water-Tapoor 
heated  to  redness  with  bromine-vapour  in  excess,  is  decomposed  in  a  similar  manner. 
This  decomposition  is  not  eftected  oy  iodine, 

3.  Both  constituents  enter  into  other  combinations : — 

Phosphorus  heated  with  water  in  presence  of  an  alkali  deeompotes  it,  with  for- 
mation of  phosphoretted  hydrogen  and  hypophosphorous  acicL  According  to 
Schonbein,  water  is  decomposed  when  boilepl  in  contact  with  nitrogen-gas,  nitrona 
acid  and  ammonia  being  formed : 

2H«0  +   2N     -     (NH*)NO«. 

Many  chlorides  and  bromides  decompose  water,  forming  oxides  and  hydrochloric  or 
hydrobromic  acid.  Thus  phosphorus  cmcrides  yield,  with  water,  phosphorous  or  phaa> 
pnoric  acid  and  hydrochloric  acid : 

PCI"  +   ZmO     -     3Ha  +  PH"0";   and  PC1»  +  4HH)     «     PEPO«  +  6HCL 

Some  metallic  chlorides  are  decomposed  b^  contact  with  water,  forming  oigr- 
chlorides  and  hydrochloric  acid.  (AiniKOinr,  i.  318,  327,  and  Bismijth,  i.  591.)— 
Muminie  and  magnesic  chlorides  decompose  water  when  their  solutions  are  boiled, 
yielding  alumina  or  magnesia,  while  hydrochloric  acid  escapes. 

Many  metallic  chlorides,  bromides,  and  iodides  decompose  water>vapour  with  the 
aid  of  heat,  yielding  the  corresponding  oxides  and  hydrochloric  acid.  Certain  metallie 
sulphides  decompose  water-vapour  in  a  similar  manner. 

Arsenious  acid  and  sulphurous  acid  decompose  water  in  presence  of  chlorine,  with 
formation  of  arsenic  acid  or  sulphuric  acid  and  hydrochloric  add. 

Certain  (ui£^  decompose  water,  with  formation  of  a  product  coxltaining  the  elements 
of  both  substances.  Thus  sulphuric  anhydride  and  water  yield  hydric  sulphate ;  calcic 
oxide  and  water  yield  calcic  hydrate : 

S0«  +  H«0     -     SH«0*,  and    CaO.H»0     -    CaH»0«. 

Production. — Water  is  formed  wheneyer  hydzogen-gas,  or  a  combustible  substance 
containing  hydrogen,  is  burnt  in  oxygen  or  atmospheric  air.  (Htdboobk,  iii.  192 ; 
FusL,  ij.  722 ;  and  £rbmaca.usi8,  ii.  497.)  Water  is  also  produced  when  hydroeen,  or 
organic  and  other  substances  containing  nydrogen,  are  exposed  to  a  bright  red  heat  in 
contact  with  easily  reducible  metallic  oxides  or  other  substances  capable  of  yielding 
oxygen  under  those  conditions.    (Oxtgek,  iv.  308.) 

Combinations. — Water  enters  into  combination  with  other  substances  in  Taripus 
ways.  In  some  of  the  compounds  which  it  forms,  water  exists  as  such,  while  others 
more  probably  contain  only  its  elements  in  the  same  relatiye  proportion  as  in  water. 
(Hydratrs,  iii.  179  ;  Atomic  Wkiohts,  i.  468  et  seq.) 

With  many  saline  and  other  substances,  water  combines  in  definite  equivalent  pro- 
portions, producing  compounds  which  are  sometimes  capable  of  assuming  regular  crys- 
talline forms.  In  such  cases  it  exists  as  water  of  crysiaUifation,  and  the  crystalline 
form  of  such  substances  is  essentially  connected  with  the  amount  of  water  they  contain. 
The  amount  of  water  which  may  be  contained  in  crystallised  substances  varies  from  1  to 
24  atoms,  and  the  same  substance  may  combine  with  water  in  several  different  propor- 
tions. Thus  borax,  crystallised  from  solution  at  the  ordinary  temperature,  is  combined 
with  4}  at.  of  water,  and  when  crystallised  between  60°  and  80°  C.,  it  is  combined  with 
2  at. :  in  the  one  case  it  forms  oblique  rhombic  prisms  (2NaHB'0*  +  9aq.) ;  in  the  other 
case,  octahedrons  (NaHB"0^24aq.).  Sodic  carbonate  crystallised  from  solution  at  the 
oidinary  temperature  forms  rhomboidal  prisms  (Na'CO*  +  lOaq.),  at  a  higher  tempera- 
ture it  cnrstallises  as  Na*CO'  +  8aq.,  or  as  Na'CO'  +  daq^  and  fh>m  a  bcoling  solution 
it  ciTstailises  as  Na'CO*  +  laq.  in  rectangular  tables. 

Toe  presence  of  water  of  crystallisation  combined  with  a  salt,  often  influences  its 
colour ;  thus  anhydrous  cupric  sulphate  is  white,  while  the  crystalline  salt  Cu'SO*  +  6aq. 
is  blue.    Anhydrous  nickel  sulphate  is  yellow  and  the  crystalline  salts  are  green. 

In  some  cases,  water  of  crystallisation  is  so  feebly  combined  that  it  is  gradually 
separated  when  the  substance  containing  it  is  exposed  to  dry  air.  (Efflobbscxiccb, 
ii.  862.)  Water  of  crystallisation  is  always  expelled  by  heat,  and  genezallv  at  a  tern* 
perature  of  from  100°  to  120^  C.  Some  crystallised  substances  require  a  hi^er  tem- 
perature ;  but  in  any  case  the  crystals  become  o]^ue  and  friable  in  proportion  as  the 
water  of  crystallisation  is  expelled,  and  at  last  disintegrate  and  fall  to  powder.  Cer- 
tain substances  retain  a  portion  of  their  water  of  crystallisation  more  tenaciously  than 
the  rest.  Thus  cupric  sulphate  retains  one  molecule  of  water  when  dried  at  100°, 
«nd  does  not  give  it  up  until  heated  to  200°  C.    (Hydbajes,  iii.  180.)  Potash-alum 
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Wes  10  at  water  at  120°,  and  the  remaioing  2  atonuB  are  not  aeparated  under  WP  C. 
Water  of  cnrstallifiation  may  also  be  abstracted  from  crystals  by  immerBing  thorn  ib  a 
liquid  which  attracts  water  bat  does  not  dissolve  the  snbstanoa.  Thos  akohol  ab- 
■tmeti  water  from  crystallised  sodic  sulphate,  and  oil  at  Titziol  abstaeta  it  from 
cnprie  snlphatft. 

Substances  containing  water  of  crystallisation  frequently  melt  with  eaae  when  heated, 
and  then  become  solid  again  after  the  heat  is  maintained  some  time,  and  the  water  of 
eiystallisataon  has  been  evi^rated. 

Many  amorphons  substances  also  contain  water  in  a  state  of  oombination  similar  to 
thst  in  which  it  exists  in  ciystals. 

Substances  which  are  reiy  soluble  in  water  often  attract  water  from  the  atmo^en 
to  such  an  extent  as  to  form  a  solution,  and  are  then  called  deiiqueteent,  as  for  instaooe 
calcic  chloride.  (Dkuqubscbkcb,  ii.  809.)  Many  insoluble  pulTcrolent  subsunees 
also  attract  water  from  the  air  in  the  same  manner,  as  for  instance  coprie  oxide,  silica, 
ice^  and  are  termed  hygroteapie.  Organised  substances,  such  as  wooa,  hair,  &c^  hare 
the  same  property  (Htobomstrt,  iii.  283).  Some  liquids  hare  the  same  property,  as 
for  instance  sulphuric  add. 


Vataral  ^Vater. — The  constant  evaporation  from  the  surface  of  all  msiwes  of 
water  exposed  to  the  atmosphere,  the  mffusion  of  the  water-Tapour  throug^ioat  tiie 
atmosphere,  and  its  subsequent  condensation  thwe  to  the  liquid  or  solid  state,  gire 
rise  to  an  incessant  circulation  of  water,  which  enables  it  to  play  an  important  pait  in 
a  variety  of  natural  phenomena.  Of  the  total  amount  of  condensed  atmosphmc  vapour 
falling  upon  the  suHace  of  continents  and  islands,  a  certain  portion,  wnich  Tanes  in 
different  localities  according  to  the  relative  permeability  and  configuration  of  the  super- 
ficial strata,  is  absorbed  and  penetrates  downwards,  until  it  reaches  a  leas  permeable 
stratum,  above  which  it  accumulates,  and  taking  an  nndeiground  course,  determiiMd 
by  the  inclination  of  the  strata,  towards  some  point  where  they  crop  out  again  at  a  lover 
level,  reappears  at  the  surfeure  as  springs  along  the  line  of  outcrop.  It  is  there  dis- 
charged into,  or  forms  the  source  of  a  stream,  and  thence  fiowing  along  the  sur&ee, 
such  streams  unite  to  form  a  river,  which  finally  fi&lls  into  the  sea.  If  the  permeable 
or  *' water-bearing"  strata  do  not  crop  out  again  at  the  surface,  but  dip  down  under 
others  which  are  impervious,  the  water  they  absorb  may  penetrate  to  very  conaiderabls 
depths,  and  will  not  then  reappear  at  the  surfiice  as  a  spring,  unless  it  meets  with 
a  fissure  through  which  it  may  be  forced  upwards^ither  by  Uie  hydrostatic  presnrs 
of  the  water  in  the  upper  extremity  of  the  water-bearing  strata,  or  hj  some  other  fores 
acting  from  below — or  unless  the  overlying  strata  are  bored  through  so  as  to  fbim  aa 
artificial  spring.  (See  Astbsian  Wklib,  Urit  DicUoruay  o/Artt,  Mamufmclmrei,  tad 
Mines,!.  192  etseq.) 

As  a  consequence  of  the  remarkable  solvent  power  of  water,  it  takes  up  whatsfv 
soluble  substances  it  may  meet  with  in  each  stage  of  its  passage  from  the  state  of 
vapour  in  the  atmosphere  to  its  discharge  into  the  sea.  (Gsouxit,  Chskistbt  or, 
ii.  834  et  sea.)  For  this  reason  natural  water  never  occurs  absolutely  pure,  and  haTiisg 
regard  to  this  circumstance,  the  different  kinds  of  natural  water  may  be  ^^"fr**^ 
under  the  heads  of  rain-water,  spring-water,  rivcr-waUr,  and  ssa-waUr, 

Saln^water  approaches  nearer  to  absolute  purity  than  any  other  kind  of  natural 
water.  When  collected  in  suitable  vessels,  it  contains  only  such  dissolved  substsDcei 
as  it  can  derive  from  the  atmosphere.  These  consist  chiefiy  of  atmospheric  saste— 
oxygen,  nitrogen,  and  carbonic  anhydride,  together  with  organic  substance,  and  parti- 
cles of  dust  and  such  other  mechanical  admixtures  as  are  sometimes  present  in  the  sir 
about  towns,  factories,  &c     (Atmosphbrb,  i.  439  et  seq.) 

The  total  amount  of  gases  dissolved  in  rain  water  is  about  26  cubic  centimetrrs 
per  litre.  The  ratio  of  the  oxygen  to  nitrogen  bv  volume  is  greater  in  this  gas  thai  ia 
atmospheric  air,  on  account  of  the  greater  solubility  of  oxygen  in  water.  (AnR>- 
SPHKRB,  i.  437. — Gases,  ABsonpnoir  of,  ii.  790.)  Analysis  has  gi^en  ths  fcDoviag 
percentage  results  by  measure : 

B«iiinert.  PeligoC. 

Oxygen 387  31-2 

Nitrogen        ....    64*5  66-4 
Carbonic  anhydride        •        •      1*8  2*4 


Bain-water  probably  always  contains  ammonia  to  some  extent,  either  as  «.,,_^ 
or  combined  with  other  acids.  The  amount  is  greater  just  after  the  rnfiiiiiMitsii  of 
lain  than  when  it  has  continued  for  a  long  time.  Boussingault  fimnd  HK>4  bbl  per 
litre  in  rain-water  collected  in  Paris,  and  in  that  collected  in  the  oountrr  only  •00871 
prm.  per  litre.  Dew  he  found  to  contain  from  '001  to  -006  grm.  per  Utre.  In  witffcos- 
denscd  from  fog  he  found  0497  grm.,  and  on  another  occasion  m  Paris -1378  era.  per 
litre.    Baxrai  lound  ttom  '^^"^  Vq  *QQ^  ^rai.  ^r  litre  in  rain-water  coUeetsd  n  Hm 
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(Ann.  Ch.  Phys.  [3],  zzzix.  257;  zl.  129).  In  nun-water  oolleet«d  at  I^oni, 
Binean  found  as  much  aa  *08  grm.  per  litre.  The  amount  of  ammonia  in  zain  is  also 
much  larger  in  summer  than  in  winter. 

yUric  acid  is  oommonly  present  in  rain-water,  chiefly  in  oombinatien  with  ammonia. 
The  amount  yaries  considerably,  and  is  greater  in  rain  fiilling  during  thunder* storms. 
Boussingault  estimated  the  average  amount  at  *0002  grm.  per  litre.  In  rain-water, 
collected  during  a  hail-storm  in  Paris,  he  found  *055  grm.  per  litre,  and  in  the  melted 
hail  '083  grm.  per  litre ;  on  other  occasions  from  *0004  to  '0021  grm.  per  litre  in  rain- 
water, from  '0003  to  '004  grm.  per  litre  in  snow-water  collected  in  Paris,  and  in  wat<T 
condensed  from  fog  '0101  grm.  per  litre.  In  the  country  (Alsace)  he  found  in  rain* 
water  from  '00004  to  '00028  grm.  per  litre ;  in  that  collet^ed  during  a  thunder-storm 
'0021  grm.  per  litre ;  and  in  water  condensed  from  fb^,  from  *0004  to  *0018  mi*  ptt 
litre. — Barral  found  from  '002  to  '036  grm.  per  litre  in  rain-water  collected  in  Pms. 
The  amount  is  less  after  rain  has  continued  for  some  time,  and  it  is  generally  greater 
in  summer  than  in  winter.  (Compt  rend.  xadv.  288,  824;  xxzy.  427;  zlvi.  1128t 
1176.) 

Nitrous  acid  is  also  present  in  rain-water,  and  according  to  Schonbein,  ammonia* 
nitrite  is  formed  by  the  direct  combination  of  nitrogen  with  water.  Lawes,  Gilbert,  and 
Way  estimate  the  average  amount  of  nitrogen  contained  in  rain-water,  as  ammonia, 
nitrous  and  nitric  acid,  at  about  '986  grm.  per  litre.  (See  Report  of  the  Brit.  Assoc, 
for  1864.) 

Rain-water  perhaps  always  contains  a  small  amount  of  organic  mUtance^  in  conse- 
quence of  which  it  readily  becomes  putrid  when  kept  some  time.  Angus  Smith 
found  0*01  grm.,  Marchand  *024  grm.,  and  Chatin  '06  grm.  per  litre. 

Sulphuric  acid  is  often  found  in  the  rain-water  falling  in  towns,  and  near  factories 
where  sulphurous  gas  is  generated  and  discharged  into  the  atmosphere.  A.  Smith 
found  '1  grm.  per  Utre  in  rain-water  collected  at  Manchester. 

Rain-water  sometimes  contains  a  yery  small  amount  of  hydrochloric  acidj  sodic  at 
calcic  chlorides f  and  other  saline  substances.  Barral  found  the  rain-water  collected  in 
Paris  gaye»  on  evaporation  to  dryness,  a  residue  amounting  to  '022  grm.  per  litre,  and 
that  collected  in  tne  neighbourhood  of  Paris  '0078  grm.  per  litre. — A.  Smith  also 
found  a  minute  quantity  of  coal-ash  in  rain-water  collected  in  Manchester. 

Rain-water  is  stated  by  some  observers  to  contain  iodine.  (Chatin,  Compt  rend, 
zlvi.  399  ;  1.  420  ;  li.  496.— Marchand,  ilfid.  zlvi.  806.— De  Luca,  ifnd.  xlvii.  644; 
xlix.  170;  li.  177.) 

•princ-waterf  whether  derived  from  natural  or  artificial  springs,  or  from  wells, 
always  contains  a  very  much  larger  amount  of  dissolved  substance  than  rain-water 
does,  in  consequence  of  its  having  been  for  some  time  in  contact  with  strata'  fW>m 
whidi  it  has  extracted  various  constituents,  partly  by  its  own  solvent  action,  and 
partly  by  the  aid  of  the  carbonic  anhydride  originally  contained  in  it  as  rain-water  or 
derived  from  subterranean  sources.  The  amount  and  nature  of  such  dissolved  con- 
stituents vary  of  course  according  to  the  kind  of  strata  traversed  by  the  water,  and  the 
distance  that  it  may  have  passed  through  them  since  the  time  when  it  fell  as  rain  upon 
the  surfSfice  of  the  earth. 

The  depth  from  which  sprin^^-water  rises  to  the  surface  is  in  some  cases  not  more 
than  a  few  feet,  in  others  it  rises  from  very  considerable  depths.  The  water  of  tha 
artesian  well  at  St  Grenelle  rises  from  a  depth  of  1,800  feet,  and  the  water  of  many 
natural  springs  probably  rises  from  still  greater  deptiis. 

The  temperature  at  which  spring-water  issues  from  the  surfiioe  differs  from  a  few 
degrees  above  0°  C.  up  to  100*^  C.  With  the  exception  of  those  sprinss  which  occur 
in  mountain  ranges  near  the  limits  of  perpetual  snow,  and  are  supplied  firom  glaciers^ 
&c.,  and  some  of  those  which  are  situated  near  active  volcanoes,  tnere  appears  to  be 
an  intimate  connection  between  the  temperature  of  spring-water  and  the  depth  from 
which  it  rises.  The  probable  existence  of  such  a  relation  has  received  oonsiderabla 
support  from  the  fi&ct  that  the  water  from  artesian  wells  has  been  observed  to  have 
a  temperature  higher  in  proportion  to  the  depth  from  which  it  rises.  Thus  the  water  of 
St.  Orenelle  has  a  temperature  of  28°  G.  In  many  cases  the  temperature  of  spring- 
water  presents  little  or  no  variation  throughout  the  year.  Those  kinds  which  have  the 
highest  temperature  appear  to  be  most  constant  in  this  respect,  and  to  have  maintained 
a  uniform  degree  of  heat  for  many  years.  Even  cold  spnng-water  haa  a  temperature 
more  or  less  above  the  mean  local  temperature  of  the  places  where  it  issues  from  the 
earth,  and  it  is  only  those  kinds  of  spring-water  rising  from  depths  within  the  influence 
of  the  local  atmospheric  changes  of  temperature,  that  present  any  considerable  varia- 
tion of  temperature  in  the  course  of  the  year.  The  mean  temperature  ef  such  spring- 
water  is  eitner  the  same  as  the  mean  local  temperature  or  but  very  little  above  it. 

As  a  rule  Uie  general  character  of  the  dissolved  contents  of  spring^water  does  not 
present  much  variation  except  in  so  far  aa  concerns  the  zelatiye  proportions  of  the 
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■ereral  conBtitnexitB.  They  generally  consiBt  chiefly  of  calcic,  mAgnesie,  sodie,;^ 
ferrous  and  manganons  carbonates,  sulphates,  chlorides,  silicatesi  and  salphides,  tngwrtg 
with  organic  substance,  carbonic  anhydride,  atmospheric  gases,  and  aomtitimm  gHM 
derived  from  other  sources.  But  there  is  a  veiy  much  greater  difference  in  the  told 
amounts  of  dissolved  contents,  saline  and  gaseous,  in  the  water  from  diflerent  aooML 
Some  kinds  of  spring-water  are  so  highly  charged,  either  with  saline  or  gaseous  nb> 
stances,  that  they  have  a  peculiar  taste,  and  are  unfit  for  the  ordinaiy  nses,  citte 
technical  or  economic,  to  which  water  is  applied.  Such  water  is  oommonlT  tensed 
mineral  watery  and  is  in  many  cases  considered  to  hare,  in  yirtue  of  its  dissolTcd 
tents,  Turious  medicinal  properties.  The  total  amount  of  saline  contents  in  spring-i 
does  not  bear  any  relation  to  the  depth  from  which  it  rises. 

Spring- water,  of  the  kind  suitable  for  ordinaiy  use,  does  not  contain  snch  an 
of  saline  or  gaseous  contents  as  to  be  sensibly  affected  in  regard  to  taste.  Water  ef 
th'is  character,  whether  derived  from  natural  or  artificial  springs,  or  other  sonreH^ 
such  as  riTers,  lakes,  &c.,  is  called /rf«A  watfr,  in  contradistinction  to  mineral  wAr 
and  i!>uch  water  as  contains  a  large  amount  of  saline  contents,  like  tea-water  and  the 
water  of  certain  .lakes. 

The  total  amount  of  dissolved  contents  in  fresh  spring-water  Taries  from  *05  to  2  or 
even  3  grm.  per  litre.  The  gaseous  contents  consist  of  ectrhonic  ankydrid^^,  nitropen  sad 
oxygen.  The  amount  varies  from  a  few  cuinc  centimetres  up  to  as  much  as  100  cofaii 
centimetres  per  litre  in  eome  instances.  The  amount  of  carbonic  anhydride  is  sob^ 
times  small,  as  in  the  water  of  some  surface  springs  situated  in  the  midst  of  primitiia 
rocks,  or  in  districts  where  there  is  little  vegetation ;  but  generally  it  is  much  laig« 
in  spring-water  than  in  rain-water,  and  in  water  coming  from  a  considt* rable  depth  il 
sometimes  amounts  to  as  much  as  90  cubic  centimetres  per  litre.  (See  Tabu  or 
AiTALTSBS.)  The  carbonic  anhydride  in  spring-water  may  sometimes  be  derived  to  a 
great  extent  from  decaying  organic  substance  in  the  strata  through  which  it  posam 
This  may  be  the  case  with  the  water  of  surface-springs  containing  only  a  small  amooirt 
of  the  gas,  especially  if  it  also  contains  nitrogen  which  may  be  the  residue  of  thf  atm^ 
spheric  gases  in  the  rain-water  feeding  those  springs.  But  as  regards  those  kinds  of 
spring-water  which  contain  a  large  amount  of  txiis  efis  unaccompanied  by  nitrogfv,  aai 
which  rise  from  considerable  depths,  it  is  more  probably  derived  from  other  subtem- 
nean  sources.  The  frequent  occurrence  of  carbonic  anhydride  in  the  form  of  lool 
exhalations,  and  in  mines,  caverns,  and  wells,  would  appear  to  show  that  this  ga^ 
originating  from  subterranean  sources,  is  very  lai^ely  diffused  throughout  undeigrovni 
strata,  in  such  a  manner  that  the  water  permeating  them  can  become  more  or  Urn 
charged  with  it,  often  under  considerable  pressure,  before  it  reappears  at  the  snrfaee  m 
a  spring.    (See  Carbonic  Anhydridx,  i.  770.) 

The  amount  of  organic  substance  in  fresh  spring-water  is  usually  small,  except  in  tiv 
case  of  shallow  wells  situated  near  cesspools,  sewers,  grave-yards,  or  other  places  wkot 
organic  substances  are  undergoing  decomposition.  The  water  of  surface  springs  if^  Maw* 
times  liable  to  contamination  from  similar  sources.  Under  such  circumntancirs  spcri^ 
water  may  contain  a  considerable  amount  of  organic  substance,  and  ammomiotral  «att% 
nitrites^  or  nitrates  resulting  from  its  decomposition.  The  water  of  such  a  well  is 
Verulam  Buildings,  Gray's  Inn,  contained,  during  the  summer  of  1866,  about  -Ml 
grm.  per  litre  of  organic  substance,  and  '245  grm.  per  litre  of  alkaline  nitrates.  Tla 
water  of  similar  wells  in  Paris  contained  '034  grm.  per  litre  of  ammonia,  and  fraa 
*(>63  to  '428  grm.  calcic  nitrate.  The  water  from  35  such  wells  in  the  city  of  Loodos 
was  found  to  contain  from  *38  to  r851  grm.  per  litre  of  dissolved  contents,  with  ftvm 
'030  to  '1 30  grm.  per  litre  of  organic  substance,  and  from  '039  to  '548  gnn.  per  litre  of  al- 
kaline nitrates.  (Let  he  by,  Report  on  the  Quality  of  the  Water  from  the  Pnntpt  eai 
8urface-weils  of  the  City  of  lAmdon,  1866.) 

Fresh  spring-water  is  almost  always  veiy  clear  and  bright,  in  oonseqaence  of  tks 
great  degree  of  filtration  which  it  naturally  undeigoes  in  percolating  throvgh  tbr  stnrti 
which  it  may  have  traversed  between  the  "gathering  ground,*'  or  surface  firom  which  il 
lias  penetrated,  and  the  point  at  which  it  issues  again  from  the  earth.  For  the  nat 
reason  it  is  generally  cool,  unless  coming  from  a  depth  much  above  200  feet;  and,  \j 
reason  of  the  gas  it  contains,  it  is  sparkling  and  brisk  to  the  taste. 

The  accompanying  table  contains  the  nniUyses  of  several  kinds  of  fresh  spring-«i 
from  natural  and  artificial  springs,  or  artesian  wells,  and  also  from  ordinary  wcUs. 

In  mineral  spring- water  the  total  amount  of  dissolved  contents  varies  fr 
*1  grm.  to  300  grms.  per  litre.  Besides  the  substances  already  mentioned  as  being  i 
rally  present  in  all  kinds  of  spring-water,  it  has  been  found  that  mineral  water  i 
times  contains  a  number  of  other  substances,  some  of  which  are  present  onlv  in  i«iy 
minute  proportion.  These  are  phomhoric,  suiphurous,  hydrochloric,  horaric]  and  m^ 
stniou^acidsyhariutn^  strontium^  lithium,  rubidium,  ctesium,  bromine^  iodine,  fiavrmit 
tinCf  coppfT^  tin,  lead,  8UtjeT,aut\TMm\j,mcfet(^co6<z/^,  manganese^  &c. 
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Sea  of  Azof,  \)etweftXi  'Kench  atkd  Mariapol 

I  Caspian  Sea,  ^  'wewt  S."^ ,  oi  Y\w?CLitfsv  , 
Dead  Sea       ....•• 
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The  gueonii  contents  of  mineral  wnter  alto  ynrj  toandatMj  in  nmoont.  In  some 
it  ia  yeij  small,  in  othem  so  lazge  tliat  the  gas  is  eTol?ea  from  the  water  as  it 
■seeuds,  and  the  water  issues  together  with  a  copious  disehazge  of  nndissolved  gas. 
The  constituents  of  the  gaseons  contents  of  minecal  water  are  chiefly  carbonic  <mhy» 
dride,  mUroffm,  and  oxyym,  sometimes  also  tulphureUed  hydrogen  and  oarburttted  J^ 
drogen, 

£&noe  the  diffnrence  between  the  Yarioos  kinds  of  mineral  water  consists  chiefl^j  in  the 
nature  and  relative  amount  of  their  diseoWed  contents  and  in  the  proportions  which 
the  constituents  of  those  contents  bear  to  each  other,  they  may  be  conveniently  classi- 
fied according  to  the  predominance  of  some  one  or  other  constituent,  and  on  this  prin- 
ciple th«y  may  be  arranged  under  the  followiog  heads,  yis : 

L  Carbonated  water ^  in  which  the  saline  contents  consist  chiefly  of  carbonates.  Ao- 
eording  to  the  nature  of  the  basic  constituent  present  in  laigest  proportion,  such  water 
may  be  either: 

1 .  Alkaline,  like  the  water  of  Vichy,  BiUn,  Ems,  Fachingen,  Toplits,  &c 

2.  Msgneeian,  like  that  of  Schwalbach,  Ooppingen,  Spa,  &c 

3.  Calcareous,  like  that  of  Griessbach,  Karlsorunnen,  etc 

Mineral  water  belonging  to  any  one  of  these  subdivisions  may  also  contain  fenoot 
carbonate,  and  is  then  termed  chalybeate,  as  for  instance^  the  water  of  Spa. 

If  the  water  contains  a  large  amount  of  carbonic  anhydride  in  solution  it  is  termed 
aeidtdous,  Uke  the  water  at  Vichy,  St  Nectaire,  Fachingen,  Sec,  and  when  it  contains 
suIphnreUed  hydrogen,  it  is  called  sulphuretted,  like  the  water  at  Schinznach. 

U.  Sulphatie  water,  in  which  the  saline  contents  consist  chiefly  of  sulphates,  and, 
accotding  to  the  preponderating  basic  constituent,  this  may  be  either : 

1.  Alkaline,  like  the  waters  of  Carlsbad,  Bristol,  Piillna,  Sebastiansweiler. 

2.  Magnesian,  like  the  water  of  Saidschiitz. 

3.  Calcareous,  like  the  water  of  Pyrmont,  Epsom,  Bath,  Schwarzsee. 

Sulphatic  water  sometimes  contains  ferrous  sulphate,  and  is  then  termed  chakfbeate. 
Sometimes  it  contains  a  large  amount  of  carbonic  anhydride  in  solution,  and  is  then 

termed  aciduUmt^  as  in  the  water  of  Carlsbad,  I^rrmont,  and  it  is  frequently  sulpkitretted, 

like  the  water  of  Schwarzsee,  Sebastiansweiler. 
ILL  ChUmnated  water,  in  which  the  saline  contents  consist  chiefly  of  chlorides,  and 

is,  according  to  the  preponderating  basic  constituent,  either : 

1.  Alkaline,  like  the  water  of  Wiesbaden,  Leamington,  Harrowffate,  Cheltenham, 
Sellers,  Homburg,  Kissingen,  Ereutznach,  Alexisbad,  Aiz-la-ChapeUe,  Weilbach. 

2.  Magnesian,  like  the  water  of  the  Dead  Sea,  Elton  lake,  and  some  other  lakes  of 
eastern  Europe  and  Asia. 

Chlorinated  water  is  sometimes  chalybeate,  and  may  contain  both  ferrous  sulphate 
and  chloride,  or  ferrous  carbonate,  like  the  water  of  iUexisbad,  Homburg,  Hermanns- 
bad.  It  is  sometimes  also  acidtdous,  like  the  water  of  Homburg,  Kissingen,  and 
Wieebaden,  and  sometimes  fu^tire^^,  like  the  water  of  Harrowgate^  Aix-la-Chi^lle, 
Weilbach.  ^ 

IV.  Silieioua  water,  in  which  the  saline  contents  consist  chiefly  of  silicates,  like  the 
hot  spring-water  of  Iceland. 

The  accompanying  table  contains  the  analyses  of  some  of  the  most  celebrated  kinds 
of  mineral  water,  which  hare  been  selected  as  types  of  the  several  classes  above  de* 
scribed. 


ff  though  generally  originating  to  a  great  extent  from  natural  springs^ 
almost  always  contains  a  smaller  amount  of  dissolved  contents  than  the  generality  of 
fresh  spring-water.  This  is  partly  the  result  of  dilution  by  the  direct  influx  of  rain  or 
some  other  form  of  meteoric  water,  glacier  streams,  &c.,  a^  is  sometimes  also  in  part 
due  to  the  disengagement  of  carbonic  anhydride  when  the  water  of  the  springs  feeoing 
a  river  comes  in  contact  with  atmospheric  air  as  a  flowing  stream,  and  there  is  a 
consequent  separation  of  substances  which,  like  calcic  carbonate,  dec,  were  chiefly  held 
in  solution  by  that  gas  in  the  spring^water. 

The  total  amount  of  dissolved  contents  in  river-water  varies  less  than  in  spring- 
water.  It  rarely  exceeds  firom  *3  to  '4  grm.  per  litre,  and  is  sometimes  very  much  less^ 
in  the  ease  of  rivers  flowing  through  districts  where  ciystalliae  or  schistose  rocks  prevail,* 
when  the  water  is  sometimes  almostas  pure  as  rain-water.  The  gaseous  contents  are  the 
same  as  in  fresh  spring-water,  but  the  amount  of  carbonic  anhydride  is  generally  less 
than  in  most  spring-water,  and  from  the  free  exposure  of  the  water  to  the  atmosphere, 
the  proportion  of  oxygen  to  nitrogen,  under  normal  conditions,  is  the  same  as  in  rain- 
water, or  as  1  to  2  by  volume,  being  greater  than  in  atmospheric  air  in  consequence  of 
the  greater  solubility  of  oxygen  in  water.  (See  AmosFiusBn,  i.  437»  and  Gasks,  Ab- 
soApnoM  ow,  ii.  790.) 

The  amount  of  dissolved  orgof^  substance  in  river-water  is  generally  much  greater 
than  in  spring-water.    This  is  due  to  the  surface  drainage  of  river-basins  being  dis- 
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charged  into  the  rivers,  which  afe  the  natural  drains  of  the  eoim^  thej  tow  throng 
The  organic  snbstanoe  thus  constantly  carried  into  riTers,  and  diiteed  tbroog^iovt  the 
running  water  containing  dissolved  oxygen,  is  exposed  to  its  influence  and  gzaduilly 
decomposed,  being  ultimately  converted  into  the  final  products  of  such  eham^,  ^, 
carbonic  anhydride,  water,  ammonia,  nitrites,  and  nitrates  (Ebxhaolusis,  ii.  497). 
Thus  the  oxygen  dissolved  in  river- water,  and  constantly  renewed  by  the  contact  of  the 
flowing  water  with  the  atmosphere,  plays  an  important  part  in  the  natural  purificatioa 
of  rivers,  and  in  preventing  the  putrefaction  or  aoeuniulation  of  organic  substance 
in  their  water,  ia.  the  case  of  rivers  flowing  through  populous  districts,  and  re- 
ceiving the  drainage  of  the  towns  situated  within  their  basins,  in  addition  to  the 
natural  surface  drainage,  the  quantity  of  putrescible  organic  substance  thus  oonstsatly 
carried  into  the  rivers  as  sewage  may  be  so  laige  that  this  natural  process  of  pnriiea- 
tion  is  inadequate  to  prevent  putrefactive  dhange,  especially  during  hot  weather; 
when  the  temperature  of  the  water  rises  considerably  (FxaMEZfTATiox  and  Pens* 
FACTION,  ii.  623,  et  seq.).  The  condition  of  the  Thames  within  London,  during  the 
autumn  of  1859,  when  the  sewage  of  the  whole  population  was  dischaiged  directly  ino 
it,  affords  an  illustration  of  the  consequences  of  such  contamination  of  a  river.  Sooe 
observations  made  by  Professor  Miller  at  that  time  on  the  gaseous  contents  of  the 
water  taken  at  different  points  of  the  Thames  at  low  water,  alsoserre  well  to  elucidate 
both  the  natural  process  of  purification  taking  place  in  river-water,  and  the  inflaeDoe 
of  sewage  contamination  on  the  condition  of  the  water,  as  will  be  seen  from  the  feUov- 
ing  tabular  statement : 


Thames  water  taken  at 

Kingston. 

Hammer- 
smith. 

Somerset 
Hbuse. 

Greenwich. 

Woolwich. 

Brttk. 

Total  amount  of  gas ) 
per  litre                ( 

Carbonic  anhydride  , 
Oxygen        .'      .      . 
Nitrogen 

cub.  cent. 
52-7 

cub.  cent. 

•     • 

cub.  cent. 
62-9 

cub.  cent. 
71-25 

cab.ceaC. 
6305 

eitf».enL 
743 

80-3 

7-4 

160 

•     • 

41 

151 

46-2 

1-5 

16-2 

65*6 

•25 
16-4 

48-3 

•25 
14  5 

57- 
1*8 
U5 

Ratio  of  oxygen  to> 
nitrogen                 ( 

1:2 

1 : 8-7 

1 :  10-6 

1:60 

1:62 

1  :'81 

From  these  results  it  will  be  seen  that  while  the  water  at  Kingston  was  in  a  Doonl 
state  of  aeration,  the  influence  of  sewage  contamination  in  abstracting  oxygen  bc^anto 
become  evident  at  Hammersmith.  At  Somerset  House  it  was  still  more  marked,  lai 
at  Greenwich  and  Woolwich  the  oxygen  had  been  almost  entirely  consumed ;  bat  bj 
the  time  the  water  reached  Erith  its  state  of  aSration  had  greatly  improved  as  legsnk 
oxygen.    (See  also  R.  A.  Smith,  Mem.  Fhilos.  Soc  Glasgow,  vL  154,  ei  mo,) 

In  addition  to  the  dissolved  contents  of  river-water,  saline,  organic,  ana  gaseoas,  it 
almost  always  contains  mechanically  suspended  suhsUmos,  the  amount  of  which  Tines 
according  to  the  quantity  of  rain  passing  into  the  rivers  at  different  seasons,  and  iho 
according  to  the  nature  and  extent  of  the  surfaces  drained  by  them.  The  ^w^^f*^  </ 
suspended  substance  in  the  Thames  is  sometimes  as  much  as  ^6  grm.  per  litre  at  lowimter, 
ana  *2  grm.  per  litre  at  high  water.  In  the  Seine  st  Psris,  the  amount  of  miyfiir'* 
substance  varies  from  *007  to  118  grm.  per  litre ;  in  the  ^ine  at  Bonn  it  ia  fton  '•17 
to  '205  grm.  per  litre;  and  in  the  Meuse  from  '014  to  '474  grm.  perlitnu  In 


of  the  Mississippi  the  average  amount  of  suspended  substance  is  about  '8  ffxm.  per  litis; 
in  that  of  the  Ganges  it  is  stated  to  vary  from  '2  to  2*  grm.  per  litre,  and  in  that  of  ^ 
YoIIow  River  to  be  still  larger. 

The  water  of  lakes  which  are  situated  among  crystalline  or  schistoae  locki,  ui 
have  an  outlet,  is  sometimes  almost  as  pure  as  rain-water.  Lakes  through  vioeh 
rivers  flow,  as  the  Rhone  flows  through  the  lake  of  Geneva,  may  be  considend  as  mn 
local  expansions  of  the  rivers,  and  their  water  will  have  nearly  the  same  dissiM 
contents  as  the  river-water.  On  the  contrary  in  lakes  which  hare  no  outlsl,  Bb 
the  Dtad  Sea,  and  many  of  the  salt-water  or  soda  Likes  of  Eastern  Einope,  i«. 
Africa,  and  America,  the  water  though  sometimes  fresh,  is  often  so  highly  chaigedvilk 
sulino  substances,  which  have  accumulated  by  the  evaporation  of  the  water  flowii^isli 
tlie  lakes,  that  in  the  dry  season  certain  of  the  saline  contents  are  depoaited,  as  is  tk 
case  of  the  salt  lakes  of  Russia,  Central  Asia,  Africa,  and  America  (p.  184)  ; 
lakes  of  Kgypt,  Asia,  Mexico,  and  Hungary ;  the  borax  lakee  <k  ThibsC.  &e. ' 
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-water  is  essentially  a  chlorinated  alkaline  mineral  water,  the  saline  contents 
ef  which  connsts  chiefly  of  sodic,  magnesie^  potasaic,  and  calcic  chlorides  and  sul- 
phates, together  with  a  number  of  other  substancee  in  much  smaller  proportion  and 
Bume  in  very  minute  amounts. 

The  total  amount  of  dissoWed  contents  in  the  water  of  the  ocean  at  long  distancee 
from  land  varies  from  about  28  to  39  grms.  per  litre.  It  is  largest  near  t£e  equator 
aod  smallest  near  the  poles.  The  greater  evaporation  of  water  in  tropical  regioos 
than  in  temperate  or  polar  regions,  and  the  unequal  influx  of  fresh  water  from  rivers  or 
as  rain,  tend  to  produce  local  differences,  which  are  to  a  great  extent  compensated  by 
currents.  Forchhammer  fixes  the  mean  amount  of  dissobred  contents  in  the  water  of 
the  ocean  at  34*404  grms.  per  litre  (FhiL  Trans,  civ.  203  et  seq.).  In  the  water  of  seas 
which  are  partly  shut  in  by  land,  the  amount  of  dissolved  contents  is  influenced  by  the 
amount  of  evaporation  relatively  to  the  quantity  of  fresh  water  carried  into  them  by 
rivers.  Thus  in  the  water  of  the  Baltic,  the  amount  of  dissolved  oontents  varies  from 
about  6  to  18  grms.  per  litre  at  different  parts,  while  in  the  Mediterranean  it  varies  from 
about  36  to  40  grms.  per  litre. 

In  the  water  of  the  ocean  there  appears,  according  to  Forchhammer,  to  be  gennally 
but  little  variation  in  the  relative  proportions  of  the  chief  constituents  of  its  contents, 
as  will  be  seen  from  the  following  table,  deduced  from  the  mean  reeolts  of  his  numerous 
analyses : 


S0«. 

Mf- 

Ca. 

Tocal 

Mline 

contonU. 

Ghlorine. 

Maximum 

Mean 

Minimum 

14-61 
14-26 
18-98 

6-768 
6*642 
6-670 

2-267 
2-114 
2-060 

181-40 
18110 
180-60 

100 
100 
100 

Some  of  the  analyses  of  sea-water  indicate  much  greater  local  variations  in  the 
relative  proportions  of  certain  substances,  and  it  is  vei^  probable  that  a  variety  of 
circumstances,  such  as  submarine  springs  or  volcanic  eruptions,  &c.,  may  tend  to  affect 
the  composition  of  its  dissolved  contents  either  permanently  or  for  a  time  at  certain 
points. 

In  addition  to  the  substances  already  mentioned,  sea-water  contains  about  *3  grm.  per 
litre  of  bromine^  and  very  minute  amounts  of  iodine  amdjlfiarine;  also  Hlica,  p&tphorie 
acid  (Voelcker,  Chem.  Gaz.  viii.  346),  ealcie  and  fnagnene  earhonaUa  in  small  pro- 
portions. The  amount  of  carbonates  is  lar^;est  near  the  land,  and  is  very  small  in  the 
water  of  the  ocean  (J.  Davy,  £d.  New  FhiL  Joum.  zItIL  320).  BUver,  lead,  o^per, 
and  arsenic  have  been  detected  either  in  sea-water,  the  ashes  of  marine  plants  or 
animals,  or  in  the  deposit  formed  inside  the  boilers  of  ocean  steamers  (Malagnti, 
Durochor,  Sarzeaud,  Ann.  Chim.  Fhys.  [8],  zxviii.  122. — Field,  Chem.  Gi».  1867, 
p.  93. — Daubree,  Compt.  rend,  xxxii.  827).  Intact  since  the  ocean  is  the  common  re- 
cipient of  by  far  the  greater  part  of  the  water  discharged  from  springs  and  constituting 
rivors,  most  of  the  material  abstracted  by  their  water  from  the  interior  and  surface 
of  the  earth  passes  into  it,  and  all  substances  which  exist  in  spring-water  maybe  ex- 
|)6ct«d  to  exist,  to  some  extent,  in  sea-water. 

The  gaseous  contents  of  sea-water  are  nitrogen,  oxygen,  and  carbonic  anhydride, 
amounting  altogether  to  from  10  to  30  ex.  per  litre,  at^sording  to  different  observers. 
The  amount  appears  to  be  greater  at  a  depth  of  about  2,000  feet  than  near  the  sufaoe, 
but  at  about  4,000  feet  the  water  contains  scaroelv  anv  dissolved  gases.  The  relative 
proportions  of  the  gases  have  not  been  estimatea  witn  mueh  accuracy.  Carbonic  an- 
hydride is  stated  to  vary  from  2  to  nearly  40  cc  per  litre ;  oxy^  from  about  1  to 
3  cc.  per  litre,  and  nitrogen  from  12  to  17  cc  per  litre.  (Aim^  Pogg*  Ann.  lx« 
404.— Hayes,  Sill.  Am.  J.  1861,  421 ;  Compt  renoLvi.  616. — ^Lewy,  Ann.  Ch.  Fhys. 
ii.  636,  Tiil426,  xii.  6.— Bischol^  Chem. Fhys.  Geol.  1. 113.— Thorpe,  Chem.  Soc  J. 


[2]  v.  189.) 
Froi 


from  the  &cts  already  stated  as  to  the  dissolved  contents  of  the  various  kinds  of 
natural  water,  it  will  be  possible  to  form  some  general  idea  of  the  geological  importance 
attaching  to  the  constant  circulation  of  water  from  the  ocean  to  the  Smd  by  evapora- 
tion, and  then  back  again  to  the  ocean,  after  having  penetrated  through  the  rocks  con- 
stituting the  land,  to  various  depths  in  the  interior  of  the  earth. 

The  mere  mechanical  action  of  the  water  dischar;^  by  rivers,  in  abrading  the  rocks 
with  which  it  comes  in  contact  after  falling  as  rain,  in  sweeping  away  the  partidee 
detached  by  it  and  by  other  disintegrating  influences,  and  in  transporting  the  finely 
divided  dibris  to  the  ocean,  is  alone  a  very  potent  agent  of  geological  c&nge.  Tbt^ 
quantity  of  solid  material  thus  conveyed  from  the  Und  to  the  sea,  as  mud,  by  snch 
rivers  as  the  Amaaon,  Yang-tse-Kiang,  Mississippi,  Nile,  Ganges,  and  Danube,  is 
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enormous.  It  has  been  estimated  that  the  suspended  material  annually  diarhaiyd 
into  the  sea  by  the  Mississippi  is  equal  to  4,000  million.cnbie  feet  of  a»jf  and  thit 
the  quantity  thus  conveyed  into  the  Biy  of  Sensal  by  the  Qanges  and  Bralmiapoolia 
amount  to  ten  times  as  much.    (Lyell's  Principles  of  Gwlom.) 

But  the  suspended  mud  of  rivers  constitutes  only  a  part  of  the  material  they  eooTsy 
into  the  ocean.  A  further  and  probably  equal  quantity  is  discharged  into  it  in  a  sttfe 
of  solution.  The  composition  of  the  dissolved  material  carried  into  the  sea  by  nvs* 
differs  widely  from  that  of  the  dissolved  contents  of  sea-water,  as  will  be  seen  from  the 
following  comparison  of  the  relative  proportions  of  the  chief  constitnenta  in  both  casv: 


co«. 

Oi. 

K. 

SO*. 

SIO*. 

Mff. 

Km.    a 

Dissolved  contents  of  sea  water  .    . 

2114 

•306 

14-26 

trace 

6-64 

67-  100 

„             „         river-water  807* 

668- 

43- 

228- 

10* 

86- 

48-  100 

From  this  comparison  it  will  be  seen  thab  precisely  those  substances  which  axe  «e- 
sent  in  the  dissolved  contents  of  sea-water  in  the  sniallest  amount,  relatively  to  cnle- 
rine,  exist  in  the  dissolved  contents  of  river-water  in  the  largest  amount  relatirelj  to 
chlorine,  and  are  carried  into  the  sea  in  the  largest  quantities.  These  substancH, 
however,  do  not  accumulate  in  sea- water;   but  are  abstracted  from  it  by  manae 

SUots  and  animals,  whose  growth  is  probably  to  a  ^reat  extent  sappozted  by  tki 
issolved  material  conveyed  into  the  sea  by  rivers,  and  its  chief  constituents  are  fosnd 
in  the  ashes  of  marine  plants,  and  in  the  shells  or  skeletons  of  marine  animals.  (8m 
Ck)R4L,  ii.  p.  84  ;  Ska.wked,  v.  p.  212 ;  Spongb,  v.  p.  403.)  Consequently  the  actioa 
of  water  in  transporting  material  from  the  land  to  the  sea,  appears  to  be  one  of  th» 
conditions  essential  to  the  existence  of  marine  organisms,  and  to  the  formatioB  of 
submarine  deposits,  either  through  their  agency  or  by  simple  subsidence.  (See 
Gkologt,  Chemistrt  of,  ii.  835.) 

The  amount  of  sodic  and  magnesic  chlorides  carried  into  the  sea  by  rivers  b  small, 
but  as  these  salts  probably  accumulate  in  thn  water,  and  as  the  supply  from  the  laad, 
through  the  agency  of  water  evaporating  from  the  ocean,  is  continuous,  there  is  tont 
ground  for  the  opinion  that  the  saline  contents  of  sea-water  are  very  gradnal^  a^ 
menting,  and  indeed  that  in  their  present  amount  they  may  be  altogether  the  resuUof 
the  same  process  continued  during  long  geological  periods.  In  the  water  of  the  Bslde 
and  still  more  in  that  of  the  Mediterranean,  it  has  been  ascertained  with  tolerable 
certjiinty,  that  such  an  augmentation  of  the  saline  contents  is  going  on.  The  evapora- 
tion from  the  Mediterranean,  imder  the  influence  of  hot  dry  winds  from  Africa,  is  so 
much  greater  than  the  supply  of  fresh  water  by  rivers,  that  a  current  of  salt  water  it 
constantly  flowing  in  from  the  Atlantic,  through  the  straits  of  Gibraltar.  The  viter 
of  the  Mediterranean  consequently  contains  a  larger  average  amount  of  aaline  cootati 
than  that  of  any  other  sea  communicating  with  the  ocean.  Moreover,  since  the  amooit 
is  greater  at  considerable  depths  than  it  is  near  the  surface,  it  appears  that  by  tilt 
evaporation  of  the  water  at  the  surface,  it  becomes  denser  and  sinks  towards  tlM 
bottom.  In  many  places  the  Mediterranean  is  upwards  of  6,000  feet  deep,  but  at  tlM 
Straits  of  Gibraltar  the  depth  is  only  1,320  feet,  so  that  although  there  ia  an  outeiid 
deep  current  into  the  Atlantic,  the  denser  water  below  that  depth  cannot  flow  out  A 
similar  process  of  concentration  is  going  on  in  the  Dead  Sea,  and  Caspian  Sea,  in  tU 
salt  lakes  of  Kussia,  and  the  soda  lakes  in  Egypt  and  Hungary,  which  receive  either  ib« 
water  of  rivers  or  of  springs,  and  have  no  outlet  for  their  water  but  by  evapormtioe. 

The  vast  quantity  of  material  continually  being  abstracted  from,  the  sohd  mass  of 
the  earth  by  the  water  of  springs,  obviously  indicates  considerable  progressive  alloa- 
tion  of  the  rocks  from  which  it  is  derived.     As  regards  the  contents  of  fi^esh  water,  ita 
chief  constituents  are  probably  obtained,  for  the  most  part,  by  direct  solution.    Ttai 
may  also  be  the  case  with  some  kinds  of  mineral  water ;  but  as  regards  thoee  kindf  of 
mineral  water  which  contain  alkaline  and  ferrous  carbonate,  &c.,  together  with  larff 
amounts  of  carbonic  anhydride,  it  is  more  probable  that  their  dissolved  contents  oi^ 
nate  from  the  chemical  alteration  of  rocks.     This  is  especially  the  case  when  the  hfk 
temperature  of  the  ^ater  indicates  that  it  comes  from  a  great  depth,  where  the  dfiw 
of  heat  and  other  conditions  obtaining,  may  be  sufficient  to  determine  reactioos  w£k^ 
do  not  take  place  at  the  surface  of  the  earth.    Without  having  reoonree  to  any  thtvy 
respecting  the  former  condition  of  the  earth,  and  its  materiiu  elements,  it  ia  ponbb 
to  arrive  at  a  probable  inference  as  to  the  chemical  ehanses  involved  in  the  prodoetMB 
of  the  various  kinds  of  minerad-water,  simply  by  a  consideration  of  the  state  in  wbidi 
the  snbsUinces  they  contain  exist  in  rocks,  or  in  those  minerals  which  are  the  aofC 
abundant  constituents  of  known  rocks,  and  of  the  eflfects  which  would  result  under  Cb» 
influence  of  such  conditions  as  the  characters  of  mineral  water  testifyto  the  ftviftir* 
of  at  the  seat  of  their  production. 

One  of  the  most  striking  phenomena  presented  by  mineral  water  ia  thefrequeot  >od 
abuudaal  occuxrexiCA  of  cj^rbouic  anhydride,  either  dissolved  in  the  water  or  disdiaiga' 
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together  with  It,  and  sometimes  in  enormous  quantity,  a  single  airing  often  yielding 
antkually  upwards  of  a  hundred  tons,  and  some  artificial  springs,  hke  the  artesian  wells 
of  Neusalzwork  and  Nauheim,  yielding  respectively  from  1,8^  to  2,000  tons  of  this  gas 
in  the  course  of  the  year.  Among  the  gases  associated  with  mineral  water,  carbonic 
anhydride  not  only  occurs  in  the  largest  amount ;  but  also  exercises  considerable  influ- 
ence on  the  character  of  tho  water,  in  many  cases,  by  determining  the  solution  of'Caldc, 
magnesic,  and  ferrous  carbonates,  &c.  l^rom  the  frequent  occurr^^nce  of  this  gas  in 
connection  with  volcanic  phenomena,  and  the  very  general  distribution  of  calcic  and 
maffnesic  carbonates  in  rocks,  it  is  probable  that  the  action  of  subterranean  heat  upon 
8u<m  rocks  gives  rise  to  the  production  of  carbonic  anhydride,  either  by  direct  decom- 
position, or  more  probably  by  determining  the  reaction  of  these  carbonates  with  the 
silica  of  silicious  rockts  in  such  a  manner  as  to  form  products  which,  like  laTa  and 
basalt,  contain  both  lime  and  magnesia  combined  with  silica.  Carbonic  anhydride 
may  also  originate  from  the  decomposition  of  organic  remains  in  rocks,  and  from  their 
oxidation  by  reducible  substances  such  as  ferric  oxide,  and  it  may  be  to  some  extent 
produced  by  a  subterranean  process  of  combustion,  either  of  carbon,  or  carbonaceous 
substances  by  atmospheric  oxygen  conveyed  into  the  interior  of  the  earth  by  water. 
The  occurrence  of  nitrogen  together  with  the  carbonic  anhydride  evolved  from 
springs,  and  in  volcanic  districts,  gives  some  probability  to  the  opinion  that  the  car- 
lx>nic  anhydride  may  originate  partly  in  this  way. 

But  whatever  be  the  precise  mode  in  which  the  carbonic  anhydride  associated  with 
mineral  water  may  originate,  its  abundant  existence  in  solution  at  great  depths,  and 
consequently  under  great  pressure,  is  beyond  doubt  For  that  reason,  a  considera- 
tion of  the  action  of  such  a  solution  upon  rocks  of  the  kind  which  may  be  supposed 
to  exist  at  those  depths,  is  of  great  interest  as  regards  the  production  of  mineral 
water.  Struve  found  that  a  number  of  silicious  rocks  were  decomposed  when  exposed 
to  the  action  of  water  saturated  with  carbonic  anhydride  under  considerable  pressure, 
and  that  the  substances  dissolved  by  the  water  ahnost  exactly  corresponded  with  tho 
dissolved  contenta  of  various  kinds  of  mineral  water.  Thus,  for  instance,  in  operatin*; 
upon  phonolite  in  this  way,  the  substance  dissolved  contained  sodic,  calcic,  and  ma^esie 
carbonates  and  silica,  almost  in  the  same  relative  proportion  as  the  carbonated  alkaline 
water  of  Bilin.  Basalt  and  felspathic  porphyry  yielded  substances  corresponding  to 
the  dissolved  contents  of  the  £ger,  Marienbad,  and  Toplitz  water.  It  may,  therefore, 
be  inferred  with  considerable  probabilitf  that  the  decomposition  of  such  silicates  as 
constitute  those  rocks,  by  water  containing  a  large  amount  of  carbonic  anhydride,  is 
the  source  of  the  alkaline  carbonates  in  mineral  water,  and  to  a  great  extent  also  of 
the  calcic,  magnesic,  and  ferrous  carbonates  it  contains.  Some  idea  may  be  formed  as 
to  the  magnitude  of  this  process  of  subterranean  alteration,  from  the  fact  that  the 
mineral  water  of  Vichy  tlonv.  brings  up  annually  from  the  interior  of  the  earth  about 
1,000  tons  of  sodic  carbonate,  while  the  water  of  the  Carlsbad  springs  brings  up  at  least 
ten  times  as  much.  The  occurrence  of  kaolin,  steatite,  serpentine,  and  a  variety  of  similar 
mineral  substances,  may  be  regarded  as  a  phenomenon  correlative  to  such  a  decompo- 
sition as  that  by  which  the  alkalis  or  other  bases  of  felspar,  augite,  or  hornblende, 
are  extracted  in  the  production  of  mineral- water,  and  those  minerals  may  represent 
the  residual  parts  of  rocks  decomposed  in  this  manner  during  very  remote  periods.  It 
would  be  out  of  place  here  to  enter  more  fully  into  the  subject  of  mineral  alteration  by 
water  containing  various  substances  in  solution,  than  to  point  out  that  the  conditions 
under  which  mineral  water  comes  into  contact  with  rocks  at  great  depths  are  peculiarly 
favourable  to  the  production  of  many  of  those  changes  of  minerals  and  rocks  which 
have  hitherto  been  ascribed  to  ima^^^inary  causes,  without  a  sufficient  knowledge  of 
their  chemical  features.  (See  Groloot,  Chxmistrt  of,  ii.  833 ;  P&kudomorpbs,  iv. 
374;  and  Bischof,  Chem.  Phys.  Geology.) 

The  nitrogen  which  is  so  frequently  associated  with  mineral  water,  either  in  its 
gaseous  contents,  or  in  the  gases  discharged  with  it  from,  springs,  does  not  appear  in 
all  cases  to  consist  merely  of  that  atmospheric  nitrogen  which  may  be  conveyed,  in 
solution  by  the  water,  from  the  surface  to  the  place  where  it  acquires  its  saline  contents, 
although  that  may  sometimes  be  the  case,  especially  when  the  nitrogen  is  accompanied 
by  oxygen.  The  proportion  of  nitrogen  to  the  other  gases,  and  the  actual  quantity 
discharged  is  sometimes  so  large — as,  for  instance,  at  the  Bath  springs,  where  it  amounts 
to  about  260  cubic  feet  daily — that  there  are  probably  other  sources  of  this  gas,  such 
as  the  slow  decomposition  of  organic  remains.  Its  occurrence  has  also  been  referred 
to  an  assumed  process  of  subterranean  oxidation  of  metals  by  atmospheric  air,  which  is 
supposed  to  penetrate  in  some  way  to  great  depths  in  the  interior,  and  in  conjunction 
with  the  reaction  of  water  on  these  metals  to  give  rise  not  only  to  the  phenomena  of 
thermal  springs,  but  also  of  earthquakes  and  volcanoes.  (See  Danbeny,  Description 
of  Volcanoes,  Earthquakes,  and  Thermal  Springs. — Bischof,  Chem.  Phys.  Geology.-— 
Lecoq,  Lea  JSaux  Minirales, 
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The  MUfAmdted  hydrogen  present  in  some  kinds  of  minenl-iriter  oiic^aatss  tarn 
the  reductMm  of  sulphates  by  oarbonaoeous  snbstanee  and  the  deoompositioo  of  the 
sulphides  by  carbonic  anhydride. 


Since  natural  water  is  neyer  absolutely  pure,  it  is  erident  that  as  regards  the  wat<c 
deriyed  from  any  particular  source,  its  fitness  for  ordinary  use  willdepuid  chiefly  upoa 
the  amount  and  nature  of  the  substances  which  may  be  present  in  a  state  of  solutioa, 
and  perhape  also  mechanically  suspended  in  the  water.  For  drinkins  and  for  many 
other  purposes,  water  which  is  peiiectly  clear  and  colourless  is  sensibly  preferable  to 
such  as  is  turbid  and  coloured,  m  consequence  of  its  containing  suspended  impurities 
whether  they  consist  merely  of  earthy  mud,  or  of  minute  living  ozganisms.  In  this 
respect^  spring  or  well-water,  which  undergoes  a  kind  of  natural  filtration,  is  generally 

Srdferable  to  the  water  of  rivers  or  lakes,  which  being  fed  to  a  ^eat  extent  by  sarfMs 
rainage,  are  therefore  the  receptacles  of  much  suspenided  impurity,  and  genormUy  yield 
water  which  is  turbid. 

80  &r  as  dissolved  substance  is  concerned,  those  kinds  of  water  which  contain  the 
smallest  amount  are  generally  preferable  for  most  purposes.  But  the  quaH^  ef 
water,  as  regards  its  technical  and  economic  applications,  is,  within  certain  limitSp 
mudi  more  influenced  by  the  chemical  nature  of  tne  dissoWed  contents,  than  by  the 
actual  amount.  Those  kinds  of  water  which  contain  but  a  small  amount  of  saline 
contents,  or  in  which  the  saline  contents^  though  in  large  amount,  consist  chiefly  of 
alkaline  salts,  are,  in  ordinary  languaoe,  termed  "  soft"*  Such  water  dissolves  common 
soap  without  causing  any,  or  at  most  but  very  little,  change.  On  the  contrary,  water 
containing  calcareous  or  magnesian  salts  in  solution,  decomposes  soap,  farming  with 
its  fatty  acids  insoluble  compounds  which  separate  as  a  curdy  white  predpitata.  Such 
water  is  commonly  called  "  hard,"  and  is  more  or  less  so  in  proportion  to  the  amoont 
of  earthy  salts  it  contains.  The  salts  which  render  water  hard  are  calcic  or  magnesie 
carbonates,  sulphates,  or  chlorides,  and  as  the  former  are  held  in  solution  chiefly  by 
carbonic  acid,  the  hardness  due  to  them  ma^  be,  to  a  great  extent,  removed  by  boiUi^^ 
the  water,  and  by  driving  off  the  carbonic  acid,  rendering  the  carbonates  insoluble.  Baft 
the  hardness  due  to  the  sulphates  and  chlorides  is  not  afibcted  by  boiling.  Hard  water 
IS  objectionable  for  many  purposes.  Its  use  for  washing  involves  considerable  waste 
of  soap,  since  the  curdy  preapitate  has  no  deteigent  action.  For  cooking  and  foor 
various  manufacturing  purposes  also,  it  is  inferior  to  soft  water.  When  it  is  used  for 
supplying  steam  boilers,  the  insoluble  carbonates  are  deposited  as  a  crust  upon  the 
inner  sui&ce  of  the  boiler,  especially  when  the  water  also  contains  calcic  sulphate. 
This  salt  is  deposited  as  the  water  evaporates  in  a  crystalline  state,  and  serves  to  cement 
together  the  particles  of  carbonate  precipitated  when  the  water  is  first  heated. 

The  total  amount  of  dissolved  contents  in  water  suitable  for  economic  and  technifal 
purposes  rarely  exceeds  *6  grm.,  or  at  most,  1*0  grm.  per  litre,  and  the  better  kinds  of 
water  contain  very  much  less. 

The  presence  of  dissolved  organie  ntbstttnee  in  water  has  probably  a  much  greater 
infiuence  in  determining  its  fitness  for  dietetic  purposes  thui  either  the  amount  or 
nature  of  the  saline  contents  of  ordinaiy  fresh  water.  This  is  especially  the  case  as 
regards  the  water  of  wells  or  rivers  so  situated  that  the  diminags  or  sewage  of  towns 
passes  into  them.  When  this  takes  place  to  any  considerable  extent,  the  natoralpro^ 
cess  of  purification  of  river-water,  consisting  in  the  oxidation  and  destruction  ot  the 
organic  substance,  is  not  sufficient  to  render  the  water  <^  such  streams  fit  for  domestae 
use  near  the  pUces  where  the  sewage  of  large  populations,  or  the  drainage  of  foctories,  is 
discharged  into  them  (p.  1018).  Water  containing  *1  grm.  per  litre  of  oreanic  substance 
would  periiapa  genendiy  be  unfit  for  drinking,  and  it  may  be  assumed  Siat  wholesome 
water  of  good  quality  rarely  contains  more  than  from  '005  to  '01  gnn.  per  litre.  How- 
ever, in  districts  where  peat  abounds,  water  whidi  is  sensibly  coloured  by  dissolved 
organic  substance  is  commonly  used  for  drinking  without  any  deleterious  reralts.  Pro- 
bably the  nature  of  the  organic  substance  in  water,  its  existence  in  certain  conditioaa, 
or  its  capability  of  promoting  the  development  of  organic  germs,  may  be  of  much  greater 
importance  as  regards  the  wholesomeness  of  the  water,  than  tiie  actual  amount  of  it. 
Substances  resulting  from  the  partial  decomposition  of  effi?te  vegetal  or  animal  r»-> 
fuse  are  most  likely  to  be  dire^y  pr^udidal,  and  also  to  favour  the  development  of 
organic  germs,  especially  if  they  are  nitrogenous,  and  in  a  state  of  putrefactive  change 
(Fkbxb2<tation  and  PurnsFAcnoN,  ii.  023  tt  sea. ;  Infusobza,  iii.  269).  Tliis  pio-> 
bability  is  at  least  consistent  with  the  known  efl£cts  of  such  snl^sUnosSk  and  with  thm 
still  unexplained  connection  which  is  believed  by  some  authorities  to  exist  between  the 
prevalence  of  epidemic  disease  and  the  contamination  of  water,  used  for  domestie  pur- 
poses,  with  sewage  or  some  similar  impurity.  (Frankland,  On  tki  Water  Stmly 
of  the  Metropolis,  Proc  Boy.  Inst  of  Ghreat  Britain.— Simon,  Beport  0/  the  Mei%cat 
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Q^Eoer  qftke  Privjf  QmneUfor  1866. — Letheby,  Report  to  the  Sanitary  Committee  of 
tie  Commieeioners  of  Sewers  of  the  City  of  London,  1867»  ^,  II  et  $eq.,  and  Beport  on 
the  Cholera  Epidemic  of  1866.) 

The  whole  subject  of  the  influence  of  organic  substance  on  the  character  of  water, 
in  a  sanitary  point  of  view,  is,  however,  inrolTed  in  much  obscurity ;  but  there  can  be 
no  doubt  that  water  contaminated  with  the  refuse  of  towns  is  in  erery  respect  highly 
objectionable  for  domestic  purposes.  Consequently  the  practice  of  discharging  sewage 
into  rivers,  which  at  a  lower  part  of  their  course  fumisn  the  water-supply  of  towns, 
cannot  be  too  strongly  deprecated  for  this  reason,  and  it  is  scarcely  less  objectionable 
as  regards  the  condition  of  rivers,  and  their  influence  on  the  sanitary  state  of  the  dis- 
tricts along  their  banks.  On  a^cultural  grounds,  also,  the  vast  quantity  of  material 
possessing  value  as  manure,  which  is  wasted  by  the  discharge  of  sewage  into  rivers, 
constitutes  another  very  cogent  reason  for  the  discontinuance  of  this  practice,  and  for 
the  adoption  of  some  means  by  which  the  phosphates,  alkalis,  and  ammonia  contained 
in  the  refuse  of  towns  should  be  turned  to  usefiu  account  in  augmenting  the  production 
of  crops,  and  by  which  at  the  same  time  the  natural  purity  of  river-water  should  be  so 
ftr  as  possible  preserved.  (See  ExcBEMSirTS,  ii.  613 ;  Maiturb,  iii.  842 ;  Urinb,  v.  964.) 

The  relative  wholesomeness  of  water  intended  for  domestic  use  appears  to  be  so  in- 
timately connected  with  the  presence  of  organic 'substance,  that  considerably  attention 
has  lately  been  devoted  to  the  methods  of  estimating  its  amount  and  natura  Hitherto 
the  amount  of  organic  substance  has  been  estimated  by  evaporating  the  water  to  drv- 
ness  and  igniting  the  residue  so  as  to  bum  off  the  organic  substance,  the  loss  of  weight 
on  ignition  being  taken  as  representins  organic  substance.  This  method,  however, 
apart  from  the  objection  of  its  being  indirect,  cannot  be  depended  upon,  for  the  follow- 
ing reasons: 

1.  If  the  residue  is  dried  at  100^  C,  before  ignition,  it  may  retain  water  combined 
chiefly  with  calcic  and  magnesio  chlorides  or  sulphates,  and  a  considerable  part  of 
the  loss  on  ignition,  may  be  due  to  this  circumstance.  A  further  part  may  be  due  to 
volatilisation  of  ammoniacal  salts,  and  to  the  decomposition  of  magnesic  chloride, 
nitrites,  and  nitrates. 

2.  If  the  residue  is  dried  at  from  120°  to  130°  C.  in  order  to  expel  water,  there  is  a 
risk  of  partially  decomposing  the  organic  substance,  especially  when  it  is  in  a  putres- 
cent state. 

3.  In  converting  the  causticised  earths  into  carbonates,  after  ignition,  by  means  of 
carbonic  anhydride,  there  may  be  in  some  cases  a  considerable  increase  of  weisht. 

The  method  of  adding  sodic  carbonate  to  the  water  before  evaporating  to  dryness, 
BO  as  to  decompose  ammoniacal  salts,  and  convert  calcic  and  magnesic  chlorides  and 
sulphates  into  carbonates,  and  to  obtain  a  residue  free  from  water,  also  gives  indefinite 
results  partly  for  the  reasons  already  given,  and  because : 

4.  The  organic  substance  may  be  decomposed  and  the  products  volatilised  during 
the  evaporation  to  dryness. 

6.  On  ignition,  certain  products  of  the  organic  substance  may  remain  in  a  fixed  state 
of  combination  in  the  residue. 

The  errors  arising  from  one  or  other  of  these  causes  may  exceed  the  whole  amoont 
of  organic  substance  in  the  water;  and  even  if  that  amount  could  be  estimated  with 
any  degree  of  certainty,  the  result  would  not  admit  of  any  positive  inference  as  to  the 
character  of  the  water,  since  the  organic  substance  might  be  of  an  entirely  hannlesB 
nature.  (Mil'ler,  Chem.  »Soc  J.  xviii.  117. — Frankland,  Proc.  Boy.  Inst.  Great 
Britain. — Wanklyn,  Chapman  and  Smith,  Laboratory,  i.  98,  114;  and  Chem. 
Soc.  J.  [2]  V.  446,  691.) 

To  meet  these  defects,  the  use  of  potassic  permanganate,  so  as  to  estimate  the  quan- 
tity of  oxygen  absorbed  by  the  organic  substance  in  water,  has  been  adopted  by  some 
chemists,  with  the  object  of  arriving  at  a  more  direct  determination  of  the  character 
of  water  as  regards  this  portion  of  its  dissolved  .contents.  As  a  means  of  estimating 
the  amount  of  organic  substance,  it  is  however  totally  untrustworthy,  as  will  be  seen 
from  results  obtained  by  Professor  Frankland,  contained  in  the  table  on  p.  1024. 

These  results  show  tJiat  from  the  great  differences  which  obtain  in  the  behaviour  of 
organic  substances  with  permanganate,  it  evidently  cannot  be  relied  upon  for  establish- 
ing the  absence  of  organic  substance.  Even  its  positive  indications  are  not  alone  con- 
clusive against  the  character  of  water,  since  the  reduction  may  be  caused  by  an  organie 
substance  which  is  quite  innocuous.  Notwithstanding  these  facts,  however,  the  per- 
manganate test  may  afford  serviceable  indications  as  to  the  actual  condition  of  water, 
especially  when  the  results  obtained  with  it  are  considered  in  connection  with  certain 
other  features  of  the  water  in  question,  for  it  may  reasonably  be  assumed  that,  if 
the  presence  of  putrescent  organic  substance  in  water  renders  it  unwholesome,  a  sub- 
stance in  such  a  state  of  chemical  tension  would  be  more  susceptible  of  oxidation  by 
p<»rmanganate  than  most  of  the  substances  to  which  Professor  Frankland's  experim^^nts 
relate.    This  special  applicability  of  the  permanganate  test  for  indicating  the  presence 
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of  organic  substance  in  the  state  most  likely  to  be  prejudicial,  is  not  eren  limited  bj* 
the  &ct  that  the  presence  of  nitrites^  in  water  womd  determine  the  redaction  in  ths 
same  way  as  organic  substance:  for  water  containing  nitrites  is  yeiy  likely  to  be  objte- 
tionable  (see  under),  and  moreoyer  allowance  can  always  be  made  for  the  redaction  dae 
to  nitrites ;  so  that  whenever  water  causes  a  considerable  reduction  of  pMrmanouiato. 
there  is  at  least  sufficient  ^und  for  suspecting  it  to  be  unwholesome.  Henoe^^s- 
bov  Miller  and  others  consider  that  the  permanganate  test  may  render  good  sernee  as 
an  accessory  test,  in  assisting  the  judgment  as  to  the  salubrity  of  water,  though  it  is 
fallacious  as  a  substitute  for  the  method  of  incineration  for  estimating  the  amonnt  of 
organic  substance  in  water.  (Miller,  Joum.  Chem.  Soc.  zviii.  117. — R.  A.  Smith, 
Estimaiion  of  the  Organic  Matter  in  Water  with  rrfermoe  especialfy  to  Sanitarp  iW- 
posee,  London,  1866.) 

The  idea  that  the  deleterious  influence  of  organic  substance  on  the  diaraeterof  water 
is  confined  to  that  portion  of  it  which  is  nitrogenous  and  ther«|bre  liable  to  patre£ic* 
tion,  naturally  led  to  the  attempt  to  determine  the  character  of  water  by  estimatiDg 
the  amount  of  nitrogen  in  the  organic  substance  present,  on  the  principle  of  its  dele- 
terious influence  being  proportionate  to  the  amount  of  nitrogen.  (Hofmana  and 
Bly  th,  RepoH  on  the  Chemical  Quality  of  the  Suppljfof  Water  to  the  Metropolis,  1866, 
p.  6.) 

A  method  qf  examining  water  has  recently  been  derised  b^  Professor  Tntk- 
land  upon-  this  basis.  The  estimation,  made  in  the  manner  descnbed  under  th*  head 
of  Watkb,  Akaltsis  of,  consists  of: 

1.  The  amount  of  organic  carbon  in  the  dissolved  contents. 

2.  The  total  amount  of  combined  nitrogen. 

3.  The  amount  of  nitrogen  existing  as  ammonia,  nitrites,  and  nitrates. 

The  diflference  between  the  last  two  data  gives  the  amount  of  nitrogen  existing  ia 
the  organic  substance  of  the  water,  and  that  is  taken  to  be  the  measure  of  the  quality 
of  the  water,  so  far  as  organic  substance  is  concerned.  One  of  the  objections  to  this 
method  appears  to  be  the  absence  of  any  distinction  either  between  aitrogeooos 
organic  sulwtances  which  are  deleterious,  or  may  become  so  by  putrefaction,  and  others 
of  a  perfectly  harmless  nature,  or  between  a  putrescent  substance  and  one  which  is 
only  capable  of  becoming  so. 

The  liability  of  putrescent  organic  substance  in  water  to  be  decomposed,  and  evolve 
iin  nitrogen  as  ammonia  during  evaporation  to  dryness,  has  been  adopted  by  Rofessor 
Wanklyn,  in  conjunction  with  Chapman  and  Smith,  as  a  means  of  ascertaining  die 
character  of  water,  and  of  estimating  the  amount  of  deleterious  organic  substance 
it  contains.  The  decomposition  of  the  organic  substance  is  promoted  by  adding  caustic 
alkali  and  potassic  permanganate  to  the  water,  and  the  <|uantity  of  ammonia  given  off 
on  distillation  is  then  taken  as  a  measure  of  the  deleterious  organic  fmbstanoe  in  the 
water.    (Chem.  Soc.  J.  [2J  v.  446,  691.) 

The  water- of  rivers  and  weUs  sometimes  contains  ammoniaeal  salts,  nitrites,  and 
nitrates.  Whether  these  substances  are  in  themselves  ii\juriou8  or  not,  ^eir  prsseoce 
in  water  may  frequently  be  regarded  as  indicative  either  of  sewage  contamination,  or  of 
some  similar  objectionable  admixture  with  the  water,  since  they  are  the  products  of  the 
decomposition  of  nitrogenous  organic  materials  (see  Rrkmatapsis,  ii.  497 ;  NiTBAm, 
iv.  83,  90,  99).  If  that  decomi>osition  is  incomplete,  they  may  be  aocompanied  by 
organic  substance  in  the  most  objectionable  state.  The  presence  of  these  subkanoes  in 
water  is,  therefore,  always  calculated  to  throw  suspicion  on  its  quality.  Many  of  tbe 
shallow  wells  situated  in  towns,  and  very  often  near  a  churchyard,  yield  wster 
of  this  kind  which,  singularly  enough,  presents  characters  both  attractive  and  a^ree- 
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able.  Being  clear,  sparkling,  and  cool,  with  that  firesh  taste  which  a  small  proportion 
of  nitre  communicates,  such  water  often  holds  a  high  place  in  popular  estimation* 
which  is  strengthened  by  the  traditional  repute  of  the  wells  for  yielding  good  water, 
acquired  probably  at  a  time  when  they  were  surrounded  by  open  fields,  and  not  fod 
with  the  drainage  of  densely -populated  streets.  (See  Simon,  ReporU  <m  the  Sanitary 
Canditian  qfthe  CUy  qf  London,  1849-60,  p.  64 ;  1852-53,  p.  42.— Letheby,  Repori 
on  the  (Quality  qfthe  Water  from  thePumps  and  8ur/ao$  Welit  qfthe  CUy  qf  London,  1866. 
— ^K.A.Smith,/ac.ciY.p.22. — Wa  nk ly  n,  0 h ap man,  and  Smith,  Laboratory,  i.  252.) 

Sometimes,  however,  water  which  is  quite  beyond  any  suspicion  of  sewage-contami- 
nation or  impurity,  contains  nitrates — as,  ibr  instance,  the  water  obtained  from  artee-ian 
wgUs  in  the  chalk  strata.  The  origin  of  the  nitric  acid  in  this  case  is  not  ascertained, 
but  it  has  been  referred  to  an  oxidation  of  organic  substance,  ammonia,  or  nitrogen 
effected  by  the  oxygen  dissolved  in  the  water,  and  taking  place  during  the  passage  of 
the  water  through  the  water-bearing  strata.     (Nrr&iTXS,  iv.  83.) 

Professor  Frankland  has  adopted  the  estimation  of  the  amount  of  nitrogen 
present  in  these  states  of  combination,  as  the  measure  of  the  previoue  eemage^ 
contamination  of  the  water — that  is  to  say,  of  the  sewage  which  has  been  mixed  with 
the  water,  and  has  undergone  complete  decomposition  into  its  final  inorganic  products. 
To  the  result  thus  obtained  he  applies  a  correction,  to  compensate  for  that  portion 
of  the  nitrogen  which  might  have  existed  as  ammonia  and  ammonic  nitrite  or 
nitrate  in  rain-water,  taking  for  this  purpose  the  mean  Talue,  deduced  from  the 
observations  of  Lawes,  Gilbert,  and  w  ay,  of  *240  pts.  nitrogen  existing  as  nitroua 
and  nitric  acids  in  1,000,000  pts.  of  rain-water,  and  *080,  the  maximum  quantity  of 
nitrogen  existing  as  ammonia  in  1,000,000  pts.  of  river- water  taken  near  the  sources 
of  streams.  This  correction  of  *240  -h  *080  »  *320,  wliich — upon  the  assumption 
that  average  filtered  London  sewage  contains,  in  1,000,000  pts.,  100  pts.  of  combined 
nitrogen — corresponds  to  3,200  pts.  sewage  in  1,000,000  pts.  of  water,  is  probably 
somewhat  too  high,  and  in  favour  of  the  quality  of  the  water,  since  ammonia  is 
almost  entirely  abstracted  from  rain-water  in  percolating  through  cultivated  soiU 
The  water  supplied  to  London  from  the  Thamee,  during  January  and  February 
1868,  was  found  to  contain,  on  the  average,  '003395  grm.  per  litre  of  nitrogen  in 
the  state  of  ammonia,  nitrites,  and  nitrates,  or  3395  pts.  in  1,000,000  pts.  of  water,  so 
that,  according  to  this  view,  the  amount  of  previous  sewage-contamination  would  be  :•— 

30,750  :  3-395--320     =     1,000,000  :  100. 

The  result  thus  obtained  by  analysis  presents  a  very  remarkable  correspondence  with 
the  calculated  result  obtained  in  a  different  manner.  Thus  the  average  flow  of  the 
Thames,  just  above  the  point  at  which  the  London  water-supply  is  taken,  being  esti- 
mated at  800,000,000  gallons  daily,  and  the  drainage  of  a  population  of  about 
600,000  being  discharged  into  the  Thames  above  that  point,  at  tne  rete  of  about  80 
gallons  per  head  daily,  the  sewage-contamination  of  the  water,  according  to  these 
data,  would  amount  to  about  22,500  pts.  in  1,000,000  pts.  of  water. 

If  any  of  the  nitrogenous  organic  substance,  originating  from  this  sewage,  had  not 
undergone  complete  oxidation,  its  presence  in  the  water  would  be  indicated  by  the 
amount  of  nitrogen  in  the  organic  substance  contained  in  the  water.  If  the  nitrogenous 
organic  substance  in  water  could  be  regarded  as  originating  solely  from  sewage,  and 
the  nitrogen  could  be  accurately  estimat(Bd,  it  would  be  possible  to  determine  the  ors- 
sent  sewage-contaminaHon  of  riyer-water.  Thus,  the  amount  of  organic  nitrogen  given 
by  Professor  Frankland,  as  existing  in  the  water  supplied  to  London  from  the  Tl^mes 
during  the  months  of  January  and  February  1868,  is,  on  the  average,  *00046  grms. 
per  litre,  which  would  be  equivalent  to  4,500  pts.  of  actual  sewage  in  1,000,000  pts. 
of  water,  or  nearly  '5  per  cent  ( Weekly  Returns  qf  the  Registrar- ^neral^  xxix.  35,  69). 
But  as  this  quantity  is  little  above  the  average  apparent  error  of  experiment  (p.  1081), 
such  a  result  maybe  disregarded.  The  methods  by  which  these  estimations  are  made, 
are  described  under  the  head  of  Watbb  Awaltsis  (p.  1026). 

The  amount  of  chlorine  in  fresh  water,  existing  chielBy  in  the  form  of  sodic  chloride,  will 
often  serve,  in  some  degree,  to  indicate  whether  it  has  been  oontaminated  with  sewacs 
or  other  forms  of  anixnal  refuse,  snd  also,  in  the  case  of  water  containing  oigmie  sno- 
stance,  whether  that  is  of  vegetal  or  animal  origin.  It  must  be  remembered,  how- 
ever, that  an^  inference  from  the  presence  of  chlorine  in  water  must  (as  in  the  case  of 
nitrates)  be  limited  by  the  circumstance  that  it  is  a  normal  constituent  of  the  contents 
of  roost  natural  water,  and  that,  in  certain  localities,  it  exists  in  larger  amount  in  water 
than  in  others.  As  a  rule,  water  containing  as  much  as  '01  grm.  of  chlorine  per  litre 
may  be  suspected  of  being  contaminated  with  drainage.  (See  R.  A.  Smith,  On  the 
Examination  of  Water  for  Organic  Matter,  Proc  PhiTos.  Soc.  Manch.) 

The  wholesomencss  of  water  appears  to  be  intimately  connected  with  its  state  of 
aeration.     In  perfectly  aerated  water,  the  ratio  of  oxj'gen  to  nitrogen  is  as  1  :  9  by 

Vol.  V.  3  U 
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volume  (pp.  101 4,  1017) ;  and  m  this  ndo  ii  liable  to  be  altered  bj  the  deeompotHien 
of  organic  substance  in  the  watw  (p.  1018),  the  estimation  of  the  gaseous  conteotj  e< 
water  will  often  serre, in  coi\junetion  with  the  permanganate  test,  to  indkate  the  aitnl 
character  of  the  water,  as  regards  organic  substance.  Whenerer  the  ozjgen  anoitots 
to  less  than  one-third  of  the  nitrogen,  and  the  water  also  causes  a  eonsidcfable  redtc- 
tion  of  permanganate,  the  presence  of  deoomposing  organic  substance  is  probable. 
(Miller,  ^.d<.  p.  124.) 

But  water  which  is  in  a  normal  state  of  aSration,  and  does  not  cause  anj  grcttfc  re- 
duction of  permanganate,  may  still  contain  organic  substance,  either  dissoWed  or 
suspended,  which  is  susceptible  of  puUnfaction,  and  therefore  capable  of  rsadaring  tlie 
water  unwholesome  (Hof mann  and  Bly  th,  loc.  eit.  p.  6).  Socn  water,  under  the  in- 
fluence of  warmth  end  light,  often  becomes  putrid,  and  erohres  stinking  gasss,  or 
presents  a  copious  derelopment  of  conferve  and  other  minute  organisms.  l%e  capa- 
Dility  of  water  to  remain  for  some  days  at  a  temperature  of  a£mt  23°  C^  without 
undergoing  such  change,  is  therefore  another  important  point  to  be  obaenred  in  refefaace 
to  the  question  of  wholesomeness.    (Angus  Smith,  loe,  eit,  p.  1.) 

Rirer-water  is  frequently  so  turbid,  from  the  presence  of  suspended  oiBanie  sob- 
stance,  as  to  be  unfit  for  use  without  undeigoing  filtration.  This  is  general^  afhcted 
on  the  large  scale— sand,  gravel,  and  similw  materials  being  used  for  the  pupoae.  By 
this  means  the  amount  of  organic  substance  is  to  some  extent  reduced,  and  eraa  the 
saline  contents  appear  to  be  partially  abstracted. 

The  most  effectual  method  of  punning  water  appears  to  be  that  proposed  bj  Dr. 
Claik,  of  adding  lime-water  in  such  proportion  as  to  combine  with  the  free  earbonie 
anhydride,  and  thus  precipitate  great  part  of  the  calcic  carbonate.  By  this  means  the 
water  is  rendered  soft,  and  a  considerable  portion  of  the  organic  substance  is  remored. 
Unfortunately,  the  remoral  of  the  carbonic  anhydride  renders  the  water  flat  and  unna> 
latable,  and  the  yast  mass  of  calcic  carbonate  produced  constitutes  a  serioiis  dIAcuUy. 
The  addition  of  alum  or  alominic  chloride  in  small  amount  to  the  water  has  also  bent 
proposed  for  sepaiatinff  calcic  carbonate  and  suspended  organic  substance  by  means  of 
the  Music  aluminium  ssit  produced,  and  then  adding  sodic  carbonate  to  ensure  the  separa- 
tion of  all  the  alumina.  The  addition  of  sodic  silicate  to  water  intended  for  the  ose<tf 
factories  has  been  proposed  by  Buff  and  Versmann,  so  as  to  precipitate  the  calrinm  and 
magnesium  as  silicates,  and  render  the  water  soft 

Sea-water  is  rendered  fit  for  drinking  on  board  yessels  by  distillation,  and  afterwards 
forcing  air  into  Uie  condensed  water.  (See  Ur^s  Dictionary  qf  Arts,  Mam^aetum^  and 
Minm,  iii  985.)  B.  H.  P. 

ytrjLTMtt  AVA&TSXS.  The  examination  of  natural  water  is  most  fluently 
required  for  the  purpose  of  ascertaining  its  fitness  for  economic  and  technical  use,  some- 
times alio  for  ascertaining  the  character  of  mineral  water  employed  for  medicinal 
purposes,  &c  The  mode  of  operating  is  much  the  same  in  both  cases,  so&r  as  relates 
to  the  estimation  of  the  Tarious  constituents  of  the  diasolred  contents ;  but,  in  re&r- 
ence  to  water  intended  for  ordinary  use,  seyeral  special  methods  of  examinatioti  ars 
adopted  for  estimating  the  degree  of  hardness,  amount  and  nature  of  the  organic  sub- 
stance, &B.,  which  are  not  employed  in  the  analysis  of  mineral  water. 

The  spedfie  gravity  of  water  is  best  ascertained  by  filling  a  flask  of  known  capacity 
(100  to  800  cc),  and  fttmished  with  a  long  tubular  stopper,  with  the  water  at  a  teoi- 
perature  of  15*5°  C,  and  weighing.  The  &pec\Ac  grnrity  of  fresh  water  generally 
differs  f o  little  from  that  of  pure  water  that  its  determination  is  not  a  matter  of  much 
importance. 

The  colour  of  water  should  be  obserred  by  filling  a  flat-bottomed  glass  tube  with  the 
.water,  and  looking  down  through  it  at  a  white  object,  beside  a  simiUr  tube  filled  with 
pure  water.  The  presence  of  suspended  substance  and  minute  Tegetal  or  animal  orga- 
nisms is  also  to  be  noted,  as  well  as  the  smell  or  taste,  both  cold  and  when  aligbtly 
warmed. 

Water  is  often  either  alkaline  or  acid,  and  to  ascertain  this  it  should  be  tested  witii 
Tery  delicate  litmus-paper,  observing  whether  any  change  of  colour  produced  on  it* 
.disappears  or  not  when  the  paper  is  afterwards  e^xMed  to  the  air.  In  such  cases  tlie 
reaction  may  be  due  to  the  presence  of  carbonic  aubydride  or  of  ammonia.  Water 
intended  for  analysis  should  always  be  put  at  once  into  stoppered  glsss  bottles  when 
collected,  and  these  should  be  quite  filled,  and  distinctly  labelled. 

Estimation  of  Thtal  distolned  Soiid  CmUoi^.— This  is  effected  by  evaporating  a  known 
volume  of  the  water — from  half  a  litre  to  1  or  2  litres — nearly  to  dryness  in  a  pla- 
tinum-basin, which  need  not  be  large  enough  to  contain  theiHiOie  quantity  at  onc«,  but 
can  be  filled  up  from  time  to  time.  For  this  purpose  the  water  should  be  perfiMtly 
clear ;  but  sometimes  the  separation  of  suspended  substance  cannot  well  be  tflbcted 
otherwise  than  by  leaving  the  water  for  a  long  time  to  settle,  and  then  it  is  b«it  to 
evaporau  tha  water  as  it  is.   Caie  must  ba  taken  to  avoidany  acoeas  of 4nst  orT 


WATER  ANALYSIS.  1027 

And  to  guard  against  any  loss  by  spirting.  Water  containing  a  largo  amoont  of 
gaseous  contents  must  be  very  carefully  heated  at  first,  for  this  reason.  When  the 
water  has  been  reduced  to  a  veiy  small  quantity,  and  the  dissolved  contrats  begin  to 
separate,  the  evaporation  is  completed  in  a  steam-bath,  and  the  residue  thoroughly 
dried  at  100^  C,  until  the  weight  remains  constant. 

With  mineral-water  oontaininff  magnesic  chloride,  bromide,  or  iodide,  which  are 
liable  to  be  partially  decomposed  during  the  evaporation,  it  is  advisable  to  add  a  known 

Suantity  of  pure  sodie  carlwnate,  just  sufficient  to  render  the  water  alkaline,  and  to 
educt  the  weight  from  that  of  the  diy  residue.  But  with  fresh  water  this  loss  is  of 
comparatively  Uttle  imi>ortanoe,  and  it  is  preferable  not  to  use  sodic  carbonate,  whidi 
might  cause  decomposition  of  the  orsanic  substance.    (See  p.  1023.) 

This  result  is  useful  as  a  control  of  those  obtained  in  estimating  the  several  con- 
stituents of  the  solid  contents.  No  very  dose  correspondence  can  be  expected, 
however,  especially  when  the  residue  is  dried  only  at  100^  C,  since  it  may  Uien  eon- 
tain  hydrated  salts ;  but  this  is  probably  the  best  temperature  to  employ  generally,  and 
at  any  rata  in  the  first  instance. 

EBtmcUian  qf  fixed  Mineral  Oomienis, — For  this  purpose  the  residue  obtained  by  eva- 
porating the  water  to  dryness,  is  ignited  until  all  the  carbon  of  the  organic  substance  is 
burnt  cit,  and  the  weight  noted.  As  euthy  carbonates  might  be  partially  decomposed 
by  this  treatment,  the  residue  is  then  to  be  covered  with  a  saturated  solution  of  car- 
bonic add,  again  dried,  and  heated  to  about  600°  C,  this  operation  being  repeated  until 
the  weight  remains  constants  This  result^  like  the  previous  one,  is  chiefly  useful  as  a 
control  of  the  other  results  of  analysis. 

EtHmaticn  <(f  Suapend^  SubstanoB. — It  is  often  very  difficult  to  render  turbid  water 
clear  by  filtxation,  and  in  such  cases  it  is  best  to  evaporate  the  water  at  once  with  the 
suspended  substance,  and  to  fill  a  laige  stoppered  bottle  of  known  capacity  with  the 
water,  leaving  it  until  the  suspended  substance  has  subsided ;  then  to  diaw  off  the 
clear  water,  collect  the  sediment  on  a  filter,  dried  and  weighed  at  100^  C.,dry  it  at  the 
same  temperature,  and  weigh,  afterwards  burning  the  filter  and  its  contents,  and 
weighing  the  residue.  The  weight  of  the  suspended  substance  dried  at  100°  is  then 
to  be  deducted  from  that  of  the  residue  left  on  evaporation  of  the  water  (p.  1026), 
and  after  its  ignition  the  weight  is  to  be  deducted  from  that  of  the  ignited  residue  of 
evi^ration. 

EstimaHcn  of  Hardness. — Clark's  method  is  based  uptm  the  fact  that  when  pure 
water  is  mixed  with  a  very  small  quantity  of  alcoholic  solution  of  soap,  and  shaken  for 
a  few^ninutes,  a  froth  is  produced,  which  is  persistent  for  some  minutes,  while,  on  the 
contrary,  when  the  water  contains  caldc  or  magnesic  salts  in  solution,  no  such  froth  is 
produced  until  a  sufficient  quantity  of  soap-solution  has  been  added  to  decompose  these 
salts.  The  quantity  of  soap-solution  requisite  to  produce  the  froth  in  water  containing 
such  salts  is,  moreover,  to  such  an  extent  proportionate  to  the  amount  of  these  salts 
in  the  water,  that  with  a  soap-soluUon  of  uiown  volumetric  value,  the  degree  of  hard- 
ness is  indicated  by  the  quantity  requisite  to  produce  the  froth  in  a  given  quantity  of 
water. 

The  hardness  of  water  is  expressed  in  degrees,  each  of  which  represents  *01  grm. 
of  caldc  carbonate,  or  its  equivalent  of  any  other  c»ldc  or  magnesian  salt  in  the  litre 
of  water. 

The  soap-solution  is  made  by  dissolving  white  curd-soap  in  alcohol  (spedfic  gravity 
»'92),  and  its  strength  is  a^usted  so  that  100  ce.  suffice  to  produce  the  froth  with 
100  c.c  of  a  solution  having  20®  of  hardness.  This  solution  is  prepared  by  dissolving 
*20  grm.  of  pure  caldc  carbonate  in  hydrochloric  add,  evaporating  the  solution  to  diy- 
nees,  so  as  to  remove  all  excess  of  acid,  then  dissolving  it  in  pure  water,  and  making 
up  the  volume  to  exactly  1  litre.  This  standard  caldum-solution,  of  20°  of  hardness, 
is  preserved  in  a  well-stoppered  bottle.  A  series  of  other  calcium-standards,  varpng 
from  one  degree  upwards,  may  be  made  by  diluting  that  solution,  in  due  proportions, 
with  pure  water. 

The  water  to  be  examined  is  measured  with  a  pipette,  guaged  to  deUver  100  cc.  into 
a  stoppered  bottle  of  about  double  that  capadty ;  uid  the  soap-solution  is  added  to  it 
from  a  ffzaduated  burette  in  small  successive  portions,  the  water  being  well  shaken  in 
the  bottte  after  each  addition.  This  is  continued  until  a  persistent  froth  appears  on 
the  surfiioe  of  the  water.  A  second  experiment  is  then  made  comparatively,  with  the 
water  and  the  standard  solution  to  which  it  approximates  most  closely  in  hardness. 

When  the  hardness  of  water  exceeds  20°,  tbe  indications  of  the  soafv-test  do  not 
correspond  with  the  amount  of  caldc  and  magnesie  salts  in  the  water,  and  in  that  case 
it  should  be  diluted  with  such  a  volume  of  pure  watsf  ,  that  its  hardnsss  is  reduced  to 
witiiin  20°,  and  100  c.c  of  the  mixture  tested.  The  degree  of  hardness  found  for 
the  mixture  is  multiplied  by  2,  3,  or  4,  according  to  the  extent  to  which  the  water  has 
been  diluted. 

3v2 
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When  the  wat«r  eoDtuns  an;  considsrablc  smount  of  migDMie  salU,  ths  iDdMBttin 
of  the  KWp-t«t  do  not  raprnvnt  the  full  degrre  of  hsriiipm.  It  ii  theiefon  tiwtjt 
ntcrenrj,  aftec  ftpplfing  the  sosp-tast,  to  ascerljuD  irhdhFr  mngixaie  nlu  an  pnamit. 
or  thnir  preseuM  msj  be  reoigiiiBed  b;  th«  curd;  appeanoce  of  tha  -wMtr  ihei  tha 
eiperimetiL     (CHDpbell,  Phil.  Mag.  mvii.  171.) 

After  eetzmating  the  total  hardneM  of  irftter  as  abore,  a  known  qmDti^  of  tbe 
water  ahoold  be  boiled  for  an  boor  in  a  gUaa  flask  with  ■  tube  three  or  four  feet  long, 
reatiagonits  oedbya  bnlb  blown  at  the  lower  end,  to  gerre  for  condeniiag  the  wetrn^ 
Taponr,  When  the  water  ii  cold,  aome  pore  water  U  added,  to  make  np  exactly  for  the 
loeii  by  erapontion,  and  the  hardceee  ie  ngatn  eetiinatfd  by  the  •oap-tesL  It  is  geii»- 
rally  found  to  be  reduced,  aflei  thewslerhu  been  boiled,  in  conaeqnmeeof  tlie  pncipi' 
tation  of  calde  and  magnetic  carbonatea,  originally  held  in  •olotion  by  cubeuie 
anhydride. 

EtUmatiiM  of  lIuCarbonatttprtdpitattdiyBiiUmg. — For  thia  jmrpoae  the  precipitate 
fanned  in  the  laet  experiment  maj  be  collected  on  a  waghed  filter,  waahed,  dnrd  it 
100°,  and  weighed ;  any  portion  of  tlie  precipitate  adhering  to  the  Saak  lB»be  weighed 
by  drying  the  flaak,  weighing  it,  and  deducting  the  wiight  «f  tha  flask.  The  whole  of 
the  pieci^iale  it  (hen  diseolred  by  hydiodilorie  add,  and  the  ealeiam  and  the  nu^gne- 
aium  sepBiBted  and  estimated  (iii  75S;  i.  717).  Thia  precipitate  may  contain  irat, 
manganese,  phosphoric  add,  silica,  and  snlpbnnc  add,  which  ahould  be  tested  fer  and, 
if  tequilite,  estimated.  Sometimes,  as  in  the  analysis  ct  tMib  water,  it  is  deeinhls 
to  ersporate  the  water  to  one-half  or  one-foufth,  befne  collecting  the  pred^ntatai 

EUmMaau  of  Me  Gattoiu  Comlcait.—Var  this  onipwe  a  gbbolar  g^asa  Sttk  A 
(jt^.  8Z2)  of  aboBthalfalitreoralitneapacily,  andhaTiiig  a  strong  piece  of  mlcaniaed 
CsoDlehone  tabe  Btighlly 
Fig.  833.  fitted  to  its  net^  is  qoita 

filled  with  the  watrr  to 
be  Bxamined,  and  thci 
eloaed  by  meana  of  a  bnea 
screw -clamp  C,  wKrfi 
presses  the  sidet  oF  tha 
tnbe  dose  togsthrr.  The 
other  end  of  the  aoot- 
choue  tube  is  then  tiglitly 
eonaccted  with  the  bent 

SwtabeOEF.havinga 
b  at  P.    Thia  bntb  is 
partJy  filled  with  water 
which  ia  made  to    boil 
briaUy,  while  the  cUmp 
C  is  still  doead,  and  tha 
deliTBiy  end  of  the  tnbe 
D  dip!  into  miicary,  so 
as  to  drive  the  air  mn  of 
the  tnbe.    AAac  the  boil- 
ing baa  been  eontinned 
tbrlOorlSminntea,  nntil 
DO  more  air  HcapcB  atD^ 
the  jar  K  is  filled  with 
menmry,  and  placed  o*er 
the  deUTeiy  end  of  tbe 
tube.      The  damp  C  ia 
then  remored.  ud    bfM 
£  applied  to  the   flaak  A, 
-  until  the  water boila.  Tha 
boiling  must  be  etetdilj 
kept  up  for  folly  an  hoar, 
and  at  last  the  water  ia  made  to  boil  bri^y  tur  a  few  mtnnUa,  so  aa  to  flJl  the 
deliTery-tnbe  with  st«am,  and  drire  all  the  gae  discharged  from  the  watfc  out  of  lh« 
tub*  into  the  jar  M.    The  gas  is  then  meaeured  and  analyaed  in  the  usual  way. 
(AnaLTSis  OF  Oasra,  i.  3S8.) 

eiimation  of  Orgatiie  fiuMoMc— For  the  reasons  ahaady  elated  (at  p.  1013),  th« 
loss  of  weight,  caused  by  igniting  the  leeidue  left  on  evaporating  water  to  dijuem, 
affhrd*  no  adeqaata  indication  of  the  amount  of  organic  substance  ;  but  it  ie  often  asc- 
fiil  to  obeerre  the  effect  of  heatnpon  this  re«idne  when  Igniting  it  (p.  1027),  ae  a  meana 
'tfJB^ngaa to  tha  amount  and  iiBtunofliMoifaDiesubeUscapneent,«Dd  also  as  te 
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lb*  pretence  of  nitrates.  Sereral  methode  have  been  pzopoeed  for  the  purpose  of  ex- 
amining  water  for  oi^ganie  snbetance,  but  the  one  which  has  been  most  used  is  l^sed 
upon  the  characteristically-marked  oxidising  action  of  potassic  permanganate.  Oxalic 
acid,  dissolTed  in  water,  acidulated  with  sulphuric  add,  is  re^dilj  and  completely 
oxidised  by  permanganate,  yielding  carbonic  uihydride  and  water,  as  follows : 

Mn«K»0*(     (2  SMnO*(  ^  ^jj^ 
8  8H»0«   J  "J    SK»0*  (  *  *^^- 

(  6  0  (80)  J        6H«0 

6  CFES)*  (460)  {  "  10  C0». 

In  like  manner,  when  a  few  drops  of  a  weak  solution  of  permanganate  are  added  to 
water  containing  organic  substance  and  acidulated  with  sulphuric  or  hydrochlorieaeid, 
the  permanganate  yields  oxygen  to  the  organic  substance,  and  tiie  yiolet  colour  disap- 
pears. By  testing  the  water  with  a  permanganate-solution  of  known  strength,  it  is 
therefore  possible  to  ascertain  how  much  oxygen  the  oiganic  substance  it  contains  may 
be  capable  of  abtotnidinff  from  permanganate. 

The  permanganate-solution  for  testing  water  should  be  of  such  strength  that  1  cc 
will  be  capable  of  yielding  exactly  *000l  grm.  of  oxygen  (—'0003956  crystallised  per- 
manganate). Its  strength  should  be  ac^usted,  immediately  before  using  it,  by  means  of 
a  freshly-prepared  solution  of  crystalhsed  oxalic  add  containing  '7876  ffrm.  per  litre. 
100  c  c  of  this  solution,  warmed  with  some  dilute  hydrochloric  or  sulphunc  add,  should 
decolorise  exactly  100  c.c  of  the  permanganate-solution. 

In  applying  the  test,  a  litre  of  the  water  is  mixed  with  add  in  a  glass  flask,  and  the 
permanganate  added  from  a  graduated  burette,  in  small  successiTe  portions,  until  the 
water  retains  a  very  faint  yiolet  tinge,  the  rate  of  decoloration  being  noted  mean- 
while. It  is  then  left  for  some  minutes,  and  if  the  colour  disappears,  a  further  quan- 
tity is  added,  the  observation  being  continued  in  this  way  for  two  or  three  hours  or 
more.  When  the  colour  remains  unaltered  for  half  an  hour,  therolume  of  permanga- 
nata-eolution,  read  off  in  cubic  centimetres,  with  a  small  deduction  for  tne  portion 
which  has  remained  unaltered,  gives  the  quantity  of  oxygen  absorbed,  in  tenths  of  a 
milligramme  per  litre  of  water.  By  operating  in  this  way,  some  judgment  may  be 
fonned  as  to  tne  state  of  the  organic  substance,  or  some  portion  of  it,  from  the  rate  of 
decoloration.    (R.  A.  Smi  tb,  Eatwuttion  qf  Oraanio  Substance  in  Water ^  p.  7.) 

The  decoloration  produced  during  the  first  flTe  or  ten  minutes,  may  m  taken  to 
represent  putrescent  or  readily  oxidisable  oiganic  substance,  regard  bdng  had  to  the 
possible  presence  of  nitrites ;  and  a  portion  of  the  organic  substance  is  generally  found 
to  require  a  much  longer  time  for  oxidation — often  as  much  as  24  hours. 

The  test  may  also  l^  applied  by  adding  at  once  a  measured  excess  of  the  permanga- 
nate-solution to  the  water,  and  leaving  it  for  three  hours,  then  adding  a  snudl 
qtiantity  of  potassic  iodide-solution  with  some  starch-paste,  and  estimating  the  quantity 
of  iodine  liberated  by  the  excess  of  permanganate,  with  a  standard  solution  of  disodic 
hyposulphite  containing  1  grm.  of  Uie  salt  per  litre.  The  quantity  of  this  solution 
requirea  to  destroy  the  blue  tint  must  be  read  off  the  instant  that  colour  disappears,  as  it 
returns  after  some  time.  The  difference  in  cubic  centimetres  between  the  permanganate- 
solution  added,  and  the  hyposulphite-solution  used,  gives  the  volume  of  permanganate 
decoloriaed  by  the  ommic  substance  of  the  water.  (Mi Her,  Chem.  Soc  J.  xviii.  117.) 

If  the  water  under  examination  should  contain  nitrites,  they  would  decolorif>e 
permanganate  in  the  same  way  as  oiganic  substance ;  but  their  action  is  so  very  much 
more  rapid  than  that  of  organic  substance,  that  the  decoloration  due  to  them  may  be 
estimated  approximatively  by  this  difference,  or  still  better  as  directed  at  p.  1033.  For 
each  '001  grm.  per  litre  of  nitrous  add  (NO*),  *000348  oxygen,  or  34*78  cc.  of 
permanganate-solution,  is  requisite. 

The  prindpal  defect  of  the  permanganate  test  is,  that  it  affords  no  certain  means  of 
distinguishing  between  harmless  organic  substance  and  that  which  may  be  deleterious, 
except  in  so  &r  as  putrescent  substances  would  probably  be  oxidised  by  the  permanga- 
nate most  readily  and  most  rapidly.  Nor  does  it  affoi^  any  means  of  distinguishing 
nitrogenous  oiganic  substance,  which  is  considered  to  be  the  most  prejudicial  to  the 
character  of  water  for  domestic  use. 

With  the  view  of  superseding  the  permanganate  test,  it  has  been  stiggested,  by 
Frankland  and  Armstrong  (Chem.  Soc  J.  xxi.  77,  et  9eq.\  that  the  carbon  and 
nitrogen  of  the  organic  substance  may  be  estimated  by  operating  upon  the  water  residue, 
mudi  in  the  same  way  as  the  analysis  of  organic  substances  is  made  (i.  226  et  seq.). 

For  this  purpose,  I  litre  of  the  f^h  water  is  mixed  with  30  c.c  of  a  fresh 
saturated  solution  of  sulphurous  add,  and  boiled  for  two  or  three  minutes.  By  this 
treatment,  the  carbonates  are  completely  decomposed,  and  the  carbonic  add  expelled. 
Unless  the  water  contains  a  considerable  amount  of  carbonatea,  2  grms.  of  sodie 
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mlphite  if  also  to  be  added,  for  eosuxiog  the  ntoAtion  of  the  snlphime  aeids  aft«r- 
waras  produced  during  the  erapontion  of  the  water  to  drjneie.  The  nitrites  aad 
nitrates  in  the  water  are  also  deoompoeed,  and  when  there  ia  a  minute  quantitj  of 
iron  or  phoepborio  acid  present,  everj  trace  of  nitzooen  existing  in  those  forms  is 
sepantea.  To  ensure  this  result^  however,  it  is  advisable  to  add  a  few  drope  of  ferrie 
duoride  solution  to  the  water  before  eraporatinff  it.  The  residue  obtained  from  a 
solution  of  *1  grm.  potassic  nitrate  (:b*0I4  grm.  N)  and  '1  grm.  sodic  chloride  in  pure 
water,  treated  as  aix>Te  described,  gave,  on  combustion,  '00269  grm.  of  nitrogen ;  but 
the  residues  of  similar  solutions,  to  which  a  drop  of  ferric  chloride  had  beeo  added, 
gave  no  trace  of  nitro^n  on  combustion.  Thrae  drops  of  ferrie  chloride  solutioo 
removed  all  trace  of  mtrates  from  half  a  litre  of  water  containing  24*66  parts  ef 
nitrogen  as  nitrates  and  nitrites,  in  1,000,000  pts. 

AfUr  evaporating  the  water  to  dryness,  at  100^  C,  the  drv  residue  is  mixed  with  a 
few  grammes  of  plumbic  chromate,  and  the  whole  transferred,  in  the  usual  war 
(L  232),  to  a  tube  16  inches  long  and  sealed  at  one  end.  The  tube  is  then  charged  wiu 
some  granulated  cupric  oxide,  and  with  briffht  copper  turnings  for  about  8  inches  of 
its  lei^;th  at  the  front  part,  and  the  open  end  drawn  out  before  the  blowpipe  and  beat 
downvnuds,  so  that  it  can  be  connected  with  a  Sprengel  exhaustion-pump  bj  a  piece  of 
caoutchouc  tube,  and  the  connection  immersed  in  a  small  vessel  of  water  (as  aoown  at  A, 
fy,  823).  The  front  part  of  the  combustion-tube  is  then  made  hot»  and  the  pump  worked 

^.  828. 


for  fire  or  ten  minutes,  until  the  air  in  the  tube  is  as  perfectlv  exhausted  as  possible. 
The  calibre  of  the  pump-tube  should  be  1  millimetre,  and  it  is  advisable  to  allow 
the  mercury  to  flow  veiy  slowly,  until  the  exhaustion  is  nearly  complete,  when  a  rqpid 
stream  is  necessaxy  to  remove  the  last  portion  of  air. 

To  prevent  any  leakage  of  atmospheric  air  into  the  pump,  the  caoutchouc  pineh- 
eock  at  B  should  be  enclosed  in  a  wiae  piece  of  yulcanisea  tube,  and  the  clamp  placed 
outside  this,  while  the  annular  space  between  the  two  tubes  is  filled  with  giyoerin,  so 
that  the  pinchcock  is  entirely  immersed  in  this  liouid.  With  this  arranffement,  which 
is  shown  on  a  larger  scale  at  D,  the  vacuum  remams  perfect  for  several  days. 

A  tube  d,  flUed  with  mercury,  is  then  placed  over  the  bent  end  b,  of  the  pomp  in  tha 
mercury  trough  C,  to  collect  the  gaseous  products ;  and  the  combustion  is  conducted  in 
the  usual  way  (L  283),  care  being  taken  that  it  proceeds  very  slowly  at  first,  othsrwisa 
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a  imall  quantity  of  carbonic  oxide  might  be  formed.  The  operation  usuallj  lastc 
nearly  an  honr,  and  at  its  concluaion  nu  gas  will  hare  passed  into  the  tube  d^  unleM 
the  water  residue  contained  much  organic  substance.  The  pump  is  then  set  to  work 
again  for  five  or  ten  minutes,  to  transfer  the  gas  into  the  tube  d.  This  gas,  consist* 
ing  of  carbonic  anhydride,  nitric  oxide,  and  nitrogen,  is  analysed  in  the  usoal  way 
(An^Tsis  OF  Gases,  i.  268).  By  this  method,  '0000005  grm.  carbon,  and  '000001  grm. 
nitrogen,  are  stated  to  be  distinctly  measurable  quantities. 

The  quantities  of  gases  thus  obtained  represent  the  carbon  and  nitrogen  of  the 
organic  substance  contained  in  a  litre  of  the  water,  and  any  nitrogen  preeent  in  the 
water  as  ammonia.  As  the  amount  of  ammonia  is  estimated  separately,  the  quantity 
of  nitrogen  corresponding  to  it  can  be  deducted  firom  the  total  quantity. 

The  accuracy  of  the  results  obtained  by  this  method  evidently  depends,  in  a  great 
measure,  upon  the  perfect  removal  of  air  from  the  tube  by  the  Sprengel  pump ;  and 
to  ascertain  the  extent  to  which  this  can  be  done,  two  combustions  were  made  with 
'01  grm.  sugar,  and  the  quantity  of  nitrogen  found  was  -019  cc,  and  -013  cc  at  0**  C. 
and  760  mm.  pressure,  corresponding  to  '000024  and  '000016  grm.  of  nitrogen,  or 
'024  and  *016  parts  in  1,000,000  parts  of  water. 

The  ooirection  to  be  made  for  the  error  thus  arising  from  imperfect  exhaustion,  is 
comprised  in  another  correction  for  enors  of  manipulation  and  apparatus,  the  amount 
of  which  is  to  be  ascertained  by  making  several  blank  experiments,  in  which  a  litre  of 
pure  water  mixed  with  15  c  c  of  sulphurous  acid  solution,  and  about  1  grm.  of  recently 
ignited  sodic  chloride,  is  evaporated  to  dryness,  and  a  combustion  made  with  the 
residue,  as  above  described.  The  mean  quantities  of  carbon  and  nittogen  found  in 
these  experiments,  are  to  be  deducted  frtmi  those  obtained  in  the  combustion  of  water 
residues.  In  order  to  reduce  these  errors  to  a  minimum,  it  is  of  the  utmost  importance 
to  ensure  the  purity  of  the  cupric  oxide  and  plumbic  chromate,  &c.  used  in  the  opera- 
tion, and  to  guard  against  any  access  of  dust  or  organic  substance  to  them,  or  to  the 
water,  during  any  stage  of  the  operation. 

To  show  the  extent  to  which  this  method  may  be  depended  upon  for  estimating  the 
minute  quantities  of  carbon  and  nitrogen  in  the  organic  substances  likely  to  be 
present  in  a  litre  of  water,  several  experiments  were  made  with  pure  water,  mixed 
with  carbonates  and  known  quantities  of  sugar  or  urea,  varying  from  *01  to  *035  grm. 
per  litre.  The  results  obtained  for  carbon  differed  from  the  calculated  quantities  to 
the  extent  of  from  1*28  to  15  per  cent.,  the  average  apparent  error  being  '00043  grm. 
on  the  carbon ;  the  largest  difference  representing  1*22,  and  the  smallest  '06  parts  of 
carbon  in  1,000,000  parts  of  water,  or  2*022  and  '3  parte  of  the  oiganic  substance. 
The  results  obtained  for  nitrogen  differed  from  the  calculated  quantities  to  the  extent 
of  from  *64  to  5*83  per  cent.,  and  in  one  instance  25'1  per  cent.,  the  average  apparent 
error  being  *00035  grm.  on  the  nitrogen ;  the  largest  difference  representing!  *21  and 
'55,  and  the  smallest  '03  parts  of  nitrogen  in  1,000,000  parts  of  water,  or  2*59,  1*17, 
and  '13  parts  of  the  organic  substance.  The  quantities  of  nitrogen  operated  upon  in 
t  heee  experiments  were  much  larger  than  those  found  in  water  of  moderate  quality. 
With  mixtures  of  pure  water,  calcic  carbonate,  and  sewage,  in  three  different  propor- 
tions, the  following  results  were  obtained : 


Sewage        .        .         •        .        «        100,000 
Water ;      900,000 

10,000 
990,000 

1,000 
999,000 

In  1.000.000  paru. 

Organic  Carbon   .... 

„        Nitrogen,  and  / 
Nitrogen  of  Ammonia) 

302 
3'30 

'33 
•88 

'06 
04 

The  method  proposed  by  Wan klyn  in  conjunction  with  Chapman  and  Smith 
(Chem.  Soc.  J.  xx.  445,  591),  relates  especially  to  the  nitrogenous  organic  substance  in 
water.  It  does  not,  any  more  than  the  combustion  or  the  permanganate  method,  afford 
the  means  of  estimating  the  actual  amount  of  this  substance ;  but  it  has  the  advantage 
of  being  directly  applicable  to  the  water  itself,  and  of  furnishing  results  in  a  very 
short  time  without  much  trouble,  so  that,  in  reg^ard  to  nitrogenous  orsanie  subetance, 
it  corresponds  to  the  soap-test  as  regards  hardness.  This  methoa  of  testing  the 
quality  of  water  is  based  upon  the  fact  that  albumin  and  the  nitrogenous  substances 
sometimes  present  in  water,  yield  a  considerable  portion  of  their  nitrogen  in  the  form 
of  ammonia  when  heated  with  a  strongly  alkaline  solution  oi  potassie  permanganate. 
Fur  this  purpose,  it  is  necessary  in  the  first  place  to  separate  toe  anmonia  existing  as 
euch  in  the  water,  and  to  decompose  any  urea  that  may  be  pxefent  Hie  operation  ii 
conducted  as  follow! : — 
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I.  A  litre  of  the  water  is  mixed  with  about  2  prms.  sodie  earbonate  in  a  retort,  and 
rapidly  distilled,  until  the  distillate,  collected  in  separate  fractions  of  100  c  c^  do 
longer  gives  any  indication  of  ammonia  with  Nessler^s  test.  With  ordinarily  good 
water,  this  generally  happens  when  about  300  c.  c.  has  passed  over,  and  then  th« 
distillation  is  stopped.  The  quaintity  of  ammonia  in  the  first  100  ce.  may  be  ttHi- 
mated  as  ammonia  actually  present  in  the  water,  and  that  in  the  remaindar  of  the 
distillate  as  representing  urea,  or  the  whole  may  be  estimated  together  (see  under). 
The  decomposition  of  urea  by  boiling  with  sodic  carbonate  appears  to  depend  rerj 
much  on  the  presence  of  such  impurities  as  generally  accompany  it  in  orine  or  sewage; 
pure  urea  is  very  slowly  and  imperfectly  decomposed  {loe.  eit.  p.  694). 

II.  The  portion  of  the  water  remaining  in  the  retort  is  then  mixed  with  20  cc.  of 
caustic  potash  solution — equal  parts  potash  and  water — and  again  distilled.  When 
300  c  c  has  passed  over,  the  distillation  is  stopped,  and  the  ammonia  in  the  distillata 
estimated  by  the  Nessler  test. 

HI.  About  *3  grms.  of  crystallised  potassic  permanganate  ia  then  added  to  the 
contenta  of  the  retort,  and,  if  requisite,  100  or  200  c.c.  of  pure  water,  the  distillation 
recommenced,  and  continued  untu  300  cc  has  come  over.  The  ammonia  in  this  dis- 
tillate  is  estimated  as  before,  and  taken,  together  with  that  in  the  second  distillate,  as 
representing  about  two-thirds  of  the  nitrogen  in  the  albuminoid  substance  present  in 
the  litre  of  water. 

Experiments  made  with  solutions  containing  from  7  to  42  pts.  fresh  white  of  egg, 
or  from  1  to  6  pts.  of  dry  white  of  egg  in  1,000,000  pts.  of  pure  water,  gave,  b^  this 
treatment,  quantities  of  ammonia  which  corresponded  with  the  quantities  uf  whit«  of 
egg  to  within  5  per  cent.,  the  average  absolute  error  being  '000004  grm.  on  tha 
calculated  quantity  of  ammonia  obtainable. 

Eiiimaiion  qf  Ammonia, — A  litre  of  the  water  it  mixed  with  2  grms.  sodic  carbonate, 
and  distilled  until  100  or  200  c.c.  has  passed  over,  and  the  ammonia  etttimated  in  the 
distillate  by  Nessler's  method. 

The  test-liquid  for  this  purpose  is  prepared  by  mixing  a  concentrated  solution  of 
mercuric  chloride  with  a  solution  of  potassic  iodide  in  4  parts  of  water,  until  the 
mercuric  iodide  formed  ceases  to  be  dissolved  on  stirrinff  the  mixture ;  then  adding 
Ix>tash-solution — equal  parts  potash  and  water — until  the  potash  amoonts  to  six 
times  as  much  as  the  mercuric  chloride,  and  diluting  with  water  until  the  liquid  coo- 
tains  about  25  grammes  per  litre  of  mercuric  chloride.  After  a  day  or  two,  the  liquid 
becomes  clear  and  colourless,  and  it  is  then  decanted  off  for  use. 

About  3  C.C  of  this  test-liouid  is  added  to  one-half  of  the  distillate  from  the  water, 
in  a  tall  narrow  glass  jar,  ana  if  it  contains  no  ammonia  no  alteration  of  colour  is 
produced ;  but  if  ammonia  is  present,  to  the  extent  of  more  than  '002  per  litre,  tha 
water  acquires  a  yellowish  tinge,  which  is  deeper  in  proportion  to  the  quantity  of  am* 
monia,  and  when  this  is  large  a  precipitate  is  produced. 

The  quantity  of  ammonia  in  the  distillate  may  be  estimated,  approximately,  by  tha 
depth  of  colour,  and  afterwards  more  accurately  by  comparing  the  depth  oS  colour 
produced  in  the  other  half  of  the  distillate  with  that  produced  in  an  equal  voiuau  of  a 
solution  containing  a  known  Quantity  of  animonia,  aa  nearly  a«  can  be  judged  equal  to 
that  in  the  distillate,  on  adding  to  each  equal  quantitie$  of  the  test-«olution.  and 
repeating  this  comparative  observation  with  different  quantities  of  ammonia,  until  tha 
tint  of  the  standara  solution  coincides  with  that  of  the  distillate.  For  this  purpoos  a 
standard  solution  of  ammonic  chloride,  containing  *317  grm.  («-  *1  grm.  Nil')  per 
litre,  is  prepared,  and  kept  for  making  the  solutions  for  comparison,  by  mixing  a 
measured  quantity  with  pure  water  to  the  volume  of  100  cc 

By  this  means  very  small  quantities  of  ammonia  may  be  estimated  to  within  abovt 
5  per  cent,  of  the  actual  quantity.  When  the  amount  of  ammonia  in  the  water 
exceeds  '001  grm.  per  litre,  the  distillate  must  be  diluted  with  water  fr-ee  from  «fii- 
monia  before  applying  the  test ;  or  the  ammonia  may  be  estimated  with  a  standard 
solution  of  sulphuric  acid  (i.  190,  261). 

Eiiimaiion  of  Nitrates  and  Nitrites. -^The  presence  of  nitrates  or  nitrites  in  water 
may  be  indicated  by  the  deflagration  of  the  residue  left  on  evaporation,  when  it  is 
igmted ;  or  one  of  the  tests  for  nitric  or  nitrous  acids  (described  in  iy.  S3,  86) 
may  be  ap^ied  to  a  portion  of  the  water  evaporated  to  a  tenth  of  its  volume,  and 
filtered.  The  amount  of  nitrous  acid  may  be  approximately  estimated  by  means  of 
permanganate-solution,  espedally  if  there  is  no  oi^^ic  substance  present,  or  if  it  can 
be  separated  by  mixing  the  water,  before  evaporating  it,  wHh  a  few  drops  of  alnminio 
chlonde,  and  then  with  sodic  carbonate,  and  filtering.  Each  cubic  centimetre  of  tha 
permanganate  decolorised  by  nitrates,  represents  '0002876  grm.  NO*.  Tha  results 
thus  obtained  will  always  be  somewhat  uncertain. 

Professor  Frankland  estimates  the  total  amount  of  nitrogen  present  in  tha  form  of 
nitrates  and  nitrites  by  a  method  based  on  the  reduction  of  the  adds  by  mercury 
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(Crnm,  Phil.  Mag.  xxx.  426).  A  litre  or  half  a  litre  of  the  wafer  is  craporated  to  a 
•mall  bulk,  mixed  with  a  very  slisht  excess  of  argentic  sulphate  to  convert  any  chlorides 
into  sulphates,  and  filtered.  When  the  water  contains  nitrites,  they  shoold  be  con- 
verted into  nitrates  before  the  evaporation,  by  means  of  permanganat<*-solation . 
The  filtered  liquid  is  then  evaporated  in  a  small  beaker,  to  about  2  or  3  ex,,  and 
transferred  to  a  glass  tube  open  at  one  end,  and  furnished  with  a  stopcock  and  funnel- 
shaped  mouth  at  the  other  end,  as  shown  in  Jig.  824.  This  tube  is  firtt 
filled  with  mercury  in  the  mercury>trough,  and  after  the  water-residue  has  ^* 
been  poured  in,  the  beaker  is  rinsed  first  with  water,  and  then  with  rather  °*^' 
more  than  3  cc  sulphuric  acid,  which  is  also  poured  into  the  tube,  care  begin 
taken  to  avoid  the  admission  of  an^  air  below  the  stopcock.  This  is  then 
clost'd,  and  the  lower  end  of  the  tube  is  closed,  while  immersed  in  the  mercuiy- 
trough,  by  the  thumb ;  so  that^  on  removing  the  tube  from  the  trough,  the 
contents  of  the  tube  may  be  shaken  well  together,  while  an  unbroken  column 
of  mercurv,  at  least  an  inch  long,  remains  Mtween  the  acid  liquid  and  the 
thumb.  The  evolution  of  nitric  oxide  soon  begins  to  exert  a  pressure  within 
the  tube,  which  should  be  resisted;  and  within  five  minutes,  when  the 
reaction  would  be  at  an  end,  the  gas  is  transferred  under  mercury  to  a  suit- 
able measuring  apparatus,  and  the  volume  determined  in  the  usual  way. 

'1  o  ascertain  the  degree  of  accuracy  of  this  method,  two  experiments  were  made 
with  -02  and  '01  gnn.  of  potassic  nitrate ;  these  gave  quantities  of  nitrogen, 
which  were  '000125  and  '000038  grm.  in  excess  of  the  calculated  quantides. 
It  was  ascertained  that  urea,  creatine,  uric  and  hippuric  acid,  pave  no  trace  of 
gas  when  agitated  with  mercury  and  concentrated  sulphuric  acid. 

EsHmation  of  Sulphuric  Acid. — ^A  litre  of  the  water  is  evaporated  in  a 
beaker  to  one-fuurth  or  less,  then  acidulated  with  h^pdrochlorio  acid  to  dis- 
solve any  precipitate,  baric  chloride  solution  added  m  excess,  and  the  pre- 
cipitate collected  as  described  at  p.  587. 

Estimation  of  Chlorine. — A  litre  or  more  of  the  water  is  evaporated  to  about 
200  cc,  acidulated  with  nitric  acid,  and  the  chlorine  estimated  as  argentic 
chloride,  as  described  in  i.  903. 

With  water  containing  large  amounts  of  sulphates  or  chlorides,  it  is  not 
necessary  to  operate  on  so  much  as  a  litre,  or  to  evaporate  the  water.  This 
mav  be  judged  of  by  the  qualitative  examination  of  the  water. 

EaUmation  of  Carbonic  Acid. — That  portion  of  the  carbonic  acid  which  cor- 
responds to  the  neutral  carbonates  in  the  water,  may  be  estimated  by  evapo- 
rating a  quantity  of  the  water  nearly  to  dryness,  in  a  small  glass  flask,  and  treating  the 
residue  as  described  under  the  heads  AaDiXBTBT  and  AuLLLonnaY  (i.  38  and  119). 

The  total  amount  of  carbonic  add  in  mineral-water  may  also  be  estimated  by  mixing 
a  measured  quantity  of  the  water  with  about  one-fifth  of  a  perfectly  clear  solution  oi 
baric  chloride  and  ammonia  in  a  well-stoppered  bottle,  and  leaving  it  for  some  days 
until  the  precipitate  has  perfectly  subsided.  The  clear  liquid  is  then  decanted  off,  as 
much  as  possible  without  access  of  air,  the  bottle  filled  with  warm  water  free  firom 
carbonic  acid,  closed,  and  left  till  the  precipitate  has  subsided ;  the  clear  liquid  is  then 
decanted,  and  this  operation  repeated  until  the  precipitate  is  sufficiently  washed.  It 
is  then  collected  on  a  filter,  dried,  ignited,  and  weighed,  care  being  taken  that  any  por- 
tion causticised  during  the  burning  of  the  filter  is  reconverted  into  carbonate.  The 
amount  of  carbonic  acid  is  then  estimated,  either  in  the  whole  or  in  a  portion  of  this 
precipitate,  with  dilute  nitric  acid,  in  an  apparatus  similar  to/;^.  6  (i.  119);  but  having 
a  bulb  blown  on  the  tube  a  6  at  the  upper  end,  while  the  lower  end  reaches  only  half- 
way into  the  flask,  and  is  contracted,  so  that  the  acid  contained  in  the  bulb  at  b  cannot 
How  out  into  the  flask,  while  the  wax  or  caoutchouc  plug  is  in  its  place.  After 
weighing  the  flask,  the  plug  is  loosened  for  an  instant  to  Jet  out  some  acid,  and  this  is 
repeated  from  time  to  time  until  the  carbonate  is  completely  decomposed.  The  flask  A 
IS  then  placed  in  hot  water,  suction  applied  very  gently  to  the  tube  d,  while  the  plug 
i-^  loosened  at  the  same  moment,  and  air  is  drawn  throng  until  the  carbonic  aad  is 
entirely  removed,  when  the  apparatus  is  again  weighed. 

Egtimation  of  Sulphuretted  Hydrogen. — A  litre  or  more  of  the  water,  acidulated  with 
acetic  acid,  is  mixed  with  some  thin  starch-paste  in  a  laree  flask,  ^d  a  solution  of  iodine 
in  potassic  iodide  added  from  a  graduated  burette,  until  a  persistent  bine  coloration 
is  produced.  The  iodine-solution  used  for  this  purpose  should  contain  7938  grm.  per 
litre,  and  then  each  cubic  centimetre  represents  *0001  grm.  sulphur. 

EsHmation  of  Iodine  and  Bromine.— -The  residue  obtained  by  evaporating  10  or  20 
litres  of  the  water  in  a  platinum-basin,  is  rubbed  with  alcohol  of  90  per  cent  until 
all  the  soluble  portion  is  extracted.  The  solution  is  then  filtered  and  evaporated  to 
dryness.  In  the  residue,  iodine  is  estimated  with  palladic  chloride  as  directed  in 
iii.  296,  and  bromine  as  directed  in  i.  678. 
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The  portion  of  the  saline  residue  which,  is  not  dissolved  by  alcohol,  maj  be  nsedfbr 
estimating  silica,  aluminium,  manganese,  barium,  strontium,  phosphoric  mdd,  lithim, 
fluorine,  £e.,  by  the  methods  deserioed  under  these  several  heads.  Cnsinn  and  mbidnm 
are  tested  for^  and  estimated,  as  described  in  i.  1118,  and  at  p.  130  of  thia  rolome. 

Borie  acid  is  tested  for  by  evaporating  a  Quantity  of  the  water  to  a  small  bulk  witli 
flodic  carbonate  in  excess,  filtering,  and  nearly  saturating  the  filtrate  with  hydrodilorie 
acid,  then  evaporating  almost  to  dryness,  separating  sodie  dhloride  by  filtrstion,  and 
testing  the  filtrate  as  described  in  L  639. 

Estimation  of  SUica, — ^The  residue  left  after  ignition  of  the  solid  contents  (p.  1027X 
M  moistened  with  water,  mixed  with  excess  of  hydrochloric  acid,  and  the  silica  sepa- 
rated as  described  at  p.  24d.  Sometimes  it  is  preferable  to  mix  a  litre  or  more  of  tha 
water  with  a  moderate  excess  of  hydrochloric  add,  and  evaporate  it  to  diynsss  for 
the  estimation  of  silica. 

EtHmaHon  of  AUtmninm,  Iron,  Manaanme,  and  Phoapkoric  AM. — Thib  filtnto 
from  the  silica  is  evaporated  to  a  small  bulk  in  a  beaker;  then  mixed  wiUi  anunoDtc 
chloride,  a  slight  excess  of  ammonia  free  from  carbonate,  and  some  ammoaie  sul- 
phide ;  and  kept  for  some  hours  at  a  gentle  heat  in  a  well  covered  beaker.  The  jv^ 
cipitate  is  collected  on  a  filter,  and  washed,  out  of  contact  with  sir,  with  water  con- 
taining some  ammonic  sulphide.  The  filtrate  is  set  aside,  and  the  precipitate^  whidi 
may  contain  alumina,  ferrous  and  manganous  sulphides,  and  phosphoric  acid,  is  either 
dried,  ignited,  and  weighed,  if  the  quantity  is  vexy  small;  or  it  is  dissolved  in  fav* 
drocUoric  acid,  and  the  solution  is  boiled  with  a  few  drops  of  nitric  acid  to  oxidise  the 
sulphides.  When  manffaneee  is  present  in  any  considerable  amount,  the  solntion  is 
nearly  neutralised  wi£  sodic  carbonate,  mixed  with  barytic  carbonate  in  excess, 
and  left  for  some  hours  in  the  cold.  The  precipitate  is  collected  on  a  filter  and  washed, 
dissolved  in  hvdrochloric  acid,  the  barium  separated  with  sulphuric  acid,  and  the 
aluminium  and  iron  separated  as  directed  under  Ison  (iii.  387).  The  filtrate  from 
the  precipitate  produced  bv  barium-carbonate  will  contain  the  manganese :  the  bsrium  is 
separated  by  sulphuric  acid ;  manganese  precipitated  by  ammonia  anid  ammonic  sn^ifaide: 
and  the  washed  precipitate  is  dried,  ignited,  and  weired.  The  filtrate  should  be  tested 
for  o&ldum  and  magnesium.  When  manganese  is  absent,  or  there  is  only  a  minute 
trace,  the  solution  of  ferrous  sulphide  may  be  at  once  treated  with  potash  to  sepsnts 
iron  and  aluminium^. 

Estimation  of  Calcium  and  Maffnenum, — ^The  filtrate  from  alumina  and  the  snl- 

S hides  is  mixed  with  a  slight  excess  of  ammonic  oxalate,  and  the  caldum  estimated  as 
irected  in  i.  717.    Magnedum  is  separated  ttom.  the  alkaline  salts  with  mezeorie 
oxide  as  directed  in  iii.  768. 

EttimaHon  of  Sodium  and  Potassium, — ^The  filtrate  from  the  magnesia  is  evaporated 
to  dnmess,  and  the  reddue  weighed,  then  dissolved  in  water,  and  tested  for  sulphurie 
add  Dv  adding  to  a  portion  of  the  liquid  a  few  drops  of  alooholio  solution  of  strontie 
chloride,  and  some  alcohoL  If  ne  predpitate  appears,  sulphuric  add  is  not  present, 
and  potasdum  is  then  separated  ana  estimated  with  platinic  chloride  (iv.  099).  If  snl- 
phunc  acid  is  present,  add  some  alcoholic  solution  of  strontie  chloride  and  some  alcohol 
to  the  solution,  and  let  it  stand  fbr  some  time ,  then  collect  the  strontie  sulphate  on  a 
filter,  wash  with  weak  alcohol,  dry,  ignite,  and  weigh.  Potasdum  is  then  estimated  in 
the  filtrate  with  platinic  chloride.  Bv  deductinff  from  the  total  wdght  of  the  alkaline 
salts  the  weip;^hts  of  the  potasdc  chlonde  and  of  me  sodic  sulphate  corresponding  to  the 
sulphuric  acid  obtained  as  strontie  sulphate,  the  quantity  of  sodic  chknide  is  asosr* 
tained,  and  the  total  quantity  of  sodium  may  be  calculated  from  these  data.  (See 
Fresenius,  Quaniitatiffe  Anafysis.) 

Potassium  and  sodium  may  sJso  be  estimated  by  evaporating  a  separate  portioB  of 
the  water  to  a  small  bulk,  predpitating  sulphuric  add  with  Mric  chloride,  and  mag- 
nesia with  baxyta-water,  filtering,  atad  then  predpitating  the  excess  of  caldum  sm 
barium  by  ammonic  carbonate,  again  filtering,  and  evaporating  the  filtrate  to  diynesa. 
The  reddue  is  ignited,  and  dissolved  in  water ;  and  when  the  caldum  and  magneshnn 
are  perfectly  separated,  the  potassium  is  estimated  by  means  of  platinic  chloride. 

Statement  qfthe  Results  qf  Water  Analyses. — ^In  stating  the  results  obtained  in  the 
analysis  of  the  contents  of  fr^sh  or  min«ral-water,  it  has  been  oustomary  to  aBoeate 
the  several  add  and  basic  substances  in  various  forms  of  combination,  axid,  in  a  man- 
ner which  is  veiy  much  matter  of  individual  fancy,  to  assume  the  existence  in  the 
water  of  certain  of  the  salts  which  those  substances  are  capable  of  fivming.  It  may 
sometimes  happen,  therefore,  that  the  statement  of  the  same  analytical  results  obtained 
by  two  chemists  in  the  analyds  of  any  particular  water  will,  in  this  way,  present^  sit 
first  sight,  an  apparent  diversity,  whicn  would  be  perplexing  to  Ihoee  woo  do  not 
understand  the  reason  of  the  difierence.  The  posdbilily  of  compering  the  reeults  ot 
water-analyses  is  one  of  the  most  important  requidtes  for  all  practical  pfuipoees  for 
which  they  are  usefuL    For  such  purposes  it  is  of  much  less  consequence  whether 
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oertAin  portionB  of  maenesium,  calcium,  and  todinm  present  in  water  be  npreeented  as 
calcic  and  magnesic  cnloridee  and  aodic  sulphate,  or  whether  they  be  represeiited  aa 
calcic  and  magnesic  sulphates  and  sodic  chlonde,  than  to  be  able  to  perceive  at  a  glance 
whether,  in  reference  to  other  analyses,  the  total  amounta  of  the  seTeral  aabstAnoea 
present  are  the  same  or  different.  As  regards  the  practical  utility  of  such  analy- 
ses, it  would  therefore  seem  desirable  to  aroid  all  hypothesis  in  stating  their  results, 
and  to  render  these  statements  strictly  comparable  one  with  the  other.  Tins  may  easily 
be  done.  Thus,  for  instance,  in  the  case  of  water  containing  ealdc,  magnesic,  and  sodie 
salts  which  are  chloridee,  sulphates,  and  carbonates,  the  simplest  mode  of  statanff  the 
analytical  results  is  to  give  the  respective  amounts  of  calcium,  magnesium,  so£um» 
chlorine,  and,  in  the  case  of  oxysalts,  those  portions  of  them  which  are  equivalent  to 
chlorine-— as,  for  instance,  sulphuric  acid  (SOM  and  carbonic  add  (CO*).  The  analyses 
quoted  in  this  article  are  therofore  stated  in  tnis  manner. 

The  amounts  of  the  several  constituents  of  the  solid  contents  are,  in  the  case  of  fresh 
spring-  and  river-water,  expressed  as  parts  by  weight  in  1,000,000  pts.  by  weight  •! 
water.  These  data,  which  are  in  most  instances  suffidently  minute,  are  easily  conver- 
tible in  such  form,  as  to  correspond  either  with  the  metric  system  of  weights  and  mea- 
sures, or  with  that  used  in  this  country.  Thus,  for  instance,  in  reference  to  frerfii- 
water — the  density  of  which  does  not  <uff«r  from  that  of  pure  water  to  such  an  extent ' 
as  to  require  notice,  the  litre  bdng  1,000  grms. — ^these  data  represent  milligrammes  pes 
litre  of  water,  or  grammes  per  cubic  metre.  The  gallon  bdng  10  pounds,  they  also 
represent  pounds  per  100,^00  gallons.  Thus  the  total  solid  contents  of  tliA  Witky 
Spring-water  (Table  I.)  amount  to  *076  grm.  per  litre,  the  caldnm  to  *008,  the  maffB** 
Slum  to  '002  per  litre,  and  so  on,  the  £»ction  in  this  case  being  disregarded,  l^ese 
proportions  are  the  same  as  76,  8,  and  2  grms.  per  cubic  metre,  or  76,  8,  and  2  pounds 
per  100,000  gallons. 

The  data  given  in  the  tables  may  also  be  expressed  as  grains  per  gallon  by  multiply- 
ing with  *07.  Thus  the  solid  contents  of  the  mtley  Spring-water  amount  to  76  x  *07  » 
6*32  grains  per  gallon,  the  caldum  to  8  x  *07  »  '66,  and  the  magnedum  to  2  x  -07  » 
*14  grains  per  ^llon.  The  numbers  representing  hsj^dnees  are,  in  like  manner,  conver- 
tible into  degrees  of  Clarke's  scale  by  multiplying  with  '7. 

The  data  given  in  the  table  for  the  gaseous  contents  represent  cubic  centimetres 
per  litre  in  the  case  of  fresh  spring-  and  river^water  at  the  ordinary  temperature  of  the 
water,  and  in  the  case  of  mineral-water  at  0®  C.  and  a  pressure  of  760  mm.  These 
data  are  convertible  into  cubic  inches  per  gallon,  by  dividing  with  8*788.    B.  H.  P. 


Native  phosphate  of  alumina,  containing  8A1H)'.2F*0*.12HH). 
(See  Pbosphatm,  iv.  661.) 

IVAZ.  This  term,  originally  restricted  to  beeswax,  is  now  extended  to  a  class  of 
bodies  of  dmiliur  character,  partly  of  animal,  Vf*^7  ^  vegetable  origin.  Only  a 
few  of  them  have  been  accurately  investigated.  They  are  compounds  containing  but  a 
small  mroportion  of  oxygen,  and  consisting  of  the  hijgher  members  of  the  series  oi  fatty 
adds,  (>HM)',  partly  free,  partly  in  combination  with  alcohol-radides ;  but  they  differ 
from  the  fS&ts  in  not  containing  glycezyl.  They  are  more  or  less  bard  at  ordinaiy  tem- 
peratures, softer  when  warmed,  and  melt  below  100° :  are  insoluble  in  water,  sparingly 
soluble  or  insoluble  in  alcohol,  solnble  in  ether,  volatile  and  fixed  oils,  carbonic 
disulphide,  chloroform,  &c  Ther  are  not  volatile  without  decompodtion,  and  bum 
with  a  brieht  flame  when  heated  m  the  air.  They  are  not  easily  s^x>nified  by  boiling 
with  potaw-ley,  more  easfly  by  fudon  wiih  solid  potash. 

1.  Jmmal  Wax, 

The  only  waxes  known  with  certainty  to  be  of  animal  origin  are— common  beeswax; 
Andaquies  wax  (i.  291),  the  produce  of  a  peculiar  kind  of  Imo  found  near  the  Oronooo 
and  Amazon  rivers ;  and  spermaceti  (p.  897).  Chinese  vrax,  or  Pela,  is  supposed,  by 
some  authorities,  to  be  a  secretion-product  of  an  insect,  like  beeswax,  but  it  is  mors 
generally  regarded  as  a  plant-wax,  exuding  from  lAffuatrwm  lueidimm  and  other  trees, 
when  punctured  by  an  insect. 

Beeawaac  Ordinary  Wax,  Cera, — This  is  the  substance  with  which  bees  build 
their  cells:  it  was  formerly  supposed  that  the  bees  extracted  it  ready-formed  fiom 
plants ;  but  direct  experiments  have  shown  that  bees  fsd  u[)on  pure  sugar  continue  to 
produce  wax,  which  must  therefore  be  regarded  as  a  true  animal  secretion. 

Beeswax,  at  (ffdinaiy  temperatures,  is  tough  and  solid ;  it  has  a  yellow  colour,  a 
peculiar  odour,  and  unctuous  feeL  When  exposed,  in  thin  shreds,  to  the  air  and  sun- 
iihine,  it  becomes  bleached,  and  somewhat  less  fusible.  It  may  also  be  bleached  by 
means  of  nitric  add    Chlorine  likewise  bleaches  it,  but,  at  the  same  time,  forms  a 
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eubetitutiou-prodact,  so  Uiat  when  candles  made  of  wax  thus  bleached  are  bvrned,  thrj 
give  off  irritating  yaponn  of  hydrochloric  add.  According  to  A.  Smith,  irax  ma/  alM 
be  bleached  by  means  of  potassic  bichromate  and  snlphnric  acid. 

Bleached  wax  contains,  according  to  Lewy's  analysis,  80*2  per  cent  carbon,  18*4 
hydrogen,  and  6*4  oxygen.  It  is  a  mixture  of  three  different  substances,  which  mar  be 
peparated  from  one  another  by  alcohol,  viz. — 1.  Myricin  (iii.  1069),  insoluble  in 
boiling  alcohol,  and  consisting  chiefly  of  myricic  palmitate,  C"H*'(0"H**)0*; — 
2.  Cerotic  acid,  C*^*^0'  (i.  886,  formerly  called  cerin,  when  obtained  only  in  an 
impure  state),  which  is  dissolved  bv  boiling  alcohol,  but  ciystallises  out  on  cooling ; — 
8.  Cerolein  (L  836),  which  remains  dissolved  in  the  cold  alcoholic  liquid. 

Beeswax  is  decomposed  by  diy  distillation,  giving  off,  first,  a  small  quantity  of 
water  containing  acetic  acid,  and,  according  to  Polex,  propionic  add ;  then  a  product 
which  forms,  on  cooling,  a  white  buttery  mass,  called  wax-butter,  or  Butvrum  cerm, 
afterwards  a  more  and  more  liquid  oil,  called  wax -oil,  still  retaining  a  small  quantity 
of  solid  matter ;  and  finally  leaves  a  carbonaceous  mass.  No  acrolein  is  given  off,  but 
permanent  gases,  chiefly  carbonic  anhydride  and  ethylene,  are  evolved  during  the  whole 
process  of  distillation.    (£  t tl  i  n g.) 

Wax -butter,  purified  hj  pressure  from  adhering  oil,  is  mainly  composed  of  solid 
hydrocarbons,  cerotene,  C^H**,  and  melissene,  C**H**,  together  with  palmitic 
acid.  The  liquid  oil,  when  purified  by  rectification,  consists  chiefiy  of  hydrocmrboae, 
C-H» ;  it  has  a  spedfic  gravi^  of  0*750  at  11^,  and  boils  at  137°. 

Wax,  when  distilled  with  lime,  yields  nearly  the  same  products  as  when  dietilled 
alone.  It  is  but  slowly  and  incompletely  saponified  by  potaah-le^,  which  unites,  in  the 
first  instance,  with  the  cerotic  ada ;  after  prolonged  boiling,  a  kind  of  soap  is  formed, 
which  fioats  on  water,  and,  when  neutralised  with  an  acid,  yields  myricin. 

NUrio  acid  acts  upon  wax,  even  at  a  gentle  heat,  converting  it  into  an  oily  mass, 
which  contains  pimelic,  adipic,^  and  lipic  acids,  and  by  prolonged  boiling  with  nitric 
add,  yields  succinic  aod.— Strong  nUpkurie  atid  dissolves  wax  at  60°,  the  mass  solidi- 
fying as  it  cools ;  at  higher  temperatures,  carbonisadon  takes  place. — CMormi  decom- 
poses melted  wax,  forming  chlorinated  products. 


2.  VeffdaiU  Wax. 

Wax  is  very  widely  diffused  in  the  veeetable  kingdom,  oecuning  fireqnently  as  a 
coating  on  various  ports  of  plants — as  stiuks,  leaves,  fruits,  &c 

Several  of  the  more  important  plant-waxes  have  been  already  described  in  their 
alphabetical  places — viz.,  camauba-wax  (i.  805),  cork-wax  or  oerin  (i.  837)f  pine-wax 
or  ceropic  acid  (i.  836\  sugarcane-wax  or  cerosin  (i.  836),  myrtle-wax  or  myrica- 
tallow  (iii.  1069),  ocuba-wax  (iv.  178),  and  palm- wax  (iv.  337). 

Chinese  wax,  or  Pela,  also  caXled  veg^aUe  tnaect-foaXy  or  vegetable  tpirmaceH,  \b 
generally  supposed  to  be  produced  on  certain  trees  by  the  puncture  of  a  ^edes  of 
Coccus.  It  envelopes  the  branches  as  a  soft  white  coating,  about  aline  in  thiccses,  and 
is  separated  by  fusion  in  boiling  water.  It  consists  almost  wholly  of  cerotylic  cerotate 
C'*BL**(C*'H**)0»,  contaminated  only  with  small  quantities  of  fatty  substancwi.  Its 
physical  properties  and  most  of  its  reactions  have  been  alreadv  described  (i.  837). 
When  it  is  boiled  for  some  time  with  4  or  5  vols,  of  nitric  add,  of  spedfic  grarity 
1*40,  a  liquid  distils  over,  containing  butyric,  oenanthylic,  and  capiylic  adds,  and  in 
the  retort  there  remains  a  liquid  containing  anchoic  or  lepaigylic  add  (i.  289),  together 
with  small  quantities  of  pimelic  and  suberic  acids. 

Cow  tree- wax,  obtained  by  evaporation  from  the  milk  of  the  cow-tree  (JPaio  ds 
Vaea,  Brosimum  Galactodendron),  is  a  waxy  substance,  which  softens  at  40^,  melts  at 
60°,  is  insoluble  in  cold  alcohol,  but  dissolves  completelv  in  boiling  alcohol,  and  is 
saponified  bv  alkalis.  According  to  Berxelius,  it  resemoles  beeswax  more  closely 
than  any  other  kind  of  wax.  Essentially  different  from  this  wax  are  the  r«sinoas 
bodies  and  caoutchouc-like  substance  which  Maichand  obtained  from  the  milk  of  the 
cow-tree.    (J.  pr.  Chem.  xzi.  48.) 

Cuba-wax  is  a  yellowish-brown  wsx,  of  unknown  origin,  imported  from  Cuba.  It 
is  softer  than  bees-wax,  dissolves  in  warm  ether  and  turpentine-oJl,  and  almost 
wholly  in  boiling  aloohoL  According  to  Brandes,  it  contains  76*5  per  cent,  cerin, 
10*5  myridn,  9*2  balsamic  resin,  and  3*5  water. 

Japan -wax,  also  called  tree-wax,  and  improperlv  Ammriean  wax,  is  obtained  iotlie 
East  Indies  f^m  the  root  of  Bkue  euccedanea.  It  is  yellowish-white,  of  about  tlie 
consistence  of  bleached  beeswax,  but  somewhat  softer  and  more  friable ;  insoluble  in 
water,  slightly  soluble  in  absolute  alcohol  at  ordinary  temperatures,  completely  at  the 
boiling  heat,  soluble  in  ether  and  in  volatile  and  fixed  oils.    Different  samples  mek  tA 
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42^  to  53^  or  56°.  It  is  not  a  trae  wax,  but  a  gljceride,  being  resolTed  b^  fusion  with 
potassium-hydrate  into  palmitic  acid  and  glycerin.  By  dry  distillation,  it  yields  pal- 
mitic acid  and  acrolein,  a  product  never  obtained  from  the  true  waxes.  By  prolonged 
I 'Oiling  with  nitric  acid,  it  yields  succinic  acid. 

Stop- wax,  or  Propolis,  is  the  waxy  substance  with  which  bees  corer  orer  the 
cracks  in  their  combs.  Boiling  alcohol  extracts  resin  from  it,  leaving  a  substance 
called  propolin,  which  melts  at  57-58°,  emitting  an  odour  of  honey.  (Pellerin, 
J.  Pharm.  viii.  433.) 

Syn.  with  OxooiBm  (iy.  322). 


I     See  Wax  (p.  1086). 


Native  tribasic  sulphate  of  alTuninium,  3A1*0*.S0".9H*0,  also 
called  alu m i  n  i  te.    (See  Sulphatbs,  p.  579.) 

DWHSlbXTa.  A  massive  granular  mineral,  from  Syurrasko  in  Hungary,  resem- 
bling lievrite,  and  containing  34*6  per  cent,  silica,  0*12  alumina,  42*38  ferric  oxide, 
15*78  ferrous  oxide,  028  manganous  oxide,  5*84  lime,  and  1*00  water,  agreeing  nearly 

with  the  formula  |q^q  |  SiO>.(Fe'0".SiO').  Before  the  blowpipe  it  melta  on  the  edges 

only ;  acids  decompose  it  with  difficulty.    (Wehrle,  Leonh.  N.  Jahrb.  1834,  p.  627.) 

1WZ88ZOZTB.  This  name  was  given  by  Jeuzsch  to  small  felspathic  monoclinic 
crystals,  from  the  almond-stone  of  Weissig  in  Saxony,  apparently  identical  with  ortho- 
dase  (Jahresb.  1853,  p.  803  ;  1854,  p.  829;  1855,  p.  947). 

lWZ88ZTJi«  A  hydrated  dichroite,  resembling  fahlunite,  from  Fahlun  in  Sweden 
(Trolle- Wachtmeister,  Pogg.  Ann.  xiii.  871 ;  xiv.  190),  and  Potton  in  Upper  Ca- 
nada (J.  pr.  Chem.  xiv.  35) : 

Si03.      AI'OS.       FeO.    MnO.     MrO.    CaO.     K*0.    Na«0.    IPO. 
Fahlun     59*69    21*70      1*43    0*63     8*99    0*30    4*10    068     3*20  -   100*72 
Canada    5505    22*60     12*60    .     .    5*70    1*40    ....    2*25  -     99*60 

1WL2>.  Reseda  Luteola,  (Dyrr's  Weed.  Gaude,  Wau,) — A  biennial  plant  growing 
wild  in  many  places,  especially  on  chalky  soils,  and  cultivated  for  use  in  dyeing.  It 
contains  a  yellow  colouring-matter  called  luteolin  (iii.  736),  and  is  much  used  for 
dyeing  silk  a  golden-yellow,  and  in  paper-staining. 

Syn.  with  Picbic  Acm  (iv.  400). 

Syn.  with  Scapoutb  (p.  203). 

See  Cbbbaxs  (i.  823); — also  a  paper,  by  Lawes  and  G-ilbert,  On 
s&nte  PomU  in  the  Composition  of  Wheat-ffrain,  its  Products  in  the  Mill,  and  Bread. 
(Chem.  Soc  Qu.  J.  x.  1.) 

"VTBMWVKLJTM,  Monoclinic  crystals,  observed  by  Brooke  on  a  specimen  of 
calcspar  of  unknown  origin,  and  consisting,  according  to  Sandall  (Phil.  Mag.  xvi.  449), 
of  calcic  oxalate,  (C«CaO*.HK)  ?) 

'WSZULT.  Spirit  obtained  by  distilling  the  fermented  wort  of  com,  sugar,  or 
molasses,  but  generally  the  former. 

WHITB  AVTZMOVT.  Native  antimonious  oxide,  Sb'O';  syn.  with  Vaibnti- 
KiTB  (i.  323). 

Arsenious  oxide,  As'O*  (3.  373). 


VfHXTB  COPPBBA8.    Native  ferric  sulphate,  Fe'(S0^)\9H*0,  also  called  Co- 
quimbite  (p.  595). 

\raZTB  XBOV  PTBXTBS.     The  trimetric  form  of  native  disulphid*  of  iron, 
FeS*,  also  called  Mabcasttb  (iii.  402). 

LZLaJ>.    Amorphous  basic  carbonate  of  lead,  used  as  a  pigment  (i.  786). 

IZTB-UBAB  ORB.    Native  carbonate  of  lead,  PbCO*. 

PZOMBWTB.  The  white  pigment  most  in  use  is  white  lead :  it  sur- 
passes all  others  in  "  body"  or  opacity,  but  has  the  defect  of  turning  bkck  when  ex- 
posed to  an  atmosphere  containing  sulphuretted  hydrogen.  Sulphate  of  barium  and 
oxide  of  zinc  are  free  from  this  inconvenience ;  the  latter  is  extensively  used  as  an  ar- 
tist's colour,  both  for  oil-  and  water-painting.  Mixtures  of  white  lead  and  barium-sul- 
phate are  often  used  in  house-painting.  Levigated  chalk,  known  in  France  by  the 
names  blanc  (TEspagne,  blanc  de  Meudon,  blaneds  Bougival^  hlane  de  Droyes  ou  ds  Cham' 
pagne,  according  to  the  locality  from  which  it  is  obtained,  is  also  employed  as  a  whita 
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pigment,  bat  appears  to  ha.ye  been  nsed  in  ancient  times  mneh  more  eztennTelj  tint 
at  present. 

Sylranite,  containing  lead  and  antimooj  (p.  047). 

Sulphate  of  zinc  (p.  617). 

An  arsenide  of  copper  from  Hongbton  Connty,  IGchigan; 
massive,  reddish-white ;  of  specific  gravity  8*408.  Melts  easily  before  the  blowups, 
giving  off  arsenic  vapours.  iHssolves  in  nitric  acid.  Contains,  according  to  Genth 
(Sill.  Am.  J.  [2],  zzvii.  400),  11*61  per  cent,  arsenic,  8813  copper,  and  0*40  sUvct  and 
insoluble  matter,  sgreeing  with  the  formula  Cu"As*. 

moSTS8ZTa«  WiTZBITa»  or  ^VXOBTTV.  A  silicate  from  Wibtis  in 
Finland ;  amorphous;  specific  gravity  e  3*00.  Melts  before  the  blowpipe  to  a  black 
enamel,  and  is  not  attadced  by  adds.  Analyses :  a  by  Laurent  (Ann.  Ch.  Phys.  [2], 
lix.  109);  b  by  Stromborg  (Arppe,  Analyser  all  finska  Min.  p.  17): 

«0«.  41*0*.         Fe>0*.       FeO.  MnO.         CaO.         MgO.       NaK>. 

t.      66*8  13*8  4-0        130  .     .        60  8*0  3*6     »     09-1 

k     64  24        14-27        .   .        16*62        2*70        6-66         3-86        388   ->  100*22 

WnABmrSf  VnCUSMMJ/arM^  or  IWTLIiT  Jlfgra.  Anhydrooa  ortho- 
silicate  of  line,  Zn%iO\  or  2Zn0^iO*,  oocuiring  in  ciystals  and  massive  at  Franklin, 
New  Jersey,  and  on  the  Buchsbach  Beig,  near  Aachen.  The  crystals  are  combina- 
tions of  a  ihombohedron  with  a  hexagonal  prism.  Length  of  principal  axis  «  0*686. 
Angle  R :  B  (terminal)  -  lie*);  oR:R  -  Hl^*  39*6'.  Cleavsge  distinet,  latcial, 
and  basal.  Hardness  —  6*6.  Specific  gravity  -  3-986 — 4*18.  Whitish  or  greeniah- 
yellow,  or  greyish-white  with  rather  weak  vitreo-resinous  lustre.  Streak  uncoloured. 
Transparent  to  opaque.  Brittle.  Fracture  conchouiaL  Contains,  when  pure,  27*54 
per  cent,  silica,  and  72*46  zinc-oxide. 

A  varietv  called  troostite  from  Sterling,  New  Jersey,  has  the  sine  partly  replaced 
by  iron  ana  manganese,  the  ferrous  and  manganous  oxide  together  amounting  to  about 
9  percent 

HTZULXAIISZTB.  Syn.  with  WnxsMm.  The  name  is  also  applied  to  a  grej, 
laminar,  non-aluminous  serpentine,  from  Westchester,  Pennsylvania  (p.  287). 

^raCAO'W.  The  inorganic  constituents  of  the  leaves,  wood,  and  bark  of  Mur 
tUeliina  have  been  examined  byReichardt  (Arch.  Pharm,  [2],  Ixxiii.  267 ;  Jahnsb. 
1863,  pp.  681-686),  with  especial  reference  to  the  variations  in  their  total  amount  and 
relative  proportions  in  spring  and  autumn. 


A  silicate  from  Bathurst  in  Canada,  occurring  in  monocfinic 
forms,  with  rose-red  colour;  specific  gravity  »  2*76^2*77 ;  hardness  very  unequal  in 
different  parts.  Becomes  colourless  and  gives  off  water  when  heated,  and  mdts  with 
intumescence,  before  the  blowpipe,  to  a  white  enamel.  Contains,  accordittg  to  T.  8. 
Hunt  (Geoi.  Survey  of  Canada,  1863),  43*66  per  cent,  silica,  27*94 alumina,  0*20  ferric 
and  manganic  oxides,  6*60  lime,  3*81  magnesia,  1*46  soda,  8*37  potash,  and  8*61 
(-  100*43). 


A  variety  of  lime-gamet,  also  called  grosndaria  (see  Gabiibt,  ii.  772). 
The  same  name  is  sometimes  applieid  to  vesuvian  (p.  998). 


urnVB-nnUTACB,  or  AnUPUBW AOB.  The  ordinary  furnace  used  fisr 
cmdble  operations,  in  which  the  draught  is  produced,  without  the  aid  of  a  blast,  by  the 
difference  of  specific  gravity  of  the  heated  air  in  the  chimney  and  the  external  aic 


Synonyms :  Wtin.  Vim,  Ftama.  OTyof. — ^This  name  is  applied,  in  a 
general  sense,  to  all  alcoholic  liquors  produced  by  fermentation  of  saeeharine  juieaa  of 
plants  (FiBiatifTATiox,  Axcohouc,  ii.  628),  but  it  is  more  usually  restricted  to  the  lir- 
mented  juice  of  the  grapes  of  VUii  vim/era. 

The  chief  constituent  of  wine,  besides  water,  is  alcohol,  the  amount  vairing  (nm 
6  to  17  per  cent  in  different  kinds  of  wine,  as  shown  in  the  following  table.  Tb» 
quality  and  value  of  wine  is,  however,  determined  mueh  less  by  the  amount  of 
alcohol  it  contains,  than  by  the  fiavour  and  bouquet  which  it  possesses.  These  cha* 
racters,  which  are  due  to  the  presence,  in  very  minute  proportions,  of  ethereal  and  aro> 
matic  substances,  differ  in  kind  in  different  sorts  of  wine,  and  in  degree  in  the  same 
kind  of  wine.  The  chemical  nature  of  the  substances  which  constitute  the  bouquet  of 
different  wines  is  as  yet  but  little  known.  They  are  produced,  partly  during  the  &r- 
mentation  of  the  ^pe-juice,  and  chiefiy  by  the  mutual  reaction  of  various  oonstitoentf, 
when  new  wine  is  Kept  (Berthelot,  Compt  rend.  Ivii.  287,  398,  and  796. — Psi- 
teur,  f6t(f.p.93d):— 


WINE. 


1089 


1 

Alcohol. 

1 

1 

?nctmta^9 

Extract. 

AcUL 

Sogar. 

Aulhoxltgr. 

1 

by  weight. 

1 
Port,  old     •        •        •        . 

2029 

6-80 

•86 

8-81 

Oriffin 

[Maximum 

1710 

•     • 

•    • 

•     • 

Christison 

Port 

Mean  of  7  samples  . 
Minimum 

16*20 
14-97 

/Maximum 

1617 

Mean  of  13  samples 

15  37 

Sherry 

„      H    9  old  sam- 
ples    . 

1 14-72 

^Minimum 

13-98 

Montilla,  1854     . 

16-62 

2*49 

•48 

•60 

OriAn 

Madeira       .... 

16-90 

•    • 

•    • 

•    • 

Christison 

Amontillado 

12*63 

Chateau  Latoar,  1825  . 

7-78 

CUret 

8-99 

St.  Julien,  1858  . 

9-84 

2-67 

•65 

25 

OriAn 

Rudesheimer 

8-40 

•    • 

•    • 

•        • 

ChristisoD 

If                •        •        • 

18-32 

.  2-84 

•68 

•17 

GHAn 

Steinberger,  1846 

1017 

10*5 

•424 

•    • 

Presenilis 

Markobrunner,  1846    . 

1114 

5-5 

*683 

It  is  stated  that  in  wines  imported  into  England,  especially  port  and  sherry,  tha 
amount  of  alcohol  is  habitually  augmented  by  mixing  them  with  brandy.  Natural 
wine  made  from  grape-juice  containinff  20  per  cent,  of  glucose  should  not  contain  much 
more  than  10  per  cent,  by  weight  of  alcohol,  unless  it  has  been  long  kept  in  casks^  and 
there  has  been  a  considerable  separation  of  water  by  cTapuration  through  the  wood, 
and  a  consequent  increase  in  the  amount  of  alcohol.  But  if  the  wine  of  hot  oountriea 
is  produced  from  grape-juice  containing  30  per  cent  of  sugar,  it  might  well  contain  16 
or  17  per  cent,  of  alcohol  after  being  kept  in  casks. 

The  peculiar  smell  which  is  common  to  all  wine  is  probably  due  to  the  presence  ot 
an  ether, which  Liebig  and  Pelouze  hare  termed  cnnanthic  ether  (iy.  174). 

Some  kinds  of  wine,  such  as  Malaga,  Tokay,  Tent,  and  Frontienac,  contain  a 
considerable  amount  of  sugar ;  others,  like  Rhine  wine,  Bordeaux,  and  Burgundy,  art 
almost  destitute  of  sugar.  The  sweetness  of  wine  may,  in  some  cases,  be  due  to  the 
presence  of  glycerin,  which  appears  to  be  a  product  of  fermentation  (ii.  628). 

All  kinds  of  wine  contain  f^e  acid,  which  is  partly  tartaric  acid,  perhaps  also 
succinic,  malic,  and  citric  acids,  together  with  tannic  and  gallic  acids,  and  acid 
potaHsic  tartrate. 

The  colour  of  wine  is  chiefly  derived  from  the  husks  of  the  grapes,  especially  ia 
the  case  of  red  wine.  White  wine  frequently  derires  a  portion  of  its  colour  from  the 
oak-casks  in  which  it  is  kept.  The  chemical  nature  of  the  substances  to  which  the 
colour  of  wine  is  due  is  but  little  known  (Faur^,  Analyse  ehim,  et  eomparU  des  Vins, 
^f.— Bati  Hi  at,  TrcUU  tur  lea  Vine  de  la  France.) 

On  evaporating  wine  to  dryness  at  100°  C,  it  leaves  an  extract^  which  varies  fhun  2 
to  5  per  cent,  and  sometimes  amounts  to  10  per  cent  and  upwards.  The  amount  it 
less  m  dry  wines  than  in  sweet  wine,  and  it  decreases  as  the  wine  is  kept. 

Wine  is  oflen  liable  to  undexgo  certain  changes,  which  render  it  unfit  for  use,  some- 
times becoming  turbid  or  ropy.  These  effects  are  chiefly  referable  to  the  presence  of 
ferment,  or  of  nitrogenous  substance  capable  of  conversion  into  ferment,  and  they 
result  finom  imperfections  in  the  manuf^ure.  Pasteur  (Compt  rend.  Ix.  899» 
1109;  Ixi.  274)  recommends  heating  the  wine  in  closed  botUes  to  about  60^  C,  for 
an  hour  or  two,  in  order  to  prevent  these  chanffes. 

Effervescent  wines  contain  carbonic  anhydride  dissolved  under  pressure,  and  result- 
ing from  fermentation,  produced  after  bottling  the  wine  by  adding  to  it  a  solution  of 
sugar. 

For  analyses  of  wine  see  Fontenelle,  J.  Chim.  MM.  iii.  382. — Paven.  Chim, 
induet. — Pelouze  and  Fr^my,  IhiiU,  iii.  436. — Malland,  J.  Chim.  MM.  iii.  326. 
— Faur^,  J.  Pharm.  viL  200. — Brande,  Phil.  Trans.  1811. — Bonis,  Brandes 
Archiv.  xxv.  222.— Christison,  Edinb.  Phil.  Joum.  1838.— Khol,  J.  Chim.  M6d. 
[4],  ii.  251. — ^Ludersdorf,  J.  pr.  Chem.  xxiv.  102. — Geiger,  Mag.  f.  Pharm.  xix. 
266. — Fischer  n,  Ann.  Ch.  Pharm.  Iviii.  705. — Fresenius,  Ann.  Ch.  Pharm.  Ixiii. 
384.— Beck,  Edinb.  Phil.  Joum.  1835.— Dies,  Ann.  Ch.  Pharm.  xcvi.  304.— Zierl, 
Baierisch.  Kunst  Gewerbeblatt,  1838.— Soubei  ran,  TVaUi  d$  Pkarmaoie,  i.  129.— 
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Sc.hnbprt,  Pogg.  Ann.  Ixx.  397. — Kersting,  Ann.  Ch.  Pharm.  Isx.  260. — Q«ro- 
rnont,  Ann.  Ch.  Phann.  zvii.  168. — Mitis,  Baierisch.  K.  Gtewerbeblmtt,  1888. — 
Hitclicock,  Edinb.  Phil.  Joum.  xxxvii.  176.— Griffin,  Chtrntical  Tstting  <J  Wvm 
and  Sptrits,  p.  10. — Mulder,  Chemistry  of  Wine, 

Mantiffacture  of  Wine, — The  grapes  grown  in  wine-prodtteing  coontziei  genflfmnr 
consiat,  when  ripe,  of  from  70  to  76  per  cent  juice,  20  to  26  per  cent,  moist  &na  and 
stones,  and  from  3  to  6  per  cent,  of  stalks.  The  skins  are  oorered  with  a  whitish 
pnlvemlent  bloom,  consisting  of  a  waxy  substance.  They  consist  chiefij  of  compact 
cellular  tissue  containing  nitrogenous  substances,  fat,  &c,  with  an  internal  Ujsr  of 
vegetable  tissue  contaimng  nitrogenous  and  colouring-matters,  essential  oil,  tannin, 
and  salts.  The  fleshy  part  of  the  grape  consists  of  oelk  and  Teesels,  which  contain  the 
chief  part  of  the  juice.  The  stones  consist  chiefly  of  cellulose,  and  contain  also  fatty 
and  ethereal  oils,  nitrogenous  substance,  and  tannin.  The  stalks  contain  acids,  tannin, 
chlorophyll,  and  similar  substances,  but  scarcely  a  trace  of  glucose.  The  coDstatueots 
of  the  juice  are  chiefly  water  and  ^ucose,  together  with  gum,  pectin,  dissolTod  and 
suspended  nitrogenous  substances,  tartaric  acid— perhaps  also  racemic  acid,  m&Iic  add,* 
citnc  acid,t  paracitric  acid,  succinic  acid,  and  acetic  acid,)  partly  firee  and  partly  as 
salts.  It  also  contains  fatty  and  ethereal  oils,  wax  and  resin,  colour'substanoe,  tannin, 
phosphates,  sulphates,  and  other  mineral  substances  in  small  amounts. 

Compotition  of  Gropes. 


Ripe  white 
Aufttriaa 
grapM. 

fimetdui. 

Klehiberter  grapei , 
ripe.       verf  ripe. 
Sekiteper, 

Wetltag 

gr«p«^ 

▼eiyrip*. 

Fre»e$Ums, 

Johan-  AxnanaSi 
nialwrf     bnuer 
ffr«peo4  gr»pci. 

rT€9C9tiHte* 

Glucose    .        • 
Tartaric  acid    . 
Albuminoid        Sub- 
stance . 
Pectin,  Gum,  Fat,  &c. 

Soluble  portion    • 
Water 
Skins,    Stones,    and 

Cellulose 
Pectose    . 
Ash 

Insoluble  portion . 

13-8 
111 

!- 

•6 
•36 

10-6 
•92 

•6 

•2    • 

•88) 

18-6 

•78 

41 

161 
•66 

8*4 

19*3 
•74 

8-0 
29-9 

17*8 
•84 

16-6 
79^8 

|2-6 

•9 

•11 

12-6 
84^ 

1-8 

•7 
•08 

18 
76-8 
•0 

191 
74^4 

8*68 

2*62 

6*66 

6-62 

The  amount  of  glucose  in  grape-juice  yaries  from  10  to  80  per  cent,  according  to  the 
climate  and  season  in  which  the  grapes  grow ;  and  the  amount  of  free  acid,  considered 
as  tartaric  acid,  Taries,  under  the  same  conditions,  from  '3  to  1*5  per  cent  The  juice 
of  grapes  used  for  making  wine  is  generally  colourless,  or  very  slightly  yellowish,  sod 
it  is  almost  without  odour,  except  that  of  tiie  Muscat  grape.  Wi3i  theexception  also 
of  the  ieiniurier  grape,  which  has  coloured  pulp,  the  yellow  and  blue  colouring  sub- 
stances of  grapes  are  contained  in  their  skins.  They  are  closely  analogous  to  tannin, 
and  are  more  soluble  in  alcohol  containing  acid  than  in  water. 

In  regard  to  the  production  of  wine,  uie  principal  constituents  of  grape>ju!ce  ira 
glucose,  the  acids,  and  the  nitrogenous  substances  which  furnish  the  ferment,  bo  that 
the  raw  material  for  the  production  of  wine  may  be  regarded  as  a  solution  of  glucose 
in  water,  containing  also  those  substances. 

It  is  especially  important  that  the  grapes  used  for  makinp:  wine  should  be  allowed, 
as  far  as  possible,  to  attain  full  maturity,  and  become  perfectly  ripe,  in  oider  that  thera 
may  be  a  maximum  amount  of  glucose,  and  a  minimum  amount  of  f^  add,  in  the 
juice  (Frxht,  ii.  71 0,  71 1 ).  Immediately  after  the  grapes  have  been  gathered,  they  are 
crushed,  either  in  rats  or  between  wooden  rollers.  In  some  places  they  are  flrstpickcd 
from  the  stalks,  in  other  places  they  are  pressed  together  with  the  stalks.  The  juicv  is 
then  either  separated  at  once  from  the  husks  and  stones,  &c.,  by  pressing  the  cnubed 
grapes,  and  theexpressed  juict,  or  "must,**isleftin  vatsto  ferment  withoutue  "marc"; 
or  the  crushed  grapes  are  first  allowed  to  ferment  for  some  time  with  the  husks,  as  ia 

•  Potteur,  J.  Phann.  [8],  xxiv. 75 — S c  h  w a r  t s,  Ann.  Ch.  Phann.  laxxiv.  SS. 

t  W  I  n  e  k I  er,  Jahrb.  Pharm.  i.  57. 

t  Berth  elot  and  Fleuri  e  ii»  ConpC.  rend.  IriL  897. 
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the  manufiicture  of  red  wine,  and  the  marc  is  separated  after  the  fermentation,  when 
8uflGu:ient  colonr  has  been  extracted.  Daring  the  first  stage  of  the  fermentation,  the 
temperature  of  the  liquid  rises,  and  as  the  conversion  of  glucose  into  alcohol  progresses, 
some  acid  potassic  tartrate  is  deposited  (p.  678),  together  with  portions  of  the  ^rment 
and  other  organic  substances,  forming  wnat  is  termed  "lees.  As  the  evolutioa  of 
carbonic  anhydride  subsides,  the  liqmd  gradually  becomes  clearer.  This  stage  of  the 
fermentation  is  sometimes  at  an  end  within  two  or  three  days,  but  it  sometimes  lasts 
much  longer.  In  order  to  prevent  the  production  of  acetic  acid  by  oxidation  of 
alcohol,  it  is  generally  customaiy  to  draw  off  the  fermented  liquor  from  the  lees,  as 
soon  as  the  evolution  of  gas  has  become  comparatively  scanty,  and  to  trant^er  it  to 
casks  in  which  the  fermentation  continues  slowly,  for  a  considerable  time  longer,  acid 
potassic  tartrate  being  deposited  meanwhile  as  a  crystalline  crust  on  the  sides  of  the 
casks  (Tartar,  p.  671).  After  a  time,  when  the  production  of  alcohol  is  at  an  end, 
the  wine  is  again  transferred  to  other  casks,  and  is  kept  for  a  long  time,  during  which 
its  constituents  undergo  those  changes  bv  which  it  cniefly  acquires  flavour,  bouquet, 
and  ripeness.    In  this  way  what  is  termed  ''natural  wine**  is  produced. 

Dunng  the  first  stage  of  the  fermentation,  which  is  essential]^  analogous  to  that  of 
beer-wort  (i.  629),  the  greater  part  of  the  glucose  is  converted  into  alcohol,  and  much 
of  the  nitrogenous  substance  wnich  yields  the  ferment  is  separated.  The  amount  of 
glucose  remaining  unaltered,  depends  partly  on  the  amount  originally  contained  in  the 
**  must,"  and  partly  on  the  temperature  at  which  the  fermentation  takes  place.  At  a 
temperature  of  10^  C,  fermentation  ceases  when  the  alcohol  produced  amounts  to  10'6 
or  11  per  cent  by  weighty  but  at  a  lusher  temperature,  it  may  continue  until  the  alcohol 
amounts  to  13  per  cent,  or  more.  Buring  the  second  stage  of  the  fermentation,  when 
the  weather  has  become  cooler,  there  is  less  fear  of  alcohol  being  oxidised,  and  the 
moderate  access  of  air  to  the  wine  has  chiefly  the  effect  of  causing  the  ferment  to 
separate  from  it 

Hitherto  little  attention  has  been  paid  to  the  regulation  of  the  temperature  at  which 
the  fermentation  takes  jdace,  and  although  it  is  highlv  probable  that  the  quality  of 
wine  depends  veiy  much  upon  this  circumstance,  it  is  almost  entirely  a  matter  of  local 
accident,  whether  the  fermentation  takes  place  at  a  high  or  low  temperature.  Active 
fermentation  at  a  high  temperature,  is  calculated  to  nimish  wine  which  is  free  from 
suear,  and  soon  becomes  ready  for  use ;  but  the  wine  thus  produced,  like  much  of  the 
Italian  and  Hungarian  wine,  has  generally  little  or  no  bouquet  or  flavour,  and  is  not 
capable  of  being  kf*pt  long.  On  the  contrary,  slow  fermentation  at  a  low  temperature, 
furnishes  wine  whi^  not  only  keeps  better,  but  acquires  eventually  a  finer  Douquet, 
and  becomes  generally  of  better  quality  than  that  produced  by  more  rapid  fermenta- 
tion at  a  higher  temperature.  In  the  Moselle  and  Khine  districts,  the  fermentation  is 
conducted  at  a  time  of  year  when  the  weather  is  much  colder  than  it  is  in  Italy,  and 
even  there,  the  wine  produced  in  seasons  which,  from  their  warmth,  are  especially 
favourable  to  the  growth  and  maturation  of  the  grapes,  and  continue  warm  until  lata 
in  the  year,  is  not  always  so  good  as  that  of  years  when  the  autumn  is  colder. 

The  character  of  wine  also  depends  very  largely  on  the  composition  of  the  **  must  ** 
from  which  it  has  been  produced,  especially  on  the  amounts  of  glucose  and  of  acid 
which  the  must  contained,  and  on  the  relative  proportions  of  Uiese  substances.  Ghene* 
rally  speaking,  in  southern  countries,  where  the  amount  of  sugar  in  the  grape-juice  is 
laigest,  as  in  C^reece,  Portugal  and  Spain,  the  wine  produced  contains  a  laj^e  amount  of 
alcohol,  some  unfermented  sugar,  and  but  little  bonouet  as  compared  with  the  wine  of 
northern  countries,  such  as  that  of  the  Moselle  and  Bhine  districts,  which  contains 
less  alcohol,  no  sugar,  and  a  larger  amount  of  acid,  but  is  chiefly  characterised  by  its 
flue  aroma.  The  grape-juice  of  these  countries  generally  contains  a  smaller  amount  of 
sugar,  and  a  much  liu^er  proportion  of  acid,  thtax  that  of  southern  countries.  But 
bcmdes  the  differences  due  to  climate,  variations  of  season  also  exercise  a  further 
influence  of  a  similar  nature,  especially  in  the  northern  wine-producing  districta, 
where  in  cold  seasons  the  amount  of  sugar  is  small,  while  the  proportion  of  acid  to 
sugar  in  the  grape-iuice  is  frequently  twice  as  great  as  it  is  in  more  favourable  years, 
and  consequently  the  wine  prodncea  there  is  only  occasionally  good,  and  veiy  often 
can  scarcely  be  drunk. 

To  produce  good  wine,  it  is  essential  that  the  grape-juice  should  contain  at  least 
20  per  cent  of  glucose,  and  that  with  this  amount  it  should  not  contain  more  than  '6 
per  cent  of  acid.  These  conditions  do  not  always  obtain.  In  the  Moselle  district, 
for  instance,  the  proportion  of  acid  to  glucose  is  often  as  1  to  12,  while  the  amount  of 
glucose  is  also  very  small.  In  such  cases  the  wine  made  from  natural  grape-juice  is 
necessarily  inferior ;  but  it  is  possible  to  remedy  thess  natural  defects  of  the  grape, 
and  by  doing  so,  to  render  it  capable  of  producing  better  wine,  especially  in  unfavour- 
able years.  With  this  object^  several  methods  have  been  proposed,  of  which  th« 
following  are  among  the  principal : — 
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1.  Concentratiiig  the  grape-jaice  by  partially  dnring  the  grapet  before  they  are 
crushed,  or  by  evaporating  the  "must  ^Thia  method  is  practised  in  some  potts  of 
Hungary,  Spain,  Italy,  and  France,  but  it  has  only  a  limited  applicability,  and  is  more 
adapted  to  the  production  of  liqueur  wines  than  for  impronng  the  quiality  of  wine 
when  the  grape  contains  little  sugar  and  much  add. 

2.  Adding  glucose  to  the  must  when  it  amounts  to  less  than  20  per  cent. — ^This 
method  only  partially  rectifies  the  natural  defects  of  the  grape-juice,  and  although 
it  would  furnish  a  wine  containing  more  spirit  than  that  produced  from  the  unmixed 
must,  the  ezceesiYe  amount  of  acid  is  not  aifeeted  except  in  to  far  as  it  may  be 
masked  by  an  excess  of  sugar. 

3.  Diluting  the  must  with  water  sufficient  to  reduce  the  amount  of  acid  to  '^Jff 
cent,  and  then  addine  glucose  until  this  amounts  to  20  per  cent  in  the  must — ^The 
adoption  of  this  method  was  at  first  strongly  opposed  on  the  grerand  that  wine  thus 
prepared,  might  be  expected  to  be  deficient  m  flayour  and  bouquet ;  but  this  has  been 
found  not  to  be  the  case,  and  the  result  is  quits  consistent  with  the  fact  that  the 
flavour  and  bouquet  of  wine  are  produced  during  the  fermentation.  So  far  as  the  pro- 
duct of  fermentation  is  coneemed»  it  is  therefore  a  matter  of  little  consequence  whether 
the  glucose  has  been  derived  from,  the  grape,  or  from  some  other  source,  prorided  tbs 
grape-iuice  contains  a  sufficient  amount  of  ferment,  add,  and  othen*  snbstaBces, 
requisite  fbr  the  production  of  good  wine,  and  these  are  generally  present  in  sxeea. 
The  principal  condition  to  be  ensured  is  the  purity  of  the  ^uooee  employed. 

4.  Mixing  the  pressed  grape  marc  with  water  containing  20  per  cent  of  gincose, 
find  fermenting. — ^This  method  is  based  on  the  imnortant  observation,  that  the  mare 
from  which  the  grape-iuice  has  been  expressed,  still  contains  a  large  amount  of  those 
substances,  which  by  fennentation  with  a  solution  of  glucose,  communicate  to  it  tha 
characters  of  wine,  and  are  capable,  under  the  influence  of  this  mocess,  of  yielding  the 
mpoducts  which  constitute  the  bouquet,  etc.  (Pitiot,  Bulletin  soc.  d'Encour.,  1857»  p.  bW), 
The  wine  prepared  by  this  method,  is  staled  to  be  even  better  than  that  obtahieid  froax 
thegnpe-juice  itself. 

neee  last  two  methods  bear  the  character  of  rational  improvements  in  the  mamtfiMtare 
«f  wine,  and  are  in  this  respect  to  be  regarded  as  totally  different  fh>m  that  system  of 
eompoonding,  justly  termed  adulteration,  which  has  been  practised  with  the  object  of 
giving  inferior  wine  the  semblance  of  character  it  can  acquire  only  by  the  proeeas  of 
fiennentation,  and  in  the  highest  degree,  only  in  certain  mvourable  years.  Pftsteur^s 
method  of  maturing  wine  by  the  appucation  of  heat  instead  of  keeping  it  for  a  number 
of  years,  is  likewise  an  improvement  which  is  sound  in  prindnle,  and  likely  to  be  of 
considerable  advantage.  The  chemistiy  of  wine  is,  however,  still  so  imperfectly  nndcr- 
stood,  both  as  regards  its  composition  and  its  production,  that  the  methods  abow 
referred  to  must  be  regarded  merely  as  first  steps  towards  real  improvement  in  the 
practice  of  an  art  which  has  hitherto  been  conducted  in  a  most  crude  and  empirical 
manner,  subject  to  the  acddental  infiuence  of  conditions  whose  opeiAtion  and  effects 
were  wholly  unknown,  and  regulated  by  the  most  fantastic  notions. 

Analysts  of  Wine. — ^The  chief  data,  ^  determined  for  practical  purposes,  are : — 

1.  The  amount  of  alcohol ;  2.  The  amount  of  free  acid;  and  S.  The  amount  of  noo- 
voUitile  dissolved  contents,  or  **  extract,**  as  it  is  termed.  Neither  tiia  flavoor  nor  the 
bouquet  of  wine  are  susceptible  of  estimation  by  chemical  means.  The  oolooring 
substances  of  wine  are  also  too  little  known  to  be  distinguished  with  certainty  trtm 
other  colouring  substances  employed  for  its  adulteration.  (Blume,  Dinglex's  Jonm. 
elxx.  240.) 

Eatmation  of  Jlcohol, — The  most  trustworthy  method  consists  in  distilling  o«t  the 
aleohol  as  already  described  under  the  head  of  Bebb  (L  680),  and  weis^ung  or  observhv 
the  density  of  the  distillate  (Aixxxholomstbt,  i.  81 ).  The  f^  add  in  the  wine  shooU 
be  first  neutralised  by  sodic  carbonate  or  bazyta-water,  and  a  vary  small  quantity  of 
tannic  acid  added  to  prevent  the  wine  from  frothing  when  distilled.  The  pereentage 
of  absolute  alcohol  should  be  expressed  by  wdght,  that  of  proof-spirit  by  v^nma. 

EsUmation  of  Free  Acid. — This  maybe  efieeted  with  a  standud  solution  of  alkali,  as 
described  under  Aciddcbtbt  (L  262). 

The  amount  of  add  potassie  tartrate  may  be  estimated  by  mixing  the  wine  with  five 
times  its  volume  of  mixed  alcohol  and  ether  (equal  parts)  and  leaving  it  &r  twenty- 
four  hours,  when  the  salt  will  have  deposited  almost  entirely.  (Berthelot  and 
Fleurien,  Oompt  rend.  Ivii.  394.) 

n  it  be  desirable  to  ascertain  the  relative  proportions  of  fixed  and  volatile  adds  in 
wine,  Uiis  may  be  done  approximately  by  distilling  the  wine  and  estiraatinsrthe  quan- 
tity of  acid  in  the  distillate ;  but  the  result  obtains  will  not  represent  the  nil  amoant 
of  free  volatile  add,  and  cannot  be  much  relied  upon. 

Eetimaium  of  "  Extract,*' — This  is  made  in  the  same  manner  as  with  Bbbs  (i«  W), 
If  the  amount  is  considerable,  it  may  be  desirable  to  ascertain  what  it  consists  ol 
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Estimation  of  Sugar. — ^This  may  be  made  by  one  of  the  method«  dafcribed  under 
SACCHA.RIMETHT  (p.  371).  It  is  nocessarT,  io  using  the  copper-method,  fint  tOMparat^ 
the  coloaring  substance  of  the  wine.  When  the  fermentation  method  is  adopted,  the 
alcohol  in  the  wine  should  be  first  distilled  ofl^  and  the  result  obtained  by  wei^iing  the 
carbonic  acid  as  barium-carbonate  may  be  checked  by  estimating  the  alcohol  produced. 

The  inorganic  constituents  of  wine  may  be  estimated  by  igniting  the  residue  left  on 
evaporation.  The  amount  of  potash  thus  found  may  be  taken  as  representing  the 
add  potassic  tartrate  in  the  wine. 

For  more  detailed  descriptions  of  the  methods  and  apparatus  to  be  used  in  the  analy- 
sis of  wine,  seeBolley  Bika'PAnl,Mantutl  qflhekmcMJnalvtu,  p.  331,  and  Griffin, 
Chemical  Testing  qf  Wines  and  Spirit;  also  a  paper  by  Dr.  A.  I)  u  pr  ^  On  ^  EUimaiion 
of  Compound  Ethers  in  Wine.    (Chem.  Soc.  J.  xL  493.)  B.  H.  P. 

OZ&  or.    See  Ethsbut  (ii.  607). 

A  hydrated  carbonate  of  manganese,  from  Gonzen,  near  Sarganx, 
in  the  Grisons ;  regarded  as  a  yariety  of  diallogite. 

WITH  AMIT»i  A  bright-red  variety  of  epidote ;  the  crystals  exhibit  a  straw- 
yellow  in  one  direction  across  the  prism. 

W  ITJtaRITB.    Natiye  carbonate  of  barium  (i.  780). 

W I'moBB Ji  ITfl  or  W  xmORZTB.  Sulphide  of  copper  and  bismuth, 
Cu'Bi-S*,  from  Wittichen  in  Baden  (ii.  76). 


TZVOZTB*  A  ferrioo-mansanie  silicate,  from  the  Wittinge  iron-mine  at 
Storkyroin  Finland,  containing,  according  to  a  preliminary  analysis  by  ^elstrom,  33*28 
per  cent  silica,  6*93  ferric  ox3e,  61*79  manganic  oxide,  and  9*0  water. 


Isatis  tinctoria,  {Guide,  Pastel,  Wau,'^ — ^This  plant  has  been  used 
from  ancient  times  for  dyeing  blue,  and  before  the  mtroduction  of  indigo  was  of 
great  importance  for  that  purpose.  Sehunck  (Phil.  Mag.  [4],  x.  73)  has  shown 
that  the  leaves  of  woad  do  not  contain  either  indigo-blue  or  indigo-white,  but 
indican  (iii.  246),  a  compound  which  may  be  extracted  from  them  by  alcohol,  and  is 
resolved,  by  heating  with  dilute  acids,  into  indigo-blue  and  indiglucin: 

C"H«NO"  +  2HK)     -    C^»NO  +   8C>HW0«. 
Indican.  lodigo-blae.       Indisludn. 

Woad  is  cultivated  in  France,  in  several  parts  of  Germany  (Thuringia,  Silesii^  &c), 
and  other  countries.  It  is  sown  in  M^^b,  and  the  leaves  are  cut  for  the  first  time  in 
June ;  later  in  the  season,  the  plants  yield  fresh  crops  of  leaves,  but  these  do  not 
contain  so  much  colouring-matter  as  the  first.  The  leaves  are  sometimes  merely 
dried,  and  sent  to  market  in  that  state ;  or  they  are  ground  to  a  paste  in  a  mill,  and  the 
paste  is  made  up  into  heaps,  left  for  some  time,  and  then  formed  into  balls  or  loaves, 
which  are  dried  and  sent  into  commerce. 

At  the  present  day,  woad  is  but  rarely  employed  in  dyeing,  as  the  use  of  indigo  is 
found  to  be  much  more  economical ;  but  as  it  easily  ferments  when  moist,  it  is  used 
for  the  reduction  of  indigo  in  the  so-called  woad-vate,    (See  Ikdigo,  ii.  262.) 

uroBZdOUTB.  A  silico-ziroonio-niobate  of  calcium  and  sodium,  occurring  at 
the  LangesundiSord,  near  Brevig,  in  Norway,  in  tabular  crystals  and  prisms  belonging 
to  the  trimetric  system.  Axes  a:b:e  *  1 :  ]'01688 :  0*7261.  An^e  opP  :  opP  ■• 
90<'  64' ;  oP  :  Poo  -  144<'  1'.  Cleavage  distinct  in  one  direction.  The  mineral  also 
occurs  granular.  Hardness  »  6*6.  ^)ecific  gravity  *  3*41.  Lustre  vitreous,  in- 
clining to  resinous.  Colour  light-yellow,  brownish,  or  ereyish;  streak  yellowish- 
white.  Transparent  to  subtranslucent  Fracture  more  or  less  oonchoidal  to  splinteiy. 
When  strongly  heated  before  the  blowpipe,  it  melts  quietly  to  a  yellowish  glass ;  with 
fluxes,  it  gives  the  reactions  of  iron,  manganese,  and  silica.  Hyorochlorio  add  decom- 
poses it,  with  separation  of  silicic  and  niobic  acids.  Contains,  acociding  to  Scheerer 
(Poeg.  Ann.  xcii.  242),  14*47  per  cent  NbW,  16*17  ZrO«,  30*62  SiC,  1*91  FeO,  166 
MnO;  2619  CaO,  0*40  MgO,  8*39  NaH),  and  0-2  water  (-  98*94). 

^TOXTBZra.  An  altered  or  hydrous  kyanite  (iii.  449)^  from  near  St  Petan- 
burg.  Hardness  —  7*26,  white  and  translucent  Contains,  according  to  Hess, 
(Pogg.  Ann.  xzL  73),  40*68  per  cent  silica,  68*60  Al'O*,  100  MgO,  and  4*63  HH> 
(«99  71). 

IVOZOBZTB.    Antimonial  copper-glance  (iL  76). 

^BiroXiOBOVSXOITB.  A  chromiforoni  day  from  Oehaaak  in  Siberia,  eontiin* 
ing,  according  to  Kersten  (Pogg.  Ann.  ^vii.  486): 

SiOs.       Al<0«.       Cr'tP.       F«>OS.        CaO.        UgO,       MaO.        RH>. 
3701       6-47       17*93       10*43       101        1*91       1*66       21*84    -    98*26 
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ygroiunUkML  NatiTe  timgBtate  of  manganese  and  iron  (p.  907).  The  aama 
name  is  also  applied  to  metallic  tungsten. 

ra,  or  UTO&FKAIB-OOHSB.    Native  tongstie  onde  (p.  908). 

nL    NatiTe  cnprons  solphantimonite,  or  antimonial  copper^ 
Cu,Sb'"S«,  or  Cu*S.Sb«S"  (ii.  76). 

'WOULABTOVirmi    Kative  metasilicate  of  calcium,  Ca'^0*  (p.  252). 

^TOVOSKTf  or  ^TOVOSJKT.  The  Chinese  name  for  the  pods  of  Gardenia 
arandijlora,  which  vield  a  laige  quantity  of  a  yellow  colonring-matter,  1  pt.  of  woog^j 
being  sufficient  to  impart  a  strong  yellow  colour  to  60  pts.  of  water.  The  pods  coo- 
tain  also  pectin,  mucus,  tannic  acid,  and  fat.  The  aqueous  extract  has  a  (leij-red 
colour  when  concentrated,  yellow  when  dilute.    The  alcoholic  extract  is  fieiy-md. 

The  colouring-matter  of  wongshy  has  been  shown  by  Bochleder  to  be  identical  with 
crocin  from  saf&on  (iu  108). — ^Respecting  the  products  obtained  from  it  by  Ortfa, 
see  J.  pr.  Chem.  Ixy.  16. — Chinese  yellow-pods  contain  6  pe/  cent,  ash,  consisting  in 
100  pts.  of  29-2  pts.  K«0,  11-3  NaH),  120  CaO,  3*6  MgO,  65  Fe»0«,  0*9  80",  10^8 
P^,  40 SiO*,  and  0*5  CI.    (Stein,  J.  pr.  Chem.  zlviii.  829.) 

The  aqueous  extract  of  wongshy  colours  wool  and  silk  a  fine  yeUow,  without  mor- 
dants ;  ootton  to  be  dyed  with  it  must  first  be  mordanted,  best  with  tin-soLiitioD.  The 
colour  withstands  the  action  of  soap ;  alkalis  turn  it  more  yellow,  acids  more  reddish. 
The  colour  does  not  withstand  the  action  of  light,  but  is  most  pennanent  on  silk.  The 
colour  of  wongshy  has  a  great  resemblance  to  that  of  annotto. 

IVOOB.  Respecting  the  chemical  composition  of  wood,  two  diffiarent  Tiewa  ars 
entertained.  According  to  Payen  (Compt.  rend.  yiii.  51),  r.  Banmhauer  (J.  pr. 
Chem  xxxii.  204),  and  F.  Schulze  (Chem.  Centr.  1857,  p.  821),  it  eonsisU  of 
cellulose  or  woody  fibre  (i.  818),  which  forms  the  cell-walls,  and  of  incmstin^  sub- 
stances  deposited  thereon  (Sderoffen,  lAonm^  fbimed  of  products  of  decompoeitioD  of 
the  decaying  cells  [Schleiden,  6ru$uuf.  d.  isits.  Botantkf  Leipsig,  1849,  i.  172]). 
Frimy,  on  the  other  hand  (Compt.  rend.xl7iiL  862),  denies  the  existence  of  inerasting 
substances,  and  supposes  that  the  true  woody  tissue  consists  of  vaseulose,  the  consti- 
tuent of  the  Teasels  (p.  995),  which  is  insoluble  in  oil  of  yitriol,  soluble  in  boiling 
concentrated  potash-ley ;  paraoeiitdoae,  the  substance  of  the  medullary  rays  (it.  84), 
soluble  in  oil  of  yitriol  and  iu  boiling  potash-ley;  and^Sfrross,  the  substance  of  the  tnm 
woody  fibres,  soluble  in  oil  of  yitriol  but  insoluble  in  boiling  concentrated  potash-ley. 
The  iormer  yiew  is,  howeyer,  generally  regarded  as  the  more  exact  Wood  likewise 
contains  the  following  substances,  in  quantities  varying  with  the  season  and  locality, 
and  with  the  species  and  age  of  the  pUmt :  the  constituents  of  the  aap,  such  a»  slbii* 
minoidal  substances  (0*81 — 0*12  per  cent  nitrogen,  according  to  Ohaymndier)* 
sugar,  gum,  tannic  acid,  &c.,  colouring-matters,  starai  (only  in  autumn  and  winter), 
pectose,  according  to  Yrimj  (Fayen  found  none),  resins  and  volatile  oils,  and  thm 
ordinary  mineral  constituents  of  pants. 

The  external  properties  of  wood  depend,  partly  on  the  mode  of  onion  of  lbs 
fibres,  partly  on  the  proportions  between  the  essential  or  adventitious  proximate  con* 
stituents.  Hence  the  several  species  of  wood  di£^  ereatly  in  hardness,  colour,  and 
apparent  specific  gravity.  The  latter,  that  is  to  say,  we  specific  gravity  of  the  wood 
air-dried,  but  titXu  contaminff  air,  varies,  according  to  Karmarsch  (Grimd*.  d,  meek. 
Technolcffie^  p.  635X  from  0*383  fpojdai^wood)  to  1*342  (logwood).  The  actual  specifie 
mvity  of  different  kinds  of  wood  is  tolerably  uniform:  1*5,  acoordinff  to  Violette; 
from  1*46  (maple)  to  1*53  (oak),  according  to  Rumford.  Wood  Mays  contains  a 
larger  quantity  of  carbon  than  cellulose ;  its  composition  varies  between  veiy  wide 
limits  f according  to  the  nature  of  the  incrusting  substances:  Fayen),  as  mnch  appa- 
rently m  the  same  as  in  different  woods.  The  lowest  and  highest  amounts  ac^iuuly 
found  are:  46*10  per  cent,  carbon  (beech-wood:  Baer),  and  54*44  per  cent,  (oak-wood : 
Payen) ;  (beech-wood  —  54*35); — 6*55  per  cent,  hydrogen  (box-wood:  Front),  and 
6*40  per  cent,  hydrogen  (aspen-wood:  Payen); — 39*32  per  cent,  oxygen  (oak-wood: 
Fayen),  and  46*87  per  cent  (beech-wood:  Baer). 

JDecay  of  Woody  Fibre. — Moist  wood  exposed  to  the  air,  gradually  undeigoefl  deeom* 
position,  a  species  of  fermentation  being  set  up  by  the  nitrogenous  constituents,  in 
consequence  of  which,  oxygen  is  absorbed,  carbonic  acid  and  water  are  evolved,  and 
the  wood  crumbles  down  into  a  blackish-brown  vegetable  mould,  called  humus, 
ulmin,  or  gein  (p.  936).  This  decay  occurs  most  rapidly  in  young  spongy  wood, 
which  admits  the  air  more  freely,  and  at  the  same  time  contains  a  laiger  proportion  of 
the  albuminous  substance  than  harder  and  older  wood. 

The  process  of  decay  in  ligneous  tissue  varies  considerably,  according  as  it  takes 
place  with  free  access  of  air,  or  under  water  with  but  a  scan^  supply  of  oxyg«ai  from 
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\rit1iout.  When  the  air  has  free  access,  its  oxygen  is  conyerted  into  an  equal  bnlk  of 
carbonic  anhydride,  and  at  the  same  time  a  large  quantity  of  water  is  evolved 
(^aussure).  According  to  Hermann,  a  small  portion  of  nitrogen  is  absorbed  during 
the  process,  and  ammonia  is  produced.  The  water  is  formed  at  the  expense  of  the 
oxygen  and  hydrogen  of  the  woody  tissue,  so  that  the  mouldered  products  contain  a 
larger  proportion  of  carbon  than  the  wood  in  its  original  state.  It'  the  moist  wood  is 
excluded  from  the  air,  a  small  quantity  of  carbonic  anhydride  is  evolred  during  its 
decay,  accompanied,  as  in  the  former  case,  by  separation  of  water;  and  under  certain 
circumstances,  marsh-gas  is  liberated  in  considerable  quantity. 

Such  is  a  general  view  of  the  changes  which  take  place  in  the  conversion  of  woody 
tissue  into  humus,  peat,  lignite,  bituminous  coal,  and  anthiacite,  the  proportion  of 
carbon  in  these  successive  products  of  transformation  continually  increasing,  nndl  in 
the  last  the  carbon  is  found  associated  with  only  small  quantities  of  hydrogen  and 
oxygen.  (See  Table  of  the  Composition  of  Wood  and  Coal,  given  under  Coal,  i.  1030, 
1031.) 

The  composition  of  wood  (oak)  given  in  the  table  may  be  approximately  represented 
by  the  empirical  formula  C^H^K)** ;  that  of  certain  kinds  of  peat  by  C>^*H)*;  that 
of  Bovey  lignite  by  C^H"0^;  that  of  Wigan  cannel-coal  bv  C"H*0*;  and  that  of 
Welsh  anthracite  by  C^H^*0.  If  now  the  woody  tissue  be  acted  upon  by  a  small 
quantity  of  oxygen,  such  as  might  be  supplied  by  solution  in  water,  each  of  these  pro- 
ducts of  transformation  may  be  supposed  to  be  formed  by  the  separation  of  marsh-gas, 
carbonic  anhydride,  and  water,  in  the  proportions  represented  by  the  foUowiiig 
equations  :* 

C^H«0«  +  0«     -      C»H«0»  +     6CH*  +  8C0»  +  HH> 
Wood.  Peat. 

C»<H«0«  +  O      -      C"H"0'  +     2CH«  +  6C0»  +  6HH> 
Wood.  Lignite. 

C«*H-0«  +  0»     -      C»H»0«  +     2CH*  +  6C0»  +   lOHK) 
Wood.  Cannel. 

2C"H«0»  +  0»     -      C^WH)    +   12CH«  +  16C0»  +   16H«0. 
Wood.  Anthracite. 

Destructive  DisiUkUum  of  Wood. — ^The  products  formed  by  the  distillation  of  wood 
in  close  vessels,  vary  with  the  nature  of  the  wood  operated  on,  and  the  temperature  at 
which  the  distillation  is  effected.  The  decomposition  begins  at  about  140^.  The 
volatile  portion  of  the  products  includes  permanent  gases— <;hiefly  carbonic  oside,  car- 
bonic annydride,  and  hydrogen — together  with  other  bodies,  which  are  liquid  or  solid  at 
common  temperatures,  whilUt  a  considerable  portion  of  chs^coal  remains  in  the  retorU 
Of  the  liquid  products,  one  portion  is  soluble  in  water,  and  consists  of  acetic  acid, 
methylic  alcohol,  methylic  acetate,  and  acetone,  accompanied  by  water  and  other 
bodies  but  imperfectly  known  ;  while  the  remaining  portion  is  insoluble  in  water,  and 
constitutes  wood- tar,  which  is  a  mixture  of  various  liquids  holding  solid  mattem  in 
solution  or  suspension.    (See  Taa,  p.  670.) 

The  products  of  the  distillation  of  wood,  obtained  at  the  lowest  temperature,  are 
those  into  the  composition  of  which  oxygen  enters  UKMt  abundantly — such  as  water,  acetic 
add,  and  carbonic  acid.  As  the  temperature  rises,  compounds  containing  less  oxysen 
are  gradually  formed — such  as  wood-spirit,  acetone,  and  creosote ;  at  a  still  highar 
temperature,  various  hydrocarbons,  such  as  toluene,  xylene,  eupione,  and  the  different 
forms  of  pflkra£Bn,  are  produced ;  and  as  the  temperature  approaches  redness,  pure 
hydrogen  predominates. 

When  air-dried  hard  woods,  such  as  oak  and  beech,  are  distilled  in  iron  cylinders, 
the  charcoal  amounts  to  about  26  per  cent,  of  the  weight  of  the  wood,  or  about  three- 
fifths  of  the  quantity  of  carbon  actually  contained  in  it.  The  liquid  portion,  amounting 
to  about  58  per  cent,  contains  about  one-fifth  of  the  entire  carbon  in  the  wood ;  and 
the  remaining  portion  of  the  distillate,  consisting  of  unoondensed  gas,  carries  off  the 
remainder  of  the  carbon.  Among  the  liquid  products,  acetic  acid  amounts  to  between 
3  and  4  per  cent,  of  the  harder  woods,  naphtha  to  about  1  per  cent.,  and  the  tar  to 
75  per  cent.  (Miller*s  Elements  of  Gkemittry,  3rd  ed.,  iii.  702;  for  further  details 
see  Gmelin's  Handbook,  xv.  148-160.) 

^BtroOB-OZA.  Capitn-balsam,  Gur/un4>al8ttm,  Gwegun4>alsain.  (Han bury, 
Pharm.  J.  Trans.  January,  1856,  p.  321. — ^Martins,  Buchn.  N.  Bepert.  v.  100.— 
Quibourt,  ilfid.  vi.  97. — ^Werner,  Zeitachr.  f.  Chem.  1862,  p.  588. — ^A  balsamio 
substance,  much  resembling  balsam  of  copaiba  (i.  492),  imported  of  late  years  from 
Calcutta  into  this  cotintry  for  medicinal  uses.    It  is  obtained  from  sevonu  species  of 

•  UiUer*!  EkmaUt  qf  Ckemittrgt  3rd.  ed.  iii.  119. 
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IHpierocarptts,  growing  in  Pegu,  Assam,  and  some  of  the  islands  of  the  Indian  Arebi' 
peUigo.  it  smdls  and  tastes  hike  copaiba-balsam,  is  somewhat  more  yiscid  than  oUr^ 
oil,  and  has  a  specific  giayityof  0*964.  In  its  original  state  it  is  toiUd,  owing  to  the 
presence  of  a  greenish  resin ;  when  filtered  from  uiis,  it  is  brown  and  transparent  hjf 
transmitted  light,  but  opa^ne,  with  greenish  finorescenoe,  by  reflected  ligoi.  This 
colour  and  fluorescence  distingaish  it  &om  copaiba-balsam,  and  further  di^ireooes  aaps 
obserred  in  its  behaviour  when  heated,  and  with  reagents.  When  heated  to  ISO*^,  it 
becomes  turbid  and  gelatinous ;  whereas  copaiba-balsam  becomes  more  fluid  when  ita 
temperature  is  raised.  Wood-oil  is  less  soluble  in  alcohol  than  co^ba ;  it  forms  a 
viscid  liquid  with  am$noma,  whereas  copaiba-balsam  forms  a  clear  liquid;  and,  more- 
over, wood-oil  does  not  solidify  when  mixed  with  •^  of  its  weight  of  calcined  nuE^mesia. 

Wood-oil  is  not  a  definite  compound,  but  a  mixture  of  resin  and  volatile  oil ;  ac- 
cording to  Lowe,  it  contains  84  per  cent,  resin,  66  volatile  oil,  and  1  pt.  water  ai^ 
acetic  acid.    The  resin  is  hard,  whereas  that  of  copaiba-balsam  is  sofK 

Werner,  by  distilling  the  balsam  with  water,  obtained  about  20  per  cent,  of  • 
volatile  oil,  U**H'',  polymeric  with  col  of  turpentine.  This  oil  has  a  ^eeifle  giavi^ 
of  9044  at  15<>,  a  Isvorotatory  power  of  10^  boils  at  266<';  iU  vapoor-deBAty  ia 
9-40  (2  vola.). 

The  resin  left  after  distilling  off  the  oil,  contains  a  resinoas  add,  gurjiinie  acsd, 
C**E**0\  soluble  in  aqueous  ammonia.  To  separate  this  add,  the  crmle  resin  is 
boiled  with  potash-ley,  which  dissolves  it ;  the  solution  is  mixed  wi&  exoess  of  sal- 
ammoniac,  and  filtered ;  and  the  ammoniacal  filtrate  is  mixed  with  hydrochloric  add« 
whidi  throws  down  the  guijunic  acid  in  thick  yellowish  fiocks.  This  add  diwolvea 
in  alcohol  and  ether,  melts  at  220^,  solidifies  at  180^'  boils  at  260<»,  and  distils  ap- 
parently without  decomposition.  It  is  dibasic,  and  forms  soluble  salts  with  the  alkaus 
and  alkaline  earths. — ^The  potaamim-daU,  0'^'%K)^  oystallises  from  alcohol  in 
microscopic  Inmine. — The  caldumsaltf  C*^*H}a''0\  and  the  harium-^alt,  C^R^BaTO*, 
are  white  and  amorphous.^  The  sUtfer-Bolt,  C*'H"AgH)',  is  obtained  by  predpitatlon, 
in  white  fiocks,  which  blacken  on  exposure  to  light.    (Werner.) 

Wood-oil  is  used  bv  the  Malays  as  a  varnish  for  household  utensils,  boat«»  Ssc ;  it 
has  been  recommended  as  a  substitute  for  copaiba-balsam  in  medidne. 

VrOQl^BTTMIT.    See  Mbtbtl,  Hisb^ti  ov  (iii.  988). 

See  Tab  (p.  670). 


(Schlossberger,  Allgem.  u.  TerA.  Thierchemie,  p.  265. — &orap- 
Besanez,  Physiol  Chemie,  p.  592. — ^Bolley,  Handb.  d.  chem.-teehn.  UntttrsucL, 
4te  Aufi.,  p.  428. — Chevreul,  J.  pr.  Chem.xxvii  57:  xxxii.  227. — ^Mulder,  PhysioL 
Chemie,  ii.  570. — Scherer,  Ann.  Ch.  Pharm.  xL  54. — ^v.  Bibra,  ibid,  xevi.  285. — 
Gorup-Besanes,  ibid.  Ixvi.  321 ;  exviii  280. — Grothe,  J.  pr.  Ohem.  Ixxxix.  420. — 
Lassaiene,  J.  ChinL  M6d.  xix.  562.) — Wool  belongs  to  the  homy  tissues  (iii.  170^ 
After  euaustion  with  water,  alcohol,  and  ether,  to  remove  flit^  matter,  salts,  &e.,  it 
contains,  according  to  Scherer,  50*65  per  cent,  carbon,  7*03  hydlrogen,  17*71  nitxogen, 
and  24*61  oxygen  and  sulphur.  Chevreul  found  in  wool  thus  punfied,  1*78  pa*  eent. 
sulphur;  Mulder  rather  more;  v.  Bibra  0*8-0*9  per  cent.;  and  Gixithe  found,  as  a 
mean  of  numerous  determinations  with  different  kinds  of  wool,  2*81  per  cent.,  the 
minimum  bdng  1*3,  and  the  maximum  8*4  per  cent. 

The  amount  of  water  in  wool,  is,  according  to  Maumeni  and  Grothe,  18  to  16 
per  cent^  of  which  6  or  7  per  cent,  go  off  when  the  wool  is  dried  in  the  air;  in  damp 
air  dry  wool  quickly  takes  up  a  considerable  quantity  of  water,  about  0*02  per  cent, 
per  hour  according  to  G^rothe's  experiments. 

In  100  pts.  wool  dried  at  110°,  Gomp-Besanez  found  8*28  per  cent,  ash,  eontaising 
0*29  pt  silica,  or  8*3  pts.  silica  in  100  pts.  of  ash.  Reepecting  the  extraction  of  potas* 
num-salts  from  tlie  sweat  of  sheep*8-wool,  see  Potassium-salts  (iv.  720). 

The  reactions  of  wool  with  adds,  alkalis,  &c,  are  the  same  as  thoseof  homy  tissue* 
in  generaL  Dilute  alkaline  solutions,  especially  soda-ley,  remove  part  of  the  sulphur, 
but  the  remainder  appears  to  be  more  intimately  combined,  and  can  only  be  removed 
by  boiling  with  strong  alkalis,  which  destroy  the  texture  6t  the  wooL  C.  Gr. 
Williams  (Ann.  Ch.  Pharm.  cix.  127),  by  distilling  flannel  with  strong  bofling 
potash-ley,  obtained  a  distillate  containing  a  large  quantity  of  ammonia,  tpgeSier  with 
butylamine  and  amylamine.  Flannel  distilled  by  itself  yielded  an  insufferably  stinking 
cil,  accompanied  by  lar^  quantities  of  pyrrol,  streams  of  sulphydic  add  gas,  and  * 
small  quantity  of  carbomc  msulphide,  with  mere  traces  of  oily  oases. 

Wool  and  silk  may  be  distinguished  from  vegetable  tissues,  such  as  cotton  and 
linen,  by  drawing  out  a  thread  and  setting  it  on  fire.  The  animal  fibres  then  leave 
a  shining,  tumefled,  difBcultly  combustible  dnder,  which  leaves  a  large  quantHy  of  ash 
when  completely  burnt;  the  smoke  smells  like  burnt  horn,  and  turns  turmmc  brown. 
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Vegetable  fibres,  on  the  other  haod,  leave  a  cinder  having  the  form  of  the  thread,  and 
only  a  small  quantity  of  ash ;  they  bom  with  a  smoke  which  has  an  empyrenmatio 
odour,  and  reddens  litmus.  Wool  and  silk  are  also  distinguished  from  cotton  and 
linen  by  the  yellow  colour  which  they  assume  when  steeped  in  nitrie  or  in  trierie  acid^ 
the  vegetable  fibres  not  being  coloured  by  this  treatment  Wool  or  silk  is  dissolved 
by  boiling  with  potash-  or  soda-Uyt  of  spMific  gravity  1*04  to  1*05,  whereas  vegetable 
fibres  remain  unattacked.  Cotton  and  linen  dissolve  in  a  solution  of  cupnUe  <if 
amm<mium,  wheress  wool  is  insoluble  therein. 

Wool  and  silk  may  be  distinguished  from  one  another  by  a  solution  of  9odie  plumbaU 
(prepared  by  addinff  caustic  soda  to  acetate  of  lead  till  the  resulting  precipitate  re- 
cussolves),  wool  and  hair  being  turned  brown  by  this  liquid,  in  consequence  of  the 
sulphur  which  they  contain,  wheieas  silk,  which  is  u«e  fr^m  sulphur,  remains  unaltered. 
The  three  following  distinctions  are  given  by  G-rothe  (Zeitschr.  anal.  Chem.  iii.  168) : 
— 1.  Wool,  cautiously  heated  to  130^,  gives  off  the  odour  of  carbonic  disdphide  «m1 
ammonia,  assumes  a  golden-yellow  oofour,  and  curls  up ;  silk  becomes  cdoured  only 
at  140*^-145^,  and  does  not  curl  up. — 2.  When  the  fibns,  moistened  with  potash-ley, 
are  dipped  in  a  solution  of  cttprto  ttdphate^  and  then  exposed  to  the  air,  the  wool 
quickly  turns  brown,  in  consequence  of  the  formation  of  cuprie  sulphide,  whereas  the 
silk  remains  unchanged. — 8.  On  mixing  the  solution  of  wool  in  caustic  potash  with 
tartaric  aeid,  and  then  with  euprie  su^kate,  a  lazge  quantity  of  cuprie  sulphide  is 
formed,  and  the  filtered  liquid  codiibits  a  dark  brown-red  colour.  Silk  treatea  in  the 
same  manner,  yields  a  eomewhat  viscid  solution  having  a  fine  violet  colour. 

WOO&ASA.    Syn.  with  Cubaba  (ii.  185). 

^BITOOTZ.  East  Indian,  or  Persian  Damask  Steel. — ^A  very  hard  steel,  made  in 
India,  and  containing  small  quantities  of  silicon,  manganese,  nickel,  and  tungsten.  It 
has  a  specific  gravity  of  7'727  at  17^,  and  exhibits  very  beautiful  patterns  when  etched 
with  adds. 


K  Semen  Cfina.  Semen  Contra,  Semen  Santoniei, — ^The  flower-buds 
of  Artemisia  VaMiana,  A,  Sieberi,  and  A  inctdta,  plants  belonging  to  the  composite 
order.  The  first  is  indigenous  in  Persia  and  Asia  Minor,  and  yields  Levant  vormseed ; 
the  second  grows  in  Barbary,  Persia,  and  Arabia,  and  ^elds  the  Barbarv  or  African 
wormseed ;  the  third  is  said  to  yield  the  East  Indian  wormseed,  which  however, 
according  to  some  authorities,  is  merely  the  African  variety  mixed  with  turmeric  or 
fustic. 

Wormseed  contains  santonin  (p.  189),  a  volatile  oil,  a  brown  bitter  resin,  a  green 
soft  resin,  and  a  wsxy  substance,  together  with  the  ordinaiy  plant-constituents.  It  is 
used,  especially  the  Levant  variety,  as  a  remedy  for  ascandes,  being  given  either  as 
an  electuary  or  an  infusion.  It  is  not  known  which  of  the  constituents  of  wormseed 
is  the  active  principle. 

lVOBBK8aBB-OZ&.  Oleum  etna.  Essence  ds  Semsn-contra,  (Tromms- 
dorff,  Tr.  N.  J.  iii.  312.— Volckel,  Ann.  Ch.  Pharm.  xxxviii.  110;  Ixxxvii.  312; 
Jahresb.  1853.  p.  612;  1854,  p.  690. — ^Hirzel,  Jahresb.  1864,  p:  691 ;  1856,  p.  666. — 
Kraut  and  Wahlforss  (Ann.  Ch. Pharm.  cxxviii. 293  ;  Jahresb.  1863, p.  661. — Gm., 
xiv.  316.) — This  oil  is  obtained  by  distilling  wormseed  with  water.  It  has  a  pale- 
yellow  to  brownish-yellow  colour,  a  pungent  disagreeable  odour,  and  camphorous, 
aromatic  burning  taste;  specific  gravity » 0*926  to  0*936  (Wacken rod er;  /jeller; 
y olckel) ;  004  (Hirsel).  It  boils  at  170<)— 180<)  (Hirzel).  When  distilled  with 
milk  of  lime,  it  yields  a  lighter  oil,  of  specific  gravity  0'946®  at  8^  and  boiling  be* 
tween  174°  and  at  177°. 

Wormseed-oil  is  a  mixture  of  several  oils,  the  proportions  of  whidi  seem  to  vary  con- 
siderably in  different  samples :  hence  the  investigations  of  different  chemists  respecting; 
it  have  yielded  very  discordant  results.  AcoonUng  to  Kraut  and  Wahlforss,  tne  oil, 
when  purified  by  rectification  with  alcoholic  potash,  consists  mainly  of  an  oxygenated 
oil,  C'*H"0,  having  a  IsBvorotatoiy  power  of  2*1°,  mixed  with  a  camphene,  Cn*H** 
(Volckel's  cynene). 

Wormseed-oil  dissolves  in  about  1000  pts.of  water,  easily  in  ether,  in  all  proportions 
of  absolute  alcohol,  and  in  an  equsl  quantity  of  alcohol  of  specific  gravity  1*86 
(Zeller).  In  contact  with  the  air,  it  thickens  and  becomes  coloured;  it  is  easily  in- 
flammable.— ^With  dilute  nitric  acid,  it  yidds  oxalic  add  (V olckel),  or  toluic  acid 
(H  irzel) ;  when  helped  with  strong  nitric  add,  it  is  converted  into  a  yellow  resin. 

Iodine  dissolves  in  wormseed-oil  without  evolution  of  heat  By  dissolving  1  pt  of 
iodine  in  4  to  6  pts.  of  the  oil,  with  aid  of  heat,  a  dark  brown-red,  opaque,  visddmasa 
is  obtained,  from  which,  on  cooling,  black  crystalline  laminae  separate  (consisting  of 
iodine  and  dnsbene  ?).  From  the  solution  of  iodine  in  wormseed-oil,  water  extrarte 
accUc,  propionic,  and  bydriodic  acids,  and  perhaps  also  iodide  of  propyl.   On  distilling 
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the  solution  of  iodine  in  wonnseed-oi],  propionic  acid  and  iodofonn  pass  orer,  together 
with  a  dark-hrown  mobile  oil,  containing  einsbene,  hydriodate  of  dncbene,  dnsbeoe- 
camphor,  cjmene,  and  small  quantities  of  cinacrol,  angelic  add,  4^,  while  Che  solid 
blne-black  residue  consista  chiefly  of  dnaephene,  cinep^ne,  and  dnephone  (H  irse  II 
Wonnseed-oil,  mixed  with  a  saturated  solution  of  iodine  in  potassium-iodide,  jrieldb 
greenish  metallic-shining  crystals  of  the  compound  2(C'*H''0.HH>)JL'.  which,  whso 
treated  with  alcoholic  potash,  reproduces  wormseed-oil.    (Kraut  and  Wahlforsr.) 

Sulphuric  acid  colours  wormseed-oil  red-brown,  and  on  applying  heat,  sulphurous 
anhydride  is  eyolred. — Phosphorie  anhydride  blackens  it,  axid,  acoording  to  Volckel, 
forms  cynene ;  according  to  Hirzel,  cinsebene,  dnenhene,  and  dnacroL — SydrotdUcric 
acid  gas  is  absorbed  by  wormseed-oil,  forming  a  red -brown  liquid,  which  on  standing, 
deposits  worm  seed- camphor,  in  colourless  slender  needles  having  an  anmiatic 
camphor-like  odour  and  mild  warm  taste;  they  deliquesce  in  the  air,  melc  when 
heated,  and  yield,  by  distillation,  an  oil  containing  hydrochloric  add.  (Hirsel  and 
Volckel.) 

Wormseed-oil  distilled  with  potamum-hydraU  yields  a  colourless,  txanspareDt, 
mobile  oil,  haying  a  peppery  odour  and  warm  taste,  a  spedfio  grarity  of  0^32,  and 
boiling  at  about  176^.  With  hydrochloric  add  gas,  this  oil  forms  shining  deliques- 
cent needles ;  with  nitric  add,  liquid  and  rednons  products ;  sulphuric  add  eolonrs  it 
darktbrown,  and  rendeirs  it  yisdd.  lliis  oil  has  a  compodtion  represented  by  the  em- 
pirical formula  G**H**0',  and  consists,  according  to  Hinel,  of  dnebene,  cuusben** 
camphor,  piopione,  and  a  body  containing  0'*H'*0. 

Deryvatives  qf  WormaBed-cS, 

Cinabene,  C^'H*' (with  which  Volckel's  cynene  is  probably  identical),  azista 
ready-formed  in  wormseed-oil,  and  is  separated  by  distilling  the  oil  with  phospbone 
anhydride  (Hirzel).  It  is  a  colourless,  mobile,  pungent,  8tion^y*re&acting  oil, 
having  a  densi^  of  0  878  at  16^  and  boiling  at  172^.  When  distiUed  with  an  equal 
volume  of  nitric  add  of  specific  gravity  1*16,  it  yields  acetic  add,  propionie  add,  and 
volatile  oil,  and  leaves  a  resin,  which,  by  prolong  boiling  with  excess  of  nitne  add, 
is  converted  into  toluic  and  nitrotoluic  acids,  together  with  an  oil,  probably  aniirvlona 
add ;  no  oxalic  acid  is  formed  in  this  reaction. — With  hydriodio  aotd^  dnebene  lonoM 
an  oily  hvdriodate,  2C»*H".HI. 

Cinsbene-camphor,  C'*H'*0,  is  contained,  accordinff  to  Hirxel,  in  wormseed- 
oil,  but  cannot  be  separated  from  it  in  the  pure  state.  With  phos^orie  anhydride 
it  is  resolved  into  water  and  dnsebene.  According  to  Eraut  and  Wahlforss,  worn- 
seed-oil,  purified  by  alcoholic  potash,  consists  of  an  oil,  C'*H**0,  mixed  with  the  cara- 
phene,  C**H'*,  which  cannot  be  separated  by  fractional  distillation. 

Cinsphene,  C^'H",  is  one  of  the  compounds  formed  by  the  action  of  phoqJiorie 
anhydride  or  iodine  on  wormseed-oil.  It  is  an  oil,  visdd  at  ordinary  temperatures, 
mobile  when  warm,  boiling  at  316^ — 825^,  colourless  by  transmitted  Ught,  and  exhi- 
biting a  deep  indigo-blue  iridescence  by  reflected  light.  When  heated  nuh  nitric  add, 
it  is  converted  into  a  redn  having  a  musk-like  odour.    ^Hi  rzeL) 

Cinaphane,  C**H',  is  a  resinous  hydrocarbon  found  in  the  residue  left  on  distil- 
ling wormseed-oil  with  iodine.  To  separate  it,  this  residue  is  boiled  with  alcsohol, 
which  dissolves  dnsphene;  the  remaining  portion  is  dissolved  in  chloroform;  tha 
solution  is  mixed  with  20  pts.  of  alcohol  of  spedflc  gravity  0*84 ;  and  the  resulting 

Erecipitate  of  dn»phane  and  dnsephone  is  treated  with  ether,  which  dissolves  tha 
ktter,  and  leaves  the  cinephane,  to  be  further  purified  by  solution  in  chlorofbrm,  pre- 
cipitation with  alcohol,  and  washing  with  ether.  Ciiuepbane  is  a  nearly  velvet-bladt, 
loose,  rednous  powder,  tastdess  and  inodorous ;  when  heated  it  bums  away  without 
melting. 

Cinsephone,  C**W\  separated  £rom  dntephene  by  ether  in  the  manner  just 
described,  is  a  loosely  coherent  kermes-brown  powder,  destitute  of  taste  and  odour, 
insoluble  in  water  and  in  alcohol,  but  soluble  in  ether,  chloroform,  and  wormsMd-oil; 
when  heated,  it  bums  and  decomposes.    (Hirsel.) 

Cinacrol,  C'*H'*0*,  is  obtained  b^ rectifying  the  oil  produced  br  distilling  I  pL  of 
iodine  with  4  to  6  pts.  of  wormseed-oil ;  agitating  the  neariy  black  liquid  which  passes 
over  with  strong  potash-ley ;  heating  the  resulting  daik-brown  solution  till  it  ia  nearly 
inodorous  ;  and  then  distilling  it  witn  dilute  sulphuric  add.  The  oil  thus  obtained  is, 
after  diyine  and  rectification,  colourless  and  visdd,  with  a  £aint  smoky  odour,  and 
sharp  caustic  taste ;  a  specific  gravity  of  1*05  to  1*15 ;  boils  at  about  260^ ;  dissolve* 
slightly  in  water,  easily  in  alcohol,  ether,  and  acetic  acid ;  still  more  easily  in  alkalis, 
forming  a  solution  which  gives  a  white  predpitate  with  basic  acetate  of  lead,  a  blue- 
green  liquid  with  ferric  chloride,  and  reduces  nitrate  of  silver  when  heated  with  it. 
(HirzeL) 


WOULFE'S  APPARATUS— XANTHIC  ACID.  J049 


^Btrov&PB'B  AVPASATVS.  An  apparatus  eonsisting  of  a  seriea  of  thvee- 
necked  bottles  connected  by  suitable  tubes,  and  used  for  washing  gases  or  saturating 

liquids  therewith. 

IVIUOBTZVB.  A  basic  substance  obtained  from  the  bark  and  seeds  of 
Wrightia  atUidysetUerica  {Nerium  antidyaetUerieum^  L.),  an  apocjmaceons  plant  indi- 
genous in  India  and  Ceylon.  To  prepare  it,  the  pulverised  seeds  are  treated  with  car- 
bonic disulphide  in  a  displacement-apparatus,  to  remove  a  fisit-oil,  then  dried  and 
exhausted  with  hot  alcohol ;  the  extract,  freed  from  alcohol  by  distillation,  is  digested 
with  a  small  quantity  of  dilute  hydrochloric  acid;  and  the  evaporated  filtrate  is  mixed 
with  ammonia  or  sodic  carbonate,  which  throws  down  a  copious  flocculent  precipitate 
consisting  of  the  impure  base. 

Wrighnne,  after  washing  with  cold  water,  forms  an  amorphous  powder,  insoluble 
in  ether  and  in  carbonic  disulphide,  soluble  in  water  and  alcohol,  and  espeoiadly  in 
dilute  acids,  with  which  it  forms  uncrystallisable  salts,  having,  like  the  base  itself,  a 
persistent  bitter  taste.  The  acetic  acid  solution  is  predpitiSied  by  tannic  acid ;  the 
hydrochloric  acid  solution  gives  flocculent  precipitates  with  platinic,  auric;  and  mercuric 
chlorides.    (Stenhouse, Pharm.  J.  Trans.  [2 J,  t.  493.) 

B.  Haines  (t^.  vi.  432)  states  that  he  obtained  the  same  base  from  the  bark  of 
Wrighiia  di/senterica  (conessi-bark)  in  1858,  and  gave  a  short  description  of  it  in  the 
Transactions  of  the  Medical  and  Physical  Society  of  Bombay  (new  series,  it.  88).  He 
proposes  to  call  it  cones  sine,  and  calculates,  from  the  anslysis  of  the  free  base  and 
of  the  platinum-salt,  the  formula  C««H«N«0  and  C»fl«NH). 

Native  molybdate  of  lead.    (See  Moltbdinxtm,  iii.  1039.) 

This  name  is  given  by  Friedel  (Compt.  rend.  Iii.  983)  to  a  hexa- 
gonal zinc-sulphide  from  the  silver-mine  of  Oimo  in  Bolivia,  containing  66*6  per  cent. 
sine,  82*6  sulphur,  8*0  iron,  and  2*7  lead,  with  a  little  antimony  and  a  trace  of  copper. 
It  is  isomorpnous  with  greenockite,  has  a  brownish-black  colour,  vitreous  lustre,  brown 
streak;  hu^ess  ■■  3*5,  and  specific  gravity  «  3-98. 


X 

Syn.  with  ethylic  oogrsulphocarbamate.  (See  Svlfkocabbamio 
Ihvns,  p.  491.) 

U    Amylic  ozysulphocarbamate  (p.  498). 

CO  ACZO.    Syn.  with  amyl-disulphocarbonie  acid.    (See  Sul- 
pHocAHBONic  Bthbbs,  p.  496.) 

XE.    Amylic  disulphocarbonate  (p.  496). 

Berzelius*s  name  for  the  group  Cy'S',  regarded  as  the  radicle  of 
persulphocyanic  or  xanthydric  acid. 

ILAMVHAWLTWf  or  XAVTHSb.  An  oily  fetid  compound,  C^H"0',  supposed  by 
Couerbe  (Ann.  Ch.  Phys.  [2],  bd.  226)  to  be  produced  by  the  dry  distillation  of  xan- 
thic  ether. 

XAHTHATiARTW.  A  yellow  colouring-matter,  produced,  according  to  £.  Kopp 
(Jahresb.  1864,  p.  815),  by  the  action  of  nitric  add  on  the  black  residue  obtained  in 
preparing  pure  alizarin  from  his  green  alizarin  (see  Maddxb,  iii.  749).  It  is  slightly 
soluble  in  water,  easily  in  alcohol  ether,  and  caustic  alkalis.  By  heating  with  reduc- 
ing agents,  it  is  converted  into  a  crimson  substance. 


The  name  applied  by  Fr^y  and  Cloes  to  that  portion  of  the 
yellow  colouring-matter  of  flowers  which  is  soluble  in  water.  (See  Flowxbs^  Colours 
OF,  ii.  668.) 

XASTBBUBra.  2ieise  gave  this  name  to  an  oil  (identical,  according  to  Debus, 
with  ethyl-disulphocarbonic  sulphide,  i.  490^  produced,  together  with  cuprous  xan- 
thate,  by  precipitating  potassic  ethylsulphocarbonate  with  a  cuprio  salt.  (Handw.  d. 
Chem.  2»«  Aufl.  i.  250.) 

XAVTBSVB.  Volckel,  by  heating  persulphocyanic  add  to  about  150^,  obtained 
a  peculiar  body,  CH*N*S^  which  he  regarded  as  a  sulphide  of  xanthene,  CH^N* ;  it 
was  probably  only  a  mixture. 

XAVTBZO  AOXD.  Syn.  with  ethyl-disulphocarbonic  add.   (See  Sulfbocabboiiio 

Ethers,  p.  498.) 
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to  BTBXM.    EUiylic  zanthate  or  disalphoaurboBato  (p.  600). 

CO  OZZBB.    Syn.  with  XAirrRon, 

Sjn.  with  PBBSVifHOCTAKATBS  (ir.  379). 

Syn.  with  Xaitthabin. 

ThiH  name  has  been  applied  to  more  than  one  inbctanee : — 1.  By 
Fr^my  and  Cloez,  to  that  portion  of  the  yellow  colonring-mattcr  of  flowem,  whieh  it 
ioBolnble  in  water  (ii  668); — 2.  By  Sehnnck  and  Higgin,  to  Uie  yellow  oolonnag- 
matter  obtained  by  Kuhlmann  from  madder  (ilL  748); — 8.  By  Gonerbe,  to  a 
gaseous  product  of  the  decomposition  of  xanthatee,  to  which  he  assigned  the  formda 
C«H«S«0«. 


C*H^«0*.  Xantkio  Oxide,  (Marcet,  Et8(^  om  tie  Ckametl 
EUtory  amd  Chemical  Treatment  of  Caleuloue  Disorders,  London,  1819. — ^Liebig  and 
Wohler,  Ann.  Ch.  Phann.xzvi.  840.— Gobel,  Jahresb.  1851,  p.  604;  1852,  p.  712. 
— Scherer,  Ann.  Ch.  Pharm.  criL  314;  cxii.  257,  275,  279;  Juiresb.  1858,  p.  546; 
1859,  p.  605.~Strecker,  Ann.  Ch.  Pharm.  criii.  141 ;  camlL  151 ;  Jahresb.  1858, 
p.  546;  1861,p.526.— Stadeler,  Ann.  Ch.  Phann.ad.28;  czr.  102;  Jahresb.  1859, 
p.  603;  1860,  p.  579.— Be  nee- Jones,  Chem.  Soc.  Qn.  J.  zr.  78.— Alm^n,  JahresK 
1862,  p.  534.-^treeker  and  Bheineck,  Ann.  Ch.  Phann.  cxsd.  121.) — This  body 
was  discovered  hv  Marcet  in  a  nrinaiy  calcnlns  weighing  only  8  gnuns.  liebig  aod 
Wohler  afterwards  found  it  in  a  larger  calcnlns  weighing  between  1 8  and  20  grammss; 
these  are  the  onljr  known  examples  of  xanthine  calculi.  BenM^Jones  fonod  in  it  a  de* 
posit  from  the  nrine  of  a  boy.  According  to  Scheier,  xanthine  is  a  normal  oonstitoeot 
of  the  human  body ;  he  has  found  it  in  toe  urine  of  man,  in  the  pancreas,  spletti,  and 
liver  of  oxen,  in  the  thymous  gland  of  the  calf,  the  muscular  flesh  of  the  ox,  hone,  and 
of  fishes ;  also  in  the  spleen,  in  a  case  of  tumour  of  that  organ;  and  in  the  human  Uver, 
in  acute  yellow  atrophy.  In  the  muscular  flesh  of  the  horse  it  exists  to  the  Ammiwi  of 
0'0026  per  cent.,  together  with  hypoxanthine  or  sarcine ;  in  the  pancreas  to  the  amount 
of  0*0166  per  cmt.,  together  with  guanine ;  in  the  spleen,  liver,  and  brain,  together 
with  uric  acid.  Almen  found  0*02  per  cent,  xan&ine  in  ox-liver.  Aceording  to 
£.  Durr  (Jahresb.  1865,  p.  675),  the  presence  of  xanthine  in  human  urine  is  pro- 
moted by  the  use  of  sulphur-baths.  According  to  Unger  and  Phipson  (Qiom. 
News  [1862],  vi.  16),  xanthine  is  found  in  certain  kinds  of  guano  from  Uie  idand  of 
Jarvis. 

Artificial  Farmaiion. — Xanthine  is  produced : — 1.  From  uzie  add,  ^lom  which  it 
differs  b^  1  at  0,  by  the  action  of  sodium-amalgam  (Bheineck). — 3.  P^m  guanine; 
fiom  which  it  differs  by  NH,  by  the  action  of  nitrous  acid  (Strecker) : 

2C»H»N»0  +  0«     -     2C»H*N«0«  +  H«0  +  N«. 

Preparaiiou, — 1.  From  Urmary  Calculi,  and  from  Jarvis  Guano, — ^By  dissolving  tha 
substance  in  aqueous  potash  or  ammonia,  and  precipitating  with  carbonic  or  aostie 
add. 

2.  From  Muscular  Flesh  and  other  .iJMmal  Subskmees, — The  substance,  comminuted 
b^  trituration  with  pounded  glass,  is  digested  with  warm  alcohol  and  pressed ;  the  re- 
sidue is  digested  for  some  hours  with  water  at  50^ ;  the  expressed  liquid  is  nnzed  with 
the  alcohoUc  solution,  evaporated,  and  flltea«d  to  separate  albumin ;  aod  the  flhrste  is 
succesnvely  predpitated  with  neutral  lead-acetate,  basic  lead-acetate,  and  mercnne 
acetate.  The  two  latter  predpitates  are  then  suspended  in  water,  and  decomposed  bf 
sulphydric  add ;  and  the  filtered  liquid  is  evaporated,  whereby  a  mixture  of  xanthine 
and  sardne  is  obtained,  which  may  be  separated  by  solution  in  hydrochloric  acid — by- 
drochlorate  of  xanthine  then  separating  out,  while  the  greater  part  of  the  sarcine  remains 
in  solution.    (S  t ad e  1  e  r.) 

3.  From  Guanine. — The  solution  of  p^uanine  in  strong  nitric  add  is  mixed,  at  the 
boiling  heat,  with  nitrite  of  potassium,  till  a  copious  evolution  of  red  fumes  takes  plsvee. 
A  large  quantity  of  water  is  then  added ;  the  yellow  body  therebv  predpitated  (%  mix- 
ture of  xanthine  and  nitroxanthine)  is  washed  with  water  ana  cussolved  in  ooiliqg 
carbonate  of  ammonia;  and  the  solution  is  mixed  with  ferrous  sulphate  (to  reduce  the 
nitroxanthine  to  xanthine),  till  the  red-brown  predpitate  of  ferric  nydr&te  at  flist  pro- 
duced is  replaced  by  black  ferroso-ferrio  oxide.  The  solution,  wMch  should  sUU  contain 
a  large  quantity  of  free  ammonia,  is  then  filtered,  and  evaporated  to  dryness  over  the 
water-b^ ;  the  residue  is  treated  with  cold  water  to  extract  sulphate  of  ammonium,  then 
redissolved  in  boiling  carbonate  of  ammonium ;  and  the  filtrate  is  evaporated,  where- 
upon xanthine  remains. 

4.  From  Urine, — ^The  urine  is  predpitated  with  baryta-water;  the  filtrata  is 
evaporated;  the  highly  concentrated  mcrther-Iiquor  boiled,  after  addition  «#  water, 
with  cuipric  acetate;  the  predpitate,  after  washing  with  hot  water,  is  dissolved  in 
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nitric  acid,  and  precipitated  with  nitrate  of  mlrer ;  the  washed  precipitate  is  crystal- 
lised from  hot  dilute  nitric  add ;  the  resulting  crystals  are  treated  with  ammoniacal 
silver-solution,  to  free  them  from  nitric  acid ;  and  the  washed  precipitate  is  suspended 
in  water,  and  decomposed  by  sulphydric  acid.  The  filtrate,  when  eraporated,  yields 
xanthine. 

Properties. — Xanthine  separates  on  cooling,  firom  a  hot  saturated  solution,  in  white 
flocks ;  by  spontaneous  eyaporation  in  smafi  scales.  It  is  nearly  insoluble  in  cold 
water  (requiring  14,000  pts.),  and  but  sparingly  soluble  in  boiling  water.  It  is 
insoluble  in  alcohol  and  in  ether.    The  aqueous  solution  quickly  putrefies. 

Xanthine  does  not  lose  weight  at  150° ;  at  a  stronger  heat,  a  small  portion  of  it 
sublimes  undecomposed,  while  the  greater  pcurt  decomposes,  yielding  carbonate  and 
cyanide  of  ammonium,  and  a  yellow  oil,  but  no  urea,  when  heated  in  contact  with 
the  air,  it  bums  with  the  smell  of  burnt  hair. — ^By  the  action  of  sodium-amaloam 
containing  a  yery  small  proportion  of  sodium,  xanthine  is  reduced  to  saxcine, 
OH*N*0,  this  base  being  in  fact  produced,  together  with  xanthine,  by  the  action  of 
sodium-amalgam  on  uric  acid  (p.  1060). 

Comlnnations. — Xanthine  unites  both  with  acids  and  with  bases,  forming  for  the 
most  part  crystallisable  compounds,  which  are  more  soluble  thui  xanthine  itself. — The 
kydrochloraU,  C*H*NK)'^Cl,  forms  nodular  groups  of  small  silky  oystals.  Its  aqueoua 
solution  mixed  with  jUatinio  ekloride  deposits  yeUow  needles  of  a  double  salt.—The 
nitrate  separates  from  a  solution  of  xanthine  in  warm  moderately  strong  nitric  acid, 
in  yellow  warty  masses.  The  solution  of  xanthine  in  nitric  add  forms,  with  phomho^ 
molyhdic  acid,  a  yellow  predpitAte^  which  dissolyes  in  hot  moderately  stroi^  nitric 
acid,  and  separates,  on  cooling,  in  yellow  microscopic  cubes  (Scherer). — The  ntlphate, 
C*H*N*0'.H%0*  +  H*0,  forms  thin,  transparent,  crystalline  scales,  which  are  aeoom- 
posed  by  water. 

A  solution  of  xanthine  in  ammonia,  saturated  at  the  boiling  heat,  deposits,  on  cooling, 
crystals  of  xanthine-ammonia.  On  boiling  xanthine  with  barytO'Waier,  a  spanngly 
soluble  compound,  C*H*N*0«.Ba''H»0«,  is  produced.    (Strecker.) 

A  cold  saturated  aqueous  solution  of  xanthine  giyes  white  predpitates  with  mer- 
curic chloride  and  silyer  nitrate,  yellowish-^^reen  fiocks  with  cupnc  acetate.  The 
ammoniacal  solution  of  xanthine  giyes  white  predpitates  with  the  chlorides  of 
mercury,  zinc,  and  cadmium ;  with  nitrate  of  silyer,  it  forms  yellowish-white  flocks  of  the 
compound  C*H*N*0*.  AgK),  which  turn  black  on  boiling. — From  a  solution  of  xanthine 
in  nitric  add,  silyer-nitrate  throws  down  fiocks,  probably  consisting  of  a  compound  of 
xanthine  with  silyer-nitrate,  which,  if  left  in  the  hot  liquid,  gradually  become  crystal- 
line ;  water  abstracts  nitric  add  from  them. 

The  silyer-compound  of  xanthine,  heated  with  methylic  iodide,  yields  dimethyl- 
X  an  thine,  C*H^CH')'N^O*,  isomeric  but  not  identicied  with  theobromine.  Strecker 
represents  the  relation  between  these  three  bases  and  caffeine  by  the  following  rational 
fdmxdao: 


(CN)«  (CN)»  (CN)«  (CN)« 


(CO)-  )  (CO)"  )  (CO)"  )  (CO)' 
"  h  N» :        (CHH))"  \  N« ;      (C»H«0)-  ["' 


(C»H«0)nN«;        (CHWnN*;  (C•H«0)-^N«;  (C*H*Oy' 
H«      J                (CH»)^  j              H.CH«  J  (CH»)«  , 

Xanthine.  Dimethyl-  Thaobromfaie.  Caffeine. 

xanthine. 

ZJUrTBTVZVa.  C«H"NK)*.  (C.  Finck,  Ann.  Ch.  Pharm.  cxxxii.  298; 
Jahresb.  1864,  p.  642.) — ^A  base  produced,  together  with  sulphate  of  ammonium,  by 
h4MitiT*g  thionurate  of  ammonium  to  200^ : 

C*H»(NH*)«N»SO«    -     (NH*)«SO*  +  C*H"NW. 

On  boiling  the  resulting  mass  with  water,  the  xanthinine  remains  as  a  yellow  pow- 
der, which  may  be  purified  by  solution  in  alkalis,  predpitation  with  adds,  and  treat- 
ment with  strong  nitric  acid.  It  dissolyes  in  about  4,000  pts.  of  boiling  and  40,000 
pts.  of  cold  water,  to  a  light-blue  fiuorescent  solution,  which  is  predpitated  white  by 
mercuric  chloride,  yellow  by  silyer-nitrate.  It  dissolyes  in  strong  nitric  and  hydro- 
chloric adds,  somewhat  more  freely  than  in  water,  and  separates  therefrom  in 
crystalline  laminte.  The  solution  in  concentrated  sulphuric  acid,  decolorised  with  a 
little  nitric  add,  depodts  sulphate  of  xanthinine  in  laminar  crystals,  which  are  decom- 
posed by  water,  with  separation  of  white  pulyerulent  xanthinine.  On  dropping  an 
ammoniacal  solution  of  xanthinine  into  an  excess  of  silyer-nitrate,  a  bulky  yrilow 
silyer-compound,  C^H'N'O'Ag'O,  is  formed,  insoluble  in  water  and  in  ammonia. 


rOCJkXFXVa  A  yellow  colouring-matter,  contained,  according  to 
Cuzent  (Jahresb.  1859,  p.  664),  in  the  juice  which  exudes  from  indsions  in  the  bark 
or  fruit  of  Inocarpus  edutis. 
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%ii.inth  WiTLFEinTB  (p.  1049). 

A  mineral  from  Green  Biver,  in  Hendenon  Countj,  Nar^ 
Carolina,  probably  a  pseudomorph  after  titanite.  It  is  earthy,  yellowiah-wuto,  with 
faint  lustre;  brittle;  hardness  »  3*6 ;  specifie  gravity  »  27  to  8*0.  Oivee  off  waUr 
when  heated  in  a  tobe,  and  exhibits  with  flaxes  the  reactions  of  titaninm.  (Shepftrd, 
J.  pr.  Chem.  Bd.  Ixix.) 

aLAJTTHITB.  A  variety  of  vesayian  occuring  at  Amity,  in  the  State  of  New  Toric, 
in  indistinct,  four-sided,  priBmatie  crystals  and  crystalline  gianules,  imbedded  is 
limestone.    (Dana,  ii.  109.) 

XJIVTBOBSTZO  JLOTD,  An  add  contained,  according  to  L.  Meier,  in  the 
root  of  Beta  vtdgarU,  It  is  obtained  by  precipitating  the  cold  aqueous  extza^t  with 
neutral  acetate  of  lead,  boiling  the  precipitate  repeatedly  with  water,  then  dzvoching 
it  with  alcohol  of  80  per  cent,  and  evaporating  the  extract  to  dryness  after  addition  dt 
dilute  sulphuric  acid,  On  exhausting  the  brown  residue  with  cold  aloohol,  and 
evaporating,  xanthobetic  acid  remains  as  a  reddish-yellow  mass,  having  a  floor  t«0t^ 
veiT  hygroscopic,  slightly  soluble  in  ether,  easily  in  alcohol  and  in  water.  Alkalis 
and  alkaline  earths  colour  it  red,  and  form  soluble  crystalline  salts,  from  which  the 
xanthobetic  acid  is  separated  by  stronger  acids  in  its  original  state.  Hie  xantho- 
betates  of  the  heavy  metals  are  insoluble,  and  are  obtained  by  precipitation.  (Haodw. 
d.  Chem.  li^.  828.) 

XAJfTBOOUIMUB.  The  juice  of  Xanthoehymus  picUfriut  (formerly  sipposed 
to  contain  gamboge)  is  grevish-green,  and  contains  65'5per  cent,  resin,  17*6  gum,  and 
5*9  woody  fibre ;  no  volatile  oil.    (Christison,  Ann.  CL  Phann.  Ixxvi.  S47.) 

XAMTBOCOBA&TZO  8iL£TS.  See  Cobalt-basbs,  Ammoioacal  (i.  1064); 
for  the  view  of  their  composition  proposed  by  C.  D.  Brann,  see  JahresK  1M2, 
p.  210;  1864,  p.  270. 

XAVTBOOOVB.  Ag*AsS«.2Ag*AsS*.— A  silver-ore  from  the  Himmelfiint 
mine,  near  Freiberg  in  Saxony,  crystallising,  according  to  A  Breithanpt  (Pogg.  Ann. 
Ixiv.  272),  in  rhombohedral  plates,  having  a  lm)wn  to  orange-yellow  colour  and  ada- 
mantine lustre;  transparent  to  translucent*  somewhat  brittle;  hardness  ^  2'8;  specifie 
gravity  —  60  to  6*2. 

See  Ttrosihb  (p.  981). 

A  name  applied  by  Hope  (J.  pr.  Chem.  x.  269)  to  a  sabKanes 
(called  "resin  of  flowers"  bjClamor-Marquart),  which  he  supposed  to  bo  veiy  widely 
difihsed  in  the  vegetable  kingdom,  and  to  be  turned  yellow  by  aUcalia.  (See  PlownSi 
CoLOUBS  OF,  ii.  668.) 


Zeise's  name  for  an  oily  prodoct  formed  by  the  diy  di^ 
filiation  of  potassic  xanthate  (p.  498). 


This  name  was  given  by  Scherer  (Ann.  Ch.  Pham. 
cxii.  257)  to  a  substance  which  he  obtained  in  yellow  globules,  to^Dther  with  asm&i^ 
from  the  liver,  spleen,  and  other  organs  of  the  animal  body ;  subsequently,  however,  he 
found  that  it  was  a  mixture  of  xanthine  and  sardne. 


A  yellow  colouring-matter  from  the  seed-capBules  of  Sorgkam 
saccharatum. 


A  yellow  colourin^matter  obtained  from  the  baik  of  9oryhu^ 
saccharatum,    (Secard,  Itier,  and  Joulie,  Compt.  rend.  xliv.  19,  141.) 


JCAVTBOBiaTBTXiZO  AOXB.    See  SuiiFHOCABBOino  Ethbbs  (p.  601). 


JLOTDm    A  product  of  the  decomposition  of  opismmone  by 
aqueous  alkalis  (iv.  207). 

BAWTBOFBBH  ZO  AOZB.  A  yellow  colouring-matter,  of  unknown  oompoo- 
tion,  produced,  according  to  Fol  (Rip.  Chim.  App.  1862.  p.  179;  Jahreeb.  1862. 
p.  697),  bv  heating  phenol  or  cresol  with  arsenic  acid.  It  dissolves  in  water  with  gcdde&> 
yellow  colour,  in  aqueous  alkalis  with  red  colour,  and  forms  reddish  salt*.  Tkt  bm 
acid  d  ves  silk  and  wool  yellow,  without  the  aid  of  mordants,  and  the  dyed  stu£fs  may  be 
treated  with  soap.  Hie  xanthophenates  dye  silk  and  wool  red,  of  vanons  shadesi  ham. 
the  darkest  red  to  the  lightest  rose-colour. 

XABTBOFBTIA.  The  yellow  colouring-matter  of  withered  leaves.  Nothinf 
jeertain  is  known  respecting  its  composition,  or  of  the  manner  in  which  it  is  fozmed 
from  chlorophyll.    (See  Handw.  d.  Chem.  2**  Aufl.  ii.  [2],  10,  art.  Blattoellk.) 
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See  CLDTTOinTB  (i.  1026). 

EOFZCSnr.  XAITTBOFZCXXTB.  These  namef  weie  giTen,  bjr 
Chovallier  and  Pelletan  (Ann.  Ch.  Phjs.  [2J,  xxxiv.  200),  to  a  yellow  colouring 
matter  from  the  bark  oi Xanthoxylon  oaribmum^  since  shown  by  Perrins  (Pharm.  J. 
Trans.  [2],  iv.  465),  to  be  identical  with  berberine  (L  579). 

XAJrrKOF&OTBZC  AOZB*  An  add  formed  by  the  action  of  nitric  add  on 
albumin,  fibrin,  casein,  and  horny  matters.  It  is  purified  by  boiling  water  and 
alcohol  (Miilder,  J.  pr.  Chem.  xvi.  397;  zx.  352).  It  is  an  orange-yellow,  amor- 
phous, inodorous,  and  tasteless  substance,  which  reddens  vegetable  colours.  It  is 
charred  by  heat  without  melting,  diffusing  an  odour  of  burnt  horn  ;  forms  deep  red 
solutions  with  alkalis,  and  is  precipitated  therefrom  by  acids.  DissolTes  in  concen- 
tral^d  acids,  and  is  predpitated  by  water  from  the  acid  solutions  in  combination  with 
the  add  employed.    These  predpitates  are  decomposed  by  washing : — 

MUlder.  Van  der  Pant. 

(Average  of  11  analyses.) 

Carbon  .  .  .    60*78  500 

Hydrogen  .  .  .      6*60  6*3 

Kitrogen  .  .  .14-00  14*7 

Sulphur  .  .  .        M  1*3 

Oxygen  •  .  .       „  „ 

Mulder  considers  xanthoproteic  add  to  be  dibasic,  and  ascribes  to  it  the  formula 
C^H*V*0*\  Xanthoprotdc  add  is  decomposed  by  boiling  concentrated  vo^oM,  yield 
ing  ammonia.  When  chlorine  is  passed  through  an  ammoniacal  solution  of  the  add,  the 
liquid  is  decolorised,  and  a  yellow  precipitate,  containing  chlorine,  is  formed. 

The  poiasnwn-  and  sodium-salts  do  not  crystallise ;  they  have  a  fine  red  colour. — 
The  amnumium^'Salt  is  red,  and  parts  with  all  its  ammonia  at  140^. — The  bartum-  and 
calcwmrsalts  are  red,  rery  soluole  in  water,  and  insoluble  in  alcohol  and  in  ether. — 
Thf^  harium-saU  contains  12*9 per  cent  BaO  (Van  der  Pant). — The  iron-  and  copper' 
salts  are  orange,  and  become  red  on  drring. — The  lead-salt  forms  a  yellow  precipitate 
becoming  red  by  desiccation,  and  contains  14  per  cent.  PbO. — ^The  s^u^r-so^  resembles 
the  preceding. 

Neither  the  acid  nor  its  salti  explode  by  heat. 

Syn.  with  Ibon  Ptbitbs  (ill.  403). 

A  yellow  colouring-matter  obtained  £rom  Persian  or 
Turkey  berries,  the  seeds  of  Rhamnus  amygddlinus^  R.  oleoides,  B.  saxatilis,  and  from 
Avignon  grains,  the  seeds  of  R,  ir^fectorius  (p.  100).  According  to  Kane  (Phil.  Mag. 
[3],  xxiii.  3),  it  has  the  composition  C*H'*0'\  and  occurs  only  in  the  ripe  seeds,  being 
formed  by  decomposition  of  the  chrysorhamnin  contained  in  the  unripe  seeds  (i.  960). 
It  is  also  produced  by  boiling  chrysorhamnin  with  water,  in  contact  with  the  air ;  and 
when  unripe  Persian  berries  are  boiled  with  water  for  some  time,  and  dried,  they  are 
afterwards  found  to  contain,  not  chrysorhamnin,  but  xanthorhamnin.  Xanthorhamnin 
dried  in  a  vacuum  over  oil  of  vitriol,  is  deliquescent,  melts  below  100^,  and  continues 
to  give  off  water  till  heated  to  200^,  and  then  solidifies  to  a  brittle  mass.  It  deoom- 
poRes  above  200°,  dissolves  easily  in  water  and  in  alcohol,  but  is  quite  insoluble  in 
ether.  The  aqueous  solution  is  precipitated  by  neutral  and  basic  acetate  of  lead. 
(Kane.) 

Accordingto  Gellatly  (N.  Edinb.  Phil.  J.  vii.  252),  xanthorhamnin  has  the  com- 
position C^^O*^,  and  exists  ready-formed  in  the  unripe  berries.  To  obtun  it,  the 
coarsely -ground  berries  are  boiled  with  alcohol;  the  tincture,  not  too  concentrated,  is 
freed  by  standing  and  repeated  decantation  from  a  dark-brown  resin,  and  then  left  for 
some  days  to  crystallise;  and  the  product  is  purified  by  crystallisation  from  aloohoL 
Xanthorhamnin  thus  obtained  forms  compact  tufts  of  pale-yellow  shining  cirstala 
containing  5  at.  water,  which  they  give  off  without  melting  at  100°.  In  aqueous  solution 
it  is  resinisod  by  bromine  and  chlorine.  Nitric  acid  oxidises  it,  forming  a  red  solu- 
tion which  contains  oxalic  acid.  It  dissolves  in  strong  sulphuric  add,  and  is  thrown 
down  as  a  yellow  predpitate  by  water.  By  boiling  with  dilute  acids,  it  is  resolved  into 
rbamnetin  and  glucose : 

C"H«0»*  +  8H*0     -     C"H*»0*  +   2C«H"0«. 
Xanthorhamnin.  Rhamnetin.  Glucose. 

Xanthorhamnin  dissolves  easily  in  water,  either  hot  or  cold,  but  cannot  be  separated 
from  the  solution  in  the  crystalline  form.  It  dissolves  in  cold  aloc^ol,  easily  in  boiling 
aleohol,  but  is  insoluble  in  ether.  With  aqueous  alkalis  it  forms  brown  solutions, 
wliich  become  paler  when  mixed  with  adds.  It  forms  predpitates  with  salts  of  the 
alkaline  earth-metals,  aluminium-solts,  and  stannic  salts.   Neutral  lead-acetate,  mixed 
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with  an  exceM  of  alcoholic  xanthorhamnin,  gives  a  yellow  precipitate,  oossiatiQg,  in  the 
air-dried  state,  of  C*'H*'O^^.PbO.  Xanthorhaxnnin  forms  a  black  predpitata  with 
iron-salta.  It  dyes  fabrics  mordanted  with  alnmina,  a  fine  yellow;  toose  mordaoted 
with  iron,  black.    (Gellatly.) 

Hlasiwets  (Ann.  Ch.  Pharm.  cxi.  108)  regards  zanthorhamnin  as  identical  with 
qnerdtrin  (p.  6)  and  rhamnetin  resultinff  fircnn  ite  decomposition  as  identical  with 
qneroetin  (p.  4).  This  is  doubted  by  Bolley  (ibid,  czr.  66),  who,  howvrer,  obtained 
qneroetin  nom  Persian  berries  (Chem.  8oc  Qo.  J.  ziii.  828);  also  by  Gellatly 
(ChenL  News,  iii.  196 ;  Jahresb.  1860,  p.  497). 


Syn.  with  Acaboid  Bnsur  (i.  2). 

ILAMTWLOWTMMTMm  A  yellow  mineral  from  the  Enllbers,  near  StodJiolB, 
allied  to  oithite  or  allanite,  and  containing,  according  to  Bahr  (Beza.  Jahresb.  zzri. 
369),  82-93  per  ceot  SiO*,  16-64  Al*0*,  4-21  FeO,  20*01  CeO  (with  LaO  and  DiO)^ 
6*76  CaO,  0*69  YO,  216  MgO,  0*39  MnO,  17*66  water,  and  a  small  quantity  of  car- 
bonic  acid. 

XAVTBOSIBBBXTB.  A  hydrated  ferric  oxide,  FeH>*.2H'0,  ooeuzring  in 
acicular  or  fibrous  crystalline  groups,  near  Qmenau  in  the  Thuringian  Forest.  (B. 
Schmid,  Pogg*  Ann.  Izzzit.  496.) 

ZAHTHOTAmzo  ACXDn  The  name  giren  by  Ferrein  (Jahresb.  1868,  p. 
463)  to  the  yellow  colourinff^matter  of  elm-leares,  which  he  regards  as  a  tannic  ado. 
The  alcoholic  extract  of  vellow  elm-leaTes  gave,  ^en  treated  with  water,  s  yeUow- 
brown  liquid,  from  whidk  acetate  of  lead  threw  down  xanthotannate  of  lead, 
8Pb0.2C»«H»H)«. 


lOJmaVfl.    C»«H".    rStenhouse,  Pharm.  J.  Trans,  xrii.  19.)— The 

volatile  oil  of  Xantkox^hn  ffiperitum,  Dec  {Fagara  ptperita^  L.),  the  so-called  Janaa- 
pepper.  It  is  colourless,  strongly  refractive,  has  an  aromatic  odour  not  aUerea  hw 
treatment  with  sodium ;  boils  at  162*^ ;  forms  a  liquid  compound  with  bydrochlonc 
acid. 


EOXT&nr.  (Stonhouse,  Phann.  J.  Trans.  xiiL  423;  xvii.  19.)~-A 
crystalline  non-nitrogenous  camphor  or  stearoptene,  which  separates,  on  ooolimg,  from 
the  oil  obtained  by  cUstilling  the  bruised  seeds  of  XantkoxyUn  piptrUum  with  water. 
It  may  also  be  prepared  by  evaporating  the  alcoholic  extract  of  the  fruit ;  the  ezystals 
thus  obtained  are  contaminated  with  resin,  but  may  be  purified  by  washing  with  oold 
aqueous  ammonia,  and  recrystallising  from  alcohol  or  ether-aloAoL 

Xanthoxylin  forms  monoclinic  crystals,  having  a  silky  lustre,  a  faint  odoor,  and  a 
slight  aromatic  taste.  It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and 
ether,  melts  at  80^  solidifies  at  78^,  and  may  be  distilled  without  deoompontioa. 
Nitric  acid  oxidises  it  to  oxalic  add.  The  alconolic  solution  is  not  precipitated  by 
nitrate  of  silver,  or  aceteto  of  lead,  even  on  addition  of  ammonia. 


TKOXT&OV.  The  bark  of  X,  caribaum,  lium.,  or  X,  dava  BtremlU^'L, 
«sed  in  the  Antilles  as  a  febrifuge,  contains,  according  to  Staples  (Pharm.  J.  Traa^ 
r2],  iv.  399),  a  volatile  oil,  a  green  fixed  oil,  gum,  and  a  crystsllisable  bitter  (vinei^ 
designated  by  him  as  xanthoxylin,  and  regarded  by  Bentley  (t6u{.),  as  probably 
identical  with  the  xanthopicrite  of  Chevallier  and  Pelletan  (p.  1068)  ;  accordinffto 
Perrins,  however,  the  two  bodies  are  distinct^  xanthopicrite  being  in  &et  identical 
with  berberine. 

The  fruit  of  X,  piperiium  contains  a  volatile  oil,  xanthoxylene,  and  scrystaOiM 
camphor,  xanthoxylin  {vUL  iup,) 

XAM THU JUV*  The  name  given  by  Couerbe  to  a  liqoid  confound,  OH^SO*, 
which  he  supposed  to  be  pioduoad  by  the  dry  distillation  uf  potaaaio  or  plnmbis 
xanthate. 


^BTBXXO  AOIB«    Syn.  with  PUksxTLFSOCTAifio  Acm  (tv.  878). 

TTM»  An  aluminio  silicate^  occurring  at  Peterhof  in  Finland,  in  flbroiH 
layers  having  a  vitzeous  lustre,  hardness  ^  7*0,  and  specific  gravi^  »  8*6.  On* 
tains  47*44  per  cent,  silica,  and  62-64  alumina.    (Komonen,  Pogg.  Ann.  IvL  643.) 

XMKOTtMMm    Native  phosphate  of  yttrium.    (See  Phospbatis,  iv,  686.) 
XBVTXJkMnra.    C"H"N  -^"^{n.  MaHyUtmne,  (Hofmann.  ProcBoj. 

Soc  xiL  889.) — ^A  monamine  isomeric  with  diphenylamine,  oocurrinff  in  the  bade  oil, 
boiling  above  130®,  which  is  obtained  as  a  bye-product  in  the  manundiBre  of  aniline. 
This  mixture  of  oily  bases,  neutralised  with  sulphuric  add,  deposite  impure  aulphate 
of  xenylamine,  which  may  be  purified  by  treating  it  with  boiling  a1fi?hH^  crystamsing 
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the  remaining  salt  from  a  large  quantity  of  boiling  water,  and  again  treating  it  with 
boiling  alcohoL  On  suspendinff  the  pnre  sulphate  thus  obtained  in  weak  alcohol, 
decomposing  it  with  caustic  soda,  and  adding  water,  xenylamine  separates  in  the 
crvBtalline  form,  and  maj  be  purified  by  solution  in  alcohol,  and  precipitation  with 
water. 

Pure  xenylamine  forms  white  shining  scales  or  needles,  hayinff  a  slight  grey  tint 
when  dry.  It  is  but  sliehtly  soluble  in  boiling  water,  easily  in  i£x>hol  and  in  ether ; 
melts  at  46^,  boils  at  32d^,  and  distils  without  decomposition.  It  unites  with  acids, 
forming  crystallisable  salts.— The  hydroehlorais,  C"H"N.HC1,  forms  white  needles, 
somewhat  more  soluble  than  the  sulphate.— The  eUoroplaHnate,  2(C**H'>N.HCl).PtCl*. 
H'O,  is  a  pale-yellow  precipitate,  composed  of  microecopic  needles;  does  not  give  off 
its  water  of  crystalliration  at  160^— The  niiraU,  C^H^'N-HNO*,  forms  luge  white 
needles,  moderately  soluble  in  water.— The  «u^Aafo,(C»H"N)*.H'SO\isdisti^mshed 
by  its  sparing  solubility  in  cold  and  eren  in  boiling  water ;  it  is  but  little  more 
soluble  in  boiUng  alcohoL  From  the  boiling  aqueous  solution  it  separates  in  small 
needles. 

JkrivatiffeB  of  Xenylamine. 

Xenylamine  shows  less  tendency  than  most  other  monamines  to  the  formation  of 
substitution-derirativeB. — With  bromine,  chlorine,  and  most  oxidising  agents,  it  yields 
black  compounds,  which  crystallise  with  difficulty,  or  not  at  all. — When  nitrons  acid 
ga$  is  passed  into  an  alcoholic  solution  of  xenylamine,  the  liquid  soon  solidifies  to  a 

red  crystalline  mass,  consisting  of  an  aaodixenyUunine,  C^H**N*  »  C^H^*ir)N',  or  a 
double  molecule  of  xenylamine,  in  which  3  at  H  are  replaced  by  1  at  N : 

4C»H»N  +  N«0»     -     2a«H»»N«  +   8H«0. 

This  bod^  is  insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether.  When 
treated  with  acids,  it  yields  xenylamine,  and  an  aromatic  substance  not  yet  examined. 

JHeikyl'Xenylamine,  C**H^*N  «    (C^*)*[^'  ^  obtained  in  aqueous  solution  by 

treating  xenylamine  with  ethylic  iodide  and  silrer-oxide  alternately.  On  evaporating 
the  solution,  it  cr}'Btallise8  in  long  white  needles,  insoluble  in  water,  moderately  solu- 
ble in  alcohol,  easily  in  ether;  it  has  no  alkaline  reaction,  melts  below  100^,  and 
volatilises  without  decomposition  at  a  hieher  temperature.  It  forms  crystallisable 
salts  with  hydrochloric,  hydrobromic,  and  nydriodic  adds. 

Diethyl-xenylamine  is  not  further  acted  upon  by  iodide  of  ethyL— With  iodide 
of  methyl,  however,  it  yields  an  ammonium-base,  which  has  an  alkaline  reaction 
in  the  free  state,  and  forms  a  crystalline  chloroplatinate^  2C*^"NCLPtCl*  » 
2(C>«H»)(C«H»;«(CH«)NCLPta*. 

MW  f  LmrB-'l>I  A  MI  If  1     This  name  is  given   bj  Hofmann  to  benzidine 
H«    1  ^'  (^'  ^^ ;  iv.  41 1),  which  is,  in  fact,  related  to  xenylamine  in  the  same  man- 
ner as  ethylene-diamine  (iL  585)  is  related  to  ethylamine. 

UVTZJnno  AZ«0B0&.    Ci'H^^O'  -   ^^'^'^  |0'.  Diphenyl-aleoka.  Di- 

phenylio  Acid.  (Griess,  Chem.  Soc.  J.  xx.  96.) — ^A  diatomic  alcohol,  produced  by  tha 
action  of  water  on  nitrate  of  diazobenxidine  (iv.  412) : 

C"H«N*.2HN0«  +   2HK)     -     C»«H>H>*  +  2HN0'  +  2N*. 

It  crystallises  in  small  whita  or  slightly  coloured  plates  or  needles,  slightly  soluble  in 
water,  freely  in  alcohol  or  ether.  It  melts  when  heated,  and  may  m  subUmed  by 
cautiously  heating  small  quantities  of  it  in  a  test-tube.  It  dissolves  easily  in  potash, 
and  is  precipitated  therefrom  by  adds.  Strong  aqueous  ammonia  also  dissolves  it,  and 
the  solution  gives  a  white  bulky  predpitata  with  acetate  of  lead.  Strong  nitric  add 
converts  it  into  a  nitro-add,  whidi  crystallises  in  yellow  roundish  oystals,  and  forms 
an  ammonium-salt  crystallising  in  long  needles. 

A  decomposing  lava-mass  containing  hornblende,  from  Vesuvius. 

Syn.  with  Xtlits. 

Syn.  with  Xtlofol. 

The  sulphide  of  this  radicle,  C"H'H*8',  was  supposed  by  VSlckel 
to  be  produced,  together  with  several  other  doubtful  compounds,  by  the  decomposition 
of  persulpbocyanic  add  (iv.  379). 

or  XTX1O&,  C*H<«  »  Dimethylbeneme,  C^XCH*)* ;  isomeric  with 
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Ethylbenteue,  C'H*(C*H*). — ^This  hydrocarbon,  homologoofl  with  benzene  and  toluene* 
was  first  obtained  in  the  pnre  state  from  coal-naphtha  by  Hugo  Miiller  (Zeitachr. 
Ch.  Pharm.  1864,  p.  161),  its  trinitro-componxia  having  been  preyiously  prepared 
from  Burmese  naphtha  Inr  Warren  De  la  Rue,  and  Hugo  MuUer  in  1866  (Fh>c. 
Roy.  Soc  yiii.  226).  It  was  afterwards  prepared  in  larger  quantity  from  ooal- 
naphtha,  and  further  examined  byBeilstein,  Wahlforss,  and  RoB8ler(Ann. 
Ch.  Pharm.  cxzxiii.  32 ;  Jahresb.  1864,  p.  629).— Fi  ttig,  in  1864  (Ann.  Ch.  Phamu 
cxxxiii.  47)i  showed  that  it  may  be  formed  synthetically,  as  dimethylbenzene  (methyl- 
benzyl). 

Xylene  had  been  obtained,  mixed  with  toluene  and  other  hTdrocarbons,  several 
years  before  it  was  completely  isolated.  The  hydrocarbon  (boiling  at  128^ — 130^), 
obtained  by  Cahours  (Compt.  rend.  xxx.  319),  and  by  Volckel  (Ann.  Ch.  Pharm. 
Ixxxvi.  336),  was  evidently  a  mixture  of  :nrlene  and  toluene ;  so  likewise  was  the  my- 
(Ailed  xylene  (boiline  at  126*2*^),  prepared  by  Church  (Chem.  Soc  J.  xiv.  62)  from 
coal-naphtha.  Near^  pure  xylene  had  previously  been  obtained  from  ooal-naphtha  by 
Mansfield,  Ritthausen,  and  Hilkenkamp;  but  they  regarded  itascnmene.  The 
hydrocarbon,  boilinff  at  146^ — 148^,  and  likewise  described  as  cumene,  separated  by 
Cahours  (Ann.  Ch.  Pharm.  Ixxvi.  286)  from  crude  wood-spirit,  and  the  eo-called 
retinyl,  boiling  at  160**,  obtained  by  Pelletier  and  Walter  {ibid,  xxiii.  160; 
zxviii.  297),  from  the  distillation-producte  of  the  resin  of  Ptn«#  tiuaitimOf  also  ooo- 
sisted  mainly  of  xylene.  Lastly,  the  hydrocarbon  called  petrol  (iv.  383),  ibond  hj 
Bussenius  andEisenstuckin  the  petroleum  of  Sehnde  near  Hanover, ia  evidently 
identical  with  xylene. 

Preparation. — 1 .  From  Coal-naphth  a. — Light  coal-naphtha,  or  (better)  the  least 
volatile  portion  of  that  which  has  been  distilled  off  in  benzene  manufactoriee  (boiling 
at  130^—160^),  is  subjected  to  repeated  fractional  distillation,  to  sepanfte  the  portion 
which  boils  at  about  141° ;  this  portion  is  shaken  up  with  oil  of  vitriol  oontainiog  a 
little  fuming  sulphuric  add,  which  dissolves  the  xylene  as  xylene-sulphune  add, 
leaving  undissolTed  a  small  quantity  of  a  hydrocarbon  of  the  marsh-gas  series  (proba- 
bly C'*H**,  boiling  at  161°),  and  of  another  having  the  composition  of  turpentine; 
the  xylene-sulphuric  add  is  decomposed  by  drv  distillation ;  and  the  xylene  which 
passes  over  is  purified  bv  washing,  orying,  and  distillation w    (Beilstein.) 

2.  By  B^n  thesis. — J3y  the  action  of  methylic  iodide  and  sodium  on  monobromo- 
toluene  (Fit  tig): 

C^«Br.CH»  +  CH»I  +  Na«    -    NaBr  +  Nal  +  C«H«(CH«)«. 

Bromotoluene.  Xjriaae. 

Propertiea  and  BeacHou$. — Xylene  is  a  colourless  liquid,  having  a  very  faint  odour, 
diflferent  from  that  of  benzene.  Specific  gravity  -■  0*86  at  19°.  Boils  constantly  at 
139°.  According  to  Warren  (Jahresb.  1866,  p.  614),  its  spedfic gravity  ia  0*8780  at  0°, 
0*866  at  16° ;  boiling-point  ^corrected)  139*8°.  Bv  oxidation  with  potassie  bidtro- 
mate  and  sulphuric  add,  it  yields  terephthalic  add,  C*H*0* ;  dilute  nitric  add  con* 
verte  it  into  the  intermediate  product,  toluic  add,  CHH)* : 

C"H»»  +  O*     -     C"HH)«  +     H^. 
C^»»  +  0«     =     C«HH>*  +  2HH). 

Probably,  in  the  former  case,  toluic  acid  is  first  formed,  and  then  further  oxidated  to 
terephthalic  acid ;  in  fact,  toluic  acid  is  actually  transformed  into  terephthalic  add  by 
oxidation  with  chromic  acid.  (Beilstein  and  De  Scheffer,  Zeitschr.  f.  Chem. 
1866,  p.  212.) 

Xylene,  passed  in  the  state  of  vapour  through  a  red-hot  tube,  is  resoly^into  a  mix- 
ture of  several  hydrocarbons — viz.,  benzene ;  toluene ;  a  hydrocarbon,  CH*,  probably 
styrolene ;  naphthalene ;  lii^uid  hydrocarbons  boilinff  between  260°  and  320° ;  antnraesDe, 
C'*H'*.  and  probably  its  higher  nomologues;  and,  kstly,  orange-coloured  hydrocarbons 
of  rednous  and  bituminous  consistence,  analogous  to  chrysene,  benzerytfarene,  frc 
The  formation  of  these  products  may  be  represented  by  the  following  equati<ma : 

C*H'«  -  H«     =     C^« 
Xjleoe.  Styrolene. 

8C^"     «     2C'fl»  +    C»H»   +    3H». 
Xjlme.  Tohieoe.      Naphtha- 

lene 

The  anthracene,  C'^**,  is  produced  by  the  dehydration  of  toluene.  (Berthelot, 
Bull.  Soc.  Chim.  1867,  i.  227.) 

BUiylbeiiseiiat  O'H^.C'H*. — ^This  hydrocarbon,  isomeric  with  xylene,  is  pro- 
duced by  the  action  of  sodium  on  a  mixture  of  monobromobenzene  and  ethylic  bromide. 
It  is  a  colourless  mobile  liquid,  very  much  like  toluene,  and  boiling  constantly  at  133°. 
By  oxidation  with  potassie  bichromate  and  sulphuric  acid,  it  yields  benzoic  add. 
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JkrhoHvea  qf  Xylene, 

The  chlorine-  and  bromine-deriYatiyes  of  xylene  have  not  been  much  inyestigared. 
Theoretically,  they  should  exhibit  isomeric  modifications,  similar  to  those  of  the  to- 
luene-deriyatiyes  (p.  S62\  but  in  greater  number,  inasmuch  as  xylene  contains  two 
atoms  of  methyl,  wnereas  toluene  contains  only  one.  Thus  there  idiould  be  two  xylylie 
chlorides  corresponding  to  benzylchloride,  the  one  being  isomeric  with  monochloro 
xylene,  the  other  with  dichloroxylene ;  thus^ 

Monochloroxylene,  C«H»a  |  ^^I,  isomeric  with  C*H«  J  c§!qi,  first  chloride. 

Dichloroxylene,  C«H«C1«  I  ^^        „  „    C^*|™1^},  second  chloride. 

From  experiments  by  Eomer,  it  appears  that  both  these  chlorides  are  produced  wh« 
xylene  is  treated  with  chlorine  at  the  Doiling  heat 

Bromo-zjrienea.  (Biche  and  B^rard,  Ann.  Oh.  Pharm.  cxxxiii.  68. — ^Beilstein 
and  Wahlforss,  ihid.  46.— Fittig  and  Ernst,  Zeitschr.  Ch.  Pharm.  1865,  p.  672.) 
— ^When  bromine  is  made  to  flow  slowly  into  xylene,  a  large  quantity  of  hydro- 
bromic  acid  escapes,  and  the  coloar  of  the  bromine  disappears  almost  immediately. 
On  shaking  up  tne  product  with  potash-ley,  distilling  over  caustic  potash  (best  with 
addition  of  a  little  alcohol,  to  preyent  percussiye  ebullition),  and  purifying  by  fractional 
distillation,  monobromoxylene,  O'H'Br,  is  obtained  as  a  colourless  liquid,  of 
specific  grayi^  1-336  at  20°,  boiling  at  212®  (Wahlforss),  at  208<>— 204<>  (Fittig 
and  Ernst),  at  203°  (EekuU).    Its  yapour  does  not  excite  tears. 

The  more  highly  brominated  deriyatiyes  of  xylene  are  produced  in  small  quantity  by 
the  j»ocessju8t  described  (EekuU).  Biche  and  B^rard,  by  treating  xylene  with 
bromine  for  seyeral  days,  obtained  an  oily  product,  which  was  conyerted  by  nitric  add 
into  a  erystallisable  nitro-^mpound,  (^H'Br'(NO') ;  the  bromine-compound  was  there- 
fore tribromoxylene,  O'H'Br*. 

Ethprl benzene  is  slowly  attacked  by  bromine,  forming  monobromo-ethylbenzene, 
which  IS  a  ^quid  boilina;  at  about  200°.  When  heated  wiui  bromine  to  100^  it  yields 
more  highly  brominated  compounds,  which  are  also  liquid.  (Fittig,  Ann.  C^  Pharm. 
CTTxiii.  226.) 

Cbloro-myleaea.  (Hollemann,  Zeitschr.  t  Chem.  1866,  p.  654 ;  Jahresb.  1866, 
p.  554.— Vollrath,  Zeitschr.  f.  Chem.  1866,  p.  488;  Jahresb.  1866,  p.  605.— Lauth 
and  Grimaux,  Bull.  Soc.  Ohim.  1867,  i.  233 ;  Ann.  Oh.  Pharm.  ody.  116.) 

Nonochloro'xylene,  (^*01(0H')',  has  not  yet  been  obtained ;  but  the  isomeric 

!CH' 
CHK^P  is  produced 

by  the  action  of  chlorine  on  xylene  at  the  boiling  heat  (Vollrath,  p.  870),  or  by 
passing  chlorine-gas  into  yapour  of  xylene,  and  sulgecting  the  product  to  repeated  frac- 
tional distillation  (Lauth  and  Grimaux).  It  is  a  dear  colourless  liquid,  whidi 
excites  a  copious  flow  of  tears ;  boils  between  190°  and  195°  (Lauth  and  Grimaux) ; 
at  193°  (YoU rath).  It  precipitates  a  solution  of  eUver-nitrate  even  in  the  cold,  and 
when  boiled  with  acetate  of  silyer,  yields  chloride  of  silyer  and  acetate  of  toluyl 
(p.  869).  Heated  for  an  hour  with  J  mol.  nitrate  qf  lead  and  6  or  7  times  its  weight 
of  water,  it  is  conyerted  into  toluic  aldehyde,  0'H*0  (Lauth  and  Grimaux).  It  is 
decomposed  by  todmmt  yielding  toluyl,  (CH*)*,  and  when  treated  with  ewtnidB  pf 
potasnumy  in  presence  of  aloohcu,  it  yields  alphaxylylic  add,  0'H**0*.    (Yollra  th.) 

(CH* 
Dichloro'Xylene,  0*H*01*  -■  0*H*C;i*JQgg>  u  produced  by  passing   chlorine, 

nearly  in  the  quantity  required  by  theory,  into  xylene  containing  a  small  quantity  of 
iodine,  and  purifying  the  product  by  fractional  distillation.  It  ciystallises  in  white 
lamine,  melts  at  the  heat  of  the  hand,  andb<»lsat222°;  dissolyes  easily  in  alcohol  and 
in  benzene.  It  does  not  exhibit  double  deoompositton  with  acetate  or  cyanide  of  po- 
tassium, eyen  at  120°. — Sodium  attacks  itreaculy,  produdng  a  solid  hydrocarbon,  not 
yet  examined.     (Hollemann.) 

The  same  or  an  isomeric  compound  is  produced,  together  with  the  monochlorinated 
compound,  in  the  process  just  described,  and  is  deposited  in  Uie  solid  form  when  the 
portions  of  the  crude  product  which  distil  oyer  between  230°  and  240°,  and  between 
240°  and  250°,  are  cooled  by  a  freezing  mixture.  It  may  be  purified  b^  pressure,  and 
crystallises  by  slow  eyaporation  from  a  laree  quantity  of  ether,  or  a  mixture  of  ether 
and  alcohol,  in  rather  large,  transparent,  shining  crystals.  It  melts  at  100°,  and  solidi- 
flee  to  a  radiate  mass  on  cooling;  distils  between  240°  and  246°,  being  for  the  most 
part  decomposed  at  the  same  time.    (Lauth  and  Grimaux.) 

TrieklorO'Xylene,  (^H'Ol*,  is  easily  woduced  by  passing  chlorine  into  xylene 
Vol.  V.  3Y 
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noxed  with  iodine,  till  the  mass  becomes  solid.  It  boils  at  254^ — 256^,  axid  forms 
silkj  needles,  easilj  soluble  in  wann  alcohol  and  bensene,  sparingly  in  the  same  liijud 
iriiien  cooled.    (HoUemann.) 

BUiyl-zyleaa,  C>«H'«  »  0*H^CPH>)  -  C^'(CH*)\Cm*\  is  ptodooed  (lifcs 
ethyltolaene,  p.  867)  bj  the  action  of  sodium  on  a  miztnre  of  monobromoxylene  and 
ethylic  bromiae.  It  is  a  liquid  having  a  specific  ^Titj  of  0*8783  at  30^,  and  boiln^ 
at  183*^ — 184^.  When  wanned  with  nitrosnlphurie  acid,  it  is  conTwted  into  a  tr»i> 
tro-eompoond,  czystallising  firom  idcohol  in  needles,  and  melting  at  119^.  By  azida^ 
tion  with  duromic  add,  it  yields  an  add  resembling  terephthalic  add,  but  more  easily- 
soluble  in  alcohoL    (Fittig  and  Ernst^  Ann.  Ch.  Pharm.  czzdz.  184.) 

atetbyUsjrlMM,  0*H**  «-  0^*(CH')  -  C«H*(CH*)*,  prepared  in  lik»  mamur, 
boils  at  166^ — 166^,  and  unites  with  a  small  Quantity  of  bromine  (with  evolution  of 
bydfobromie  add),  forming  a  solid  bromide,  which  czystallises  from  alcohol  in  laminy, 
melts  at  73°,  and  is  identical  with  bromide  of  comene.  The  barium-sslt  of  the  sol- 
^lo-add  of  methyl-zylene  reacts  also  exactly  like  cumene-sulphate  of  barium.  (Fittig 
and  Ernst.) 

gitroNajlcB— ,  (Muller,  Zeitsdir.  Ch.  Fhann.  1864,  p.  161.— Bail  stein,  Ann. 
Ch.  Fharm.  czzziiL  46. — Fittig  iAid,  ezxxiii.  48. — Glinser  and  Fittig,  iM. 
dzxvi.  807. — Deumelandt,  Zeitsdir.  f.  Chem.  1866,  p.  21.) — ^When  xylene  (cither 
from  coal-naphtha,  or  prepared  synthetically)  is  dissdhed  in  cold  lumin^  nitric  add, 
and  water  is  added  to  the  solution,  a  hea^  oil  separates  out,  oonsistmg  chiefly  of 
mononitroxylene,  b«t  ogUm  depositing  crystals  of  dinitroxylene  after  long  standing, — 
Mononitrox$flen€,  OH*(N0*),  is  a  liquid,  and  when  pure  distils  witlwit  deoompo* 
sition ;  on  disuUing  the  crude  product,  however,  explosive  decomposition  takes  plaos 
towards  the  end,  arising  from  admixed  dinitroiylene.  Mononitroxyleiie  boils  at  249^. 
(Deumelandt) 

Binitro- xylene^  0"H'(NO")*,  is  solid,  and  crystallises  fr<mi  dilute  alcohol  inbighly 
lustrous  crystals,  wUch  melt  at  98**.  From  syn&etically-prepared  xylene,  IRttig  and 
Glinzer  obtained,  together  with  the  dinitroxylcoie  just  described,  an  isomeric  modifica- 
tion, melting  at  123'6<'. 

TrinitrO'Xylene,  CH*(NO*)',  is  easily  produced  by  the  action  of  a  mtxtore  of 
nitric  and  sulf^urio  acids  upon  i^lene,  by  prolonged  contact  at  ordinaty  temperatures, 
more  quickly  when  heated.  It  is  solid,  and  slightly  soluble  in  cold  alcohol ;  from 
boiling  alcohol  it  crystallises  in  needles  which  melt  at  177^  (Beilstein).  By  the 
action  of  redudng  agents  it  is  converted  into  dinitroxylidine  or  nitroxylene-dismine 
(p.  1069). 

The  compound  C*H*(NOn*,  described  (iv.  882)  as  tristitrcpetrcl,  melts  at  102<>. 

By  the  action  of  nitrosulpnuric  add  on  synthetically-prepeired  xylene,  and  on  the  two 
modifications  of  dinitroxylene,  Glinser  and  Fittig  obtained  ciystallisable  trimtroxylene 
melting  at  187°. 

Ethylbenzene,  C*H*(U'H*)f  dissolves  easily  and  with  violent  action  in  cooled 
fuming  nitric  add,  and  water  added  to  the  solution  throws  down  mon  oaitro-ethyl- 
benzene,  CH*(KO*),  which  distils  without  decomposition  at  233°.  At  ordinary  tem- 
peratures the  nitration  does  not  proceed  any  farther ;  but  on  warming  the  liquid,  or 
on  droppiuff  ethylbenzene  into  a  warmed  mixture  of  2  vols,  sulphuric  and  1  toL  nitric 
add,  and  addinff  water,  dinitro-ethvlbenzena,  C'H*(NO')*,  separates  as  a  non-dis- 
tillable  oiL  ^is  compound,  boiled  tor  an  hour  with  nitroeulphuric  add,  is  converted 
into  trinitro-ethylbenzene,  C*H'(NO')',  which  is  also  a  non-distillsble  oil. 

AsMHSjlaiiay  C*H*N,  or  C**H*'N*.~Produced  by  the  action  of  sodium-amalffam  on 
nitroxylene.  Ciystallises  in  brick-red  needles,  which  melt  at  120°,  and  vc^atiliss 
without  decomposition.  If  the  treatment  with  sodium-amalgam  be  foithar  <^nT»Hp<fd, 
colourless  crystals  are  obtained,  which  dissolve  very  easily  in  alcohol  and  ether,  and 
sublime  even  when  the  ethereal  solution  is  evaporated:  they  probably  oondst  of  by- 
dro-azoxylene,  C**H**N<.  (Werigo,  Zeitschr.  t  Chem.  1864,  p.723  ;  1866,  p.  811) 

Syn.  with  XTLTLxmi-DUifiini  (p.  1061). 

C^»8C10«  -  C^CH«)«,S0«C1.  (Yssel 
de  Scheffer,  Zeitschr.  f.  Chem.  1865,  p.  360.) — ^This  comnound  is  obtained,  as  a  yel- 
low non-distillable  oil,  by  triturating  xyfene-sulphate  of  soaium  with  pentachloride  of 
phosphorus,  warming  the  mixture,  and  pouring  the  product  into  water.  3j  the  actioQ 
of  zinc  and  sulphuric  add,  it  it  reduced  to  xylene-sulphydrate;  when  treated  in  ethereal 
solution  with  sodium-amidgam,  it  is  converted  into  xylene-sulphuious  acid. 

xTunra-svxvBinao  acxb.   c*H*«so*  »  C*H*JSO«H  =:^  CH^CH^. 

SCH.  .  ^yloUtdphuric  Add,    Sulphoxylolic  Acid.    Xylyhulphurous  Acid.    (Church, 
Jahresb.  1866,  p.  634. — Beilstein  and  Wablforss,  Ajin.  Ch.  Fharm.  cxxxiii  ti^^ 
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Vittig  and  Olinser,  ibid,  czxxvi.  305.) — ^Thii  compoand  (parti?  described  aa  xjlyl- 
Bulphimnu}  acid,  p.  605)  is  produced  by  the  action  of  strong  solphnric  acid  on  xylene ; 
if  the  mixture  be  warmed  in  the  water-bath,  and  frequently  shaken  with  fuming  sul- 
phuric acid,  the  action  ia  quicker. 

Xylene-sulphuric  acid  is  crystallisable,  and  extremely  soluble  in  water:  by  dry  dis- 
tillation it  yields  xylene. — Its  poiassium'salt  is  easily  soluble  in  water  and  in  alcohol, 
and  crystallises  from  alcohol  in  silky  lamime. — The  barium-saltt  CH*.Ba'*(SO')*.HH), 
forms  spherical  groupe  of  shining  scales,  very  soluble  in  water,  and  giving  off  their 
water  of  crystallisation  over  oil  of  vitrioL — ^The  calcium't  lead-,  and  copper'talts  ara 
Tery  soluble  in  water  and  in  alcohol. 

Amidosylene-wlphurie  Acid,  C«H«(NH«).SO»H  -  C^«(NH«)(CH»)«.SO»H.— Jt^iirf- 
ifU'Sulphuric  Acid. — Obtained  by  heating  sulphate  of  xylidine  with  sulphuric  acid. 
Crystallises  from  dilute  aqueous  solution  in  needles,  and  is  so  sparingly  soluble  in 
water  that  it  may  be  precipitated  fh>m  its  salta. — The  barium-salt  fotma  nodules 
easily  soluble  in  water.    (Deumelandt^  Zeitachr.  f.  Ghem.  1866,  p.  22.) 

XT&SVa-BirXiPBintOVB  A€»B.  C*Hi*SO*  »  (^•.SO'H  »  C>H*(GH«)*. 
30^. — A  viscid  uncrystallisable  oil,  produced  by  the  action  of  sodium-amalgam  on  an 
ethereal  solution  of  xylene-sulphochloride.    (Otto^  Sieitschr.  f.  Chem.  1866,  p.  583.) 

XTXiSVa-SVXiPBnBJLTa.  C*H'*S  -  C"H*.SH  -  C*H'(CH«)*.SH.  A>- 
loUvdphydraU.  XylyUtdph/drate.  XylyUo  Mercaptan,  (Yssel  de  Scheffer, 
Zeitschr.  f.  Chem.  1865,  p.  360.)— Prodnoed  by  the  action  of  zinc  and  sulphuric  acid 
on  xylene-sulphochloride.  It  is  a  oolouriess,  strongW  refracting  oil,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether.  Boils  at  213°. — Its  mercury^oompound  ciystallises 
from  alcohol  in  white  scales  haying  a  silkr  lustre. — The  leadsaU  is  precipitated  from 
alcoholic  solutions  as  a  powder  of  a  fine  yellow  colour. — ^The  copper-  and  ntoersalts  are 
pale-yellow  unstable  precipitates. 

Xylene-sulphydrate  is  strongly  attacked  by  bromine  and  by  pentachloride  of  phos^ 
phorus,  probably  forming  disulphide  of  xylene. 

Syn.  with  Xtltl  (p.  1061). 


[     Syn.  with  Xtuddtb. 


C*W^^  'm  Cm^iKHT).  Amidoxyleru.  Amidoxylol.(^ 

Hag.  [4],  Iz.  256. — Deumelandt,  Zeitschr.  f.  Chem.  1866,  p.  21.) — This  base,  homo- 
logous with  aniline,  toluidine,  and  cumidine,  and  isomeric  with  ethylsniline,  dimethyl- 
aniline,  and  collidine,  is  produced  by  the  action  of  sulphide  of  ammonium,  ferrous 
acetate,  or  stannous  chloride  on  nitroxylene.  When  this  nitro-compound  is  treated 
with  tin  and  hydrochloric  acid,  the  whole  solidifies  on  cooling  to  a  cirstalline  mass, 
consisting  of  a  compound  of  hydrochlorate  of  xylidine  with  stannous  chloride,  which, 
by  recrystallisation  from  strong  hydrochloric  acid,  may  be  obtained  in  laive  scaly 
crystals.  By  decomposing  this  compound  with  sulphuretted  hydrogen,  and  evapo- 
rating the  filtrate,  crystaUised  hydrochlorate  of  xylidine  is  obtained,  which  forms  an 
easily  decomposible  double  salt  with  platinic  chloride. 

Free  xylidine  may  be  obtained  by  distilling  the  hydrochlorate  with  dry  soda— or 
(better)  by  reducing  nitroxylene  with  iron  and  acetic  acid,  and  distilling  the  product 
with  excess  of  soda-ley.  The  base  thus  obtained  ma;^  be  combined  with  hydrochloric 
acid,  and  precipitated  by  potash  from  this  salt,  after  it  has  been  purified  by  reciystal* 
lisation. 

Xylidine  is  a  colourless  liquid,  heavier  than  water,  and  boiling  at  214^  to  216^. — 
^rate  of  xylidine  crystallises  in  white  silky  lamins ;  the  ndpluUe  and  oxalate  are  also 
crystallisable. 

Dinitroxylidine,  C*H^(NO*)'.NH',  is  produced,  top;ether  with  nitzoxylylene-dia- 
mine  (p.  1061),  by  the  action  of  ammonium-smphideon  tnnitroxylene  (Beilstein,  Ann. 
Ch.  Pharm.  cxxxiii.  45).  It  is  identical  with  tne  yellow  base  obtained  by  Bossenius  and 
Eisenstiick  as  a  bye-product  in  the  reduction  of  trinitroxylene  (trinitropetrol)  from 
the  petroleum  of  Sehnde  (iv.  382,  footnote).  On  dissolving  out  the  nitioxylylene- 
diamine  with  dilute  hydrochloric  acid,  the  dinitroxylidine  remaina  behind,  and  must  be 
freed  from  sulphur  by  recxystallisation  from  alcohol.  It  is  yellow,  insoluble  in  water, 
alkalis,  and  dilute  acids,  soluble  in  hot  concentrated  acids ;  but  is  separated,  in  the 
pulverulent  form,  from  these  solutions  on  addition  of  water.  From  alconolic  solution  it 
separates,  by  veiy  slow  cooling,  in  needle-shaped  crystals,  which  melt  at  191^ — 192^. 

ZTU3>Iirs-BirXiPBiniIO  AOZD.  Syn.  with  AmpoxTLnm-SOLyHunic  AciP. 

XT&XTB.  This  name  is  given  by  Hermann  (Bull.  Soc.  d.  Sc.  sat.  de  Hoscoi^ 
i.  247)  to  a  mineral  containing  44  per  cent.  SiO*  88*22  FeK)*,  61  OnO,  4*8  MgO, 
0-68  CuO.  and  4  44  water,  forming  finely  fibroua  masses  resembling  moantain-wood,  cl 
specific  gravity  2*935. 

3t2 
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of  Weidxnann  and  Sdnreizer.    Syn.  with  Liononii  (liL  694). 
XSABRTM.    The  commercial  name  of  the  odoriferotu  wood  of 
ffiUadensis,  which  yields  Mecca  balBam  (i.  496). 

XTZiOOBXiOSRZO  AOZB.    A  term  applied  b^  Fordos  (Compt  rend.  Ini. 
50)  to  the  groen  colouring-matter  of  decayed  wood,  which  may  be  eztra<^«d  by  cbloro 
orm. 

XTZiOOBXiOlUk  A  mineral  found  in  a  foisil  tree-stem  from  the  Tolanic  tofk 
near  Husavik  in  Iceland,  forming  olive^green  quadratic  pymmids,  and  contalniiig 
6207  SiO\  1-64  A1«0«,  2067  CaO,  0-33  MgO,  34  FeO,  0-66  Na^O,  377  KK),  and 
17*14  water  (Sartorius  v.  Waltershausen,  Vulcan.  Gest.  Islands,  p.  297). 
Kenngott  (J.  pr.  Chem.  1*^^^  466)  has  shown  that  it  is  an  altered  form  of  apo- 
phyllite. 

XTXiOCBTFTITB.  A  mineral  apparently  related  to  Scheerente,  oocurring  in 
yellow  waxy  crystalline  particles  on  lignite.    (£ecquerel.) 

Lowig^s  name  for  the  radicle  zylyl,  C*H*. 

See  the  next  article. 

C*H^O»  -  C^NO«)0».  iyorom.  mramidin,  ExpkmM 
Starch.  (Braconnot,  Ann.  Ch.  Phys.  [2],  lii.  290. — Liebig,  Ann.  Ch.  Flmnn.  Tii. 
249. — Pay  en,  N.  Ann.  Sc.  nat  Bot.  x  161. — ^Pelonze,  Compt  rend.  yii.  713 ;  zziii. 
890.—Glad8tone,  Mem.  Chem.  Soc.  iii.  412. — ^Bouijs-Ballot,  Ann.  Ch,  Phaxm. 
xIt.  47.— BAchamp,  Ann.  Ol  Phys.  [8],  xlvi.  888;  Ixir.  811.— 0m.  xr.  106.)— 
This  compound,  disoorered  by  Braconnot  in  1833,  is  produced  by  the  action  of  strong 
nitric  acid  upon  starch.  To  prepare  it,  starch  is  triturated  in  a  thick  porcdain  mortar 
(to  preyent  rise  of  temperature)  with  6  to  8  pts.  of  fuming  nitric  add,  till  it  b  reduced 
to  a  transparent  semifluid  mass,  without  cTolution  of  gas ;  and  20  to  30  pts.  of  water 
are  then  added,  whereupon  the  zyloidin  is  precipitii^ted  as  a  white  granular  mass, 
while  a  small  quantity  of  starch  remains  in  solution.  If  the  action  of  die  acid  be  too 
much  prolonged,  the  liquid  becomes  coloured,  nitric  oxide  is  given  of^  and  do  precipi- 
tate is  obtained  on  subsequent  addition  of  water :  but  the  liquid  then  contains  a  dui- 
quescent  uncrystallisable  acid  (called  xykHdie  acid,  but  probably  identical  with  aaodiane 
add).    (Pelouie,B^champ.) 

To  purify  the  xyloidin,  it  is  dissolyed,  after  washing  and  dxring,  in  a  mizture  of 
10  pts.  glacial  acetic  acid,  (C*E*0*),  and  1  pt  of  the  dihydrated  add,  (C«H«0'.2HK)), 
and  the  solution  is  filtered  and  eyaporated.  100  pts.  starch  that  treated  yield  from 
128  to  130  ^ts.  of  xyloidin.    (B^champ.) 

Xyloidin  is  a  white,  inodorous,  and  tasteless  powder,  which  does  not  redden  litmun 
It  is  insoluble  in  water,  alcohol,  ether,  chloroform,  eth^lic  acetate,  acetone,  and  ben- 
sene ;  dissoWes  in  gladal  acetic  add  to  a  thick  mucilage,  more  easily,  according  to 
B&champ,  on  addition  of  ^  of  the  dih^drated  add ;  the  solution  coagulates  on  edi- 
tion of  water.    In  boiling  water,  xyloidin  cakes  together  without  dissoiying. 

Xyloidin  when  struck  decomposes  with  detonation,  but  not  so  violently  as  gun- 
cotton.  It  melts  when  heated,  and  takes  fire  at  180^,  burning  brishtly,  and  leayiLg 
a  carbonaceous  reddue.  Gladstone  found  that  a  sample  idiich  had  been  ke^  for  nz 
yean,  decomposed  suddenly,  with  evolution  of  gas  containing  a  large  proportion  of  hy- 
drocyanic acid,  and  after  some  weeks  a  somewhat  tenadous  residue  remained  behind. 

Bromms  does  not  act  upon  xyloidin. — Iodine  colours  it  yellow. — Strong  niirie  mod 
dissdlyes  it,  with  decomposition,  after  some  time. — Strong  stuphwric  acid  dissolyes  it  with 
blackening,  and  on  adding  water  the  xyloidin  separates  out :  dilute  sulphuric  add  does 
not  dissolve  it. — ^In  strong  Kydroeklorio  acid  it  dissolves  without  decomposition,  and 
is  predpitated  by  water  in  its  original  state. — It  is  partially  dissolved  by  poUttL— 
yerrout  9aU»  decompose  it,  with  eyolution  of  nitric  oxide  and  production  of  solubU 
starch: 
2C«H»(N0«)0»  +   6FeCl*  +  H«0     -    Fe«0»  -»-  2FeHn«  +  2N0  +  2C«H»«0*. 

Xyloidin.  Stareli. 

The  starch  may  be  predpitated  from  the  resulting  solution  by  aloohd,  and  thus 
obtained  in  a  state  of  purity. 

Soluble  XyUndin^  lioxyloidint  or  /jofit^fomnfin.— This  modification  of  xyloidin  is 
obtained  by  treating  starch  with  excess  of  strong  nitric  acid  (10  to  12  pts.),  preeipi* 
tating  the  yellow  gummy  solution  with  water,  dissolving  the  dried  predpitate  in  etb«r^ 
alcohol,  and  evaporating  the  filtrate.  The  product  thus  obtained  resembles  xyloidin 
in  composition,  and  in  mamy  of  its  properties,  but  is  distinguished  therefrom  by  bnne 
perfectly  soluble  in  pure  alcohol,  wx)od-spirit,  acetone,  ether,  a  mixture  of  ether  ssd 
alcohol,  and  in  ethvlic  acetate  ;  in  alcohol  of  96  per  cent  it  is  insoluble.  (Bichamp, 
Ann.  Ch.  Phys.  [3],  Ixiv.  320.) 

Uitroxyloidin,  or  Dinitramidin,  C^*(NO*)'0*,  is  produced,  also  in  a  mort 
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soluble  and  less  soluble  modification,  by  the  action  of  strong  sulphuric  acid  on  xyldidin 
or  isoxyloidin.  To  prepare  it,  1  pt  of  dry  starch  is  dissolved  in  12  pts.  fuming  nitric 
acid,  and  the  solution  (filtered,  if  necessary,  through  pounded  glass)  is  placed  in  a  freez- 
ing mixture,  and  quickly  mixed  with  8  pts.  oil  of  vitriol ;  the  soft  white  mass  thereby 
separated  is  quickly  mixed  with  a  large  quantity  of  cold  water;  and  the  product,  which 
is  a  white  powder  resembling  xyloidin,  is  well  washed,  and  dried  in  a  hot-air  chamber. 
This  product  is  chiefiy  a  mixture  of  nitrox^Ioidin  and  isonitroxyloidin,  which  may  be 
separated  from  one  another  by  digestion  with  alcohol  of  96  per  cent,  first  in  the  cold, 
then  at  40^,  whereby  the  isonitroxyloidin  is  dissolTed,  and  the  nitroxyloi'din  remains 
behind. 

Nitroxyloidin  is  a  white  easily  pulverised  mass,  which  decomposes  much  more  readily 
than  xyloidin,  and  is  reduced  by  ferrous  salts  in  the  same  manner  as  the  latter,  yield- 
ing soluble  starch.  It  is  insoluble  in  water  and  in  alcohol,  but  soluble  in  pure  ether, 
and  in  alcoholised  ether;  soluble  in  glacial  acetic  acid,  but  insoluble  in  a  mixture  of 
the  glacial  and  dihydrated  acid,  exhibiting;  in  this  respect,  exactly  the  opposite  relation 
to  xyloidin. 

IsonitroxyUndin  is  insoluble  in  water,  soluble  in  alcohol  of  96  per  cent,  dissolves 
with  difficidty  in  ether,  but  easily  in  a  mixture  of  ether  and  alcohoL  It  is  even  more 
prone  to  spontaneous  decomposition  than  the  less  soluble  modification. 

XTZiOXta    Syn.  with  Xtlemb. 

Syn.  with  mountain-wood,  or  ligniform  asbestos  (i.  415). 

Syn.  with  Xti^exb-sxjlfhubic  Acid  (p.  1068). 

Syn.  with  XTLElfB-SUI.FHTDSATB  (p.  1959). 

XIXO VB8,  OB&ORZV ATBB.  This  term  was  applied byGorup-Besanes 
(Ann.  Ch.Pharm.  Ixxxvi.  237)>  to  various  chlorinated  products,  formed  by  treating  the 
creosote  of  beechwood  tar  with  potassic  chlorate  and  hydrochloric  acid :  they  are  not, 
however,  related  in  any  way  to  xylene. 

XIXOASTXV.  C'"H**0. — A  ciystalline  resin,  isomeric  or  polymeric  with  cam- 
phor, occurring  in  fossil  pine-trunks.  It  is  insoluble  in  water,  easily  soluble  in  alco- 
hol and  ether,  and  crystallises  from  the  ethereal  solution  in  white  masses ;  melts  at 
165° ;  cannot  be  volatilised  without  decomposition.  It  unites  with  bases,  without 
separation  of  water.  Heated  with  ^potasmtm^  it  gives  ofif  hydrogen,  and  forms  a 
potassium-compoimd,  which  dissolves  in  alcohol  and  crystallises  therefrom. 

See  the  next  article. 


K.  The  berries  of  the  fly  honeysuckle  {Lomc^ra  Xylosteum)  were 
formerly  used  medicinally  as  Baocm  xylostei:  they  are  said  to  be  narcotic.  They  con- 
tain 86*4  per  cent,  water,  2*3  substances  soluble  in  ether,  6-2  soluble  in  alcohol,  and 
2-9  soluble  in  water.  The  fresh  berries  yield  1  per  cent  ash,  containing  (in 
100  pts.)  22-8  K«0,  9-5  Na«0,  23-6  CaO,  82  MgO,  08  A1*0»  and  FeK)»,  4»  S0», 
16-2  i«0*,  2-9  SiO«,  1-3  CI,  and  100  C0«  (Ens,  Chem.  CentralbL  1856, p.  393).— 
According  to  Hiibschmann  (Arch.  Fharm.  Ixxxv.  250),  the  berries  contain 
a  peculiar,  non-volatile,  bitter  principle,  xylostei n,  soluble  in  alcohc^  and  ether, 
insoluble  in  water.  According  to  Kns,  this  body  is  a  glucoside,  yielding  sugar  when 
decomposed  by  acids. 

Syn.  with  MovifTAjif-wooD  (i.  415). 

CH*. — A  monatomic  radicle,  homologous  with  phenyl  and  tolyl,  which 
may  be  supposed  to  exist  in  xylene  (G'H*.H)  and  its  derivatives. 

SPTT* 
CH«fNHn 
(not  yet  obtained),  related  to  bensylamine,  C^'.H'.N  (p.  807),  in  the  same  manner 

as  xyUdine,  C«H*(NH«)  «  (>H«(NH«)|^gL  to  toluidine,  C^*(Nfl*).CH«  (p.  852). 

>    See  Xtltuc  Acid  (p.  1062). 

CH*. — ^A  diatomic  radicle  related  to  zprlyl,  C*H*,  in  the  same 
manner  as  ethylene  to  ethyl.  

XTZiTZAVS-BZAMZSB,  C>H>*N*  ^^^^'Y^\oTDiamdo-xylene,Qm\^ll*)\ 

is  formed  by  reducing  dinitroxylene  with  tin  and  hydrochloric  acid ;  its  hydrochlorate, 
treated  with  bromine,  yields  the  hydrochlorate  of  bromoxylylene-diamine,  CH^Br. 
(NH«)«. 

Nitroxylylenc'diamine^   or  Nitro-diamidoxylene,    C*H'(NO')(NH')*,    is 
the  compound  already  described  as  nitropetrol-diamiBS,  which  Bossenios  and 
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EiaeoBtuok  obtained  by  reducing  the  so-called  trinitzopetrol  with  sulphide  of  amiDCV 
iiinm(iT.  882). 

anXTUW  AOZO.  CH**0*  -  C<H'(GH*)>.G0*H.  (KeknU,  Boll.  8oc  Chiiii. 
1866,  ii.  47. — Hirzel  and  Beilstein,  tM<^.  1867,  i.  345.)— This  add,  homologons 
with  benaoic  and  toluic  acids,  is  produced: — 1.  By  the  action  of  sodinm  and  carboBie 
anhydride  on  bromoxylene  (KekuU): 

C»H»Bp  +  Na«  +  C0«     -    NaBr  +  C»H>.CO«Na. 

Bromo-  Xylylateof 

xjlent.  Mdiunu 

The  process  is  conducted  as  for  the  preparation  of  toluic  acid  from  tdoene  (p.  662), 
the  bromoxylene  being  diffused  through  a  hydrocarbon  boiling  at  about  120°. — 2.  Bw 
oxidising  cumene  (^CH^'')with  potassic  bichromate  and  sulphuric  acid,  or  (better^  wita 
dilute  nitric  acid.  (Beilstein  and  Kogler,  Ann.  Ch.  Pharm.  czzxrii.  817 ;  Janraab. 
1866,  p.  559.) 

Cumene  oxidised  with  dilute  nitric  add  yields  first  zylylic  add,  and  afterwazds 
insoUnic  acid,  [C»H«0*  -  C«H«(CH«XCO«H)^.  To  prepare  xylylic  add,  cumene  is 
treated  with  nitric  add  diluted  with  twice  its  volume  of  water;  and  the  add  product 
is  treated  with  tin  and  hydrochloric  add,  to  decompose  the  nitio-adds  formed  at  the 
same  time.  On  distilling  the  product  with  water,  xylylic  add  passes  orer,  while 
insolinic  acid  remains  behind.  If  the  cumene  employed  is  not  pure,  an  oily  product 
distils  over  at  the  same  time ;  in  that  case  the  receirer  must  be  changed  as  Boon  as 
erystalline  xylylic  acid  begins  to  pass  oTer.    (Hirzel  and  Beilstein.) 

Xylylic  add  is  insoluble  in  cold  water  (Kekul^) ;  Yerj  slightly  soluble  (Hi reel 
and  Beilstein).  It  dissolves  sparingly  in  boiling  water,  and  separatee  on  cooling  in 
white  needles ;  dissolves  very  easily  in  alcohol  and  ether  (Kekul^).  Aoooidizkgto 
Hirzel  and  Beilstein,  it  melts  in  boUing  water ;  in  the  dir  state  it  melts  at  108^,  and 
boils  at  273°.  It  sublimes  easily  in  needles  (Eekull).  Xylylic  add  is  quickly 
oxidised  by  chromic  add,  and  converted  into  insolinic  add,  C^H'O*.  (Hirzel  and 
Beilstein.) 

XMaU  of  Barium,  (C?H>0*)>Ba''.4H*0,  crystallises  in  shining  oolourlass  lamina. 
—The  co^'um-aa/^  (C"H*0*)K)a*.8HK),  forms  steUate  groups  of  shining  needles.^ 
The  ethylie  ether,  C*H'(CH*)0',  is  an  aromaUc  oil,  boiling  at  238o.  (Hirs«l  and 
Beilstein.)  

AlptaazyUrlle  Aeld,   CH^^O*  -  ^^'}c^C0*H'   (^oll'<^^^>   Zdtaehr.  i 

Chem.  1866,  p.  488;  Jahresb.  1866,  p.  605.) — ^This  add,  homologous  with  alphatolQie 
add  (p.  863),  is  formed  by  boiling  toluvbc  chloride,  C*H*C1  (p.  870),  in  alcoholic 
solution  with  cyanide  of  potassium,  and  then  with  potash : 

OT'l^Ici  +  CNK  +  SH-O    -    m  +  NH*  +  C^'j^.cQiH* 

Toluylic  chloride. .  AlpbaxrljUc 

It  may  be  predpitated  from  the  resulting  solution  by  an  add,  and,  when  purified  bj 
boiling  with  milk  of  lime,  crystallises  in  broad  needles,  having  a  satiny  lustre,  melting 
at  42**,  and  dissolving  very  readily  in  water. 

anXT&ZO  AOBTATBf  OH&OBZBS,  A«.  Syn.  with  Tolxttlio  Acvtasi, 
Chlobidx,  &c  (pp.  870,  871). 

XT&T&ZO  A&OOBO&8.  C^>*0.— This  formula  ma^  indnde  several  isomerie 
compounds,  but  only  three  have  hitherto  been  investigated  with  any  approach  to  aeeu- 
racy:— 

1.  The  compound  described  (p.  869)  as  toluylic  alcohol,  C"H».OH  or  C^H\CH«)*. 
OH,  which  would  be  better  called  xylylic  alcohol,  inasmuch  as  it  is  obtabed 
directly  from  the  chloride,  C'H'.Cl  (chloride  of  xylyl),  produced  by  the  action  of 
chlorine  on  xylene  at  high  temperatures.  This  alcohol  is  the  homologue  of  bena^Kc 
or  tolylic  alcohol,  C'H'.HO  (i.  578). 

2.  The  compound  called  phlorol,phloretol,  or  phlorylic  alcohol,  which 
Hlasiwetz  obtained  by  distilling  barium-pUoretate  wiui  lime  (iv.  498).     This  coin- 


inasmuch  as  products  obtained  by  dry  distillation  have  hitherto  been  found  to  contain 
only  methyl-derivatives  of  benzene.  The  portion  of  aloisol  (the  product  obtained  by 
distilling  aloes  with  lime,  i.  148),  which  is  soluble  in  potash,  has  also,  aeeaiding  to 

*  This {•  the  formula  of  fniotlnlc  add  oriflnally  glvan  br  Hofmann  (p.  79ft>.  Accordlos  to 
Hirtel  and  BeilHeio,  Insolinic  acid  U  very  maeh  like  terephthalic  add,  bu(  dtctoivct  ^trj  vaaHj  fa 
boiling  water.   It  dow  not  jiald  any  higher  oxidation -product!  when  traced  with  cbraale  add. 
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Hembold  (Ann.  Ch.  Pharro.  cxzxviii.  186),  the  composition  of  a  zylylic  alcohol,  and 
is,  perhaps,  identical  with  the  last  mentioned. 

XTJtTLXC  MSBCAVTAM.    Sjn.  with  Xtlbns-sclphtdbatb  (p.  1059). 

X-fXTZ.BirXiPKAMZO  ACZB,  C*H"KSO«,  is  prodoced  by  heatinff  sulphate  of 
xylidine  with  sulphuric  acid,  and  crystallises  in  needles  yery  slightly  soTubU  in  cold 
water. — Its  barium-saU,  (C*H'*NSO*)'Ba",  ia  very  soluble,  and  crystallises  in  nodular 
groups.    (Deumelandt,  Bull.  8oc  Chim.  1866,  ii.  211.) 

anXTXSU&FKUSOUS  AOIB.    Syn.  with  XTunni-suLFHUBic  Aoid  (p.  10A8). 

XlXT&BVXiPBnBATfl.    Syn.  with  XiLBfB-auLFHTOAan  (p.  1059). 


TABZOO  J  A.  An  ore  occurring,  with  atacamite  and  quarts,  in  the  diitrict  of  Ta- 
rapaca  in  Peru.    (Leonh.  Jahrb.  p.  248.) 

See  DiosooBKA  (ii.  335). 

roZiZTB,  or  TAJVTBO&ZTB.    Syn.  with  Axikitb  (i.  477). 

See  Fbbmentation  (ii.  629). 

TBZAO^ir  OOFVax-oma.    Syn.  with  Coitbb  PrBrm  (ii.  77). 

TXIAO^ir  COPFXXA8.    Syn.  with  Botbtooxn  (i.  651). 

\m    See  Dtkhio  (ii.  356). 

•JM>^ir  li»AP-0»X,    Native  molybdate  of  lead,  or  wulfenite.   (See  3f oltb- 
DEMUM,  iiL  1039.) 

TSULO^IT  MXTAli.  An  alloy  of  60  pta.  copper  and  40  pta.  zinc ;  also  called 
Muntz's  metal.    (See  Cofpbb,  Allots  of,  ii.  49.) 

TSZAO^IT  OOBXa.    See  the  next  article. 

TMUMMV^  FZ09KaVT8«  The  yellow  pigments  mostly  employed  as  artiste*  coloun 
are  sulphide  of  cadmium  (i.  706),  gamboge  (ii.  770),  Indian  yelloWt  which  consists 
mainly  of  euxanthate  of  magnesium  (ii.  609),  and  yMow  oehre,  which  consista  of  clay 
or  marl  coloured  with  ferric  oxide. — ChromS'ydloWf  or  neutral  chromate  of  lead,  is  uaed 
chiefly  for  carriage-painting ;  also  for  colouring  ^rall-pa^ers,  and  as  an  ingredient  in 
yellow  varnishes  ;  it  is  never  used  alone,  but  always  mixed  with  chromate  of  calcium 
or  barium,  or  sulphate  of  lead.  A  mixture  of  chromate  of  lead  with  the  sulphates  of 
lead  and  calcium  constitutes  Cologne  yellow.  Other  yellow  lead-salts  are  also  used  as 
pigments,  chiefly  for  house^ecoration  and  paper-staining — vis.,  certain  oxychlorides  of 
lead  (iii.  556),  known  as  Tltmer^s  pellow,  Uauel  yellow,  &c  ;  a  basic  sulphate,  FbSO\ 
PbO,  known  in  France  as  jaune  paUle  mineral,  and  prepared  by  fusing  a  mixture  of 
neutral  sulphate  and  oxide  of  lead  ;  NttpUs  ydlow,  a  basic  antimoniate  of  lead  (i.  326), 
used  as  an  artists*  colour,  in  oil-painting;  and  less  frequently,  iodide  of  lead,  which  has 
a  fine  colour,  but  is  somewhat  fogitive ;  and  arsenate  qf  lead,  which  is  objectionable  on 
account  of  its  poisonous  character.  All  these  lead-yeUows  cover  well,  but  have  the 
inconvenience  of  turning  brown  or  black  on  exposure  to  sulphuretted  hydrogen. — 
Chromate  qf  sine,  prepared  by  precipitation,  has  a  fine  colour,  much  like  that  of  chro- 
mate of  lead,  and  is  not  affected  by  sidphuretted  hydrogen. — The  ehromatee  of  barium 
and  calcium  are  used  for  colouring  paper-hangings,  also  for  mixing  with  chromate  ci 
lead.    (Lefort,  Chimiedee  Coulewre,  1855.) 

FOBS.  The  pods  of  Gardenia  grandiflora,  whidBi  yisld  CBOcin  (iL  108). 

TEUbUXZirM.    Syn.  with  Stlvanitb  (p.  647). 

Syn.  with  LxEvnrni  (iii.  589). 

Syn.  with  PAsaouAT  Txa  (iv.  349X 

Syn.  with  Coca  (i.  1059). 

TBXZTB.    Syn.  with  GADOLnnn  (ii.  757)^ 

Oxide  of  yttrium  (p.  1064). 

Syn.  with  GADOLiNm. 

Symbol,  Y;  Atomic  weight,  61*7  (Bahr  and  Bunsen);  71*4  (Ds- 
lafontaine). — An  element  belonging  to  the  class  of  earth-metals,  but  existing  only 
in  a  few  very  rare  minerals.    Gadolin,  in  1794,  obtained  from  the  ytterbita  or  gado- 
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linite  of  Ytterby  in  Sweden,  a  peculiar  oxide  resembling  lime  and  alumina.  Ekebefg, 
in  1797,  confirmed  these  results,  and  named  the  earUi  yttria.  In  a  aubaequent  exa* 
mination  of  this  earth,  which  in  the  meantime  had  be«n  investigated  alao  by  Klap- 
loth  and  Vanquelin,  Ekebeig  found  that  his  yttria  contained  glucina.  Berselios,  m 
1819,  found  that  it  also  contained  oxide  of  cerium  (associated,  according  to  subaeonent 
investigationSf  with  the  oxides  of  lanthanum  and  didymium).  Scheerer,  in  1842,  potoied 
out  that  yttria,  even  when  freed  &om  the  oxides  of  the  cerium-metals,  probably  still 
contained  another  oxide ;  and  Mosander,  in  1843,  by  a  careful  examination  of  erode 
Tttria,  concluded  that  it  was  a  mixture  of  three  earths — which  he  named  yttria,  ter- 
oia,  and  erbia — separable  by  their  different  degrees  of  basicity.  Subeeque&t  expe- 
riments by  different  chemists  have,  however,  Uirown  considerable  doubt  on  the  sepa- 
rate existence  of  the  second  of  these  earths ;  and  the  recent  very  careful  experiment! 
of  Bahr  and  Bunsen,  already  referred  to  under  Terbium  (p.  721),  seem  to  have  ahown 
conclusively  that  crude  yttna,  when  completely  freed  from  the  oxides  of  cerium,  lan- 
thanum, and  didymium,  may  be  separated  into  two  earths,  yttria  and  erbia,  without 
any  trace  of  a  third,  the  so-c^ed  terbia.  The  method  of  effecting  this  separation,  and 
obtaining  pure  salts  of  erbium  and  yttrium,  has  been  already  described  (p.  721). 

Metallic  yttrium  is  obtained  by  igniting  chloride  of  yttrium  with  potassium.  It  ia 
described  by  Berzelius  as  a  blackish-grey  powder,  consisting  of  small  metallically  lus- 
trous scales,  becoming  brittle,  and  acquiring  the  colour  and  lustre  of  iron  under  the  bur- 
nisher. The  metal  thus  characterised  was,  nowever,  a  mixture  of  yttxium  and  erbium; 
pure  yttrium  has  not  yet  been  prepared. 

Yttrium  is  a  diatomic  metal,  and  forms  but  one  series  of  compounds,  YCl',  YO,  &e. 
It  unites  directly  at  high  temperatures  with  chlorine,  oxygen,  and  sulphur,  and  probably 
with  other  metalloids. 

Bromide  of  Yttrium  is  obtained,  by  evaporating  a  solution  of  yttria  in  hydrofaro- 
xnic  add,  as  a  veiy  deliquescent  saline  mass. 

Ch  loride  of  Yttrium  is  a  non-volatile  compound,  obtdned  by  heating  yttrium  in 
chlorine-gas. 

The  hydrated  chlorids^  obtained  by  leaving  a  solution  of  yttrium  in  hydrodiloric  add 
to  evaporate^  is  a  saline  mass  which  slowly  deliquesces. 

Fluoride  of  Yttrium  occurs,  together  with  the  fluorides  of  cerium  and  ealdum, 
in  varying  proportions,  as  yttrocerite,  a  mineral  found  at  Einnbo  and  Bioddbo  in 
Sweden ;  at  Amity,  New  York,  and  in  Massachusetts,  forming  violet-blue,  ciystallo- 
granular,  and  earthy  masses,  imbedded  in  quartz ;  in  smaller  quantity  also  as  fluocerits 
(ii.  609).  By  mixing  a  solution  of  yttrium-chloride  with  potassium-fluoride,  hydrated 
yttrium-fluoride  is  obtained  as  a  white  amorphous  preapitate,  having  an  astringent 
taste ;  it  reddens  litmus,  is  insoluble  in  water  and  in  aqueous  hydrofluoric  add;  when 
heated  in  a  dose  vessel,  it  leaves  the  anhydrous  fluoride. 

Borofluoride  of  Yttrium,  obtained  by  double  decomposition,  is  insoluble  in  watar, 
but  soluble  in  adds,  even  in  excess  of  fluoborie  add,  and  crystallises  on  eraporatang 
the  solution. — ^The  mlicofiuoride  exhibits  similar  properties. 

Iodide  of  Yttrium  is  prepared  like  the  bromide,  and  is  likewise  resy  deli' 
quescent. 

Oxide  of  Yttrium^ — Yttria, — obtained  by  igniting  the  oxalate,  is  a  soft 
nearly  white  powder,  which,  when  ignited,  glows  with  a  pure  white  light,  azxl  yields  a 
spectrum  not  containing  any  bright  bands,  like  tliat  of  erbia  (p.  122),  It  aoes  not 
unite  directly  with  water,  but  is  precipitated  as  a  hydrate  by  alkalis  from  solutions  of 
yttrium-salts.  It  dissolves  slowly  but  completely  in  hydrochloric,  nitric;  and  sul- 
phuric adds,  forming  colourless  solutions  which  do  not  exhibit  an  absorption-epectram. 

Oxygen-»alt8,—Ba9io  Nitrate  of  Yttrium,  Y'(N0»)«.Y'0.3ff'O,  preparwi  like 
the  corresponding  erbium-salt  (p.  722),  crystallises  in  colourless  deliquescent  needles 
— The  oxalate,  OTT'O^H^O,  is  a  soft  white  powder,  which  does  not  give  off  its  water 
till  heated  nearly  to  the  temperature  at  whicn  it  decomposes. — ^The  m/lphate,  3Y'1B0*. 
8H'0,  forms  colourless  well-deflned  crystals,  isomorphous  with  the  oonrespondiiw 
erbium-  and  didymium-salts,  and  exhibiting  the  same  characters  as  the  erbium-sw 
when  heated,  and  when  dissolved  in  water.    (Bahr  and  Bunsen.) 

Selenide  of  Yttrium  is  obtained,  according  to  Wdhler,  by  ftiaing  yttria  with 
selenium,  as  a  black  substance  which  is  insoluble  in  water,  and  gives  off  sfdenhydric 
acid  when  treated  with  dilute  adds  (Wohler).  Selenide  of  ammonium  predpitates 
yttrium-salts.    (Berzelius.) 

Sulphide  of  Yttrium  is  produced,  with  ignition,  when  yttrium  is  heated  in  sul- 
phur-vapour ;  also  when  ^rttria  is  heated  in  vapour  of  carbonic  disul{diide.  It  is  a 
grey  pulverulent  body,  which  is  not  decomposea  by  water,  but  gives  <^  sulphydrie 
Mcid  when  treated  with  dilute  acids.    ( W  oh  1  e  r.) 


YTTRIUM— TTTROTITANITE.  106ff 


JkUetion  and  EaimoHon  qf  Yttrium. 

Tttrivffl-flslts  are  colourless,  and  resemble  those  of  thorimmi  (p.  786),  in  their 
behaTSOur  before  the  blowpipe,  and  in  most  of  their  reactions  in  solution.  Yttrium  is 
distinguished  from  thorinum  by  the  solubility  of  its  ignited  oxide  in  hydrochloric 
add,  by  the  non-yolatili^  of  its  anhydrous  chloride,  and  by  the  solubility  of  yttrio- 
potassic  aulphate  (predpitated  from  yttrium-solutions  by  potassic  sulphate),  in  excess 
of  potassic  sulphate.  The  solubility  of  ignited  yttria  in  hydrochloric  add  serres  also 
to  dictiiignish  yttria  from  alumina  and  zirconia;  it  is  farther  distinguished  from 
alumina  and  from  glucina  by  ita  insolubilitr  in  potash.  The  precipitation  of  yttria  by 
alkalis  is  not  prerented  by  the  presence  of  tartaric  acid  (diatinction  from  alumina, 
glucina,  thorina,  and  zirconia),  the  Yttrium  being  slowly  but  completely  precipitated 
as  tartrate.  Acidulated  solutions  of  yttrium-salts  do  not  alter  the  colour  of  turmeric- 
tincture  (distinction  from  rirconium). 

For  quantitatiTe  estimation,  yttrium  is  precipitated  as  hydrate  by  ammonia  or 
potash,  or  aa  oxalate  by  oxaUo  acid ;  the  precipitate  m  either  case  leares  anhydrous 
yttria  when  iipted.  If  potassixmi-flalts  are  present  in  the  solution,  the  precipitate 
formed  by  oxaiUo  add  oonsista  of  yttrio-potassic  oxalate,  which,  when  ignited,  leaves  a 
mixture  of  yttria  and  potassic  carbonate.  This  may  be  dissolyed  in  hydrochloric  add^ 
and  the  yttria  predpitated  by  ammonia. 

Yttrinm  ma^  be  separated  from  iron,  existing  in  solution  as  ferric  salt,  by  pre* 
dpitatinff  the  iron  as  ferric  oxide  with  sucainate  qf  ammonimm,  or  (better)  wi^  cor- 
ioMoU  of  barium* — From  the  cerium-metals,  yttrium  is  separated  by  immendnff  in 
the  solution  an  excess  of  solid  sulphate  (^potassium ;  the  yttno-poUssic  sulphate  then 
dissolyes,  while  the  double  sulphates  of  potassium  and  the  cerium-metab  remain 
undissolTed. — From  aluminium  and  glucinum,  yttrium  may  be  separated  by  pre- 
dpitation  with  oxalic  acid,  or  by  adding  tartaric  acid  in  excess,  and  predpitating  the 
yttrium  with  ammonia, — To  separate  yttrium  from  magnesium,  the  solution  is  mixed 
with  excess  of  ammonium-salt,  and  the  yttria  predptated  by  ammonia. 

In  all  these  modes  of  predpitation,  yttrium  is  thrown  down,  together  with  erbium. 
The  only  satisfactoir  method  yet  given  for  separating  these  metali  one  from  the  other 
is  that  of  Bahr  and  Bunsen,  alreac^  described ;  and  even  this  is  very  far  from  affording 
the  means  of  determining  the  relative  quantities  of  the  two  when  mixed  together. 

The  atomic  weight  of  yttrium  is  determined  ^  the  analysis  of  its  sulphate.  From 
the  anhydrous  salt,  Y^0\  or  YO.SO*,  Bahr  and  Bunsen  obtained,  in  two  determina- 
tions, 49-80  and  4924  per  cent  YO,  60*69  and  60-76  per  cent  S0»:  whence  Y  - 
61*7.  Delafontaine  obtained,  as  a  mean  of  three  determinations,  48*28  per  cent  OY, 
giving  Y  ■■  74*6. 

TTTWLOOMMITM,  A  mineral  consisting  of  fluoride  of  yttrium  mixed  with  the 
fluorides  of  cerium  and  caldum  (p.  1064). 

TTTROOO&imJUTfl*    Syn.  with  Yttbotamtalitb. 

TTTSOI&imXTa.  Uranoniobate  of  yttrium  and  iron:  syn*  with  Samabskitb 
(iv.  64). 

TTTBOTAVTA&ITB.  Tantalate  of  yttrium,  found  at  Ytterby  in  Sweden 
(p.  668). 

TTT&OTITAarXTa.  Ksilhauiie,—A  silicotitanate  containg  lime,  yttria,  ferric 
oxide,  and  alumina,  with  small  quantities  of  other  bases.  It  occurs  at  Bud,  near 
Arendal  in  Norway,  in  monodinic  crystals,  isomorphous  with  sphene  (p.  898),  more 
or  less  translucent,  having  a  brownish-red  to  dark-raown  colour,  with  yellowish  streak ; 
waxy  lustie  on  the  neutnu  faces,  vitreous  on  t^e  deavage-fiMses.  Hardness  »  6  to  7; 
epecmc  gravity  -  8*6  to  8*7.    Before  the  blowpipe  it  behaves,  for  the  most  part,  like 

Rkhene.  ^   ^     , 

Analyses:  a,  6,  by  A.  Erdmann  (Ben.  Jahresb.  xxv.  Z2S),—c,hj  D.  Forbes 
(Ed.  nT Phil.  J.  [new  series],  i.  62).-^,  e,  by  Bammelsberg(Pogg.  Am.  dv.  296): 

SKM.  Ties.  ItfOa.  iJlOl.  Ta  C«a  CaO.  MbO.  IfoltSa. 

«.       .       .      80*00  99-01  6*36  6*09  9*63  0*n  18*U9  0^67  .       .          .    .  k  100*91. 

*,        .       .      19  46  «U  6-48  5-90  974  0*63  18-g  0^  '^ „'^        '    *  "  .X^i** 

e,       .       .     81»  »84  7-0  8*03  478  ••»  19-56  .    •  J^g^Q,  *    •  -  l«>*»7. 

£      (cryiL)    »-48     96*67     6*75     6*45     8-16      .    .     90-19     .    .{oloKfoj  *"**"    ***•• 
^    (inaMWe)  98  60      97  04      6*90     6-94    19*08      .    .      17*15     3*80       .       .      ,    .    .  a  100-50. 

If  the  ferric  oxide  and  alumina  be  regarded  as  acid  constituents,  the  mineral  may 
be  represented  by  the  formula  3M''0(Al«0«;FeH)«)  +  16M«0.2(SiO«;TiO«),  analogous 
to  that  of  sphene.    (Bammelsberg.) 
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TV.  The  name  of  a  mineral  highly  priced  in  China,  and,  aooording  to  Abtl* 
Bemnsat  (Ben.  Jahi^sb.  ▼.  228)^  identieal  with  jade  nephr^ique  (?  nephrite).  It 
has  a  specific  gravity  of  2*9  to  3*4,  scratches  glass,  and  is  scratched  by  quarts. 


z 

A  specular  iron-ore  from  Porpes,  in  Brazil. 
An  impure  oxide  of  cobalt,  produced  by  imperibetly  roastiog  eoibalt- 
oie  mixed  with  2  or  8  pts.  of  siliceous  sand. 
Syn.  with  Bobax. 
VMVm  VI&B.    A  name  someumes  applied  to  the  dry  i^e.    (See  Etao- 
TSiciTT,  iu  423.) 

SAMTira.    A  hydrated  carbonate  of  nickel  firom  Spain,  probably  identical  with 
texasite  or  emerald-nickel  (i.  789). 

tOFXCmnr.    Syn  with  XAMmonoun  (p.  1063). 

A  caldo-aluminie  silicate  allied  to  abrasite  (i.  l\  but  eiyBtaUiaiBg 
in  trimetric  forms,  whereas  abrazite  is  dimetric.  It  eocurs  in  the  lava  of  Oapo  di  Bore, 
Dear  Borne,  in  small  crystals,  which  are  combinations  of  the  prisms  od^ob  and  a»^fle, 
with  a  pyramid,  or  in  irregular  and  spherical  groups.  It  is  transparent  to  semitrana- 
lucent,  with  a  Titreoua  lustre,  white  to  bluish-white  colour,  and  wnite  sUvak.  Hard- 
ness B  6*0.  Spedflc  gravity  «  2*213.  Before  the  blowpipe  it  becomes  opmie,  tbea 
splits,  and  melts  to  a  transparent  or  irhitish  tumefted  glass.  Hydrochloric  acid  aiflsohres 
St,  with  separation  of  gelatinous  silica. 

Analyses:  a,  by  ▼.  Kobell  (J.  pr.  Chem.  zriii.  205) ; — 6,  by  Marignae  (Ann.  Ou 
Phys.  [3],xiT.  41): 

SIO«.  APO*.  C«0.  KH).  H«0. 

a,  42*72  26*77  760  6*28  17*86     -     100*08 

6.  43-64  24*89  6*92  10*86  1606     -     100*85 

These  analyses  do  not  agree  very  closely,  but  the  formula  of  the  mineral  is  probably 
that  deduced  from  the  second,  vis.  (CaO;K»0)SiO«+  (Al«0«.2SiO«)  +  4aq. 

UiASZTB.    A  dark-coloured  opal  from  Mexico,  exhibiting  a  green  and  red  play 
of  colours. 


r.    See  the  next  article. 

Radix  eedoarim, — ^The  root  of  Curcuma  gedoariet^  a  sdtaminaeeout 
plant,  growing  in  Bengal,  Java,  and  Madagascar.  It  has  a  camphoric  odour,  and  an 
aromatic  somewhat  bitter  taste.  Contains,  according  to  Buohols  (BfSpnt.  Pharm. 
J.X.  376),  volatile  oil,  a  bitter  soft  resin,  a  bitter  extractiTS  matter,  gum,  starch,  ^ 
The  oil  is  turbid,  whitish-yellow,  and  viscid,  has  a  camphoric  taste  and  smell,  and 
consists  of  two  oils,  one  lighter,  the  other  heavier,  than  water.  Trommsdorff  obtained 
from  the  root  a  substance  which  he  called  sedoarin,  but  did  not  further  describe. 

Syn.  with  Pleonast  or  FsRBUonfOUS  Spiksl  (p.  400). 

This  name  is  applied  to  a  mixture  obtained  by  stirring  24  pts. 

of  finely-pounded  glass  into  20  pts.  of  sulphur.  It  is  recommended  as  a  cement  for 
stone  and  metal,  for  the  taking  of  casts  instead  of  gypsum  or  sulphur ;  as  a  material 
lor  bookbinding  letters,  stereotype  plates,  statues,  and  whetstones ;  and  even  as  a  sub- 
stitute for  lead  in  the  construction  of  vitriol  chambers.  It  may  be  tinted  at  jdeasurs, 
by  addition  of  colouring-matter.    (A  Yog  el,  Buch.  N.  BeperL  xii.  294.) 


Maixe  or  Indian-corn.    On  the  composition  of  the  grain  of  this 
plant,  see  Cbsbals  (i.  225,  227). 

XBXV.  A  nitrogenous  substance  obtained  fh>m  maise-ilour  (Gorham,  Berz. 
Jahresb.  ii.  124. — Stepf,  J.  pr.  Chem.  Ixxvi.  88;  Jahresb.  1869,  p.  698).— -Mains- 
flour,  when  washed  with  water,  does  not  yield  a  mass  resembling  the  gluten  of  wheat, 

XBOUnras.  A  generic  name  of  hydrated  double  silicates  in  which  the  prindpal 
bases  are  alumina  and  lime,  the  latter  being  often  more  or  less  displaced  by  forons 
oxide,  ma^esia,  and  alkalis.  They  boil  up  when  heated  on  charcoal  before  tbe  blowpipe, 
and  are  dissolved  by  acids,  leaving  gelatinous  silica.  Many  of  tbem  form  veiy  fins 
crystals.  Natrolite  is  sometimes  ^^kA  feather  zedUte;  stilbito,  yb^tote^  eeMe;  seole* 
eite,  needle  zedite ;  apophyUite,  pyramidal  zeolite ;  laumontite,  effloreumg  noUte, 

Syn.  with  NmuTX  op  Sonnnc  (iv.  106). 

This  name  appears  to  be  applied  to  two  difiTerrait  roots— 
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namely,  that  of  Zingiber  Qusumanar,  a  ■eitaminaceoiiB  plant  indignionB  in  Coromaii- 
del  and  in  Java ;  and  that  of  Ziiwiber  Zerumbet,  imported  from  Calcutta  and  Java* 
Both  have  an  aromatic  odour  and  a  bitter  taste.  According  to  L  oca  (Berl.  Jahrb^ 
1798,  iv.  214),  zerumbet-root  (the  particular  kind  is  not  stated)  contains  an  essential 
oil  having  a  camphoric  odour,  a  bitter  and  soapy  eztractive  matter,  bitter  resiiir 
gum,  &c. 

ZZVC.  Synonyms :  Spelter.  BpiatUer.  Zmeum,  Atomic  weight,  65 ;  Symbol, 
Zn. — The  ore  of  zinc,  called  calamine  or  cadmia, — but  not  the  pure  metal^was  knowB 
to  the  ancient  Greeks,  and  used  in  the  manu&cture  of  brass.  Metallic  sine  was  first 
mentioned  by  Paracelsus ;  it  was  for  a  long  time  imported  from  the  East,  but  since  the 
middle  of  the  eighteenth  centunr,  it  has  been  prepared  in  Europe. 

Zinc  occurs  ih  considerable  abundance  as  carbonate,  forming  the  ore  caUed  cala- 
mine ;  as  silicate,  or  siliceous  calamine ;  as  sulphide  or  blende,  and  as  oxide  or  red  zinc- 
ore;  in  smaller  quantities  also  as  aluminate,  arsenate,  j^hosj^te,  and  sidjphate. 
Quite  recently,  native  metric  zinc  has  been  found  at  Victoria,  in  Australia.  2unc  is 
likewise  found  in  the  ash  of  a  species  of  violet,  Viola  ealamwariOf  which  grows  on  th* 
dead  heaps  at  the  calamine  mines  in  Bhenish  Prussia. 

MetaUurgv  ef  Zmc, — Hie  ores  from  which  the  metallic  zine  of  commerce  is  ex- 
tracted are  rour  in  number — viz.,  blende,  red  oxide,  calamine,  and  siliceous  calamine. 
All  these  are  subjected  to  a  prelinunaiy  calcination  before  being  smelted. 

In  the  case  of  blende,  this  calcination  is  neoessarv  for  the  purpose  of  expelling  the 
sulphur,  and  converting  the  sulphide  into  a  more  or  less  pure  oxide  of  zinc  The  cal*- 
mine,  on  calcination,  loses  its  carbonic  acid,  together  with  some  moisture ;  and  the  red 
oxide  and  siliceous  calamine,  besides  losing  water,  become  moire  porous  and  disinto- 
grated,  whereby  their  subsequent  reduction  is  facilitated. 

Calamine  was  formerly  roasted  in  kilns,  but  is  now  generaUy  calcined  in  reverbera- 
ting furnaces.  21incblende  is  occasionally  submitted  to  a  preliminary  roastiqg  in 
kilns,  so  as  to  utilise  the  sulphurous  acid  which  is  evolved ;  but  in  all  cases  it  reqwre» 
to  be  ground,  and  the  calcination  completed  in  reverberatory  caldners,  similar  to  those 
used  in  copper-smelting. 

Bedueium.—The  roasted  ore  is  mixed  with  half  its  weight  of  powdered  charcoal, 
coke,  or  anthracite^  and  introduced  into  crudblee  or  retorts  of  peculiar  construction.  In 
Silesia,  whence  the  greater  part  of  the  zinc  used  in  the  arts  is  obtained,  the  mixture  of 
zinc-oxide  and  chai^oal  or  coke  is  heated  in  mufSes  3  feet  long  and  1|  foot  high,  six 
of  which  (three  side  by  side)  are  laid  in  one  furnace.  The  evolved  mixture  of  carbonic 
oxide  gas  and  zinc-vapour  passes  from  the  upper  and  fore  part  of  the  mufSes,  through 
a  knee-shaped  channel,  horizontal  in  the  nearer  and  directed  downwards  in  the  farther 
part,  and  the  zinc  condenses  therein,  and  drops  down  from  its  lower  aperture.  P&rt 
of  the  zinc- vapour,  and  likewise  some  cadmium-vapour,  escapes  uncondensed,  together 
with  the  carbonic  oxide  gas,  and  bums  in  the  air,  producing  the  substance,  called  Si- 
lesian  Zinc-flowers,  In  Lihgd,  the  reduction  is  performed  in  earthemware  tubes,  laid 
side  bj^  side.  The  zinc,  as  it  condenses  in  the  fore  part  of  these  tubes,  is  scraped  out 
from  time  to  time  in  the  liquid  state.  In  England,  a  number  of  cast-iron  pots  are 
arranged  in  a  circle  in  one  common  furnace.  Through  the  bottom  of  each  of  these 
pots  there  passes  a  tube,  open  at  both  ends.  The  vessels  are  filled  with  the  mixture  to 
such  a  height  as  not  to  stop  up  the  upper  end  of  the  tube,  then  dosed  with  a  well- 
fitting  cover,  and  heated.  The  zine  drops  down  from  the  part  of  the  tube  which  des- 
cends from  dbe  bottom  of  the  cmdble.  ^is  process  is  called  DesHUatio  per  duoensum, 
— At  Goslar,  in  the  Harz,  zinc  is  obtained  as  a  secondary  product  in  the  smelting 
of  lead-ores.  The  zinc-vapours  condense  in  the  upper  half  of  the  furnace,  and  ran 
down  from  the  shaft  upon  a  slanting  stone  called  tae  fme^stool.  The  zinc  thus  obtained 
is  melted  in  iron  pots,  and  poured  out  on  tables.* 

Purification. — Commercial  zinc  contains  small  quantities  of  lead  and  iron,  together 
with  minute  quantities  of  tin  and  cadmium,  and  occasionally  traces  of  arsenic  and 
clipper.  Carbon  is  also  mentioned  amongst  its  impurities ;  but  Eliot  and  Storer  did 
not  find  it  in  either  of  the  thirteen  specimens  which  they  examined,  though  traces  of 
sulphur  were  always  present.  The  best  mode  of  obtaining  pure  zinc  is  to  pass  sulphu- 
retted hydrogen  through  a  strong  and  somewhat  add  solution  of  zinc-sulphate,  filtering 
from  any  precipitate  &at  may  1^  formed,  and,  after  boiling  the  solution  to  expel  the 
sulphuretted  hydrogen,  precipitating  the  zinc  as  carbonate  by  addition  of  sodium-car- 
bonate. The  carbonate,  after  being  washed,  is  redissolved  in  pure  sulphuric  add,  and 
the  zinc  is  reduced  by  electrolysis ;  or  the  dried  carbonate  may  be  converted  into  oxide 
by  ignition,  and  the  oxide  distilled  in  a  porcelain  retort^  with  charcoal  prepared  from 
loiif-sugar. 

•   For  detail!  and  flgurM,  fee  Ur€*s  Dictionary  qf  Arts,  fc.  iXL  <073,  and  Miller't  EkmtnU  qf 
Chemiitry^  3rd  ed.,  part  U.  p.  640. 
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. t;^-  U  a  vbite  metal,  with  a  shade  of  blue,  capable  of  beine  poHsSfil, 

e  a  bright  metallic  lustre.     It  is  usually  brittle,  and  ita  fracture  ex- 
be  structure.    But  ziuc,  if  pure,  may  be  hammered  into  thin  IcaT^ 
6f  peiature ;  and  commercial  sine,  which  is  impure  and  brittle  at  ■  low 
afcqoires  the  same  malleability  between  100°  aira  160°  :  it  may  then  hf 
aad  the  metal  is  now  consumed,  in  the  form  of  sheet-zinc,  for  a  Tariety  of 
parpc^esw    At  210°  it  again  becomes  brittle,  and  may  be  reduced  to  powder  ia 

ur  «/taat  temperature.  The  density  of  cast  zinc  is  6*862,  but  it  may  be  increased 

W  Tzrn^  to  1-21.  It  melts  at  412°  (Daniell),  and  boihi  at  1040°  (DerilU  ud 
iTro  ^  St  .  At  a  red  heat,  zinc  rises  in  vapour,  and  takes  fire  in  the  air,  burning  with 
a  viiit«  2am«  like  that  of  phosphorus ;  the  white  oxide  produced  is  earned  up  mt- 
duaijaHy  in  the  air,  although  itself  a  fixed  substance.  Laminated  zinc  is  a  Taloabi* 
■abstaaee,  from  its  slight  disposition  to  undergo  oxidation.  When  exposed  to  air,  or 
m^ad  im  water,  its  8nr£sce  becomes  corered  with  a  grey  film  of  suboxide,  whica 
*  lease ;  this  film  is  better  calculated  to  resist  both  the  mechanical  and  eb^> 
of  other  bodies  than  the  metal  itself,  and  preaarre*  it.  Ordinary  ziae 
with  Polity  in  dilute  kydrochioric,  sidphunc  and  other  kydrmted  mtiU,  W 
£ar  hydrogen.  Pure  zinc  dissoWes  very  slowly  in  the  same  acids^  vnlesj 
it  is  in  oantaet  with  platinum,  copper,  or  any  other  less  positive  metal,  with  which  i; 
can  fin  a  galranic  cireiut.  Ordinaxy  zinc  dissolves  more  quickly  tban  the  pure  metal, 
becaafle  the  lead  eontained  in  it  is  precipitated  in  the  metallic  atate,  and  acta  as  aa 
cLpvtraaesatiTe  element  to  the  zinc  (see  Elbctbicitt,  ii.  42U).  In  consequence  of  this 
cuKiroiytK  acdoB,  zinc,  in  contact  with  iron  or  copjper  in  a  saline  solution,  protects  the 
rxbs  metal  from  oTJdarion, — Gtdwtmiaed  iron  consists  of  iron  having  its  surface  coated 
with  zzBc:  which,  in  like  manner,  protects  it  firom  oxidation  in  air  and  water.  Zinc  pr^ 
r'.^ra£es  silver,  copper,  mercury,  and  most  of  the  basylous  metals,  leas  ozidable  than 
isidf^  from  thor  aad  solutions. 

ZLac  disK^ves  also  in  aqneous  alkalis,  with  evolution  of  hydrogen,  forming  aziactu 
«f  ihcAlkali-meCal:  €.^^Zn  •*■  2EH0  -£^'0*  -i-  H*.  fn  thia  case,  also,  the 
90^-3=301  of  the  zinc  is  accelerated  by  contact  with  less  oxidable  mirfalis  as  plat  in  w, 


Hac  ridwcs  many  metallic  oxides  (chromic  oxide,  for  example)  when  melted  wsh 

Stmtij  all  cAlvride$  aad  jUorides  are  reduced  when  heated  with  zinc-vapov  ia 

of  hydrogen  (Ponmaride,  J.  pr.  Chem.  Ixxiii.  496).    At  a  veijhi^ 

ziac  redafcti  cmrhomie  ankjfdriie^  forming  oxide  qf  Hmc ;  at  a  somevhai 

k;:u;e.  on  the  contrary,  charcoal  ivdnces  oxide  of  sine  (p.  1067). 

Zlae  3s  a  diaiomk  metaL  aad  fonns,  for  the  most  part»  but  one  class  of  oompovadi : 

ZbCT.  ZaO.  7jl  XO*  \  ZaSO*,  &c.      A  lower  and  a  hi^er  oxide  ars  knows,  bit 

Gmv  a»  ax  c/  vterr  de£cite  character. 


•7.  Zinc  unites  with  neariy  all  other  metals,  farming  fSH/m 
jnsiA  are  mc«tly  bard,  aad  ia  some  cases  brittle.  They  may  be  prepared  by  dizeetiV 
faROvr  ^«  tw<>  Bwca2s  together ;  if^  however,  the  heat  be  allowed  to  rise  too'higfa,  thi 
u  Se  rc>ca£ilijed.    Most  of  the  zinc-alloys  have  been  already  described  in  eoa- 

Kom  wiik  ocher  miCais. 

Hear  ^>is  acc  fcm  an  aDcy  with  bismuth ;  on  mixing  the  two  metals  in  the  melttd 
t^  s&js  fte^araces  into  two  layers — one  consisting  of  zinc  containing  2*4  per  ceci 
^ix!m.iC2»  :^  xi«r  cf  bemsth  coatainiqg  firom  8*6  tol4-3  per  cent.  cinr.  (Matthiei* 
s*3  aati  V.  B-:**.^ 

ri2  -mica»  :«a£Iy  w:^  xcac  by  fiiskm,  fanning  alloys  which  are  harder  than  tin,  hi 
wft^r  :2i&2  ssf :  t^y  a?e  also  lew  BuDsaUe  than  tin.  An  alloy  of  1 1  pts.  tin  to  1  pt. 
crar  btsaTMi  mc  ixc-^^  jeaf.  Jonz5  s;««Hoiis  BQver>leaf.  According  to  Bnabeig,  the  aft^ 
,''ac^a•  I^^ia  :c  IJ^  res.  lire  solidzfies  completely  at  204°;  but  all  the  other  sRrn 
WT:«rsr<f  m  :*>eir^  f:*:(n  a  scaSe  of  fasioa  into  two  portions,  the  one  oonniftin^  ^i 
r^rcsi*  iLt  acoiinr.ra:  r.ll  v-'vlud  to  2i>4-.  while  the  remainder,  consisting  of  an  sllcf 
c*.M:^;a:A:!nr  ft  iar^r  rr.v-crd'.v  of  oce  or  the  other  metal,  solidifies  at  a  higher  tern- 
tvr»nr^   "Jios — 

Sb^^Zn.       Sa*Za.       So^Zn.         Sn'Za.        Sn'Zii.        SbZa. 
Vw-AL-.Vf>?i3C  .     310^  .     .  230°         250«         280^         320. 

?"A«£?vmc     -  .     2».H-         «>4°        204°         204°         204°        204* 

X^'^cv^T-.'^^  t-itt  alTcT^  :;  ilxc.  tia.  aad  lead,  see  Liad  (iii.  MS). 

V"  Y>    *£   rti'.  :l::.  aovi  "^vcKr  ccostitnte  many  varieties  of  bronze,  tombac  iac 

\       ^  .--aro.  I  2;£  ^t.>."irtir  ^^cvrti-ros  of  zinc  are  used,  on  account  of  their  hardnea 

•  r^    >»-  ••.i.n.vJ*  ia»i  ,"ci<fc  pa:t»  cc  machines.    (See  (3oppbb,  Aixotb  of,  ii.lfil.' 

i.\>-.^:--'v:    •  N*4.*-.:*  jjic  •  :i^j<.c.  the  alloys  ZnCu'*Sn  and  ZnCu'^Sn  are  drfwte 

.'  ■n-v.;ac.-»»    "r-wsmcir  i3  :  *tt  a-v  scarcely  attacked  by  nitric  acid  of  *p«*-' 

c   :■'  ,vc.."rj.-:  .r»:.xi   •jir'vJil.r-e  acid,  and  not  at  all  by  sulphuric  ifii 
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of  specific  grarity  1*6.  Both  these  alloys,  on  account  of  their  hardness,  are  well 
adapted  to  form  parts  of  machinery. 

Some  bronzes  contain  lead  as  well  as  copper,  tin,  and  zinc :  thus,  Briiish  beU-metal 
consists  of  5  6  pts.  zinc.  10*1  tin,  80*0  copper,  and  4*3  lead  ;  and  the  Hddeiy-ware  of 
India,  of  3  pts.  of  an  alloy  of  copper,  tin,  and  lead  (16  pts.  copper  to  4  pts.  lead  and 
2  pts.  tin),  to  16  pts.  zinc.    (Williams.) 

An  amalgam  of  zinc  and  tin  is  used  for  coating  the  rubbers  of  electrical  machines. 

ZZVC,  BSOMZBB  OF.  ZnBr*. — ^This  compound  is  formed  directly  by  igniting 
zinc  in  bromine-vapour.  A  solution  of  zinc  or  zinc-oxide  in  aqueous  hydrobromic  acid 
Bolidifios,  at  a  certain  degree  of  concentration,  to  an  indistinctly  crystslline,  very  deli- 
quescent mass  of  the  hydrated  bromide  mixed  with  a  certain  quantity  of  oxide,  which, 
when  heated,  yields  a  sublimate  of  zinc-bromide  in  white  needles  of  specific  gravity 
3*643,  and  a  residue  of  zinc-oxide.  According  to  Kremers  (Pogg.  Ann.  oii.  67 ; 
civ.  133;  cviii.  115j,  solutions  of  zinc-bromide  of  different  strengths  exhibit,  at  19*6% 
the  specific  granties  shown  in  the  following  table : — 

^^^^An5-^?f!.   {     •     20-6      42-6      760     914      111-2     160-3     218-0    318-8 
in  luo  pts.  water  ) 

Specific  gravity  at  19-60.  11716  18770  1-6276  1-6101  1-7082  18797  21027  23914 
A  solution  of  zinc-bromide  in  ammonia  yields,  by  evaporation,  colourless  octa- 
hedrons of  zinc-ammonium- bromide,  (N'H'Zn  )Br',  which  are  decomposed  by  heat  and 
by  water.    (Kammelsberg.) 

By  the  simultaneous  action  of  zinc  and  bromine  on  anhydrous  ether,  there  is  formed, 
together  with  bromide  of  carbon,  an  unstable  compound  of  ether  and  zinc-bromide, 
which  fumes  in  the  air  and  dissolves  in  water.    (Nicklis,  Compt.  reud.  lii.  870.) 

Zinc-bromide  unites  with  the  bromides  of  alkali 'metals,  forming  double  salts,  exactly 
like  the  corresponding  chlorine-compounds.  The  ammonium-salt  has  a  specific 
gravity  of  2  628.    (Bodecker.) 

ZZarC,  CBX.O&ZBB  or.  ZnCl*.  Butter  of  Zinc.  BtUyrum  Zinci.—\eij 
thin  zinc-foil  takes  fire  at  ordinary  temperatures  in  chlorine-gas.  Zinc-chloride  is 
formed  in  the  wet  way  bv  dissolving  zinc  or  zinc-oxide  in  hydrochloric  acid,  or  by  de- 
composing certain  metallic  chlorides  in  solution  with  zinc  or  a  zinc-salt :  thus,  when  a  so- 
lution containing  equivalent  quantities  of  zinc-sulphate  and  sodium-chloride  is  cooled, 
zinco-sodic  sulphate  crystallises  out  at  +  10^  ;  but  at  0%  pure  sodic  sulphate  separates, 
while  zinc-chloride  remains  in  solution. — Anhydrous  zmc-chloride  may  be  prepared  by 
distilling  1  pt  of  zinc-filings  with  2  pts.  of  mercuric  chloride,  or  1  pt.  zinc-oxide  with 
2  pts.  Siu-ammoniac,  or  by  distilling  the  residue  left  on  evaporating  the  aaueous  solu- 
tion ;  also  by  distilling  a  mixture  of  dry  zinc-sulphate  and  calcium-chloride. 

Zinc-chloride  is  a  whitish-grey  translucent  substance,  soft  like  wax,  and  of  specific 
gravity  2*753 ;  it  has  a  burning  taste  and  emetic  action ;  melts  easily,  and  distils  or 
sublimes  in  white  needles  at  a  red  heat ;  deliquesces  quickly  on  exposure  to  the  air, 
and  dissolves  easily  in  water  and  in  alcohol. 

The  aqueous  solution  evaporated  to  a  syrup,  with  addition  of  a  little  hydrochloric 
acid,  deposits  a  hydrated  salt,  ZnClMI'O,  in  small  deliquescent  octahedrons.  The 
specific  gravities  of  solutions  of  various  strengths  are,  according  to  Kremers,  as  follows : 

Quantity  of  ZnCl*  in  100  pts.  water    .     16-7  388  66-3  924 

Specific  gravity  at  19-6°  .        .     1-331  12714        1-3677         1-6886 

A  saturated  alcoholic  solution  of  zinc-chloride  deposits  analcoholate,  ZnCl'.CH'O, 
in  small  crystals.    (Graham.) 

Anhydrous  zinc-chloride  is  a  powerful  dehydrating  agent,  acting  upon  organic  bodies 
like  oil  of  vitriol ;  thus  it  chars  wood,  converts  alcohol  into  ether,  and  has  been  recom- 
mended by  Kraft  and  Mottav  (Compt  rend,  xlviii.  410),  instead  of  sulphuric  acid, 
for  the  preparation  of  fatty  acids  from  glycerides.  Even  the  concentrated  aqueous 
solution  destroys  vegetable  fibre,  and  cannot  therefore  be  filtered  through  paper ; 
according  to  Persoz,  it  dissolves  silk. 

A  dilute  aqueous  solution  of  zinc-chloride  is  much  used,  under  the  name  of  BumetCs 
Disinfecting  Fluid,  as  an  antiseptic,  and  for  preserving  wood  and  vegetable  fibre  against 
decay.  The  concentrated  solution  is  used  in  the  laboratory  as  a  bath  for  heating 
substances  to  a  constant  temperature.  The  dry  chloride,  obtained  by  evaporation,  is 
us<h1  in  surgery  as  a  caustic. 

Zinc-chloride  combines  easily  with  ammonia,  with  chlorides  of  aUcali^metal,  and 
with  zinc-oxide^  forming  several  oxychlorides. 

a.  With  Ammonia. — When  a  hot  concentrate  solution  of  zinc-chloride  is  treated 
with  gaseous  or  aqueous  ammonia,  till  the  resulting  precipitate  redissolves,  the  solu- 
tion, on  cooling,  deposits  the  compound  4NH'.ZnCr-'.K*0,  in  shining  scales  or  lamina^ 
vrhich,  when  heated  to  150°,  give  off  water  and  ammonia,  and  leave  zinc  ammonium- 
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chloride,  2NH'^C1*  -  (S^HfZayji*,  in  the  fomi  of  a  white  powder ;  this  laat  eom* 
pound  separates  also,  in  shining  rhombic  crystals,  from  a  concentrated  anunoniaoBl 
eolation  of  sinc-chloridA— sometimes  immediately,  sometimes  from  the  mother-Uqnor 
of  the  diammoniacal  compound.  Both  the  preceding  compounds,  when  sufBcieotlj 
heated,  give  off  ammonia,  and  leave  a  clear  liquid,  which,  on  cooling,  solidifies  to  an 
imperfe^y  ciystalline  mass  of  the  compound  ZnCl'J^H',  which  distils  undeoomposed 
at  a  red  heat,  and  is  resolved  by  water  into  sine  ammonium-chloride,  N'H*ZoCl%  aod 
an  ozychloride,  Zna*.6Zn0.6HH).    (Kane.) 

/3.  With  Alkaline  Chlorides. — Zinc-chloride  unites  in  several  proportions  with 
ammonium-chloride. — The  salt  2NH*CLZnCl'  is  produced  bv  dissolving  sinc-hydzate» 
at  a  gentle  heat,  in  aqueous  sal-ammoniac,  or  1  pt.  sinc-ozide  and  1  pt.  sal-^mniaiuae 
in  stronff  hydrochloric  acid ;  it  crystallises  on  evaporation  in  rectangular  prisma,  or 
in  large laminsB  containing  1  at  water  of  ciystallisation,  soluble  in  0*66  pt.  cold,  and 
9*28  pts.  boiling  water.  The  dry  salt  is  resolved  by  heat  into  sal-ammoniac  and  lin^ 
chloride.  Bammelsbere  (Pogg.  Ann.  xdv.  607)  obtained  the  same  doable  salt,  in 
anhydrons  rhombic  crystals,  by  evaporating  a  mixed  solution  of  sinc<hloride  and 
ammonium-diloride. — Marignae  (Ann.  Min.  [6],  xiL  1),  by  ^wly  evaporating  a 
•olution  containing  about  2  at.  sal-ammoniac  to  1  at.  one-chloride,  obtained  the  salt 
3NH*Cl.ZnCl',  the  mother-liquor  of  which  deposited  rhombic  lamine  of  the  anhydrous 
salt,  2NH«Cl.Zna'.— The  salt  NH'OLZnCl*  ervstallises,  from  a  solution  of  1  pL  sal- 
ammoniac  and  2  pts.  zinc-chloride,  in  easily  solabla  rhombic  crystals  oontaining  2  at. 
water  (Hants,  Ann.  Ch.  Fharm.  Izvi.  287).  A  concentrated  solution  of  the  aonbls 
chloride  of  sine  and  ammonium  is  used  to  remove  thefifan  of  oxide  from  the  sar£Me  of 
netals,  such  as  zinc,  iron,  or  copper,  which  are  to  be  united  by  soldering. 

Ztnco-potoBtio  chloride^  2ECl.ZnGl',  forms  rhombic  crystals,  of  specific  gravi^ 
2'297,  isomorphous  with  the  similarly  constituted  ammonium-salt  (Ra  mm  els  berg) ; 
more  deliquescent  than  the  latter  (Marignae). — Zineo-sodie  eUianeU^  2KaCl.ZnCl*. 
3H'0,  ciytitallises  in  small  very  dellqueepent  needles,  belonging  to  the  hexagonal 
system.    (Marignae.) 

y.  With  Z  i  nc-  ox  ide. — ^When  aqneons  zinc-chloride  is  evaporated  to  diyneas.part  of 
the  chlorine  escapes  as  hydrochloric  acid,  and  the  residneoontainsan  oxychloride,  or 
basic  eh  loride  of  zinc,  only  partly  soluble  in  water. — The  compound  Zn*ClH)'.4HH), 
or  ZnCl'.32^0.4H'0,  is  obtained  by  boiling  a  strong  solution  of  zinc^chloride  with 
zinc-oxide,  or  by  precipitating  the  solution  with  an  insufficient  quantity  of  nTnmi%t^if^ 
and  digesting  the  precipitate  with  the  liquid :  it  forms  small  nacreous  octahedrons,  or 
a  soft^white  powder,  and  gives  off  half  its  water  at  lOO^'.— Zn'GlH)*.10HK)  •»  ZnCl*. 
6ZnO.10H*O,  is  formed  by  the  action  of  water  on  the  compound  2NH*.2kiCl',  or 
NH'.ZnCl'  {yid,  sup.),  or  by  precipitating  zinc-chloride  with  a  quaoticv  of  ammonia 
sufficient  to  redissolve  part  of  the  precipitate.  It  is  a  white  powder,  insolnble  in  watO', 
and  giving  off  half  its  combined  water  at  100^—Zn<H71'O*.8£[*O  -»  ZnC1^9Zn0.8HH), 
mnains  as  a  white  insoluble  powder,  when  a  solntion  of  zinc-chloride  is  evaporated 
to  a  syrup,  and  then  treated  with  water.  The  same  oxydiloride  is  precipitated  in 
combination  with  lillK),  on  mixinff  a  solution  of  sine-chloride  with  a  qoantitj  of 
potash  just  sufficient  to  produoe  an  ^kaline  reaction. 

Persoz  ^Compt  reno.  Iv.  310)  uses  a  basic  solution  of  sine-chloride  (prepared  bv 
boiling  a  solution  of  the  neutral  chloride  of  about  1*70  per  cent,  spedfio  gravity  with 
excess  of  zinc-oxide),  for  dissolving  silk,  and  separating  it  from  wool  and  vagetahle 
fibres. 

When  zinc-oxide  is  boiled  with  a  strong  solution  of  zinc-chloride  in  certain  propw- 
tions,  a  plastic  mass  is  obtained,  which,  after  a  iriiile,  becomes  very  hard,  and  may  be 
nsed  for  taking  casts.  A  cement,  prepared  by  adding  3  pts.  zincHXxide  and  1  pL 
glass-powder  to  50  pts.  of  a  solution  of  zinc-chloride  of  specific  gravity  1*5 — 1*9,  with 
1  pt.  of  borax  dissolved  in  the  smallest  possible  quanti^  of  water,  is  much  used  in 
Paris  for  stopping  teeth,  and  for  making  artificial  teeth  (Feichtinger,  Dingl.  poL  J. 
cl.  78).  An  oxychloride  of  zinc,  prepareil  by  a  similar  process,  ma^  also  be  need  as  a 
paint  for  wood,  paper,  stone,  or  metaL  It  dries  quickly,  and  is  quite  free  from  odour. 
(Sorel.) 

SZVCt  OTJkVIBB  or.    See  Ctanidbs  (ii.  274). 

SXVC,  BBXaonOW  AV»  XSTIICATIOV  OV.  l.  Blo»pip$  i^taa. 
tions. — ^AU  zino-compounds,  when  heated  with  aodium'carbomaU  in  the  inner  flami^ 
^ve  an  incrustation  of  zinc-oxide,  which  is  yellow  while  hot,  but  becomes  white  on  cool* 
ing ;  it  is  not  volatile  in  the  outer  flame.  With  bcrax^  or  mierommme  9aU^  they  eive  in 
either  flame  a  bead,  which  is  yellowish  while  hot,  white  on  cooling,  and  opaque  if  much 
zinc-salt  is  present  If  the  colourless  bead  or  the  white  incrustatioa  be  moistened 
with  a  dilute  solution  of  oobalt-nUraie,  and  strongly  heated  in  the  outer  fiame^  a  Ana 
green  colour  is  produced. 
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2.  Reactions  in  Solution. — ^ZincHUilts  are  oolcmrlefls,  and  form  oolonrless  tola* 

tions. — Sulphydric  acid  gives,  with  neutral  solntions  of  zinc-salta,  a  white  precipitate 
of  zinc-sulphide,  which  does  not  contain  all  the  zinc ;  in  solutions  containing  a  sufficient 
quantity  of  free  hydrochloric  or  sulphuric  acid,  no  precinitate  is  formed ;  but  from 
acetate  of  zinc,  or  any  zinc-salt  mixed  with  acetate  of  sodium,  zinc  is  completely  pre- 
cipitated by  sulphydric  acid,  even  if  a  laige  quantity  of  free  acetic  acia  is  prwent. 
Sulphide  of  zinc  is  insoluble  in  caustic  alkalis. — Sulphide  of  ammonium  preapitatea 
zinc-salts  completely. — Cyanide  ofpotassium  throws  down  white  cyanide  of  zinc,  soluble 
in  excess,  and  reprecipitated  by  sulphide  of  ammonium. — Ferroeyanide  of  potaseium 
forms  a  white  precipitate,  insoluble  m  hydrochloric  a^id. — Oxalic  addend  phosphate  of 
sodium  precipitate  white  oxalate  and  phosphate  of  zine,  soluble  in  acids  and  alkaUs ; 
the  phasphate  is  not  precipitated  in  presence  of  sal-ammoniac  and  ammonia. — Fixed 
alkaline  carbonates  precipitate  a  white  basic  carbonate,  insoluble  in  excess,  soluble  in 
alkalis ;  chloride  of  ammonium  hinders  this  precipitation  in  the  cold. — Potash,  am- 
monia, and  carbonate  of  ammonium  form  white  precipitates  soluble  in  excess,  repre- 
cipitated on  diluting  with  water  and  on  boiling;  soluble  also  in  chloride  of  ammonium. 
Sulphydric  acid  precipitates  zinc-sulphide  from  these  solutions. 

Zinc  in  solution  is  distinguished  nom  all  other  metals  by  the  precipitation  of  its 
white  sulphide  by  sulphide  of  ammonium,  in  a  solution  containing  excess  of  csustio 
alkali. 

Z.  Estimation  and  Separation, — Zinc  is  precipitated  from  its  solutions  by  cor- 
bonate  of  sodium,  which,  when  added  in  excess,  and  boiled  with  the  solution,  throws  down 
carbonate  of  zinc  It  is  best,  however,  to  pour  the  zinc-solution  into  the  hot  solution 
of  the  alkaline  carbonate,  because,  in  that  ease,  we  may  be  sure  of  not  forming  a  basic 
salt.  If  the  zinc-solution  contains  ammoniacal  salts,  it  must  be  boiled  with  a  quantity 
of  carbonate  of  sodium  sufficient  to  decompose  those  salts,  then  evaporated  to  aryness, 
the  residue  treated  with  a  large  quantity  of  water  to  dissolve  out  the  soluble  salts,  and 
the  carbonate  of  zinc  collected  on  a  filter,  and  well  washed  with  hot  water.  The  evapo-' 
ration  should  be  conducted  as  quickly  as  possible.  The  carbonate  of  zinc,  when  dned 
and  ignited,  yields  oxide  of  zinc  containing  80*26  per  cent,  of  the  metal. 

In  separating  zinc  from  other  metals,  it  is  often  necessair  to  precipitate  by  sulphide 
of  ammonium.  If  the  eolation  is  acid,  it  must  be  previously  neutralised  by  ammonia. 
The  precipitate  must  not  be  thrown  on  the  filter  immediately,  but  left  to  settle  down 
completely,  after  which  the  clear  liquid  must  first  be  passed  through  the  filter,  and 
then  the  precipitate  thrown  on  it  If  thisprecaution  be  neglected,  the  sulphide  of 
zinc  will  stop  up  the  pores  of  the  filter.  The  precipitate  is  washed  with  water  con- 
taining a  little  sulphide  of  ammonium  ;  then  dissolved  in  hydrochloric  acid ;  the  solu- 
tion boiled  to  drive  off  the  sulphydric  acid;  and  the  zinc  precipitated  by  carbonate  of 
sodium  as  above. 

Zinc  is  separated  froni  all  the  non-metallic  elements,  and  from  the  metals 
of  alkalis  and  alkaline-earths  (barium,  strontium,  and  calcium),  by  sulphide 
of  ammonium.  In  the  case  of  the  alkaline  earths,  however,  great  care  must  be  taken 
to  prevent  the  ammoniacal  liquid  firom  absorbing  carbonic  acid  from  the  air,  as  that 
would  occasion  a  prec'pitation  of  the  earth-metal  in  the  form  of  carbonate.  For  this 
purpose,  the  filtration  must  be  effected  as  quickly  as  possible,  and  the  liquid  well  pro- 
tected from  the  air.  The  separation  of  zinc  from  barium  may  also  oe  effected  by 
stdjf^uric  acid,  and  from  calcium  by  oxalate  of  ammonium. 

From  magnesium,  zinc  may  be  separated  by  sulphide  qf  ammonium,  a  sufficient 
quantity  of  chloride  of  ammonium  being  previously  added,  to  prevent  the  precipitation 
of  the  magnesia ;  or  the  separation  mav  l^  effected  by  converting  the  zinc  andmagnesiom 
into  acetates,  and  precipitating  the  zinc  as  sulphide  by  sulphydric  acid. 

The  separationof  zinc  from  aluminium,  glucinum,  and  chromium  (in  the  form 
of  chromic  oxide)  may  also  be  effected  by  converting  the  bases  into  acetates,  and  pre- 
cipitating the  zinc  with  sulphydric  add,  or  by  dissolving  in  potash,  and  precipitating 
the  zinc  with  sulphydric  acid ;  but  the  first  method  is  to  be  preferred.  Chromium,  in  the 
form  of  chromic  acid,  is  separated  firom  cine,  as  firom  other  metals,  by  fusion  with  an 
alkaline  carbonate  (i.  146). 

The  conversion  into  acetates,  and  precipitation  by  sulphydric  acid,  likewise  serves 
to  separate  zinc  from  zirconium,  vttrium,  thorinum,  and  manganese.  The 
separation  from  manganese  may  also  be  effected  by  converting  the  tmx  metals  into 
chlorides,  passing  chlorine-gas  through  the  solution  to  convert  the  manganese  into  di- 
oxide, and  completing  the  precipitation  of  the  latter  with  carbonate  of  barium. 

From  iron,  anc  may  be  separated  by  ammonia,  or  (better)  by  succinate  of  ammonium 
(iii.  386).  The  iron  (m  the  state  of  ferric  oxide)  may  also  be  precipitated  by  oor- 
honate  of  calcium  or  barium. 

Uranium,  as  uranic  oxide,  may  be  separated  from  zinc  by  this  latter  mode  of 
precipitation. 
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For  the  methods  of  separatiiig  zinc  from  cohalt  and  nickel,  see  those  metals 
(i.  1047;  iv.  39). 

From  molybdennm,  tungsten,  and  yanadium,  zinc  is  easily  separated  by  tha 
insolubility  of  its  sulphide  in  sulphide  of  ammonium.  For  tbe  method  of  separa^ng 
it  from  titanium,  seep.  839. — From  thallium,  zinc  is  separated  by  preeipitattng 
the  thallium  with  iodide  of  poUusium  (p.  749). 

From  arsenic,  antimony,  copper,  and  all  other  metals  whose  sulphides  are  in* 
soluble  in  acids,  zinc  is  separated  by  precipitating  those  metals  with  $mlpkydfie  aeid, 
in  solutions  containing  excess  of  mineral  acid. 

4.  Atomic  Weight  of  Zinc, — G-ay-Lussa'c  (M6m.  d'Arceuil,  ii.  174),  by  oxi- 
dising zinc  with  nitric  add,  and  by  measuring  the  quantity  of  hydrogen  evolred  whm 
zinc  dissolyes  in  dilute  adds,  concluded  that  100  pts.  zinc-oxide,  ZnO,  contain  19-62 
pts.  oxygen :  whence  Zn  «  64*66. — ^Berzelius  (G-ilb.  Ann.  xxxTii.460)  obtained,  by  the 
first  method,  nearly  the  same  nimiber. — Jacquelain  (Ann.  Ch.  Phys.  [3],  vii.  189), 
by  the  decomposition  of  the  nitrate  and  sulphate  of  zinc,  obtained  results  correspond- 
ing with  the  number  66*24;  and  Farre's  experiments  (Und,  [3],  z.  163)  on  the 
composition  of  zinc-ozalate,  and  on  the  quantity  of  hydrogen  erolvra  when  zinc  dis- 
BoWee  in  hydrochlonc  add,  me  the  number  66*0  for  the  atomic  weight  of  zinc  Sub- 
sequently (in  1844^,  A.  Erdmann  (Ann.  Ch.  Pharm.  L  435)  prepmd  s  poro  oxida 
of  zinc,  mixed  it  with  pure  charcoal  obtained  from  sugar,  and  reduced  it  in  a  current 
of  hydrogen ;  he  then  oxidised  the  metal  with  nitric  add!,  and  conyeited  it  into  oxide 
by  ignition.  The  atomic  weight  of  zinc,  calculated  from  a  mean  of  four  enMiments, 
tnus  conducted,  is  65*04.  The  same  number  was  obtained  by  Pelouze  from  toe  saialyus 
of  zinc-lactate. 

ZZVCf  VltVOSZBB  OV«  ZnF*. — ^Zinc  dissolves  in  aqueous  hydrofluoric  add, 
and  the  solution,  when  evaporated,  deposits  the  h^drated  sal^  ZnF'.4H'0,  in  small, 
shining,  rhombic  octahedrons,  exhibiting  the  combination  P  .  F  .  obIP2  (HariRnae). 
Zinc-flu(^de  dissolves  slowly  but  completely  in  water,  more  easily  on  addition  of  nydro- 
finoric,  hydrochloric,  or  nitrie  add,  or  of  ammonia.  When  heated  in  an  open  vessel, 
it  dissolves  oxide  of  zinc 

Zinc-fluoride  forms  double  salts  with  the  fluorides  of  aluminium  and  potassioa. 
— ^Tbe  alumtnium-ealt,  ZnF'.Al^,  forms  long  colourless  needles ;  the  potasaium'Mit, 
2KFJZnF*,  colourless  crystalline  grains. 

XEVCf  KWmLATM  OV.    See  ZafC,  Oxtob  of  (p.  1078). 

ZZVOf  ZODXSB  OF.  Znl^ — ^Finely-divided  zinc  unites  readily  with  iodine, 
forming  an  easily  fusible  compound,  which  sublimes  in  needles ;  specific  gravity  * 
4*696.  The  same  compound  separates  in  regular  octahedrons  or  cubo-oct^edrons,  on 
evaporating  a  solution  obtained  by  digesting  iodine  with  excess  of  zinc  and  water,  till 
the  colour  of  the  iodine  disappears. 

Zinc-iodide  is  very  deliquescent,  and  dissolves  eadly  in  water.  The  specific  gravity 
of  the  solution  varies  with  its  strongth,  in  the  manner  shown  in  the  fculowing  taUe 
(Kremers): — 

^TlOOpte^^terl    •    2^*^      ^^'^      ^'^        7***     ^^     ^^^'^    2*2-0    316-6 
6pedficgravityatl9*5<' 11715  1*2340    1*8486   1*5121  1*5780  1*7871  2*1588  2*8276 

Zinc-iodide  is  decomposed  when  heated  in  contact  with  the  air,  iodine  being  evolved, 
and  zinc-oxide  produced. 

The  aqueous  solution  dissolves  zinc  in  contact  with  the  air,  and  the  hot-filtered  liquid 
deposits  an  oxyiodide  on  cooling  (Muller,  J.  pr.  Cbem.  xxvi.  441).  The  same 
Bomtion,  digested  with  iodine,  forms  a  brown  liquid  containing  4  at  iodine  to  1  at. 
zinc 

Dry  zinc-iodide  absorbs  27  per  cent,  (nearly  6  at.)  dry  ammonia-ffas,  forminff  a 
loose  white  powder,  soluble  in  adds  but  decomposed  by  water. — ^A  solution  of  zino* 
iodide  in  aqueous  ammonia  deposits,  by  spontaneous  evaporation,  shining  rectaagalar 
prisms  of  the  compound  4NH'.ZnI^  which  is  also  decomposed  by  water. 

Zinc-iodide  umtee  with  iodides  of  alkali-metals,  forming  soluble,  deliqueaoent 
double  salts,  which  may  be  crystallised  by  evaporation  over  oil  of  vitriol.  The  salts, 
2NH*I.ZnI«,  KI.ZnP,  NaI.ZnP.fH»0,  and  BaI*.2ZnI«,  have  been  obtained. 

znrCv  VZTRZBB  OF.  This  compound  is  formed,  according  to  Grove,  is  the 
electrolysis  of  water  containing  sal-ammoniac,  when  the  positive  pole  is  formed  of 
zinc  and  the  negative  pole  of  pUtinnm. 

ZZVCf  OXISXft  OF.  Only  one  oxide  of  zinc  is  known  with  certain^,  viz.  the 
protoxide.  Tbe  groy  film,  which  forms  on  the  surfiuse  of  zinc  whan  exposed  to  the  air, 
is  regarded  by  Berzelius  as  a  suboxide ;  but  it  is  probably  only  a  mixture  of  the  prot- 
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oxide  with  metallic  zinc.    Tb^Dard  also  states  that  a  gelatinous  peroxide  is  produced 
by  the  action  of  b/dric  peroxide  on  hydrated  zinc-oxide. 

Xtno-oxlde,  ZnO. — ^This  oxide  occors  native,  contaminated  with  manganese-oxidet, 
as  zincite  or  red  zinc-ore,  and  combined  with  the  sesquioxides  of  mansanese  and 
iron,  as  franklinite,  both  of  which  minerals  are  found  at  Sterling  Hill,  Susses 
County,  New  Jersey — the  former  in  hexagonal,  the  latter  in  monometric  forms.  It  is 
formed  by  the  combustion  of  zinc  in  the  air,  and  by  ignition  of  zinc-salts  containing 
volatile  acids ;  frequently  also  in  the  smelting  of  metallic  ores  containing  zinc,  and  is 
occasionally  deposited  in  furnace-fiues  in  six-sided  prisms.  Crystallised  zinc-oxide  is 
also  produced  by  heating  zinc-chloride  in  a  current  of  aqueous  vapour. 

The  ordinary  amorphous  oxide  is  obtained,  as  a  floe  floccnlent  powder,  by  burning 
zinc  in  contact  with  the  air.  When  zinc  is  thrown,  by  small  quantities  at  a  time,  intc 
a  capacious  earthen  crucible  previously  heated  to  whiteness,  it  bums  with  a  bridit 
bluish-white  flame,  and  deposits  large  flakes  of  the  oxide  mixed  with  small  partides 
of  the  metal  mechanically  carried  over :  from  these  the  oxide  may  be  freed  by  leviga> 
tion  with  water,  the  heaxier  metallic  (Particles  then  subsiding,  and  leaving  the  pure 
oxide  in  suspension.  This  oxide  is  much  used  as  a  pigment,  called  zinc-white,  and 
is  manufactured  for  this  purpose  by  distilline  zinc  ^m  clay-retorts  into  chamben 
through  which  a  current  of  air  is  kept  up.  Thfr  volatilised  metal  bums  at  the  high . 
temnerature  to  which  it  is  exposed  under  these  circumstances,  and  the  oxide  is  depo- 
sitea  in  a  series  of  condensing-chambers.  The  white  pigment  thus  obtained  is  per- 
manent, not  being  blackened,  Uke  white  lead,  by  exposure  to  sulphuretted  hydrogen ;  it 
is  also  much  less  poisonous  than  white  lead.  An  impure  oxide,  sold  under  the  name 
of  tutty,  is  obtained  from  the  flues  of  furnaces  in  which  brass  is  melted. — For  phar- 
maceutioil  purposes,  zinc-oxide  is  prepared  by  igniting  the  precipitated  hydrate  or 
carbonate. 

Zinc-oxide,  when  crystallised,  forms  transparent,  yellowish,  six-sided  prisms  of  about 
6*0  specific  gravity.  The  ordinary  oxide  is  a  white  amorphous  powder,  of  about  6'6 
specific  gravity.  It  is  insoluble  in  water.  When  heated  it  assumes  a  lemon-yellow 
colour,  but  becomes  white  again  on  cooling.  It  is  veiy  refractory  in  the  fire,  but  is 
said  to  volatilise  at  the  strongest  white  heat.  It  is  easily  reduodd  by  charcoal,  less 
easily  by  hydrogen  or  carbonic  oxide.  When  heated  with  sulphur,  it  forms  zinc-sul- 
phide and  sulphurous  anhydride ;  with  chlorine,  at  a  red  heat,  it  yields  zinc-chloride, 
which  distils  over,  and  free  oxygen. 

Zinc-oxide  is  a  strong  base,  dissolving  completely  in  acids,  and  forming  the  zine- 
salts.  It  also  acts  as  a  base  towards  oxides  of  the  form  M'O' ;  thus  with  alumina 
it  forms  gahnite,  ZnO.Al'0*. — A  solution  of  zinc-oxide  in  potash  deposits,  on 
addition  of  chromic  hydrate,  a  green  compound  containing  ZnO.Cr'O'  (Chancel). — 
Eb  el  men  (Ann.  Ch.  rhys.  [3],  xxxiii.  34)  obtained  such  compounds  (spinels)  ciys- 
tallised,  by  heating  the  component  oxides  with  boric  oxide  for  a  long  time  in  a  pottery- 
furnace,  till  the  boric  oxide  was  volatilised. — ^The  compound  ZnO.Cr'O'  formed  small 
blackish-green  octahedrons,  of  specific  gravity  6*309;  ZnO.Fe'O',  microscopic,  shining, 
black  octahedrons,  of  specific  gravity  5*132  ;  ZnO.AlK)'  (gahnite),  colourless  octahe- 
drons, harder  than  quartz,  and  having  a  specific  gravity  of  4*58. 

Hydrated  Zinc'oxide,  or  Zinc-hydrate, — Anhydrous  zinc-oxide  does  not 
unite  directly  with  water.  Zinc-salts  treated  with  ammonia  yield  a  white  gelatinous 
zinc-hydrate,  soluble  in  excess  of  potash  or  ammonia.  A  crystallised  raonohydrate, 
ZnO.H^O  =  Zn"H*0',  is  obtained  bv  immersing  zinc  in  aqueous  ammonia  in  contact  with 
iron(Runge;  Schindler),  or  with  lead  or  copper  (Nick lis).  Hydrof^en  is  then 
evolved,  and  after  some  time  zinc-hydrate  is  deposited  on  the  rinc  in  rhombic  prisms, 
of  specific  gravity  2*677  (see  also  Cornu,  Bull.  Soc.  Ohim.  1863,  p.  64). — Adih^drate, 
2>n0.2H^O  »  Zn"H*0',  is  deposited  from  a  saturated  solution  of  zinc-oxide  in  soda- 
ley,  left  to  itself  for  a  long  time  in  a  closed  vessel.  It  forms  colourless  regular  octa- 
hedrons, having  a  strong  adamantine  lustre,  retaining  their  lustre  and  transpan$ney 
after  washing  with  water  and  drying  over  chloride  of  calcium,  but  becoming  white 
when  hot  water  is  poured  upon  them.  Zinc-hydrate  dissolves  readily  in  dilute  acids, 
caustic  alkalis,  and  carbonate  of  ammonium.  It  easily  gives  ofiT  its  water  when 
heated. 


ro,  OXTOB&O&IBB  or.    See  Znrc,  Cwjjortdm  or  (p.  1070). 
ZZarc,  OXTBinbraZBB  or.    See  Znrc,  SvLPBiDis  or  (p.  1074). 
ZZWC,  »SBOXXl>B   or.     (See  p.  1070.) 

zzarc,  PBOSPBZDES  or.  (Hoos.  Ann.Ch.  Pharm.  c.  10I.>— Theoompooidr 
Zii'P-  was  obtained  by  strongly  iguiting  2  at.  zinc-oxide  with  1  at.  phosphoric  saliy- 
dride  and  7  at.  charcoal,  and  collected  in  the  neck  of  the  retort  as  a  brittle  sublimate, 
which  had  a  dark  steel-grey  colour,  and  dissolved  in  hydrochloric  acid,  with  evolution  of 

Vol.  V.  3  Z 
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Don-spontaaooiiBly  inflammable  pbosphoretted  hydrogen. — Zinc-oxide,  ignited  in 
phoB^orue-rapoor,  forms  a  black  crystalline  mass,  together  with  a  red  pbos{^iide  of 
ainc  The  blMk  mass  boiled  with  hydrochloric  add,  left  a  grey  crystalline  povder, 
probably  consisting  of  ZnP'. 

XEVCy  SaabSVZBB  of*  Formed  by  passing  seleninm-Tapour  orer  red-bot 
«inc.  It  is  a  lemon-yellow  pnlyerolent  body,  from  which  nitric  acid  dissolvee  the 
ainc,  and  at  first  separates  the  selenium,  but  on  prolonged  action  dissolvea  it  as  sele- 
nious  add.    (B« reel  ins.) 

SZVOf  SB&nZOCTAVAn  OV«    See  BmLBmocrAXATMB  (p.  220). 

See  SiLiooFLVOBXDBS  (p.  273). 

OV.    (See  p.  1072.) 

or.    Of  these  compounds,  the  best  known  is  that  whi^ 
corresponds  to  the  oxide.    According  to  SchifP,  there  is  also  a  pentasulphide,  ZnS*. 

The protosmlphide,  ZnS,  occnre  native  &  blende,  in  monometric  forma,  Tis. 
ooO  (fy.  17S,  Cbtstalloobafbt,  ii.  124)  ;    +  2  (Jiff,  189);  the  same  with  the  two 

2  Q 

tetrahedrons  equally  developed,  forming  a  regular  octahedron  {fy.  172) ;  and  r-  .  o>0 

(Jiff,  203);  also  twins  like>^.  319  (ii.  160),  and  others;  deavage  perfect  puallel  to 
odO.  Ilie  aiinezal  likewise  occurs  in  botiymdal  and  other  imitative  sluipet,  and 
massive,  compaoL  Hardness  ■■  8*6  to  4.  Specific  gravity  -  3*9  to  4-2.  l^ans- 
parent  to  tranabicent.  Lustre  vesinons  to  adamantine.  Colour  brown,  yellow,  Uack, 
red,  green,  white,  or  yellow  when  pure.  Streak  white  to  reddish-brown.  Fracture 
conchoidal.    Brittle. 

JnalffMU, — a,  Fraiddin,  New  Jersey:  colourless,  traaspaient  (Henry).*— 6.  dans- 
thai:  crystallised,  black  (Kuhlemaan).— «.  Baibl,  Cuinthia:  scaly  (Kersten). — 
d.  Pnibram,  Bohemia:  radiate  (Lowe). — e.  Eaton,  New  Hampshire  (Jackson). — 
/.  Shelbume,  New  Hampshire  (Jackson).— ^.  Christiania:  black-brown,  radiate 
(Scheerer). — A.  Marmato,  near  Popayan,  South  America:  marmaiiU :  black  (Bons- 
singault).— «'.  Bottino,  near  Serravezsa,  Tuscany :  massive  (Bechi) : 

m.  k.  c.  d.  r.  /.  g.  k.  i. 

Sulphur  .    32*12       88-04        32*10        33*75       32-23       8^6       88^       88^       88*65 


Zinc 

Cadnaium 

Iron 

Copper 
Antioiony 


99*6S 


*. 

c. 

88-04 

32*10 

66*89 

64*22 

0-79 

trace 

1  18 

1*32 

0*18 

0-72 

0-68 

CMf 

10116 

9916 

67*46       66*89        64*22        f,2-62  63  62  &2H)  88*17  51*98  4811 

1-78  0-60  8*2 

2-20  ,8*10  11*8  12'88  U-aS  16-28 

10095  99*54  99*1  99*48  100^  97^ 


Blende  occurs  in  both  ciystalline  and  sedimentary  rocks,  and  is  usually  amociated 
with  galena ;  also  with  h^vy  spar,  copper-pyrites,  spathic  iron,  and  firequently  in 
silver-mines.  Derbyshire,  Cumberland,  and  Comwidl  afibrd  the  black  varieties  called 
blackjack;  also  Transylvania,  Hungary,  and  the  Harz.  Si^  in  Sweden,  Batie* 
borzitz  in  Bohemia,  and  many  Saxon  localities,  afibrd  splendid  black  and  brown 
crystals. 

Zinc-suk)hide  cannot  be  formed  by  fusing  sulphur  and  rinc  together,  because  the 
sulphur  volatilises  before  combination  can  tSke  place ;  but  it  is  produ^d,  with  detona- 
tion, when  anc-filiogs  are  heated  with  cinnabar  or  potassium-smphide.  It  is  likewise 
obtained  by  heating  zinc-oxide  with  sulfur  alone,  or  with  sulphur  and  charcoal ;  bv 
heating  zinc-oxide  or  the  hydrated  sulphide  in  a  stream  of  sulpb^^lric  acid  gaa;  an^ 
finally,  by  reducing  zinc-sulphate  with  sulphur  or  charcoaL  When  prepared  by 
either  of  Uiese  methods,  it  is  a  white  or  yellowish  powder,  of  specific  gravity  8*92 :  it 
melts  at  a  veir  high  tem])erature,  and  volatilises  only  at  a  white  heat. 

CrystaUisea  zinc-sulphide  is  easily  oxidised  by  fusion  with  nitre;  slowly,  but  oom- 
plet^y,  when  heated  in  contact  with  the  air :  acids  decompose  it  slowly,  with  evolu- 
tion of  sulphydric  add.  The  amorphous  sulphide  is  decomposed  by  atmospheric 
oxidation,  or  by  acids,  more  quickly  than  the  crystallised  sulphide. 

The  hjdrated  sulphide^  ZnS.H'0,  obtained  by  precipitation  (p.  1071),  and  dried  at 
100°,  is  a  white  powder,  which,  when  more  strongly  heated,  gives  off  its  vrater  and 
turns  yellowish.  It  oxidises  quickly  on  exposure  to  the  air,  and  dissolvea  easily  in 
dilute  mineral  acids,  slightly  in  a  large  excess  of  acetic  add.    (Wackenrodec) 

Oxytul/phides. — Zinc-sulphide,  when  dried  in  the  air,  generally  contains  a  amall 
quantity  of  oxide.  Oxysulphides  of  zinc  are  found  in  fumace-fiues.  E  erst  en 
^(chw.  J.  Ivii.  186)  found  one  in  a  furnace  at  fVeibei^,  having  the  ooopoeition 
ZD0.4ZnS ;  the  zinc-oxide  was  not  dissolved  out  of  it  by  acetic  add.    The  same  con- 

*  For  references.  Me  Rammeleberg'a  Mimeralckemie,  p.  48.  f  Lead 
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pound  occurs,  as  yoltsite  or  voltzine,  in  implanted  spherical  globules  with  galena, 
blende,  &c.,  at  Rosi^ros  in  Puy-de-D6me,  and  in  the  Elius  mine,  near  Joachimsthal  in 
Bohemia. 

The  compound  7mH)S,  or  ZnO.ZnS,  is  formed,  according  to  Arf vedson  (Pogg.  Ann. 
1.  59),  when  dry  zinc-sulphate  is  heated  to  redness  in  a  stream  of  hydrogen. 

Pentasulphide  of  Zinc,  ZnS\  is  formed,  according  to  Schiff  (Ann.  Ch.  Pharm. 
cxy.  74),  wnen  a  neutral  zinc-salt  is  precipitated  by  pentasulphide  of  potassium.  The 
precipitate  is  white,  but  acquires  a  straw-yellow  colour  when  pressed  and  dried. 
When  heated  in  a  close  vessel,  it  is  resolved  into  the  protosulphide  and  free  sulphur. 
It  dissolves  in  acids,  with  evolution  of  sulphydric  acid  gas,  and  separation  of  sulphur. 

ZZVOf  TBUbUBZBB  OF.  Zinc  and  tellurium  unite  wihen  fused  together,  with 
great  evolution  of  heat.  The  product  is  grey,  crystalline,  difficult  to  ftise,  insoluble  in 
dilute  sulphuric  or  concentrated  hydrochloric  acid.    (Be rz elius.) 

ZZVOAOBTAMZDB,  C*B.*ZiiJl*0\  is  a  white  powder  formed  by  the  action  of 
acetamide  on  zincethyl. 

ZZVCAIKZBB,  N^^Zn",  is  produced  by  the  action  of  ammonia  on  zincethyl 
(p.  1076). 

rOASnXv  or  XEVOAmnUBB.     See  Zikc-radicubs,  Oroanic. 


The  impure  grey  oxide,  or  suboxide  of  zinc,  formed  when  zinc  is 
heated  in  contact  with  the  air. 


This  name  is  given  by  Breithaupt  (Berg-  u.  Hnttenm.-Zeit. 
vi.  101),  to  a  blue  mineral  occurring  in  the  veins  of  Baranco  Jaroso,  in  the  Sierra 
Almagrera  in  Spain,  and  containing,  according  to  Plattner  and  Bichter,  cupric 
oxide,  zinc-oxide,  sulphuric  acid,  and  a  little  water. 

XEVOBZAVBa.    Native  sulphide  of  sine  (p.  1074). 

Zzaro-B&OOBI.  or  SZVOOBZSB.    A  native  hydrocarbonate  of  line.    (Sett 

CAnBONATES,  i.  798). 

rc-BUTTBB.    Bufyrum  ZincL — Syn.  with  Zikc-chlobidk  (p.  1069). 

(See  p.  1077.) 

or  SZVCBTBZBB.    See  Zinc-badiclbs,  Oboanic  (p.  1076). 

rC-BTBT&AirrZJLTB.     (See  p.  1077.) 

XEVC-VAB&OBB9  or  copper-blende  horn  near  Freibeig,  is  a  tennantite  (p.  720), 
having  the  iron  partly  replac^  by  zinc 

XEVO-F&OWBB8.    Fhrea  Zinci, — Zinc-oxide  produced  by  combustion  of  the 
metal  (p.  1073). 


Syn.  with  Silicious  Calaxtms  (i.  713). 

oiRed  Zinc  Ore,  Native  oxide  of  zinc  containing  manganese  (p.  1074). 
rcXBVZTB.    Syn.  with  ZncxENm  (p.  1079). 

rc-MBTUIJb,  or  SZVC^-MBTBZBB.  See  Zutc-badiclbs,  Oboakio  (p.  1078). 
rOOVZSB.    Syn.  with  Zmc-BLOOX. 

A  product  of  the  action  of  zincethyl  on  anilinA. 
Syn.  with  Homrx  (iii.  106). 

OBCUUrZO.  Tadq  unites  with  alcohol-ndides  (methyl, 
ethyl,  and  amyl),  forming  compounds  analogous  in  composition  to  sine-chloride,  or 
zinc-oxide,  and  represent^  by  tne  general  formula  Zn*^.  Thay  are  saturated  com- 
pounds, not  capable  of  uniting  directly  with  oxygen,  chloride,  or  other  elements,  and 
are  therefore  not  radicles  in  the  proper  sense  of  the  w6rd,  like  caoodyl,  stibtrimethyl, 
stannethvl,  &c.  They  are  producea  by  heating  zinc  with  the  iodides  of  the  alcohol- 
radides  m  sealed  tubes,  and  by  the  action  of  zinc  on  the  mercniy-compounds  of  the 
same  radicles.  The  first  method  is  best  adapted  for  the  preparation  of  zincethyl,  the 
second  for  obtaining  the  methyl-  and  amyl-compounds.  (£fee  Oboano-kbtallio  Bodob, 
iv.  219). 

Zineamylf  or  Slaeamjlldet  Zn(OH")'. — ^Prepared  by  heating  zinc  with  mtr- 
curic  amylide 

Hg(C»H»')»  +  Zn«     -     Zn(C»H'»)«  +  ZnHg. 

It  is  a  colourless,  transparent,  mobile  liquid,  of  specific  gravity  1*022  at  0®,  boiling  at 
220^.  Vapour-density,  obs.  -  6*95 ;  calc.  (2  vols.)  -  687.  It  decomposes  gradually 
at  240'^,  yielding  amylene  and  amylic  hydride.  In  contact  with  the  air  it  fhmes,  but 
does  not  take  fire.    When  dropped  into  oxygen-gas,  it  burns  with  a  daz^ing  white 
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ilame  and  slight  exjdosion.    Itti  reactionB  with  oxygen,  chlor  ne,  and  iodine  ve 
cisely  analogous  to  those  of  zincethyl  (ir.  226). 

SlBoetHsrl,  or  Zlaoet]il«e«  Zn(C*H*)*.— This  body,  discorered  by  Franklaad  in 
1849,  is  prepfljred  by  heating  zinc,  in  a  closed  vessel,  with  ethylie  iodide  mixed  with 
ether  (iv.  219).  For  preparation  on  the  small  scale,  the  mixture  is  enclosed  in  sealed 
glass  tubes,  and  heated  in  an  oil-  or  air-bath ;  ibr  larger  quantities  the  appantos  oon- 
trived  by  Frankland,  and  described  in  the  article  Bath  (i.  521),  is  emplojed. — Pebal 
(Ann.  Ch.  Pharm.  cxriii.  22 ;  cxxi.  105),  dehydrates  equal  Tolumes  of  ether  and  ethylie 
iodide  with  phorohoric  anhydride,  and  heats  the  mixture, — in  a  tubulated  retort  filled 
with  carbonic  anhydride  at  a  pressure  about  one-fourth  greater  than  that  of  the  extanial 
air, — ^with  granulated  zinc  previously  strongly  etched  with  sulphuric  aeid,  and  then 
thoroughly  dried. — Bieth  and  Beilstein  {ibid,  cxxiii.  245;  cxzvi.  248)  beat  an 
alloy  of  4  pts.  zinc  and  1  pt.  sodium  with  ewylio  iodide  in  a  flask  filled  with  car- 
bonic anhydride.  Chapman  adopts  a  very  similar  process,  using  a  little  zincethyl  to 
start  the  reaction  (Laborataryt  i.  195).  Alexeyeff  and  Beilstein  (Compt.  lend. 
Ldii.  171)  heat  100  grms.  ethylie  iodide,  in  a  similar  manner,  with  7  or  8  grms. 
zinc-sodium,  and  70  to  80  grms.  zinc-cuttings. — ^Zincethyl  may  also  be  prepaM  by 
heatinff  granulated  zinc  wiUi  about  half  its  volume  of  mercuric  ethide  in  a  sealed 
retort  m  Uie  water-bath  for  86  hours  (Frankland  and  Duppa,  Chem.  Soc  J.  xviL 
8). — ^Zincethyl  is  also  produced  by  the  acdon  of  ano  and  mercuiy  on  sodium-ethyl 
(Wanklyn) : 

Zn  +  Hg  +  2NaC«H»   -   Zn(C«H»)«  +  HgNa«. 

Zincethyl  is  a  transparent,  colourless,  strongly  refracting,  mobile  liquid,  having  an 
odour  rather  agreeable  than  otherwise.  Specific  gravity  »  1*189  at  18^.  It  does  not 
solidify  at  —22°,  boils  at  118^,  and  distils  without  decomposition.  Vaponr-deositf, 
obs.  »  4*259 ;  calc  (2  vols.)  «  4*262.  In  contact  with  the  air  it  fumes,  and  qoickiy 
takes  fire,  burning  with  a  bright-green-edfled  flame,  and  giving  off  thick  white  fnmas  of 
zinc-oxide.  It  is  also  rapidly  decomposed  by  water,  with  formation  of  ethylie  hydride 
and  zinc-hydrate : 

Zn(C«H»)*  +  2HK)     -     2((?H».H)  +  ZnH*0«. 

The  reactions  of  zincethyl  with  oxygen,  the  halogens,  nitrie  oxide,  anlphiiroas 
oxide,  phosphorous  chloride,  oxalic  ether,  ammonia,  &c  have  been  already  deae&bed 
under  Obgano-mbtaluo  Booms  (iv.  225,  226).  We  here  give  some  reactions  dis- 
covered since  that  article  was  written : — 

With  chloride  of  acetxjL  and  its  homologues,  zincethyl  forms  ketones,  or  tertiary 
alcohols,  according  to  the  manner  in  which  the  reaction  takes  place.  When  S  at. 
chloride  of  acetyl  is  added  by  drops  to  1  at.  zincethyl  contained  in  a  flask  cooled 
to  0°  and  filled  with  carbonic  anhydride,  a  strong  action  takes  place ;  and  if  the  product 
be  immediately  treated  with  water,  a  ketone  boiling  at  80°  is  obt^ned,  having  the 
composition  ofacetyl-ethyl.  C*H»0  =  C*H»O.C*H*.  In  this  case  the  reaction 
seems  to  take  place  between  2  at.  chloride  of  acetyl  and  1  at.  zincethyl : 

2C«H«0a  +  Zn(C«H»)«     -     Zna«  +   2(C«H»0.C*H»)i 

But  if  the  liquid  be  left  to  itself  for  some  days,  it  becomes  viscid,  and  if  it  be  then 
warmed  and  treated  with  water,  a  large  quantity  of  combustible  gas  is  evolved ;  and 
the  liquid,  acidulated  with  hydrochloric  acid  and  distilled,  yields  a  teitiaiy  aloohol, 
homologous  with  pseudobutylic  alcohol^viz.,  methyl-diethyl*earbinol,  C^*^. 

[C(CH«)(^»)T  I Q     ^g^  jjjg  corresponding  reaction  with  zinc-methyl,  p.  1076.) 

Chloride  of  butyryl,  C*H*0C1,  yields  with  zincethyl,  in  like  manner,  either 
butyryl-ethyl,     C*H'0.(?H»,     or     propyl-diethyl-carbinol,    C*H«H)     « 

[0((?H^(Cra*)T  |o.  (Freund,  Ann.  Ch.  Pharm. cxviii.  1 ;  Jahresb.  I860,  p.  811^ 

Buttlerow,  Bull.  Soc.  Chim.  1866,  i.  17;  Jahresb.  1865,  p.  460).— With  chhride  of 
A«i*oy/,  zincethyl  yields  benzoyl- ethyl,  C'H*O.C«H*  (Freund, /«?.  cif.— Kalle, 
Ann.  Ch.  Pharm.  cxix.  1 65). — ^With  ^heni/Uulphurous  chloride  (p.  564),  it  forms  ethylie 
chloride  and  phenylsulphurous  hydride.    (Kalle.) 

2.  When  zinosthyl  is  heated  in  sealed  tubes  with  tUlt/lic  iodide,  a  complicated  reac- 
tion takes  place,  resulting  in  the  formation  of  ethylene,  propylene,  ethyl,  ethylie 
iodide,  allyl,  C«H'«,  amylene,  C»H'»,  amyUc  hydride,  C*H«,  and  diamylene,  CW» 
(Wurtz,  Ann.  Ch.  Pharm.  cxxiii.  202). — Zincethyl,  heated  with  bromide  of  am^ene 
to  120°,  yields  a  liquid  which  has  an  alliaceous  odour,  floats  on  water,  and  boils  at 
80°.    (Olevinsky,  Jahresb.  1861.  p.  664.) 

8.  Tetrachloride  of  carbon  acts  strongly  on  zincethyl,  forming  ethvUc  chloride^  schy* 
lena,  and  propylene  (Bieth  and  Beilstein,  Ann.  Ch.  Pham.  cxxiv.  242): 

2Ca«  +  3Zn(0»H»)«     -     2C^*Cl  +  2C«H*  ^  2C»H»  ♦  ZiaiQk\ 
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%.  CUoro/crm  acta  less  strongly,  producing  axnylene,  and  probably  ethylic  hydride, 
together  with snudl  quantities  of  ethylene  and  propylene  (Reith  and  Beil stein). — 
With  br&mqform  a  strong  action  takes  place,  resulting  in  the  formation  of  propylene 
hnd  etbylic  bromide  (Alexeyeff  and  Beilstein,  Compt.  rend.  Iviii.  172): 

CHBr»   +  Zn(C«H»)«     -     CH*   +   C«H»Br  +   ZnBr«. 

hdrform  likewise  acts  strongly  on  zincethyl,  apparently  combining  directly  with  it. 

5.  Chioriodoform^  added  by  drops  to  zincethyl,  forms  chloride  and  iodide  of  nne, 
together  with  ethylene,  ethyl  (tetrylic  hydride),  and  free  hydrogen  (Borodine,  Ann. 
Ch.  Pharm.  cxxti.  239) : 

2CHa«I  +   3Zn(C»H»)»     =     7C«H«  +   2H»  +  2ZnCl«  +  ZnP. 
2CHa*I  +   8Zn(C«H»)»     -     3CH*  +   2C*H»«  +   2ZnCP  +   ZnP. 

6.  Diehloride  of  earbon  does  not  act  on  zincethyl  under  the  oidinary  atmospherie 
pressure. — Trichhride  of  carbon  is  reduced  to  dichloride,  with  formation  of  etbylic 
chloride  and  zinc-chloride.  

7.  Zincethyl  is  not  attacked  by  ehhride  qf  triethyUtibine,  Sb(C^*)'Cl',  eren  at  the 
boiling  heat ;  but  with  the  iodide  it  appears  to  form  antimonic  pentethide,  8b(CH*)*, 
which  is  then  decomposed  according  to  the  equation : 

Sb(C»H»)»     =     Sb(C«H»)«  +  C»H*   +  C«H«. 

(Buckton,  Chem.Soc  Qu.  J.  xiii.  125.) 

8.  Pure  zincethyl  attacks  amylio  nitrite  with  great  violence,  bursting  out  into  flame 
when  placed  in  contact  with  it.  But  if  the  zincethyl  be  considerably  diluted  with  ether, 
and  added  to  an  excess  of  amylic  nitrite,  nitric  oxide  is  erolyed,  and  a  honey-like  ma« 
is  formed,  which,  on  treatment  with  water,  yields  amylic  alcohol,  etbylic  alcohol, 
ethylic  hydride,  and  probably  ethyl-amylic  ether,  thus : 

2N0(C»H")0  +  Zn(CH»)»     -     ^°(^I[o  .  ^^u\o  +   2N0. 

Honry.like  ina«t. 

Zn(C«H»)(C»H»'0)  +   2H'0   -  Zn(HO)«  +   (PB*  +  C*n»K). 
Zincelbyi-uDylate.  Zinc-hy-  Etiivl-  AmTl- 

drat^.  hydiide.         Mlcohol. 

rhe  ethylic  alcohol  is  probably  formed  by  the  action  of  water  on  the  ethyl-amyl-elher, 
(C'H*X^*^")0>  contained  in  the  honey-lixe  substance. — When  amylic  nitrite  is  dropped 
into  excess  of  zincethyl  diluted  with  fiye  or  six  times  its  weight  of  ether  no  gas  ia 
evolved  ;  but,  nevertheless,  the  action  appears  to  be  the  same  as  that  just  describe,  ex- 
cepting that  the  nitric  oxide  produced  is  immediately  absorbed  by  the  excess  of  zinc- 
ethyl, forming  the  compound  of  zinc-dinitroethylste  with  zincethyl  described  undt;r 
DiiriTBOETKTUC  AciD  (iv.  61). — When  only  a  small  quantity  of  ether  is  mixed  with 
the  zincethyl,  triethylamine  is  formed,  as  shown  by  the  equation : 

2 

(Chapman  and  Smith,  Cbem.  Soc.  J.  vol.  xxi.  1868.) 

9.  When  amylic  nitraie  is  mixed  with  undiluted  zincethyl  in  an  atmovphere  of  car- 
bonic anhydride,  no  change  takes  place  at  first  ;  but  if  the  mixture  be  exposed  for  an 
instant  to  the  air,  it  explodes  with  a  vivid  flash  of  light  and  sharp  report,  and  with 
extreme  violence  if  heated  to  about  4U°.  Dilution  with  ether  renders  the  reaction 
manageable,  and  if  the  mixture  be  then  heated  to  IIO**,  complete  decomposition  takes 
place.    (Chapman  and  Smith.) 

Respecting  Uie  action  of  zincethyl  on  other  compound  ethers,  see  Oruaxo-metallio 
Bodies  (iv.  226),  and  Oxalic  Ethkbs  (iv.  272). 

10.  With  monochlorinated  ethylic  oxide,  zincethyl  yields  a  liquid  having  the  com- 
po«ition  C^'"C10.  apparently  C*HH:J1(C^»)0,  or  monochlorethylic  oxide  having 
one  atom  of  the  hydrogen  replaced  by  ethyl.  (Lie  ben  and  Bauer,  Ann.  Ch.  Pharm. 
cxxiii.  130.) 

1 1 .  Zincethyl,  gently  heated  for  some  hours  with  aldehyde,  forms  a  compound  hav- 
ing nearly  the  com()osition  of  acetal. — On  tkderal  and  cmanthol  it  appears  to  exeii  a 
dehydrating  action  (Rieth  and  Beilstein). — Bitter-almond  oil  is  strongly  attacked 
by  zincethyl. — Acetone  acts  strongly  on  zincethyl,  especially  when  heated,  forming 
an  oil  having,  in  general,  the  properties  and  nearly  the  composition  of  phorone, 
C?H'«0. 

12.  An  ethereal  solution  of  zincethyl,  added  in  excess  to  amylene  dieulphockUmd$ 
(i.  209),  separates  into  two  layers ;  and  on  adding  wat«r,  and  drying  and  distilling  the 
oil  which  floats  on  the  surface,  the  compound  C'*H'*S*C1'  pabsi's  over  between  240^ 
and  250''.    (Guthrie,  Ann.  Ch.  Pharm.  cxxi.  108.) 


1078  ZmC-RADICLES,  ORGANIC. 

13.  Carbonic  distdphide  unites  with  zincethyl,  fonmng  the  compound  C*H^*SJ&dS, 
80  a  brown  shining  mass,  which  gires  off  sulphide  of  amylene,  C*fl**S,  when  heated. 
(Grabowski,  Aim.  Ch.  Fharm.  czzzyiii.  166;  Jahreeb.  1866,  p.  603.) 

Xtno-metliylf  or  Zlae-metlilde,  Zn(GH*)'. — This  compound,  also  disoorersd  by 
Frankland  in  1849,  is  formed  by  heating  methjlic  iodide  with  zinc  in  sealed  tubes  to 
150^ ;  but  the  method  is  not  advantageous,  since  a  lar^  quantity  of  methyl-^  iM 
formed,  and  escapes  forcibly  on  opening  the  tube,  carrying  the  zinc*methyl  with  it 
The  preparation  is  greatly  facilitated  by  mixing  the  metnyUc  iodide  with  two-thirds  of 
its  bulk  of  ether,  and  heating  to  100^  in  the  copper  apparatus  used  for  the  preparatioB 
of  zincethyl  (p.  1076).  On  rectifpng  the  product,  a  liquid  boiling  at  61^  is  ootained, 
consisting  of  zinc-methyl,  mixed  or  combined  with  emer  in  the  proportion  of  2  at. 
Zn(CH')'  to  1  at.  (C'^^)*0. — ^When  methylic  ether,  condensed  by  pressure,  is  used  in- 
stead of  ethylic  ether  to  dilute  the  methylic  iodide,  a  liquid,  boiling  at  43^  to  48^,  is 
obtained,  consisting  nearly  of  2  at.  Zn(CH*)*  to  1  at.  (CH')K).  Neither  the  ethylic 
nor  the  methylic  ether  can  be  separated  from  the  zinc-methyl  (Frankland,  Ann.  Ch. 
Pharm.  cxi.  62).  Pure  zinc-methyl  may,  howeyer,  be  obtained  from  the  mixture  of 
zinc*methyl  and  ethylic  ether  just  mentioned,  by  enclosing  it  in  a  sealed  tube  with  zinc 
and  methylic  iodide,  heating  the  mixture  to  100^,  and  distilling  the  product.  The  dis- 
tillate contains  a  larger  proportion  of  zinc-methyl  than  the  original  liouid,  and  by 
repeating  the  process  a  certain  number  of  tames,  nearly  pure  zinc-methyl  is  obtained 
(Wanklyn,  Ohem.  Soc.  Qu.  J.  xiii.  124).  According  to  Frankland  and  Dnppa^ 
howeyer  (Ohem.  Soc.  J.  xrii.  80),  the  best  mode  of  preparing  pure  zine-methyl  is  to 
heat  finely-granulated  zinc  with  half  its  yolume  of  mercuric  methide  in  a  sealed  tabs 
to  120^  for  24  hours,  and  distil  off  the  product 

Zinc-methyl  is  a  colourless  liquid,  of  specific  grayity  1*386  at  10*6^,  and  boiling  con- 
stantly at  46^ (Frankland  and D u p p a).  Vapour-density, obs. b 8*29 1 ;  calc.  (2 Tols.) » 
3*296.  The  yapour  bears  a  temperature  of  200°  without  decomposition;  but  at  270*^ 
it  decomposes,  with  separation  of  zinc  and  gaseous  hydrocarbons.    ( W  a  n  k  1  y  n.) 

Zinc-methyl  takes  fire  immediately  in  contact  with  the  air,  and  bums  with  a  bri^t 
greenish-blue  flame ;  in  oxygen-gas  it  bums  with  explosion.  Small  quantities  of  its 
yapour  mixed  with  combustible  gases  render  them  spontaneously  inflammable. 

In  its  chemical  reactions,  zinc-methyl  exhibits  for  the  most  part  a  close  analogy  to 
zincethyl ;  in  some  cases,  howeyer,  differences  are  obseryed,  as  with  sulphurous  anhy- 
dride (lii.  1003 ;  iy.  225). —  Water  decomposes  zinc-methyl,  with  eyolution  of  mazan- 
gasjmethylic  hydride),  and  separation  of  zinc-hydrate. 

With  chloride  of  lead,  zinc-methyl  forms  plumbic  dimethide^  P^CH')*,  and  zinc- 
chloride,  with  separation  of  lead.    (B  uttlerow,  Bull.  Soc  Chim.  1863,  p.  696.) 

An  ethereal  solution  of  zinc-methyl  added  to  indidc  of  stannethyt^  or  stannie  iod- 
ethidc,  Sn»'(OTI*)»P,  forms  iodide  of  zinc  and  stannic  ethylomethide.Sn»'(C«H»)«(CH*)*. 

With  mercuric  chloretkide,  zinc-methyl  appears  to  form,  in  the  first  instanc>e,  mercurie 
ethylomethide,  Hg(C'H*XOH'),  which  howeyer  isreeolyedby  repeated  distillation  into 
mercuric  ethide  and  mercuric  methide. 

Antimonic  di-iodotrimethide,  Sb(OH')'P,  acta  strongly  on  the  ethereal  solution  of 
zinc-methyl,  forming  antimonious  methide  (stibmethyl),  S^CH*)',  and  antimonic  pen- 
tamethide,  Sb(OH*)*,  which  cannot  be  completely  separated  one  from  the  other. 
(Buckton,  Ohem.  Soc.  Qu.  J.  xiii.  116.) 

With  chloride  of  acetyl  and  its  homologues,  zinc-methyl  acts  like  zinc-ethyl,  yield- 
ing acetones  or  tertiary  alcohols,  according  as  the  product  of  the  reaction  is  ti«ated 
with  water  immediately,  or  after  some  time  only.  In  the  case  of  chloride  of  acetyl, 
the  product  formed  in  the  first  case  is  ordinary  acetone,  or  acetyl-methyl,  CH^O.CH" ; 
but  when  the  liquid  formed  by  gradually  adding  1  at.  chloride  of  acetyl  to  2  at.  zinc- 
methyl,  is  left  to  itself  for  a  few  hours,  it  solidifies  to  laige  rhombic  pnems  of  the  com- 
pound C«H"Zn«Oa  «  CH'Oa  r  2Zn(CH«)».  The  reaction,  howeyer,  appeals  to 
take  place  in  the  manner  represented  by  the  equation  CO.OH'.Cl  +   2Zn(UH*)'  ■» 

^CH*ZnY  ( ^  '*'  (^^'^)'^^  inasmuch  as  the  crystals,  when  treated  with  water,  are 

redolyed  into  marsh-gas,  zinc-hydrate,  zinc-chloride,  and  tertiazy  butylie  alcohol  (tri- 
methyl-carbinol) : 

CH'^^1^  -f  CH»ZnCl   ♦  4H«0     -     ^(^')*|o  +  2CH*  -i-  2ZnHH)»  ^   HCI. 

With  chloride  <^   butfnyl,  in  like  manner,  zinc-methyl  yields  either    Imt^yl^me- 
thyl,  C*H»O.CH'.  or  tertiary  octylic  alcohol  (propyl-diethyl-carbinol),  O»H«"0  - 

0(C«HO(0*H»)»|  Q    (Buttlerow.  Zeitschr.  Ch.  Pharm.  1864,  pp.  365.  702 ,  Jahrwb. 

1864.  p.  496 ;  Bull.  Soc  Chim.  1866,  i.  17  ;  Jah^esb.  1865,  p.  460.) 
With  chloride  of  carbonyl  (phosgene),  zinc>methyl  forms  also  a  crystalliAecompottJid 
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which,  when  treated  with  water,  yields  a  distillate,  apparently  oonfliating  of  the  com- 
pounds C*H»»0  and  C*H«0. 

Ethylic  chlorocarhonate  (i.  916)  is  strongly  attacked  by  sine-methyl  at  a  gentle  heat, 
yielding  dncrchloride,  carbonic  anhydriiu,  ethylene,  and  marsh-gaa. — ^With  mtthylio 
ckloroearbotuUe,  the  action  is  similar,  bnt  less  energetic ;  the  snbetancie  wast  be  heated 
together  in  a  sealed  tube,  and  even  then  the  decomposition  is  not  oomj^te.  (But* 
t  lei-ow,  Ball.  Soc.  Chim.  1863,  p.  688.) 

Syn.  with  Caulmucb  (i.  713). 

Syn.  with  Gahnttb  (ii.  767). 

Syn.  with  Zinc  (p.  1067). 

ZZarc-VXTBZOXto    Syn.  with  Zutosvlfuatk    (See  Sulfhatbs,  p.  617) 

XEVC-VITSZTB.    Syn.  with  Siuobous  CALAMiini  (i.  714). 

rc-lWXTa.    Zinc-oxide  nsed  as  a  pigment  (p.  1073). 

See  GiKOEs  (ii.  838). 

.  Pb'^b'.S<  »  Pb^S-Sb'S*.  Zinckenitf.  Bhombohedral  Dj/sUme- 
glance. — A  snlphantimonite  of  lead,  occurring  in  the  antimony-mine  at  Wolfsbeis  in 
the  Harz,  in  trimetric  crystals,  nsoally  in  twins,  as  hexagonal  prisms  terminated  by 
low  hexagonal  pyramids ;  lateral  f&ces  longitudinally  striated ;  sometimes  columnar, 
fibrous,  or  massive.  Cleavage  not  distinct.  Hardness  »  3  to  3*5.  Specific  grarity 
=  5*30  to  5'35.  Lustre  metallic.  Colour  and  streak  steel^rey.  Opaque.  Frac- 
ture slightly  uneven.  (H.  Bos e,  Pogg.  Ann.  viii.  09. — ^Brun  ELorl,  Bei^. u.  hiittenm. 
Zeit.  1853,  No.  2— Dana,  ii.  74.) 

XZPPBZTB.    A  basic  uranic  sulphate  found  at  Joachimsthal  in  Bohemia. 

SIBCOW.  XZSCOWXTB.  ZrSiO*  -  ZrO'SiO*.  Jarpon.  Hyaemtk,^X  minenl 
occurring  in  quadratic  crystals,  the  predominant  faces  of  which  are  P,  ooP,  oePoe  . 
Length  of  principal  axis  «  0-6406.  Angle  P  ;  P  (terminal)  -  123**  19*;  P  :  P 
(lateral)  —  84^  20'.  Cleavage  imperfect  parallel  to  ooP.  Occurs  also  in  irregular 
forms  and  in  grains.  Hardness  »  7*6.  Specific  gravity  ■■  4*0 — 4*76.  Lustre  more 
or  less  adamantine.  Colour  red,  brown,  yellow,  grey,  or  white.  Streak  uncoloured. 
Transparent  to  subtranslucent.  Fracture  concho'idal  and  brilliant.  Before  the  blow- 
pipe it  loses  colour,  but  is  infusible  alone,  also  with  sodium-carbonate  and  micrecosmic 
salt.  With  borax  it  melts  with  difficulty  to  a  diaphanous  glass,  which,  with  more  of 
the  flux,  is  opaque. 

Pure  zircon  contains  33*2  per  cent,  sib'ca  and  66*8  zirconia  ;  some  specimens  con- 
tain small  quantities  of  lime  and  ferric  oxide. 

TJie  name  hyacintk  includes  the  bright-coloured  varieties  of  zircon,  which  are  some- 
times large  enough  to  be  valuable  as  gems ;  the  greyish  or  brownish  kinds  are  called 
zirconite,  A  variety  from  Ceylon,  which  is  colourless  or  has  only  a  smoky  tinge,  and 
is  therefore  sold  for  inferior  diamonds,  is  sometimes  CAWeA  jargon. 

Hyacinth  occurs  in  the  sand  and  alluvial  deposits  of  certain  rivers  in  Ceylon  ;  at 
Expailly,  near  La  Puy,  in  France;  at  Ohiapian  in  Transylvania,  Pfitsch  in  the  Tyrol. 
Bilin  in  Bohemia,  Lebnitz  in  Saxony,  occasionally  in  volcanic  tu&  in  Auvergne ;  al^o 
in  Greenland ;  in  the  zircon -syenite  of  Frederichsrarn  in  Norway  ;  near  Brevig,  some- 
times called  Erdmannite;  at  Miask,  in  the  Urals;  in  the  iron-mines  of  Arendal ;  also 
in  Scotland,  at  Scalpay  in  Harris,  and  in  the  granite  of  Criffel  in  Kirkcudbrightshire  ; 
on  Vesuvius,  with  ryacolite,  in  white  and  blue  octahedrons ;  at  Santa  Kosa,  in  New 
Granada,  in  small  colourless  crystals ;  and  at  several  localities  in  North  Carolina, 
New  York,  New  Jersey,  Pennsylvania,  California,  and  Canada  (Dana,  ii.  196). — 
Breithauptfs  Ostranite,  supposed  to  be  from  Frederichsvam,  is  a  greyish-brown 
zircon. 

Zircon  is  one  of  the  most  unalterable  of  minerals,  bnt  is  sometimes  found  in  a 
bydrated  state,  and  is  probably  acted  upon  by  alkaline  waters,  which  take  up  part  of 
the  silica:  calt/polit€  (i.  723),  malacone  (iii.  784),  arstediUe  (iv.  179),  and  iachjfopkal- 
tite  (v.  664),  appear  to  be  zircons  thus  altered. 

See  ZiRCOMiDM,  Oxidx  of  (p.  1084). 

bOOWXA.    Oxide  of  Zirconium  (p.  1083). 

ACXB.    Zirconia  in  combination  with  bases  (p.  1084). 

See  ZiBOOM. 


Symbol^  Zr ;    Atomic  Weiphty  89*6. — An  element  belonging  to  the 

froup  of  earth-metals,  and  apparently  forming  a  link  between  aluminium  and  sUicium. 
t8  oxide,  zirconia,  was  first  obtained  from  zircon,  and  recognised  as  a  peculiar  substance 
by  Klaproth,  in  1789;  it  has  since  been  found  in  eudialyte,  polymijgnite,  osrstedtite, 
fergusonite,  and  catapleiite.    Aschynite,  formerly  supposed  to  cootain  zirconium,  haa 
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been  shown,  by  recent  experiments  of  Hermann  (Bull.  Soe.  Cbim.  1866,  ii.  386}  to 
be  tree  &om  it. 

Metallic  zirconium  is  capable,  like silicimn,  of  existing  in  three  states — amor- 
phous, crystalline,  and  graphitoidal. — Amorphous  zirconium  whb  obtained  bj  Beicelins 
(in  1 824),  in  the  same  manner  as  amorphous  silicium  and  boron — namely,  by  heetiiw 
a  mixture  of  potassio-zirconic  fluoride  with  potassium,  digesting  the  fused  mass  with 
water  containing  a  little  hydrochloric  acid,  and  washing  the  metal  which  remains 
undissolved  with  sal-ammoniac  solution,  and  then  with  alcohol.  It  may  also  be  pre- 
pared by  passing  chloride  of  zirconium  in  vapour  over  sodium  contained  in  a  red-hot 
porcelain  tube,  or  by  heating  sodio-zirconic  chloiide  in  a  crucible  with  sodium  or  mag- 
nesium  (Troost,  Compt.  rend.hd.  109  ;  Bull.  Soc.  Chim.  1866,  i.  213).  Ziroomum 
thus  obtained  is  an  amorphous  powder,  compressible  under  the  burnisher  into  thin, 
faintly  lustrous,  graphitic  laminae.  In  the  unignited  state  it  diiftises  itself  throoeh 
water  in  extremely  fine  particles,  which  pass  through  a  filter ;  but  it  settles  down  slowly 
on  standing,  more  quickly  on  addition  of  acids  or  salts.  It  does  not  conduct  electricity, 
is  not  altem  by  ignition  in  hydrogen  ;  but  if  it  be  then  brought  in  contact  with  the 
air,  after  cooling,  the  metal  becomes  heated  to  redness,  in  consequence  of  the  heat 
eyolved  by  the  absorption  of  the  air.  When  heated  in  the  air,  it  takes  fire  at  a  heat 
considerably  below  i^ness,  and  bums  with  a  bright  light,  forming  sirconia.  It  it 
but  little  attacked  by  the  ordinair  adds,  or  by  nitromunatic  add ;  but  hydrofluorie 
add  dissolves  it  readily,  with  evolution  of  hydrogen,  and  a  mixture  of  hydiofloorie 
and  nitric  adds  attacks  it  veiy  energetically. 

OrytUdline  gtroonium  is  prepared  by  heating  1  pt  of  potassio-zirconic  fluoride  with 
1|  pt.  aluminium  in  a  plumbago  crudble,  to  the  melting-point  of  iron.  When  the 
crucible  has  cooled,  the  surface  of  the  aluminium  is  found  to  beoovered  with  foliated  crys- 
talline lamine,  consisting  of  nearlv  pure  zirconium,  which  maybe  sepaxated  by  dissolving 
out  the  aluminium  with  hydrochloric  add.  Czystalline  zirconium  thus  obtained  is 
very  hard,  and  resembles  antimony  in  colour,  lustre,  and  brittleness.  It  cryetalUaea 
in  broad  lamine,  apparently  derived  from  a  monoclinic  prism.  Spedflc  gravity  » 
4' 15.  It  is  less  fusible  than  silidum,  and  bums  only  at  the  temperature  of  the  oxj- 
hydrogen-blowpipe.  It  takes  flre  at  a  red  heat  in  chlorine-gas,  and  decomposes 
hvdrodiloric  acid  gas  at  the  same  temperature.  It  is  but  slowly  attacked  by  sul- 
phuric, nitric,  or  hydrochloric  acid,  even  when  heated ;  hot  nitromuriatic  add  attai^ 
It  rapidly ;  hydrofluoric  acid  also  dissolves  it  readily,  even  in  the  cold.    (Troost) 

GraphiUyidal  zirconium  appears  to  be  formed  only  under  peculiar  dreumstances. 
Troost,  in  attempting  to  decompose  zirconate  of  sodium  with  iron,  obtained  nrcoofum 
in  small  very  li^t  scales,  of  a  steel-grey  colour. 

Zirconium  is  a  tetratomic  element,  like  silicium,  its  oxide  bdng  ZrO*,  the  chloride 
ZrCl*,  &c  It  forms  but  one  class  of  compounds  with  chlorous  elements.  The  oxide 
is  capable  of  acting  both  as  a  base  and  as  an  add. 

UftCOVZVBBv  BKOMIBB  OV«  A  solution  of  zirconium-hydrate  in  hydro- 
bromic  add  leaves,  on  evaporation,  a  hydrated  bromide  in  crystalline  grains,  which 
are  resolved  by  heat  into  zirconia  and  hydrobromic  add.    (Berzelius.) 

ZIXCOMlUAiy  OHXKI&ZBB  OF.  ZrCl^ — ^This  compound  is  formed,  with  in- 
candescence, when  zirconium  is  heated  in  chlorine-gas  ;  also  by  heating  a  mixture  of 
zircon  or  zirconia  with  charcoal,  in  a  stream  of  dry  chlorine,  in  which  case  it  coQeets  in 
the  cooler  part  of  the  apparatus  as  a  white  sublimate.  Its  vapour-density,  as  determined 
by  Deville  and  Troost  (Ann.  Ch.  Fharm.  cv.  213),  is  8*15 ;  by  calculation  from  the 
formula,  Zr01\  for  a  two-volume  condensation,  it  is  8*0.  The  chloride  dissolves  easily, 
and  with  rise  of  temperature,  in  water. 

A  hydrated  chloride  is  obtained,  by  evaporating  a  solution  of  zirconie  hydrate  in 
hydrochloric  add,  in  colourless  silky  needles,  having  an  astringent  taste,  easily  soluble 
in  water  and  in  alcohol,  sparingly  soluble  in  concentrated  hydrochloric  acid.  (Berze- 
lius.) 

These  oystals  become  opaque  at  50^,  giring  off  part  of  thdr  water  and  half  their 
hydrochloric  acid,  and  leaving  a  bade  chloride  or  oxychloride  containing  ZrCl*.^rO*. 
18H'0,  or  ZrOCl'.9H'0.  The  same  compound  is  obtained,  in  stellate  groups  of  whits 
silky  prisms,  on  evaporating  the  aqueous  solution  of  zirconium-chloride.  These  etjstala, 
when  heated,  become  white  and  turbid,  and  are  converted  into  thi)  anhydzoiu  dioxy- 
chloride  Zra*.2ZrO».    (Hermann.) 

ZXACOWZVM,  BSraCTSOW  A«B  XSTXMATZOW  OV.  The  reactions 
of  zirconium-mlts  with  alkalis,  alkaline  carbonates,  and  ammonium-sulphide  are  reij 
similar  to  those  of  thorinura,  yttrium,  and  the  metals  of  the  cerium-group.  The  preeipitate 
formed  by  caustic  alkalis  and  ammonia  contains  alkali,  and  is  insoluble  in  exceflv  of 
the  reagent  (distinction  from  aluminium  and  ^Incinum),  also  in  Mil-ammoniae.  Th» 
precipitate  formed  by  alkaline  carbonates  and  htiwrhonatcs  redissolves  in  excess  of  the 
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reagent — A  characteristic  reaction  ia  afforded  by  a  hot  concentrated  solution  of 
potassie  gul^hatt^  which,  when  added  to  a  hot  aolution  of  a  sirconium-salt,  throws 
down  the  zirconium  as  basic  potassio-zirconic  sulphate,  insoluble  in  water,  and  nearly 
insoluble  even  in  a  lajr|re  quantity  of  hydrochloric  acid. — 2iiroonium  is  precipitated 
from  its  solution  by  boihn^  with  hyposulphite  of  aodium,  a  character  by  which  it  may 
be  distinguished  from  yttrium  and  the  cerium-metals.  JF'rom  cerium  and  from  didy- 
mium  it  is  further  distinguished  b^  not  ^ving  any  coloured  reactions  before  tno 
blowpipe.  The  methods  of  distinguishing  it  from  thorinum  have  already  been  given 
(p.  786). 

For  the  quantitative  estimation  of  zirconium  in  solutions  containing  only  volatile 
acids,  it  is  sufficient  to  evaporate  to  dryness,  and  ignite  the  residue,  whereby  zirconia 
is  obtained,  containing  73*68  per  cent,  of  the  metal.  Zirconium  may  also  be  precipi- 
tated from  such  solutions  by  ammonia  as  a  basic  salt,  which  also  leaves  pure  zirconia 
when  ignited. 

From  vttrium,  the  cerium-metals,  and  iron,  zirconium  may  be  separated  by 
boiling  the  solution  with  hyposulphite  of  sodium,  which  precipitates  the  zirconium 
alone  as  hyposulphite.  This  precipitate  when  ienited  leaves  pure  zirconia.  To  efibct 
complete  separation  from  the  cerium-metals  by  this  method,  the  solution  must  be  dilut^r. 
For  separating  zirconium  from  iron  (as  ferric  salt) bv  the  same  method,  Chancel(Ann. 
Ch.  Pharm.  eviii.  237)  and  Stromeyer  {ibid,  cxiii.  127)  recommend  that  the  dilute 
solution,  after  being  nearly  saturated  wiUi  sodic  carbonate,  be  mixed  cold  with  sodie 
hyposulphite  till  it  is  completely  decolorised ;  if  the  liquid  be  then  boiled  as  long 
as  sulphurous  anhydride  continues  to  be  evolved,  the  zirconium  is  completely  pre- 
cipitated as  oxide,  while  the  whole  of  the  iron  remains  dissolved  as  ferrous  salt. 
The  separation  of  zirconium  from  these  metals  may  also  be  effected  by  treating  the 
boiling  solution  with  sulphate  of  potassiuTn,  and  adding  a  drop  or  two  of  ammonia, 
whereby  the  zirconium  is  precipitated,  and  the  other  metals  remain  dissolved. 
(U.  Rose.) 

Precipitation  with  hyposulphite  of  sodium  serves  also  to  separate  zirconium  from 
phosphoric  and  boric  acids. 

From  thorinum,  zirconium  is  separated  by  oxalate  of  ammonium,  which,  when 
added  in  excess,  precipitates  the  thorinum  as  oxalate,  and  holds  the  zirconium  in 
solution. 

From  titanium,  tantalum,  and  niobium,  zirconium  maybe  separated  by  preci- 
pitation with  sulphate  of  potassium. 

Atomic  Weight  of  Zirconium. — fi erzeli us  (Po^.  Ann.  iv.  124;  viii.  186) 
found  that  sulphate  of  zirconium  contains  75*683  pts.  zirconia  to  100  pts.  sulphurie 
anhydride  (mean  of  eight  experiments).  Hence  the  atomic  weight  of  zirconium  is  44*7^ 
67*0,  or  89*4,  according;  as  zirconia  is  regarded  as  ZrO,  Zr'O',  or  ZrO'.  Hermann 
(J.  pr.  Chem.  xxxi.  77),  hy  the  analysis  of  chloride  of  zirconium,  obtained  very  nearly 
the  same  numerical  results.  Now  the  vapour-density  of  the  chloride  calculated  from 
the  formula  ZrCl\  with  Zr  &>  89*4,  for  a  two-volume  condensation,  agrees  very 
nearly  with  the  experimental  number  obtained  by  Deville  and  Troost  (p.  1080) ;  and 
Marignac  has  shown  that  double-salts  of  zirconium-fluoride  are  isomorphous  with 
those  of  silicium-fluoride.  Hence  zirconium  is  regarded  as  a  tetratomic  element, 
having  the  atomic  weight  89*4. 

ZXRCOJIIIUM,  nvOXXBB  07«  ZrF*. — Strongly  ignited  zirconia  dissolves 
with  difficulty  in  hydrofluoric  acid :  the  hydrate  dissolves  abundantly.  Anhydrous 
zirconiuTn-fluoride  is  formed  by  heating  zirconia  with  twice  its  weight  of  ammonium- 
hydrogen-fluoride  (ii.  670),  till  the  fluoride  of  ammonium  is  completely  driven  off.  It 
dissolves  readily  in  water  acidulated  with  hydrofluoric  acid  ;  and  when  its  solutioB 
containing  excess  of  hydrofluoric  acid  is  evaporated,  hydratsd  girconium-fluoride, 
7rF*.3H^0,  separates  out  in  small,  shining,  triclinic  crystals,  mostly  of  the  tabular 
form.  They  give  off  hydrofluoric  acid  as  weJl  as  water  when  heated,  and  if  the  heat 
l>e  continued  for  some  time  (even  below  redness),  ^ure  zirconia  remains  behind. 
Fluoride  of  zirconium  dissolves  without  decomposition  u  dilute  hydrofluoric  add,  but 
when  it  is  dissolved  in  pure  water,  a  basic  fluoride  or  oxyfluoiride  separates  out 
(Marignac.) 

rinoxiroonates. — Zirconium-fluoride  unites  with  many  other  metallic  fluorides, 
forming  double  salts  isomorphous  with  the  corresponding  fluosilicatea  (silicofluorides, 
p.  271),  fluostannates  (p.  813),  and  fluotitanates  (p.  840).  The  ratio  of  the  fluorine 
of  the  ziiconium-fluoriae  to  that  of  the  basic  metallic  fluoride  in  these  salta  is  as 
1  :  1  ;  1  :  1^ ;  1  :  2 ;  and  1  :  4 ;  the  sodium-salt  alone  exhibiting  the  ratio  6  :  8. 
The  general  formulae  of  the  fluozirconates  are,  therefore,  4MF.ZrF*,  3MF.ZrF*, 
2MF.ZrF*,  and  MF.ZrF\  the  sodium-salt  alone  having  the  formula  5NaF.2ZrP.  The 
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fluosirconatofl  have  been  ezamined  chiefly  by  Marignac  (Ann.  Ch.  Fhys.  [3],  Is. 
267 ;  Ann.  Ch.  Phann,  cxv.  369  ;  Jahresb.  1860,  p.  136,  et  se^.) 

The  fluozirconates  are  mostly  aoluble  in  water,  and  crystalhse  welL  They  are  pre- 
pared by  mixing  the  component  fluorides,  or  by  dissolving  a  metallic  oxide  or  carbonate 
m  a  mixture  of  ziiconium-flnoride  and  hydrofluoric  acid. 

The  fluozirconates  of  barium,  strontium,  and  calcium  are  insoluble  in  water ;  conse- 
quently the  solutions  of  fluozirconates  are  precipitated  by  salts  of  these  metftUi.  Wh<« 
a  solution  of  zirconium-fluoride  containing  free  hydrofluoric  acid  is  mixed  with  carbo- 
nate of  barium,  carbonic  anhydride  is  expelled,  and  a  precipitate  is  formed,  consisung 
of  a  mixture  of  insoluble  barium-zirconium  fluoride  with  insoluble  barium-fiuoride; 
similarly  with  the  carbonates  of  strontium  andcaldam. 

Many  fluozirconates  dissolve  without  decomposition  in  water,  either  hot  or  cold. 
Many  are  decomposed  when  their  aqueous  solutions  are  boiled,  part  of  the  basic  metal- 
lic fluoride  being  deposited,  and  a  fluozirconate  containing  2MF.ZrF*  remaining  in 
solution.  Most  fluonroonates,  when  heated  in  contact  with  moist  air,  give  oflT  all  their 
fluorine  as  hydrofluoric  acid,  leaving  a  mixture  of  ziroonia  and  the  ox&  of  the  other 
metal ;  when  heated  with  a  sufl&cient  quantity  of  sulphuric  acid,  they  yield  a  miztave 
of  zirconium-sulphate  with  the  sulphate  of  the  other  metal. 

Fluozirconates  of  Ammonium. — ^The  diammonic  salt,  2(KH')F2rF*,  fbmui 
rhombic  crystals,  isomorphous  with  the  potassium-salt :  they  do  not  lose  weight  at 
100°.— The  triammonie  taUt,  3(NH^^.ZrP,  ciystallises  from  a  solution  containing  a 
large  excess  of  ammonium-fluoride,  in  regular  cubo-octahedrons. 

Barium'Salt  -A  solution  of  the  potassium-salt,  mixed  with  chloride  of  barium, 
yields  a  white  precipitate,  consisting  of  3Ba'F'.2ZrF*.2HK),  or  perhaps  a  mixture  of 
this  salt  with  barium-fluoride. 

Cadmium- salis.-^The dioadmio  »ali,  2CdE^.ZrF^.6H'0,  forms monocUziic  crystab 

isomorphous  with  the  manganese-salt,  and  having  the  angle   ooP  :  cdP  s  70^  31'; 

+  P  :  4.P  -   100^   80";    +2P  :  +2P  -  76°  24';  oP  :  ooP  -   108°  2V ;   6P  : 

ooPoo    »  119°  43';  the  same  crystals  are  obtained  by  recrystallisation  from  water. 

A  solution  containing  excess  of  zirconium-fluoride  deposits  the  salt  OdF'.2ZrF'.6H'0, 

in  fan-shaped  groups  of  laminar  crystals. 

Copper-salts. — The  tricupric  salt^  3CuF*.2ZrF*.16H*0,  forms  monocUnie  cryiAals, 
and  crystallises  unaltered  from  solution  in  water ;  but  a  solution  containing  excess  of 
zirconium-fluoride  deposits,  besides  the  larger  crystals  of  this  sall^  light-blua  cnista  of 
zirconium-fluoride  contaminated  with  adhering  copper-salt. 

Lead-salt. — When  a  solution  of  zirconium-fluoride  in  hydrofluoric  acid  is  satu- 
rated with  carbonate  of  lead,  fluozirconate  of  lead  partly  remains  undiasolved  and 
partly  dissolves,  the  solution  yielding  on  evaporation  a  gnmulo-crystalline  salt,  which 
IS  quickly  decomposed  by  water,  especially  in  presence  of  hydrofluoric  acid,  with  sepa- 
ration of  lead-fluoride. 

Maanesium-fluoeirconatet  MgF'.ZrF^  forms  small  shining  crystals  with  curved 
faces,  isomorphous  with  the  manganese-salt.  It  is  only  sparingly  soluble  in  water, 
but  crystallises  by  slow  evaporation,  often  in  twins.  By  prolonged  heating  in  contact 
with  the  air,  it  is  converted  into  magnesia  and  fluoride  of  zircomum. 

Manganese-salts. — The  monomanganous  salt,  MqF'.ZdF*.6H'0,  forms  mon^ 
clinic  crystals,  isomorphous  with  the  magnesium-salt,  but  the  faces  are  flat  and  more 
numerous :  the  crystals  cleave  imperfectly  parallel  to  oP.  By  prolonged  heating  in 
the  air  it  turns  black,  and  is  converted  into  manganic  peroxide  and  zirconium-fluoride. 
— A  solution  containing  excess  of  zirconium-fluoride  yields  rose-coloured  monoclinie 
crystals  of  the  dimanganous  scity  2MnF*.ZrF'.6H'0,  which  dissolves  in  water  without 
alteration,  and  is  not  decomposed  even  on  heating  the  solution ;  but  when  hot  water 
is  poured  upon  the  crystals,  fluoride  of  manganese  separates,  and  the  solution  yields  by 
evaporation  crystals  of  the  preceding  salt 

Nickel'Salts. — The  normal  salt,  NiP.ZrP.6H*0,  forms  hexagonal  prisms,  ter- 
minated by  faces  of  a  rhombohedron  of  127°  10',  and  cleaving  parallel  to  toe  prismatie 
faces. — The  salt  2NiP.ZrF^.12H-0,  produced  in  presence  of  an  excess  of  nickel-fluo- 
ride, forms  monoclinie  crystals  of  a  fine  emerald-green  colour,  but  mostJy  indistixKt : 
they  dissolve  without  decomposition  in  water,  but  the  solution,  when  boUed  lor  sons 
time,  becomes  turbid  from  separation  of  nick^-flnoride. 

Fluozirconate  of  Nickel  and  Potasnum,  NiF'.2KF.2ZrF*.8H'Q,  separatea  in  small 
but  regular  monoclinie  crystals,  on  mixing  the  solutions  of  the  component  fiuozireo- 
nates.  It  is  slightly  soluble  in  water,  does  not  lose  water  at  100°,  but  aft  a  higbsr 
temperature  gives  off  water,  together  with  hydrofluoric  acid. 

Potassium'Salts, — The  dipotassie  salt,  2KFuSrF*,  may  be  prepared  by  igniting 
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Bicon  vith  2  or  3  pts.  bj  weight  of  acid  potaflsium-fluoride,  boiling  the  xesnlting  mix* 
tore  of  fluoeilicate  and  fluozirconate  of  potassium  with  water  eontaining  a  little  hydro- 
fluoric acid,  and  filtering.  The  potaMmm-flnodzconate  then  separates  on  cooling,  in 
anhydroGS  rhombic  crystals  terminated  by  six-sided  pyramids,  ft  dissolvea  in  128  pts. 
of  water  at  2^,  in  71  pts.  at  15^,  in  59  pts.  at  19^  and  in  4  pts.  at  100^  The  crys* 
tals  when  heated  to  i^dness  form  a  doughy  mass,  which,  on  exposure  to  moist  air, 
gradually  gives  off  all  its  fluorine  as  hydrofluoric  acid.  From  dilute  solutions  the  salt 
is  obtained  in  larger  crystals. — The  numopotassie  salt^  KF^F*.H'0,  separates  from  a 
solution  containing  a  l^rge  excess  of  zirconiimi-fluoride,  in  ill-defined  monoclinic  crys- 
tals, which  give  off  their  water  at  100°,  and  hydrofluoric  acid  at  a  higher  temperature* 
When  recrystallised  from  water  they  yield  the  preceding  salt. — The  tripoias3ic  talt^ 
9KF2iTF*t  crystallises  from  a  solution  containing  an  excess  of  potassium-fluoride,  in 
very  small  but  well-deflned  regular  octahedrons,  or  cubo-octahedrons,  which  decrepitate 
when  heated,  but  do  not  contain  any  water  of  crystallisation.  They  dissolve  in  water, 
and  the  hot  saturated  solution  deposite  the  dipotassic  salt  on  cooling. 

Sodium'Salt,  6NaF.2ZrF^. — This  salt  is  always  formed,  in  whatever  proportion 
the  component  fluozirconates  may  be  mixed.  It  forms  small,  mostly  indistinct,  mono- 
clinic  crystals,  soluble  in  258  pte.  water  at  18^,  and  in  about  60  pte.  of  boiling  water. 
On  account  of  this  slight  solubility,  the  salt  may  be  obteined  by  precipitating  tne  more 
Boluble  fluozirconates  with  chloride  of  sodium.  The  dry  crystals  do  not  decompose  at 
a  red  heat. 

Zinc ' sal t^  ZnF'.ZrE^.flHH). — ^This  salt,  isomorphous  with  fluosilicate  and  fluo- 
■tannate  of  zinc,  crystallises  in  rather  large,  regular,  hexagonal  prisms,  terminated  by 
rfaombohedrons,  and  cleavable  parallel  to  the  faces  of  the  hexagonal  prism  ;  they  are 
very  soluble  in  water.  A  solution  containing  excess  of  zinc-fluoride,  deposits  the  salt 
2ZnF'.ZrP.12H'0,  in  monoclinic  crystals,  isomorphous  with  the  corresponding  nickel- 
salt  ;  they  dissolve  completely  in  cold  water,  but  the  solution  when  boiled  deposite 
fluoride  of  zinc. 

XIRCOVZUIIK*  VZTKZBB  OF.  Zirconium  strongly  ignited  in  a  rapid  stream 
of  ammonia-gas,  yields  a  brown  or  black  body  containing  nitrogen.  Hallet  (Sill.  Am. 
J.  xxviii.  346),  by  fusing  amorphous  zirconium  with  aluminium,  in  a  cracked  lime- 
crucible,  obtained  a  dark-grey  porous  mass,  which,  when  treated  with  hydrochloric  acid, 
yielded  microscopic  cubes,  having  a  golden  lustre,  not  altered  by  nitromuriatic  acid  or 
aqueous  alkalis,  out  giving  off  ammonia  when  fused  with  potessic  hydrate. 

KIXCOJUIUM,  OJCX9B  07«  Zircania.  ZrO'. — This  compound,  the  only  known 
oxide  of  zirconium,  is  formed  when  the  metal  is  heated  to  redness  in  contact  with  the 
air,  or  fused  with  the  hydrates,  carbonates,  or  hydrated  borates  of  the  alkali-metals. 
Zirconium  is  likewise  oxidised,  though  slowly,  by  boiling  with  nitromuriatic  or  con- 
centrated sulphuric  acid. 

Zirconia  is  prepared  from  zircon.  The  mineral  is  heated  to  redness  and  quenched 
in  water,  and  the  lumps  (best  those  which  are  colourless,  because  free  from  iron)  are 
finely  piilverised  and  levigated.  The  levigated  powder  is  mixed  with  four  times  its 
weight  of  sodium-carbonate,  and  very  strongly  heated  in  a  platinum  crucible.  Hen- 
neberg  and  Wackenroder  add  a  small  quantity  of  nitre.  Berzelius  ignites  the  pul- 
verised rircon  with  3  pte.  of  sodium-carbonate,  and  lays  small  pieces  of  sodium-hydrate 
on  the  ignited  mass  from  time  to  time,  in  such  a  manner  that  they  mav  not  touch  the 
crucible.  The  pulverised  zircon  may  also  be  decomposed  by  fusion  witn  3  or  4  pts.  of 
sodium-hydrate  in  a  silver  crucible. 

The  disintegrated  mass  is  supersaturated  with  hydrochloric  add;  the  liquid  evapo- 
rated nearly  to  dryness  to  Keparate  the  silica ;  the  residual  mass  digested  with  water ; 
and  the  filtered  solution  treated  with  excess  of  ammonia,  whereby  zirconium  is  precipi- 
tated, generally  mixed  with  ferric  oxide. 

The  best  method  of  separating  the  iron  and  obteining  pure  zirconia,  is  to  redissolve 
the  precipitote  in  hydrochloric  acid,  and  boil  the  solution  with  hyposulphite  of  sodium^ 
whereby  hyposulphite  of  zirconium  is  precipiteted,  while  the  whole  of  the  iron  remains 
in  solution  as  ferrous  salt.  The  washed  precipitate  is  then  boiled  with  hydrochloric 
acid  as  long  as  sulphurous  acid  continues  to  be  evolved,  and  the  solution  of  zirconium- 
chloride  thus  obtained  is  mixed  with  ammonia,  whereby  the  zirconium  is  precipitated 
as  a  hydrate,  which,  when  ignited,  leaves  anhydrous  zirconia  (Hermann).  If  the 
tr«  atment  with  hyposulphite  of  sodium  be  conducted  in  the  manner  recommended  by 
Chancel  and  Stromeyer  (p.  1081),  a  precipitete  of  anhydrous  zirconia  is  at  once 
obtained. 

The  iron  may  also  be  precipiteted  by  mixing  the  solution  of  zirconium-chloride 
containing  iron  with  tertaric  acid,  then  supersaturating  with  ammonia,  and  sdding 
unlphide  of  ammonium.  The  iron  is  therf-by  precipitated  as  sulphide,  and  the  filtered 
Lquii,  evaporated  and  ignited  in  contact  with  the  air,  leaves  pure  zirconia.    [For 
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with  erolation  of  eulphydric  add.    When  fiised  with  potash,  it  yields  liiooilia  and  sul- 
phide of  potassiun:^ 

Fr^y,  by  igniting  zirconia  contained  in  a  charcoal  boat  in  a  stream  of  caibonie 
disnlphide  mponr,  obtained  a  componnd  (perhaps  an  oxysnlphide)  in  steel-grey 
graphitoidal  scales,  which  yielded  a  yellow  powder,  were  insolnble  in  water  and  in 
dilate  adds,  but  were  easily  decomposed  by  nitric  add,  with  separation  of  svlphnr. 


The  zirconiferons  syenite  of  South  Norway. 

S0I09ZV.  A  name  applied  by  Boojean  to  a  riolet-colonred  substance  deposited, 
iMording  to  his  observations,  firom  the  water  which  drips  from  baregin  (i.  500),  taken 
ofut  of  sidphurous  springs. 

ZOIBITM.  This  name  is  sometimes  applied  to  all  lime-epidotes  containing  littla 
or  no  iron  (ii.  490) ;  sometimes  restricted  to  a  mineral  closely  allied  to  raidote  in 
eomposition  and  crystalline  form,  but  differing  somewhat  in  the  cleavage.  It  occurs, 
according  to  Brooke  and  Miller,  on  the  Sau  Alp  and  at  Sterzing  in  the  Tynd, 
at  F^isch  in  Salzburg,  at  Baireuth  and  Conradsreuth  near  Hof  in  Bavaria,  and  in  the 
Ural  (Dana,  ii.  211).    Elaproth's  analyses  of  two  spedmens  from  the  Sau  Alp  gave : 


8iO«. 

A1«0>. 

Fe«0». 

CaO. 

MuO. 

45 

29 

3 

21 

•          • 

«* 

98 

44 

32 

2-5 

20 

trace 

cs 

98*5 

XOmUZV  (firom  C'/i^f,  broth;  diminutive  (mfiiZiop). — A  name  applied  by 
Berzelius  to  the  portion  of  the  aqueous  extract  of  meat  which  is  insoluble  in  alcohol, 
the  soluble  portion  (about  |  of  the  whole),  being  called  osmazome, 

SOOCSSBlDCAXi  AVJL&TSZ8.    See  Analysis,  OaoAXic  (i.  250). 

SOOMa&Airar.  A  name  applied  by  Bogdanow  (Compt.  rend.  xlvi.  780),  to 
the  black  pigment  of  birds'  feathers,  probably  identical  with  the  melanin  of  the  choroid 
coating  of  the  eye.  The  substance  is  slightly  soluble  in  water,  more  soluble  in  potash 
and  ammonia. 

XOOVZC  ACZB.  Berthollet*s  name  for  the  impure  acetic  add  obtained  by  the 
dry  distillation  of  animal  substance. 

XOOST&AJtZC  ACSB*  Landerer's  name  for  a  fatty  acid  obtained  from  the 
bones  of  fossil  mammalia,  and  ciystallising  from  alcohol  in  laminae.  (Buchn.  Repert. 
Ixi.  90.) 

ZOOTZC  JLCXDb    Syn.  with  Htdroctanic  Aan  (ii.  214). 

.    Nitrate  of  sodium  (iv.  105). 

The  colouring-matter  of  the  red  feathers  of  Calums  auricept. 
It  may  be  completely  extracted  by  repeated  treatment  with  hot  alcohol ;  and,  on  eva- 
porating the  solution  at  60^ — 70^,  there  remains  a  dark-red  powder,  which,  when 
thorouf^Iv  washed  with  water,  leaves  the  zooxanthin,  easily  alterable  by  light.  A 
similar  pigment  is  said  to  be  contained  in  the  light-red  fibres  of  Ctdinga  ctemUa. 
(Bogdanow,  Compt.  rend.  xlv.  688.) 

ZOSOZTZ*  Native  selenide  of  lead  (dausthalite),  containing  copper  or  cobalt. 
(See  Lead,  Sslenidbs  of,  iii.  557.) 

Z08TERA  MASZVA.  This  seaweed,  which  grows  abundantly  on  nearly  all 
seacoasts,  leaves  23*3  per  cent,  ash,  containing  in  100  pts. :  3*9  pts.  K*SO\  4*4  fcci, 
0-86  KI,  21-2  NaCl,  21*2  CaO,  5-6  CaCO",  21  CaS0*,9  8  Ca"PO«,  1-6  M^,  251  SiO*. 
0-7  A1H>",  1-9  FeW,  with  traces  of  metallic  bromide.  (Baudrimont,  J.  Pharm.  [3] 
xlii.  388.) 

ZUMZC,  or  ZTBCZC  JLCZB.  Names  formerly  applied  to  the  acid  (Braconnot's 
nmieeic  acid),  produced  in  the  fermentation  of  amylaceous  substances:  since  known  to 
consist  of  impure  lactic  acid. 

or  ZVBXiZTB.    Syn.  with  Mkluutb  (iii.  869). 


Ferroso-manganous  phosphato-fluoride,  found  in  crystalline 
masses  at  Zwiesel,  near  Bodenmais  in  Bavana.    (See  Fhosphatrs,  iv.  571.) 


A  silicate  of  aluminium  and  lithium,  occurring  in  the  Katharina 
Neufang  mine,  at  Andreasberg  in  the  Harz.  It  forms  twin -crystals,  having  the  ap- 
pearance of  fitilbite,  slightly  translucent,  with  reddish  to  yellowish-white  colour,  and 
vitreous  lustre,  inclining  to  nacreous  on  the  cleavage-£ices.  Hardness  ^  6*3.  Specific 
gravity  »  2  511— 2*512.    (Breithaupt,  Fogg.  Ann.  Ixix.  441.) 

'Syn.  with  Zuvic  Acid. 
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ZymiqueSf  or  Anturohiea. — Names  applied  by  P&steor 

to  the  infoBoria  which  act  as  ferments  only  when  the  air  is  ezelnaed, — ^those  which 
require  the  presence  of  air  to  induce  their  action  being  distinguished  as  Azywmjtua  or 
Jjsrcbies, 


[OBm  (from  (^11.%  yeasty  or  ferment). — An  old  nam«  fbr  tha  portioii  of 
gluten  which  is  insoluble  in  alcohol. 

XTlttOSCOPB.  An  instrument  contriyed  by  Zenaeek  (Budm.  Bepeit.  lix.  204). 
for  testing  the  fermenting  power  of  yeast,  by  bringing  it  in  ecmtad  wit£  sigar-wuer^ 
and  obserring  the  quantity  of  carbonic  anhydride  evolred. 

&1  Mil  HOT.  A  name  applied  to  that  department  of  technologleal  chemistry 
which  treats  of  the  scientific  principles  of  wine-making,  brewing,  distilling,  and  the 
preparation  of  yeast  and  Tinogar,— processes  in  which  fermentatioii  pUys  the  principal 
pact. 


ADDITIONS  AND  COEREOTIONS. 


-•o*- 


L  Phmylaeetamii€,  C^*NO  -  NH(C^»)(C«H>0),  U  aMily 
produced  by  cobobatin^  aniline  witb  strong  acetic  add,  or  bjr  boiling  the  two  together, 
mnd  finally  distilling  till  the  product  solidifies  in  the  neck  of  the  retort  (C.  Or.  Wil- 
liams, Cbem.  Soc.  J.  xyii.  106).  According  to  Ferkin's  observation,  crude  aniline, 
prepared  by  B^champ's  process  with  an  excess  of  strong  acetic  acid,  sometimes  con- 
tains acetanilide.  According  to  Lauth  (Bull.  Soc  Chim.  1866,  i.  164),  acetanilide 
ia  produced,  together  with  phenol,  by  boiling  equal  parts  of  aniline  and  phenylic 
acetate  in  a  fiasl  with  Tertic^  condensing-tube,  or  by  heating  them  in  a  dosMl  vessel 
to250O: 

C«H»O.C^».0  ■».  NH«(C^»)     -     C«H».H.O   +  NH(C«H*)(C»H«0). 

The  phenol  and  acetanilide  are  easily  separated  by  distillation,  or  by  treatment  with 
an  alkalL 

Acetanilide  has  a  specific  gravity  of  1099  at  106^  melts  at  101°,  and  distils  at  295^ 
imder  a  pressure  of  765  mm.  Vapour-density,  obs.  *  4*847 ;  calc.  »  4*671.  Acetani- 
lide dissolves  easily  in  alcohol,  ether,  beniene,  and  volatile  oils,  and  crystallisee  from 
die  latter  in  laz^  needles.  The  alcoholic  solution  is  not  precipitated  by  water.  It 
dissolves  easily  in  warm  sulphuric  and  hydrochloric  acids,  and  is  converted,  by  cold 
nitric  acid,  into  3-iiitraniline.  When  heated  with  sodium,  it  is  resolved  into  anilin«*, 
and  a  small  quantity  of  basic  oil  having  a  high  boiling-point    (Williams.) 

JLOBff  or  Aaczw*  A  fat  obtained  in  Mezioo  by  boiling  a  spedes  of  coccus  (Coccus 
Axm)  with  water.  It  smells  like  arnica-flowers,  has  a  dark-brown  colour,  and  buttery 
consistence ;  hardens  on  exposure  to  the  air,  and  dries  up  on  the  skin  to  an  adhesive 
elastic  membrane,  like  collodion :  hence  it  is  used  by  the  Mexicans  as  an  external 
application,  and  frequently  as  a  varnish.  It  is  insoluble  in  water,  dissoWes  with 
difficult  in  cold,  more  readily  in  hot  alcohol,  easily  in  ether,  provided  it  has  not  been 
hardened  and  oxidised  by  e^^Kisure  to  the  air.  Melts  at  31^ ;  gives  off  acroldn  by 
dry  dis^lation.  The  saponified  &t  yields  a  crystallisable  add,  melting  at  42°,  and 
havinff  the  composition  of  lauricadd,  C^H'^O* ;  together  with  a  brown  ouy  add,  called 
axinie  acid,  which  solidifies  somewhat  above  0°,  dries  up  very  easily,  andprobabW 
contains  C'*fi"0*.  This  add  is  converted,  by  oxidation,  p^tly  into  hypogsic  acid, 
QUQNQs  (soluble  in  alcohol  and  ether,  and  melting  at  36°);  partly  into  agin  in,  an 
amorphous,  light-yellow,  brittle  substance,  insoluble  in  water,  alcohol,  and  ether,  and 
containing  68*3  to  60*3  per  cent,  carbon,  and  6*7  to  7*5  per  cent,  hydrogen ;  it  turns 
brown  at  80°,  giving  off  water  and  colourless  gases  absorbable  by  potash.  (Hoppe, 
J.  pr.  Chem.  xxx.  102 ;  Gm.  xvii.  46.) 

See  the  previous  article. 

SSee  CoxxoiDAL  Aciim  (p.  1088). 


A&OSV*  This  substance,  the  purgative  prindple  of  aloes,  was  discovered  by 
T.  and  H.  Smith  (Chem.  Oaz.  1851,  p.  107 ;  Gm.  xvL  461). 

AmXBnnL  C^H?^'.  (Rieth  and  Wohler,  Ann.  Ch.  Pharm.  cxz.  247; 
Jahresb.  1861,  p.  532;  Ghn.  xvii.  661.) — ^A  base  extracted  from  the  baric  of  Arariba 
rubra,  a  Brazilian  tree,  by  exhaustion  with  water  containing  sulphuric  add.  It  may  be 
freed  from  colouring-matter  and  other  impurities,  by  treatment  with  acetate  of  lead  and 
solution  in  ether,  and  separates  from  the  ethereal  solution  partly  in  anhydrous  rhombic 
pyramids,  partly  in  hydrated  four-sided  prisms  with  oblique  end-faces ;  the  latter 
contain  C**H»N\8H'0,  and  give  off  their  water  at  100°.  Aribine  dissolves  in  7,762 
pts.  of  water  at  23°,  more  fr^ly  in  hot  water,  easily  in  alcohol,  less  easily  in  e^er. 
Its  salts  are  mostly  crystallisable,  and  contain  2  or  4  atoms  of  acid  to  1  atom  of  base. 


1088  ADDITIONS  AND  CORRECTIONS. 

—  The  hfdroehhrate,  C^H**N^2HC1,  CTystallisefl  in  slender  needles,  soluble  in  smjlie 
alcohol,  insoluble  in  ether ;  from  its  dilute  aqueous  solution,  caustic  soda,  sodium-car- 
bonate, ammonia,  and  lime-water  throw  down  crystalline  aribine. — ^The  chhrcvt/iti' 
ntUe,  C^*|N*,2HClPtei\  is  precipitated  in  pale-yellow  needles.— The  neutrtd  ««/- 
phate,  CE?^V*,H*80*t  is  obtamed  by  decomposing  the  hydrochlraata  with  sulphate  cf 
silyer.— The  acid  nUphaU^  C"H'^^2H'S0*,  is  formed  by  treating  aribine  with  excess 
of  sulphuric  acid. 

Arioine,  heated  with  iodide  of  ^thyl,  forms  yellow  cnrstals,  probably  consisting  of 
iodide  of  diethyl-aribiue,  ^^"(CH*)'^^^,  which,  when  decomposed  with  moist 
silver-oxide,  yields  the  corresponding  hydrate  as  an  amorphous  oolocred  varnish. 

▲TOMZCITT.    See  CLASSincATioir  (i.  1008—1017). 
Syn.  with  Agb  (p.  1087). 
EO  ACZO.    See  AoB  (p.  1087). 

tO&.  C"H**0  «  C**H"JLO.— A  monatomic  alcohol,  produced  by 
the  action  of  nascent  l^drogen  on  bensophenone  or  phenyl-bensoyl,  0*WK>^  aad  d^ 
scribed  in  connection  with  t£a  latter  (iv.  478). 

vmmMMBXWnL  C^H*^0\-- This  formula  has  been  established  by  Perrios 
(Chem.  Soc  Qu.  J.  zv.  339),  by  the  analysis  of  the  alkaloid  and  several  of  its  salt*. 
Berberine  is  very  widely  difihsed  in  the  vegetable  kingdom.  Besides  the  sooi^oes  of  it 
mentioned  in  voL  i.  (p.  579),  it  has  been  found  by  f  errins  in  HydraatU  canadensU 
and  Xanthorrkua  ap^foUa,  two  North  American  ranunculaoeous  plants :  in  a  yellow 
dye-wood  from  Upper  Assam,  called  fooocfun/Nir,  probably  belonging  to  the  menisper- 
maceous  order;  in  a  woody  root,  called  Raig  de  8ao  Joao,  or  St.  John*s-root,  from  Rio 
Grande ;  in  the  yellow  bo^k  of  the  Fachnelo  tree,  from  Bogota ;  and  in  the  root  of 
Co^^  Tdcta  or  Mahmira,  a  ranunculaceous  plant  of  Hindostan  and  China,  highly 
prized  fbr  its  tonic  properties,  and  known  in  tne  baaaais  of  India  as  MUktfie^^  ter. 
Lastly,  the  substance  called  sontkomoriUt  discovered  in  1818  by  Ohsifallier  asd  Pel* 
letan  in  the  bark  of  XanikoxyUm  (S^m  HierctdiB,  has  been  shown  by  Perrins  to  be 
identical  with  berberine. 

When  a  dilute  solution  of  iodine  in  iodide  of  potassium  is  added  to  the  sohitioii  of 
any  berberine-salt  in  hot  spirit,  carefully  avoidii^  an  excess  of  iodine,  a  crystalline 
iodine-compound  is  deposited,  in  green  spangles  resembling  sulphate  of  iodoquinine 
(v.  25),  and,  like  that  substance,  possessing  the  power  of  polarising  light   (Perrins.) 

B&AJUA-W003>«  (i.  656.) — Preisser^s  statements  respecting  the  red  colouring- 
matter  of  this  wood  are  not  to  be  depended  upon. 

OABIPBSBTXO  AOZB.    C»*H««0»  -  t^'*^^*)"|o«.— A  tribasic  add  pio- 

dueed  by  the  action  of  nitric  acid  upon  camphor;— described  under  PnocAMmiano 
Aon  (iv.  767). 

oasnnVB.  0*H"N.— This  name  is  given  by  Church  and  Owen  (Phil.  Msf. 
[4],  zx.  110 ;  Jahresb.  1860,  p.  358)  to  an  organic  base,  found  in  small  quantity,  to- 
ffether  with  pyridine,  piooline,  coUidine,  and  lutidine,  in  the  liquid  obtained  by  distil* 
ling  Irish  peat  at  the  lowest  possible  temperature.  When  purified  by  fractional  distil- 
lation, treatment  with  potash,  &e.,  it  forms  a  colourless  oil,  miscible  in  all  proportiotu 
with  water,  and  agreeing  in  composition  and  boiling-point  (95^)  with  amjlammew 

C^SZlKOPBTXAnr.  A  yellow  crystalline  body  obtained  from  I^^rda  (or  CA#- 
mophUa)  umbeUata  (iv.  760). 

CBXTSnno  JLOXDm  A  yellow  colouring-matter  contained  in  the  buds  of  Bfp^du9 
nigra  and  P.  pyramidaUs  (iv.  688). 

OOUbOZDAXi  JLOXDU,  (Graham,  Chem.  Soc.  J.  xvii.  218.)— Colldidal  sub- 
stances can  exist  in  two  states — the  liquid  state,  in  which  they  are  soluble  in  water  in 
all  proportions ;  and  the  gelatinous  or  pectous  state,  in  which  they  are  but  sparii^y 
soluble.  The  soluble  hydrate  of  a  colloid  substance  is  called  ahydrosol,  the  gelati- 
nous hydrate  ahydrogeL  The  solubility  of  a  hydrogf^l  diminishes  witJi  the  quan- 
tity of  water  contained  in  it.  Gelatinous  silicic  acid  containing  1  per  cent  of 
anhydrous  silica,  dissolves  in  5,000  pts.  of  water ;  a  jelly  containing  5  percent,  silica, 
dissolves  in  10,000  pts  of  water ;  and  anhydrous  silica  itself  is  nearly  insoluble.  The 
passage  from  the  liquid  to  the  gelatinous  state  is  indicated  by  a  gradual  thickening  of 
the  sdution,  which  assumes  an  oily  consistence  just  before  gelatinising.  In  a  solution 
of  silicic  a<nd  obtained  by  dialysis  (p.  141),  the  tendencjr  to  pass  into  the  gelatinous 
state  increases  with  the  temperature  and  the  concentration  or  the  liquid.  A  solution 
containing  from  10  to  12  per  cent,  silica  gelatinises  in  a  few  hours ;  a  solution  con- 
taining only  6  per  cent,  may  be  kept  unaltered  for  several  days ;  one  containing  2  per 
cent,  for  many  months ;  another  containing  1  per  cent,  silica  remains  unaltered  for 
years ;  and  solutions  containing  only  O'l  per  cent,  are  doubtless  qntte  permaaenL 
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The  ooagulatioB  of  the  hydrosol  of  silicic  add  if  promoted  by  small  quantities  of 
saka,  and,  on  the  other  hand,  the  hydrogel  is  reconverted  into  the  hydrosol  by  Teiy 
small  quantities  of  alkali.  One  part  of  sodiom-hydrate  dissolred  in  10,000  pts.  oi 
water,  gradually  liquefies,  at*100^,  a  quantity  of  gelatinous  silicic  add  corresponding 
to  200  pts.  of  dry  nlica,  and  may  be  separated  from  the  resulting  silidous  solution  by 
prolonged  dialysis  in  a  vacuum. 

Silica  may  be  separated  both  from  the  hydrosol  and  the  hvdrc^  by  a  number  of 
substances,  both  colloid  and  crystalloid  (sulphuric,  hydrochloric,  nitric,  and  acetic 
adds,  alcohol,  glycerin,  sugar-syrup,  and  other  bodies  which  do  not  induce  gelatinisa- 
tion),  these  substances  then  taking  the  place  of  the  silica. 

The  liquid  compound  of  silido  acid  with  alcohol  is  called  the  alcosol,  and  the 
gelatinous  compound  the  alcogel  of  silidc  add.  The  former  produces  a  nearly 
colourless  solution,  which  is  not  gelatinised  by  salts  or  by  insoluble  substances,  or 
even  by  heating  to  the  boiling-point,  but  easily  gelatinises  when  concentrated  bv  dow 
errapoiation.  Although  the  alcohol  in  this  compound  is  less  stronglv  oombinea  than 
the  water  in  the  hydrosol,  part  of  it  nevertheless  remains  behind  on  (ustillation,  and  is 
ultimately  carbonised. 

The  alcogel  of  silidc  add  is  easily  prepared  by  placing  masses  of  gelatinous  silica 
(containing  8  to  10  per  cent  SiO*)  in  absolute  alcohol,  and  changing  the  latter  re- 
peatedly till  the  water  of  the  hydrogel  is  completely  replaced  by  abohol.  An  alcogel 
thus  prepared  from  a  hydrogel  containing  9*36per  cent,  yielded  by  analyms  88*18 
per  cent  alcohol,  0*23  water,  and  11*64  SiO*.  When  immersed  in  water,  the  alcogel  is 
gradually  reconverted  into  the  hydrogeL  By  treating  the  alcogel  with  ether,  benzene, 
carbonic  disulphide,  and  generally  with  liquids  which  mix  with  alcohol,  compounds  of 
silidc  acid  wiUi  these  several  substances  may  be  obtained ;  from  the  ether-compcund, 
in  like  manner,  compounds  with  fixed  oils  may  be  produced. 

A  glyeerogel  of  silicic  add  is  obtained  by  heating  the  hydrogel  with  glycerin.  It 
is  a  j^rfectly  colourless  jelly,  and  so  transparent  that  it  cannot  be  perceived  in  the 
liquid.  Part  of  the  silica  is,  at  the  same  Ume,  converted  into  a  liquid  compound,  the 
glycerosol  of  silidc  acid.  The  glyeerogel  (prepared  from  a  hydrate  containing 
9*35  per  cent  silica)  was  found  to  contain  87*44  per  cent  glycerin,  378  water,  and 
806  SiO». 

When  the  hydrogel  of  silidc  add  is  immersed,  first  in  moderately  dilute  sulphuric 
acid,  then  successively  in  stronger  adds,  and  finally  in  the  most  concentrated  acid 
(hydric  sulphate,  H'SO*),  a  gelatinous  sulphuric  add  compound  is  obtained,  the  sul- 
phagel  of  silidc  add.  It  is  colourless,  transparent,  of  somewhat  smaller  bulk  than  the 
hydrogel,  from  which  it  has  been  prepared ;  is  not  altered  by  heating  to  the  boiling- 
point  of  sulphuric  add,  but  gives  up  part  of  its  sulphuric  acid  at  a  higher  tempera- 
ture. By  dialysation  with  water,  it  is  reconverted  into  hydrogel ;  by  alcohol  into 
alcogel.    Similar  compounds  may  be  formed  with  hydric  nitrate,  acetate,  and  formate. 

Liquid  stannic  acid  is  obtained  by  dialysing  stannic  chloride  mixed  with 
caustic  alkali,  or  sodie  stannate  mixed  with  hydrochloric  add.  In  both  cases  a  jelly 
is  first  formed,  which,  as  the  salts  are  gradually  removed,  is  reconverted  into  the 
soluble  modification 'by  the  small  quantity  of  free  alkali  present :  the  latter  is  re- 
moved by  TOoloneed  difiudon,  most  readily  after  addition  of  a  few  drops  of  iodine- 
solution,  laquid  stannic  acid  is  converted  by  heat  into  liquid  metastannic  acid. 
Both  solutions  are  easily  gelatinised  by  small  quantities  of  hydrochloric  add  or  of 
•alts ;  and,  on  the  other  lund,  gelatinous  stannic  add  is  reconverted  into  the  liquid 
add  by  free  alkali,  even  at  ordinary  temperatures. 

A  solution  of  gelatinous  titanic  acid  in  hydrochloric  add,  prepared  in  the  cold,  and 
oontaining  only  1  per  cent.  SiO',  yields,  in  like  manner,  liquid  titanic  acid.  By 
heating  liouid  stannic  and  titanic  adds  with  alcohol  and  other  liquids,  compounds 
are  formed  analogous  to  those  obtained  in  like  manner  with  silicic  add. 

Liquid  tungstic  (or  rather  metatungs tic)  acid  has  been  already  described 
(p.  911).  A  mixture  of  liquid  tnn^ic  and  silicic  acids  does  not  gelatinise,  probably 
in  consequence  of  the  formation  of  silico-tungstic  adds  (p.  915). 

Liquid  molybdic  acid  is  obtained,  by  dialysing  a  solution  of  crystallised  sodio 
molybdate  supersaturated  with  hydrochloric  add,  for  several  days,  as  a  yellow  liquid 
having  an  astringent  taste  and  add  reaction.  It  if  very  permanent  and  when  left  to 
evaporate,  yields  soluble  molybdic  add  as  a  deliquescent  gummy  mass,  which,  when 
heated,  behaves  like  soluble  tungstic  add.  Soluble  tungstic  and  molybdic  adds  yield 
crystalliBable  salts  by  digestion  with  soda. 


COVA&ZTB.  A  green  crystalline  mineral,  resembling  vivianite  in  structur«>, 
found  at  Kottis,  near  Jacketa,  in  the  Saxon  Voigtland.  Specific  gravity  »  2*46.  It 
appears  to  be  a  hydrated  nickel-phosphate.    (Breithaupt,  Jahxieb.  186'J,  p.  806.) 

Vol.  V.  4  A 
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C«HW»  (Biban.  BuU.  Soc  Chim.  1864,  L  87 ;  1867, 1 
79  ;  LaboTatoi7»  i.  824.)--The  active  principle  of  Coriaria  myritfoiia,  a  puxgadre  wxl 
voy  poiaonoas  plant  growing  in  the  Sooth  or  France,  in  Spain,  and  in  Italjr — totmaiy 
naed  for  the  production  of  a  black  dye,  and  for  adtdterating  iMinai.  Coriam^rrtin  maj 
be  extracted  from  the  berries  at  the  leavea,  bnt  the  joong  shoots  gathered  in  March 
yield  the  largest  product  They  are  crushed  in  a  mill,  and  passed;  the  jnioe  is 
treated  vith  basic  acetate  of  lead ;  and  the  filtered  liquid  is  freed  from  excess  of  lead 
by  sulphydric  acid,  then  evaporated  to  a  syrup,  and  repeatedly  shaken  up  wiUi  ether, 
which  dissolves  the  coriamyrtin,  and  leaves  it  on  evaporation  in  slightly  brown  crystals, 
vriack  may  l>e  rendered  perfectly  white  and  pure  by  one  or  two  eiystallisatioos  from 
boiling  alcohol. 

Conamyrtin  is  a  white,  bitter,  very  poisonous  substance,  crystallising  in  oblique 
rhomboidal  prisms  of  98^  40',  having  the  basal  edges  trummted.  It  is  anhydrcm% 
and  melts  at  220^  to  a  coburless  liquid,  which  solidSles  to  a  crystalline  mass  on  eool^ 
ing.  It  is  slightly  soluble  in  water,  easily  soluble  in  boiling  alcohol  and  ether.  The 
alcoholic  solution  turns  the  plane  of  polansation  to  the  right :  [aj  ■>  24*6  at  2(P. 

Coriamyrtin  is  decompos^  by  fiouning  hydriodic  add,  slowly  in  the  cold,  npidly  st 
100^,  a  large  quantity  of  iodine  being  separated,  and  a  black  soft  substance  depoaited; 
and  if  the  supernatant  liquid  be  decanted,  the  black  substance  washed  with  oold  wmtA 
and  dissolved  in  absolute  alcohol,  and  the  resulting  solution  mixed  with  a  few  drops 
of  strong  caustic  soda,  a  finepnrple-red  colour  is  piodnoed,  resembling  that  o€  aa  alco- 
holic solution  of  frichrine.    Inis  reaction  is  extremely  delioito. 

Bromoeoriamyrtm,  C'*H**BtH>**,  is  formed  by  adding  bromine,  drop  by  drop,  to 
coriamyrtin  suspended  in  cold  alcohi^  It  OTStaUisss  from  boiliag  alcohoU  in  fine 
anhydrous  needles,  sli^tly  soluble  in  cold  water,  very  soluble  in  boUing  alo^io],  and 
having  an  extremeJv  bitter  taste. 

C^&^R^  passed  throo^  a  mixture  of  coriamyrtin  and  water,  forms  a  crystalliae  snb- 
stanee,  composed  of  several  amorphous  chlorinated  compounds,  which  cannot  be  sep^ 
rated  by  successive  crystallisation. 

Aotion  of  Bases  on  Ooriamyrtim, — Most  bases  attack  coriamyrtin  in  presence  of 
water.  With  potash  and  soda  only  brown  oompounds  are  obtained ;  but  with  leas 
active  bases,  such  as  baryta  and  lime,  coriamyrtin  assumes  the  elements  of  five  mol<^- 
cules  of  water,  producing  a  dibasic  add,  which  unites  with  the  base.  Thus,  when 
boUed  with  excess  of  bwyta,  it  forms  the  compound,  C^H^^Ba'^O**  -  C»H«0'». 
Ba0.6H'0 ;  and  with  lime-water,  in  like  manner,  the  salt  C*^«*Ca*0**.  These  salU 
do  not  possess  the  bitter  taste  of  coriamyrtin. 

The  acid,  separated  from  Uiem  by  sulphuric  or  oxalic  add,  remains  on  avapotation 
as  an  amorphous  mass.  Its  aqueous  solution  decomposes  the  carbMiates  of  barium 
and  caldum,  with  effervescence,  reproducing  the  salts  just  described. 

Action  of  Acids, — Coriamj^in  is  diraolv^  and  blackened  by  strong  smlpkmic  add^ 
— With  fuming  niiric  acid,  it  forms  an  amorphous  nitro-oompound«  whi<ui  detonates 
when  heated.  It  is  not  attacked  by  ^hydrochloric  add  gas,  even  at  100^,  but  de- 
composes when  heated  to  200^  with  the  aqueous  add  containing  2  or  3  per  cent,  of 
that  gas. 

Ai^ic  anhydride  and  coriamyrtin,  heated  together  to  140^  in  a  sealed  tube  fur 
about  an  hour,  unite  directly  without  elimination  of  water.  The  soft  mass  thus  pro- 
duced, if  thrown  into  water  to  free  it  from  acetic  add,  ultimately  frdls  to  a  powder, 
iriiich  may  be  washed  with  cold  water,  then  dissolved  in  alcohol,  separated  by  evapo- 
ration, and  dried  at  100^  in  a  vacuum.  It  is  transparent,  nearly  colonrleaa,  brittle, 
very  bitter,  melts  below  100°,  is  insoluble  in  water,  but  soluble  in  al^oL  It  has  the 
composition  C^^*K)*',  which  is  that  of  hexacetic  coriamyrtin  combined  with 
3  at.  water.    Its  formation  is  represented  by  the  equation : 

C»HHO"  +  3(C»H«0)«0     -.    C»H«»(C«H"0)K)»  +  8H*0. 
Glacial  acetic  add  forms  a  similar  oonqxrand  with  coriamyrtin. 


3>aOT&,  rnvmi,  OAFBTX.    CP^** .— The  tenth  of  the  serisa  of  aloohoUadi- 
cles,  C*H*^'.    It  has  not  been  isolated. 

Hydride  ofBecyl,  C>«Hn  (isomeric witJi  fr^  amylX  is  contained  in  oonsidarable 
quantity  in  the  portion  of  American  petroleum  boiling  between  168^  and  163^  (Pe- 
louse  and  Cahours,  Ann.  Ch.  Phys.  [4],  L  6  ;  Jahresb.  1863,  pp.  626,  529).— It  is 
produced  also  by  carefully  mixing  diamylene,  C**H**,  with  bromine,  keeping  the  mixtnie 
cool,  washing  the  product  with  dilute  pota^,  and  drying  it,  then  heating  it  under 
diminished  pressure,  and  submitting  it  to  fractional  dis^Uation  (Wurta,  BuU.  Soc 
Chim.  1863,  p.  800;  Jahresb.  1863,  p.  610).  This  hydrocarbon  reaemblea  amyl  m 
many  of  its  properties  (Wurts ).  It  has  an  odour  of  lemons.  Specific  gravity  =. 
0767  at  16«  (Pslouxe  and  Cahours);  0*763  at  ip  (Wurts).      Boiling-point 
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1680_i620(Peloase  and  Cahours);  165<^— 167^(WartE).    Vapour-density,  oba. 
m,  6*040  (Pelonze  and  Cahours);  S-OSCWurtz);  calc  »  4*91. 

Chloride  of  Deeyl^  C^*H*^C1,  obtuned  from  the  hydrido  by  the  action  of  ehlorine, 
is  a  liquid  of  a  light  amber  oolonr,  boiling  at  200^—204''  (P  elonse  and  Cahours) ; 
190° — 200°  (Wurts).  With  alooholie  potash,  it  yields,  amongst  other  products,  a 
hydrocarbon,  which  boils  between  168°  and  160°»  and  forms  a  heavy  oil  with  bromine. 
(Pelouse  and  Cahours.) 

B&VOABIO  AOXB.  CH^O*. — ^An  add  isomeric  with  emeie  acid  (ii  601),  and 
bearing  the  same  relation  to  it  that  elaidic  acid  bears  to  oleic  add.  It  is  juroduced 
by  the  action  of  nitrous  add  gas  on  erode  add,  and  when  reoystallised  from  iJcohol, 
fbrms  a  white,  inodorous,  and  tasteless  mass,  melting  at  69°  to  60°,  s^  soUdiiying  at 
68°  to  69°  to  a  shining  mass  of  fine  needles.  It  becomes  coloured  and  odorous  at 
120°.  Its  sodium-salt,  prepared  like  that  of  erode  add,  becomes  coloured  at  110°. 
(Web sky,  J.pr.  Chem.  Inii.  469.) 

Syn.  with  Phtsoctiomihb  (It.  636). 

U    See  Addenda  to  toL  ii.  p.  968. 


o&Tcnnu>oa&. 


I    See  Colloidal  Acids  (p.  1089). 


Syn.  with  Wood-oil  (t.  1046). 
OUBJUMXC  ACIB*    The  resin  left  on  distilling  off  the  Tolmtile  oil  of  guijun- 


balsam. 


(    See  Colloidal  Acids  (p.  1088). 

r.    (iii.  232). — ^The  formula  for  calculating  the  weight  of  a  cubic 
foot  of  air,  saturated  with  aqueous  Tspour,  should  be : 

(Weight  of  cubic  foot  of  dry  air)  .  £l-^  +  Weight  of  cubic  foot  of  yapour. 

P 
When  the  ur  is  not  saturated,  if  Z^i  be  the  elastic  force  of  the  Tspour  at  the  dew* 

point,  and  E^  the  elastic  force  of  the  yapour  at  the  temperature  of  the  air,  then : 
(W«ghtofcub.ft.ofdryairat^).^Il^-».(Weightof  cub.  ft.  of  yapour  at  <°)  .^ 

M  Weight  of  cubic  feet  of  moist  air  not  saturated. 

This  latter  formula  may  be  deduced  from  the  formula  given  on  p.  232,  yoL  iii.,  for 
the  weight  of  a  cubic  foot  of  non-saturated  air,  by  substituting  therein  the  value  of 
the  weight  of  air  saturated  with  aqueous  vapour,  determined  according  to  the  corrected 
formula  above  given.* 

IBOBUXiOXTaL  C«H*«0*  »  C«H>H)*.HH).— This  saccharine  substance,  produced 
by  the  decomnosition  of  querdtrin  (p.  7)  under  the  influence  of  adds,  is  isomeric  with 
mannite  and  duldte.  It  crystallises  very  easily,  in  lazge,  transparent,  regularly-deve- 
loped crystals,  resembling  those  of  cane-sugar :  they  are  hard,  grate  between  the  teeth, 
taste  sweeter  than  grape-sugar,  dissolve  in  2*09  pts.  water  at  18°,  and  eanly  in  abso- 
lute alcohoL  The  solution  is  dextrorotatory.  Isodulcite  is  not  fermentable.  It  melts, 
with  loss  of  water,  between  106°  and  110°,  is  coloured  yellow  to  brown  by  strong  sul- 
phuric add,  and  by  alkalis,  and  reduces  cupric  oxide.  1,000  cc.  of  a  copper-solution, 
equivalent  to  6  grms.  ^pe-su^,  are  reduced  by  6*288  grms.  isoduldte. 

Isoduldte,  heated  with  hydnodic  add  (or  with  iodine  and  phosphorus),  is  converted 
into  a  black  mass,  and  yields  a  small  quantity  of  an  oily  volatue  iodme-compound. 
By  oxidation  with  nitric  acid,  it  yields  an  add  resembling  saccharic  acid,  with  traces  of 
oxalic  add. 

NitrO'isodulcite,  C'H*(NO')*0*,  separates  from  a  solution  of  isodulcite  ina  mix^ 
ture  of  nitric  and  sulphuric  adds,  as  a  white  unciystallisable  body,  insoluble  in  water, 
but  very  soluble  in  alcohol ;  it  explodes  slightly  by  heat,  and  by  percussion.  (Hlas  i  - 
wets  and  Pfaundles,  Ann.  Ch.  Pharm.  cxxvii.  362.) 

laABBEFATlM*  C'*H^^  (Feldmann,  Ann.  Ch.  Pharm.  cxxxv.  336;  BulL 
Sec.  Chim.  1866,  i.  467.) — A  bitter  prindple  contained  in  the  root  of  LasenUiium 
liUifoHum^  and  exhibiting  considerable  analogy  to  those  which  are  extractea  from 
Athamania^  PeucedanuMj  .Imperaicria,  and  oUier  plants  of  the  composite  order.  It 
is  extracted  by  macerating  the  root  with  strong  alcohol,  and  when  purifled  from  an 

•  For  tbeM  correctioas  I  am  Indebted  to  the  UndneM  of  Mr.  P.  W.  Latlum,  of  Caolbridffe*— B.  W. 
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adhering  resin  by  means  of  acetate  of  lead,  ciTstalliBes  in  colonrleM  rhomboliednl 
priamB.  It  is  tasteless  and  inodorons  when  pore ;  insoluble  in  water  eren  at  the  boiling 
neat ;  soluble  in  benzene,  oil  of  turpentine,  and  especially  in  chloroform ;  soloMe  aiao 
in  etber  and  in  carbonic  disulphide.  It  melts  at  114^,  and  solidiAes  on  cooUnjg  to  a 
resinous  mass,  which  gradually  becomes  crystalline.  VThen  heated  in  a  tube,  it  tab- 
limes  in  oily  drops.    The  alcoholic  solution  is  precipitated  by  water. 

Laserpitm  is  insoluble  in  dilute  adds  and  alkalis.  Stxong  nitric  and  snlphurie 
acids  dissolve  it,  but  the  solutions  are  precipitated  by  water.  The  alcoholic  solotioa 
is  not  precipitated  by  an  alcohoUc  solution  of  mercuric  chloride,  lead-acetate,  silrer- 
nitrate,  or  potassium-iodide.  Heated  in  sealed  tubes  to  150^  with  strong  hydrochlorie 
add,  or  to  200^  witb  dilute  sulphuric  add,  it  yields  a  black  pdtchy  mass. 

By  the  action  of  conoentrated  alcoholic  potash,  laserpitin  is  resolved  into  angelte 
acid  and  laserol,  C**H*K)^  a  crystalline  resin  precipitable  by  sulphuric  add : 

C"*IPK)'  +  HK)     -     C«H«0«  +  2C»H«0«. 
LiMerpUin.  Laserol.  AngeUc 

the  decomposition  being  analogous  to  that  of  athamanftin  (i.  430)  into  oreoaelin  and 
Taleric  acid : 

CJMH^O'  +  HH)    -    C»«H»«0*  +  20»H»«0«. 

Athaauwtfiu  Oreotdln.  Valeile 

add. 

The  root  of  LaaerpUwm  lat^foUwn  yields,  by  distillation  with  water,  a  sm^  ooanti^ 

of  a  volatile  oil,  similar  in  taste  and  odour  to  oil  of  pelargonium.    This  oil  does  not 

yield  angelic  add  by  oxidation. 


XJTBOVBXi&ZO  AOrD.  C»H~0^  (Gobel,  Ann.  Ch.  Pharm.  xndx.  237.— 
Ettling.t^.  zzxix.242.— Wohler,  i&Mi  zli.  160.— Heumann,  ibid,  zU.  80S.— 
Malaguti  and  Sarzeau,  Compt  rend.  xV.  618. — Qul  zviL  876.)— A  czystallins 
add,  which  forms  the  chief  constituent  of  some  kinds  of  oriental  besoars  (i.  684).  To 
extract  it,  the  beeoars  are  dissolved  in  boiling  alcohol,  and  the  ciystals,  which  form 
slowly  on  cooling  the  solution  and  concentratmg  the  mother-liquor,  are  purified  bj  re- 
crystallisation,  with  the  help  of  animal  charcoal.  Or,  the  bezoars,  ^ter  bdng  ex- 
hausted with  water,  are  treated  for  24  hours  with  cold  dilute  ammonia;  the  fil- 
trate is  decolorised  with  animal  charcoal ;  and  the  lithofeliie  acid  is  precipitated  by 
dilute  sulphuric  add  and  washed.  The  acid  precipitated  from,  alkaline  scdtttioina  re- 
quires still  to  be  purified  by  crystallisation  from  boib'ng  alcohol. 

Lithofeliie  acid  crystallises  in  very  small,  dear,  rhombic  prisms,  with  oblique  end- 
faces;  hard  and  easily  pulverisable.  Melts  at  204^  (Gobel),  206^  (Wohler),  and 
solidifies,  when  not  heated  above  its  melting-point,  to  an  opaque  crystalline  mass. 
When  heated  a  few  degrees  above  its  melting-point,  it  solidifies  to  a  dear  amor^ous 
glass,  which  becomes  electric  when  rubbed,  and  melts  at  106^  to  1 10°  to  a  viadd  mass. 
Alcohol  poured  upon  this  amorphous  acid  produces  a  large  number  of  fine  cracks, 
and  the  add,  when  left  in  contact  with  a  Uttle  alcohol,  again  becomes  crystallioe 
(Wohler).  The  add  slowly  exdtes  a  bitter  taste  in  the  mouth  (Winck)er^.  It 
dissolves  in  29  pts.  of  alcohol  at  20^,  and  in  6|  pts.  of  boiling  alcohol ;  the  solution 
has  an  add  reaction.  The  add  dissolves  in  444  pts.  of  ether  at  20°,  and  in  47  pts.  of 
boiling  ether. 

Lithofeliie  add,  when  melted  in  contact  with  the  air,  volatilises  in  white  Tapourt, 
which  exhale  an  aromatic  odour.  By  dnr  distillation  it  loses  1  at.  water,  and  is  ooo- 
verted  into  an  acid  oil,  Q^IL^O\  called  pyrolithofellic  acid.  Lithofeliie  add 
dissolves  in  strong  sulphuric  add,  forming  a  solution  which  becomes  milky  on  addi- 
tion of  water.  Hot  nitric  acid  converts  it  into  a  yellow  add,  soluble  in  aoetic  add, 
crystallising  therefrom,  and  containing  C*'H**(NO')*0'.    (Malaguti and  Sarsean.) 

LithofeUiC  add,  heated  with  sugar  and  sulphuric  add,  produces  a  violet  ooloratbn 
similar  to  that  which  is  produced  in  like  manner  by  the  biliary  acids. 

The  litho  f  ellates  are  but  little  known.  The  add  dissolves  easily  in  caustic  al- 
kalis and  alkaline  carbonates. — The  ammoniumrBoU  is  known  only  in  solution. — ^Hw 
potassium'  and  ammoniwn'aalU  are  amorphous  and  gummy. — ^The  harium'talt  forms 
crystals  very  soluble  in  alcohol. — A  lead-salt,  of  variable  composition,  is  obtained  as  a 
white  predpitate,  slightly  soluble  in  water,  somewhat  more  soluble  in  aloohol*  on  mix* 
ing  an  alcoholic  solution  of  the  acid  containing  a  little  ammonia,  with  neutral  acetate 
of  lead.— The  sUver-salt,  obtained  in  like  manner  by  predpitation,  appears  to  eont^ 
(>«»H"AgO>. 

Syn.  with  MoRDrrAMino  Acn>  (iii.  1049). 

See  PcTRPtTRATBS  (iv.  748). 
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MVCOVXO  ACIB.  C*H"0^  (F.  Bode,  Ann.  Ch.  Fharm.  czxxii.  95 ;  Jahresb. 
1864,  p.  400.) — A  dibasic  acid  produced  by  the  action  of  sodium-amalgam  on  the 
chlorinated  acid,  CH*C1HD^,  obtained  by  treating  mucic  acid  with  pentachloride  of 
phosphorus  (iii.  1058).  On  treating  the  resulting  mass  with  hydrochloric  acid,  eva- 
porating to  dryness,  and  exhausting  with  ether,  a  solution  is  obtained,  which  yields  • 
muconic  acid  as  a  white  laminar  mass,  melting  at  195°,  solidifying  at  185°,  easily 
soluble  in  alcohol,  sparingly  in  ether,  soluble  in  110  pts.  of  water  at  16°,  and  crys- 
tallising from  hot  water  in  long  prisms,  often  grouped  in  stars. 

The  muconates  are  for  the  most  part  easily  soluble  and  amorphous ;  the  ammonium- 
salt  (but  not  the  free  acid)  gives  a  reddish  precipitate  with  terric  chloride,  and,  if  not 
too  dilute,  a  white  precipitate  with  silrer-nitrate. — The  mtUral  rmc-galt,  C*H*Zn"0\ 
separates  from  hot  water  as  a  white  amorphous  mass.  The  tthyiic  ether  is  a  colourless 
liquid  which  sinks  in  water. 

VA»KTBT&-COaKVOnV]>S.  Nitrate  of  Diasonaphtkalene,  C'*H«N'. 
KHO',  is  formed  by  the  action  of  nitrous  acid  on  moistened  nitrate  of  naphthvlamine, 
and  is  obtained,  by  spontaneous  evaporation  of  the  aqueous  solution  filterea  fiK}m  a 
brown-red  amorphous  product,  in  white,  easily  soluble,  explosive  needles. — Perbro- 
mide  of  Diazonaphthalene,  C^*H*N'.H6r,  prepared  like  the  corresponding  ben- 
zene-coinpound  (iv.  431),  forms  orange-yellow  crystals. — The  platinum-sdt,  2(C'*H*N*. 
HC1)J^G1^  forms  short,  yellowish,  nearly  insoluble  prisms. — Diagonaphtholim* 
ide,  C'*H'N'.HN,  passes  over  as  a  yellowish  oil  when  the  substance  formed  by  the 
action  of  ammonia  on  the  perbromide  is  distilled  with  water.  It  nnells  like  naphtha- 
lene, and  turns  brown  in  contact  with  the  air. 

Iiaphthtfl'hydrate,OTNapkthyl'alcokolC^*BS>  -  C^H'JS.O.— Produced, 
with  evolution  of  nitrogen,  when  the  aqueous  solution  of  nitrate  of  diazonaphthaleneis 
boiled: 

C»«H«N*  +  WO     =     C'«H»0  +  N». 

When  purified  by  solution  in  potash,  precipitation  with  acetic  acid,  and  distillation,  it 
forms  snining  white  laminse,  which  melt  at  91°  to  a  colourless  oil.  It  volatilises 
without  decomposition,  bums  with  a  smoky  flame ;  dissolves  sparingly  in  water,  easily 
in  alcohol,  ether,  and  benzene ;  smells  like  creosote,  and  haa  a  burning  taste.  It 
unites  with  strong  bases,  forming  easily  deoomposible  compounds ;  is  converted  by  nitric 
acid  into  nitro-compounds,  and  by  bromine  into  brcmionaphthyl-aloohol.  (Griess, 
CheuL  Soc  J.xix.  90;  Jahresb.  1866,  p.  459.) 

Na^htkyUulphydratet  C**H'.H.S. — Produced  by  the  action  of  nascent  hydro- 
gen (ancand  sulphuric  acid)  on  naphthylsulphurous  chloride  (p.  561): 

C»«H»C1S0«  +  3H»     -     C"H«S  +  Ha  +  2H»0. 

It  passes  over  on  distillation  as  a  colourless,  stron^y  refiactkig  oil,  having  an  unplea- 
sant odour,  a  specific  gravity  of  1'146  at  23°,  boiling  without  decomposition  at  285°, 
not  miscible  with  water,  sparingly  soluble  in  alkalis,  easily  soluble  in  alcohol  and 
ether.  It  acts  strongly  on  finely  pulverised  mercuric  oxide,  forming  naphtkyl-mercwrio 
sulphide^  (C**H')'Hg'S*,  which  separates  from  hot  alcohol  as  a  pale-yellow  powder. 
— The  corresponding  lead-compound,  (C"H*)'Pb"S*,  is  deposited  as  a  lemon-yellow 
fusible  precipitate,  on  mixing  the  alcoholic  solutions  of  lead-acetate  and  naphthylsul* 
phydrate. — The  copper-compound  is  a  pale-yellow  precipitate. 

Naphthyl-disulphide^  (C'*H')'S*,  separates,  by  spontaneous  evaporation  from 
an  alcoholic  solution  of  naphUiylsulphydrate  saturated  with  ammonia  or  potash,  in 
yellow  monodinic  crystals.  It  melts  at  86°,  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  easilv  in  ether.  In  contact  with  zinc  and  sulphuric  acid,  it  is  reconverted  into 
naphthylsulphydrate.    (Schertel,  Ann.  Ch.  PhamL  cxzxii.  91.) 


Syn.  with  Dinitrosalicylic  acid.  (See  Sauctuc  Aqd*. 
p.  139). 

O&aAWDBXna    An  alkaloid  contained,  together  with  pseudoeurarine,  in  tba- 
leaves  and  branches  of  the  oleander.    (See  PBBUDcfouBABDfi,  it.  748.) 

PTXOUTBOFm&ZC  JLCZB.    See  LxTHOFiLUC  Acxs  (p.  1092). 

i«    Syn.  with  Dbctl  (p.  1090). 

See  Colloidal  Acqw  (p.  1089)^ 
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fiacemocarbonic  or  Desoxalic  acid         .  40 

Badiation  and  Conductioii  of  Heat        .  41 

Badiation 42 

Identity  of  Radiant  Heat  and 

light — 

Emiaaion  of  Radiant  Heat       •  48 

Abflcrption  of  Radiant  Heat    .  66 

Tranamiflsioa  of  Radiant  Heat  60 

Condaction  of  Heat        ...  68 

Radicles  or  Radicals 74 

RadioUte 76 

Radish    •.f....— 
Radish,  Oil  of        .....— 

Ramalina        .•••••  — 
Rammelsbeqiite     •••••*- 

Randanite — 

Rangoon  Tar  (a.  Naphtha,  !▼.  8). 

Ranoncnloa     ••••••  — 

Rapakiri 77 

Rape — 

Raphanosmite        •••••  — 
Raphanns  (s.  Radish) 

Raphilite — 

Rastolyte       •..•••  — 

Ratanhia — 

Ratanhine      ••••••  — 

Ratoffkite       .•••..  78 

Raumite- — 

Razomoftidn .       •••..—> 

Realear — 

Recufication — 

Red  antimony        .•••.— 

Red  chalk  or  Reddle      .       .       .       .  _ 

Red  oopperore — 

Red  djes  (i.  Dyeing,  ii  866). 

Red  haematite  or  Red  iron  ore       .       •  — 

Red  iron-yitdol       .....  — 

Red  lead — 

Red  lead-ofe  ......— 

Red  manganese — 

Red  ochre — 

Red  pigments — 

Red  silver-ore  (»,  Proostite,  iv.  740,  and 
Pyrargyrite,  hr.  768). 

Red  vitriol 79 

Red  zino-ore — 

Reddle ~ 

Redmthite — 

RedacticMi       • — 

Reflectbn  and  Refraction  (s.  light,  iii. 
608,  and  RadUtion  of  Heat,  v;48, 44). 

R^pfolns — 

Reuet's  salts — 

Reissacherite  .        .               .       ,       .  .* 

Remin^nite. — 

Remolmite  (s.  Atacamite,  1 429). 

Renssela^te  ......  — 

ResigaUnm     ......  — 

Resinapitic  add      .....— 

Resinsites — 

Resinein  or  Resinone      ....  — 

Resins 80 

A.  Resins  exading  from  Plants      .  — 

B.  Fossil  Resins      ....  81 
C  Resins  extracted  from  Plants  by 

Alcohol — 

Resordn        •       ...       •       .       .82 

Respiration — 

Theory  of  respiratioa     ...  88 

Absorption  of  oxygen     ...  86 

Exhalation  of  carm>nie  add    .       •  88 
Absorption  and  exhalatioB  of  iii« 

trojfen 90 

Qiudities  of  respiratory  ozygeo      •  — 
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Place  of  OTJdatiop  .  •  •  .  M 
Qoalities  of  expired  air  •  •  •  — 
Cataneons  res^iratioo  •  •  •  9t 
Intestinal  remiratkm  .  •  .  — 
Air-bladder  or  fishes  ...  98 
Respiration  of  eggs  .... 
Variations  in  the  quantity  of  car- 
bonic add  exhaled  .  .  .  . 
Gonsomptioo  of  ox;|rgai ...  96 
Breathing  impore  aar      •       .       .  M 

Retene .97 

Retene-snlphuic  add     ....  96 

Retinalite — 

Retinaphtha — 

Retinasphalt — 

Retinioadd -> 

Retinite — 

Retinole  and  Betlnyl     ...... 

Retisterene     ••••..  -^ 

Retort — 

m^ii^fP^^fiynPff    ......  ^^ 

Retdte  (s.  Eddforsite,  iL  861). 

Reossin — 

Rhamnetin 99 

Rhamnin — 

Rhamnocathartin — 

Rhamnotannic  add        .       •       .       .  — 

Rhamnoxanthin     .....  100 

Rhamnos — > 

Bhapontidn  (s.  Chrysophanie  add,  L 

958J. 
Rheadicadd  .....,— 
Bhdc  add,  Rhein  (s.  Chrysophanie  add, 

i.958). 
Rheometer     ...••.— 

Rheostat — 

Rheum  (s.  Rhnbaib,  p.  107). 
Rheumin  (s.  Chrysophanie  add,  l  968). 

Rhodanides — 

Rhodeoretin  (s.  Convolvulin,  ii.  15). 
Rhodeoretinol  )  a.  OoDToWnlmoUc  adx^ 

Rhodeoretinolic  acidj     ii  16. 

Rhodium ~ 

Rhodium,  Alloys  of       •       •        •       .  102 

Rhodium,  Chlorides  of  •       •       •       .  — 
Rhodium,  Cyanide  of  (a.  Csranidea,  ii 

271). 

Rhodium,  Detection  and  Kstimafion  of.  — 

Rhodium,  Oxides  of       .       •       •  104 

Rhodium,  Oxygen-salts  of     .        .       .  ~ 
Rhodium,  Sulphides  of  .       •       •       .106 

Rhodium-compounds,  Ammooiaeal  — 
Rhodium-gold  (p.  102) 
Rhodizite       ....*•-' 

Bhodizonic  add ~ 

Rhodochrome 106 

Rhodochrosite        ....•  — 

Rhodonite — 

Rhodophyllite  (s.  Rhodochrome). 

Rhodotannic  acid,  or  Rhodoxanthin      •  107 

Rhomb-spar   ....••  — 

Rhubarb — 

Rhubarbario  acid,   or  BhnbarbariB  (Si 
Chrysophanie  acid,  1 968). 

Bhus 108 

Bicinelaldamide 109 

Bidnelaldic  add — 

Bidnelaldin   ..•««.» 

Bidnicacid — 

Bidnine .       •••••.*> 

Bidnoleamide 110 

Bieinoleic  acid        .•••.— 
Bidno-maigtritie    and     BiciDO-ftsaric 

acids Ill 
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RiemaBnite  (a.  Allophane,  1 132). 
Rinmaiin*8  green   («.   Cobalt-green,   i 
1057). 

Riolite Ill 

Kipidolite       ..••••  — 
Bisi^allo  (8.  Bedgar). 

BittiDgerite    • 112 

Rivulin  .•••.••  — 

Robinic  add *- 

Robiniin — 

Robinin — 

RoccellanOide — 

Roccellic  add 118 

Rocoeliic  anhydride       ....  114 

Roccellic  ethen — 

Roccellinin — 

Rochelle-aalt — 

Rochlandite  (a.  Serpentine). 

Rock-cork •— 

Rock-cr^tal •— 

Rock-milk — 

Rock-aalt  (&  Sodium,  Chloride  ci,  p.  881). 

Rock-«oap — 

RoBraerite       •••••.— 

RcMslerite — 

Roettiaite       •               •       •       •       •  — 

Romanzovite 115 

Rosaniline — 

Hydrocyan-roeaniline     ...  — 

RoeeyOilof — 

Rose  quarts  (i.  Quarts^  p.  1). 

Roedne 116 

RoaeUte — 

Rosellan  or  Roaite .       •       •       .       .  — 

Rosemary.  Oil  of — 

Rosenite  (a.  Plagionite,  iv.  661). 
Roseo-chromic  ulta  (a.  Chiomimn,  L  951). 
Rose-cobaldc  aalta         ....—- 
Roaette-copper  (b.  Copper,  ii  88). 

Roaewood,  Oil  of   .       •       •       •       •  — 
Rodte  (8.  RoseUan). 

Roaolic  add "* 

RothoflOute 116 

Rottlera — 

Rottlerin        ...•..— 

Rouoon  (8.  Annotto,  1 807). 

Rubeanhydric  add         •       •       .       .  — 

Rubellaa — 

RubelUte — 

Ruberythiic  add — * 

RnbU  (a.  Madder,  ilL  740). 

Rubiacic  add         •       •       •       •       •  119 

Rnbiadn ~~ 

Rubiadin 120 

Chlorombiadin        ••.•"" 

ftubiadipin — 

Rubiafin 121 

Rubiagin — 

Rubian 122 

Rubianicadd 125 

Rubianin •  126 

Robichloric  add — 

Chlororubin — 

Rubidehydran 127 

Rnbidine ~* 

Rubidium — 

Rubidium,  Bromide  of  •       •       •       •  129 

Rubidium,  Chloride  of  •       •       •       •  — 

Rubidium,  Cyanide  of    .        .        >       •  — 

Rubidium,  Detection  and  Eatimation  of  — 
Rubidium,  Ferrocyanide  of  (s.  p.  129). 

Rubidium,  Hydrate  of   ...       .  180 
Rubidium,  Iodide  of       .       .       •       .181 

Rubidium,  Ozygen-salta  of   .       .       .  -- 
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Rnbihydran 181 

Rubindenic  add  (&  Isamic  add,  iiL  408). 

Rubinicadd 188 

Rnbiretin — 

Rubitannic  add     •••••  — 

Rubrinitric  add — 

Ruby — 

Rue,  OH  of..«««.— 

Rnfigallicadd 188 

Rufimoric  add       •       .       •       •       .  — 

Rofln 184 

Rum — 

Rnmidn -^ 

Rnmoohine     .•••••  -^ 
Rntamide  (a.  Capiamide,  L  742). 
Rnthenhyperic  add  (a.  Rntheninm, 

Oaddea  of,  p.  187). 
Rntheniocyanidea  (a.  C'^yanidfli  of 

Rntheninm,  iL  271). 

Rntheninm.       .       .       •       •  -^ 

Ruthenium,  Alloys  of    ....  1M$ 

Ruthenium,  Chloridea  of       .       .       .  — 
Ruthenium,  Cyanidea  of  (a.  Cyanides 

iL271). 
Ruthenium,  Detectioa  and  Eatimatioo 

of — 

Ruthenium,  (^des  of   ...       .  187 

Ruthenium,  Sulphides  of       .       .        .  188 

Rnthenium-componnda,  Ammoniacal     .  — 

Rutherfbrdite 189 

Rntic  add  (&  Caprie  acid,  L  742). 

Rntile     .......— 

Rutilin *- 

Rntin — 

Rudn-fugar   ......  141 

Rntinic  add  (a.  Rntin). 

Rntyl — 

Rntylene — 

Ryaoolite  or  Rhyacolite         •       •       •  — 

Rye — 

S 

Sabadilla  seeds — 

Sabadilline — 

Hydroeabadilline    .       •       •       •  142 

Saecharamide — 

Saccharic  add — 

Saochario  ethers     .       •       •               •  148 

Saocharid 144 

Saocharidea    .•••••  — 

Saocharimeter — 

Saccharite — 

Saocharold — 

Saccharometer       •••••—> 
Saccharum  (s.  Sugar). 

Saochulmin,  Saodiulmic  add        •       •  146 
Safety-lamp  (s.  Combostion,  i  110). 

Safety-tube — 

Safflorite — 

Safflower — 

Safranin         • -* 

Safficon — 

Sagapenum — 

Sagenite 146 

Sago — 

Sahlite — 

Sal — 

Salamander    ••..••  147 

Salangana — 

Salop — 

Salhydiamide  (a.  Hydrosalicylamide, 

iii.  218). 
Salicin •       •     — 
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Benzoealicin    . 

ChloroBalicm  .       • 

Plumbotelicin 
Salicotyl        .       • 
Salicyl    .       .       •       • 
8alic}rl-Acetic  add . 
8ali<^Uunic  acid     . 

NitroBaUcylamic  add 

Ethylsalicylamic  add 

BenzoylBaucYlamic  add 

Cmnylnlicyiainic  add 
Salicylamide  . 
Salicylic  add .       •       • 

Salicylates 

Bromoaalicylic  adds 

Chloro8ali<^lic  adds 

lodosalicylic  adds  . 

Nitroealicylic  adds  • 

Oxysalicylic  adds  . 
Salicylic  anhydrides 
Salicylic  chlorohydiate  • 
Salicnrlic  etheiB      .       • 

Methylsalicylic  add 

Methyl-bromosalicylie  add 

Methyl-diloroealicylic  add 

Methvl-nitrosalicyuc  adds 

Ethyualicylic  add 

Ethyl-bromosalieylie  adds 

£thyl-dichloi09alipylic  add 

Ethyl-iiitrosalic^lic  add 

Ethylene-salicyuc  add 

Amvlsalicylic  add 
Salicylide       .       •       • 
Salicylimide  •       •       • 
Salicr^lol        •       .       .        ^ 

Componnds  of  salicylol  with  add 
sulphites  of  alkali  metals 

Metallic  Derivatives  of  Salicylol : 
SaHqAitei         •        .        • 

Organic  Derivatives  of  Salicylol : 
AeeiimdieMf  Ac 

Bromosalicylois      . 

Chlorosslicylols      . 

Cyanosalicylol        • 

lodosalicylol  .       • 

Nitrosalic^lol .       • 

Sulphosahcylol 
Salicyl-solphoric  add  (s.  Solphosali- 

cylic  add,  p.  o26). 
Salicyloric  add      .       .       •       • 
Saligenin       .       .       .       •       • 

Chloroealigenins     .       • 
Saligljrdc  add  (s.  Salicyluric  add). 
Salirotin         .       •       •       •       • 

Salisboria 

Salite  (s.  Sahlite). 
Salithol  (s.  Phenetol,  iv.  891). 
Saliva     ...«••• 
Sallow-thorn  or  Sea-bockthom   (s. 

Hippophae,  iik  156). 
Salmiac  ..•••• 
Salmonicadd        •       .        .       • 
Salsaparillin  (s.  SanapariDin). 

S^sola 

Salt 

Salt  gardens 

SaltUkes 

Salt  springs 

Saltpetre  .  •  •  •  • 
Salt-radicle  .  •  •  •  • 
Salts,  Nomenclature  of  •       •       • 

Salvia 

Salylicadd    •       •       • 
fiamadem       •       •       •       :       . 
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151 
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154 
156 

167 
158 
160 

161 


168 

164 
165 

166 


167 

168 

169 

170 
171 


172 


.    174 


176 


182 
184 

186 
186 
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Sanurddte     ••••••    188 

Sambucns       •.,,««.. 

Samech  paiaoelsi 187 

Samolte -. 

Samphan  (s.  Sapan). 

Sand -. 

Sandal-wood  •...,,-. 
Santalin  or  Saatalic  acid  .  .  ^ 
Sandaiaca  (s.  Realgar,  L  886). 
Sandarach  ..,.».  ^ 
Sandel-wood  (s.  Sandal-wood). 
Sangoinaria  .•••••  188 
Sangoinarine .        ,       .       «       »       «     ^ 

Sangidsorba •188 

Samdin — 

Sanidophyr  ..••..— 
Santalic  add,  Santalide,  Santalin,  Ac. 

(a.  Sandal-wood,  p.  187). 
Santonin        .....•     — 

Santonates 190 

Bromosantonin  •  •  •  •  ^ 
Chkroeantonin  ..... 
Di-  and  Tri-chlorosantonin     .       •    191 

Santoiin — 

Saoiia — 

Sapan-red — 

Saphire  {s.  Sapphire). 

Sapogenin  ..••••  192 
Sapooaiin  .••«•••— 
Saponification        ..•..— 

Saponin <— 

Senegin:  PdvgaHoadd        .       •       .   198 

Saponite  (s.  Soapstone). 

Saporetin       ••••••    196 

Sappare,  Sq)pazite  (s.  Kyanite,  in.  449). 

Sapphire •     — 

Sapphire-qnazts     ..•••     — 

Saprochrome — 

Sapocaia — 

Saraoenia 196 

Sardne -> 

Saroooolla — 

SaitoooUm 197 

Saroolite — 

SaroQsine -> 

Sard 198 

fiardachates — 

Sardonyx       ...•..— 

Sarsapuilla-root — 

Saruparillin — 

SassaRas-oO — 

Sassafras-root 199 

Sassafrid — 

Sassafrin  (s.  Sassarobrin). 

Sassa  gom — 

SassapariUa  (s.  Sarsaparilla). 

Sassarobrin — 

Sassolin  or  Sassolite      •       ...    200 
Satersbexgite  ......— 

Satoration — 

Sataration,  Capacity  of .       •       .       .     -> 

Satnmns        • — 

Saaalpite — 

Saoldammar  .....•—> 

Saossorite — 

Savine^  Oil  of .       .       •       •       .       .201 
Savite    .......— 

Saynite » 

Scabioea — 

Scales  of  fishes  and  amphibia  •  — 

Scammonic  add  (s.  JaUpic  add,  liL  iS6). 
Scammonin  («.  Jalapin,  (iL  488). 
Scammonolicadd  (s.  JalapinoUc  add,  iil  440). 
Scammony     .••••. 
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Scapolite 203 

8carbroite 204 

Scbabaute  (&  Chabuite,  L  848). 
Scbapbachite  (a.  Bismath-Bilver,  L  597). 

8cheele*8  green ^- 

Scheeletine — 

Scbeelite — 

Scheeierite — 

Scbefferite — 

Scbleretinite — 

Schneiderite — 

Schurlamite  or  Scborlomite    ...  — 
Schoriite  (s.  Topaz,  p.  874). 
Scborlomite  (a.  Scborlamite). 

Schreibersite 205 

ScbrStterite ~ 

Scbulzite  (a.  Coelestiii,  L  1069). 

Sdlla  maritima — 

ScUUtin  (a.  SciOa). 

Seirpaa 206 

Sderogen 207 

Scoledte  (indadiiig  Meaolite)        .       .  — 

Scolexeroae 208 

Scopazin — 

Soordeln — 

Soorilite — 

Soorodite — 

Soorza 209 

Scoraonera — 

Scropbularia — 

ScurvT-graaa  (a.  Cocblearia,  i  1062). 

Scutellann — 

ScylUte — 

8ea-«alt 210 

Seawater  (a.  Water,  p.  1019). 

Sea-weed — 

Sebacicadd 212 

Sebates 213 

Iponuncadd 214 

Sebaacetbera: 

Metbrlic  aebate      ....  — 

Etbyfic  aebate         ....  — 

Bigfycerylic  aebate  or  Sebin  .        .  — 

Sebadn ~ 

MMunic  add — 

Sebamide 215 

Sebin — 

Secale  cereale  (a.  Cereals,  L  823). 

Secale  comatum — 

Secondary  alcobola         ....  — 

Secondary  Amidea  and  Aminea      .       .  218 

Seignette  aalt — 

Seladonite      ......  — 

Selbite   ......— 

Selenaldine     ......  — 

Selenarsin — 

Selene^yl — 

Selenbydric  acid — 

Selenic  add  (p.  230). 

Selenidcs  and  Selenhydratea  .       .       .  219 

Selcniocyanates ^- 

Selenlocyanic  add 220 

Seleniocyanic  anhydride         ...  — 

Seleniocyanic  ethers       ....  221 
Selenious  add  (p.  226). 

Selenite ^- 

Sflcnites  (p.  226). 

Selenium. 

Selenium,  Bromide  of     .        .        .        .  223 

Selenium,  Chlorides  of  .        .        .        .  ^ 

Selenium,  Cyanides  of  (p.  220). 

Selenium.  Detection  and  Estimation  of: 

1.  Biowpipe  reactions      .        .        .  224 

-.  llivtcti.>n.s  i!i  <)olution  ...  — 
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8.  Eatimation  and  Sepazatioii .        •  224 

4.  Atomic  weight  of  Seleniom        •  225 

Selenium,  Fluoride  oi    .       .       .       .  — > 

Selenium,  Iodides  of      .        .        .        .  — 

Selenium,  Oxides  and  Oxygen-acids  of  226 

Protoxide? - 

Dioxide  or  Selenious  oxide     .       .  — 

SelenioQsadd — 

Selenites  .       •       .        •        .  — 

Selenic  add 280 

Selenates 281 

Seleniom,  Oxycbloride  of     •       •       .  282 

Selenium,  Soipbides  of .       .       .       .  283 

Semecarpus — 

Semen  CinsB — > 

Semen  Coccognidii         •       •       .        •  — 
Semibenzidam        .....— 

Seminaphtbalidam         ....  — 
Seminapbthylamine       ....—> 

Semi-opal 284 

Senarmontite — 

Seneca  oil — 

Senegal  gum  (s.  Gum,  iL  954). 
Sen^[in  or  Sen^uin  (s.  Saponin  p.  198). 

Senna — 

Sepeerine  (a.  Sipeerine). 

Sepia — 

Sepiolite  (a.  Meerschaum,  iii  864). 
Sepirine  (s.  Sepeerine). 

Septaria 285 

Serbian  (s.  Miloscbio). 
Sericic  add  (s.  Myristic  add). 

Sericin — 

Seridte — 

Sericolite — 

Serolin — 

Serous  fluid — 

Serpentarin 230 

Serpentine — 

Serpentine-asbestos        ....  238 
Serpentine-dolomite        ....—> 

Serpentinite — 

Serratnla        ...               .        .  *— 

Serum  of  blood  (s.  Blood,  i  608). 

Serum  of  milk        •       .        .        .  •    .  -« 

Sesame-oil — 

Sesleria  ocsrulea — 

Sesqui     .......—> 

Severite — 

Sexangulite — ^ 

Seybertite  (s.  Clintonite,  1 1026). 

Shea-butter — 

Shellac  or  Shell-lac        ....  289 

Shepardite — 

Siberite — 

Siccatives       ........ 

Sida  carpinifolia     .....— 

Sidcrite — 

Siderobole       ...•..— 
Siderochaldte         •....— 

Sideroconite — 

Siderodote — 

Sideroferrite — 

Siderograpbite       .        .                       .  — 

Sideromelane ......  24C 

Sideropharmacolite  (s.  Abichite.  L  1> 

Siaeropiesite  .  — 

SideroschisolitC               .  — 

Siderose .        .                                ,  — 

Siderosilidte — 

Siderotantalite  (s.  Tantalite). 

Siderotype      ..,...— 

Sieberite — 

Siegenite  (s.  Nickel-linncite,  iv.  44). 
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Sienite  (a.  Syanite). 

Silez 240 

Silica 

Silicates,  alcoholic  (s.  Silicic  ethen). 

Silicates,  metallic 242 

Quantitative  AnalyiiB :  Eetimation 

of  Silica  .        .       .       •       .    245 
Silioate§  eontainmp  otify  Monatomie 
and  Diatomic  Mems:  SiUoatea 
cf  Protoxide*, 
8UieaU$  coniammg  Driaiomie  Me- 

tali:  SUioaU* of  Seaqmoxidu, 
SiHeatu   eomtamhg    Monatamie, 
JHatomCf  and  Triatomic  M^taU: 
DoubU  SiHeatm, 
Anhjdnnu  silicates    •        .       .    260 
Hydnted  silicates       ...    261 
QmJMntndi  or  Mixtum  of  Silieatei 
with  other  Salta. 
With  Aluminates,  Borates,  Chlo- 
rides, Fluoridesy  Sulphates,  Ti- 

tanates 262 

With  Tongstatesy  Ziicooates,  and 

Niobates 268 

Silicic  ethen  .•••••     — 

SiUddes,  metallic 265 

Siliddes,  oiganic 266 

Silidom  (s.  Silicon). 
8ilico-alnmfnat.es  >  /_  Qiiu«f«.  .v  9fto\ 
Silico-boratea      }  <■•  ^"'****  P'  ^2>- 
Silicofloorides  (s.  Silicon,  Flooride  ot,  p. 

270). 
Silicon,  Bromide  of        ...       •    268 

Silioohjdric  bromide 
Silicon,  Chloride  of 

Silioohydric  chloride 
SiliooB,  Detection  and  Estimation  of 

Atomic  weight  of  silicon         •       .    269 

SilicooL  Flooride  of        ....    270 

Silicoflaoric  add 

Silioofluorides  .       • 

Silicon,  Hydride  of: 

Silidoietted  hydrogen    . 
Silicon,  Iodides  ol  , 
Silicon,  Nitride  of  .  .     . 
Silicon,  Oxides  and  Hydrates  of 
«.  Lencone  SiSH«0» 
fi,  Chrvseone,  SiUoone  Si^H^O* 
y.  8i*d80i      .       . 

Silicon,  Selenide  of         .       . 
Silicon,  Sulphides  of 

SiUcohydric  sulphide 
Silicon,  Sulphodiloride  of 
SUioon,  Tellurides  of 
Sihqua  dulds :  8t,  JoihCt  Broad 

SUk 

Sillimanite     •       •       •       • 

Silver. 

Silver  Alloyv .... 

Silver  Assay  .... 

Silver,  Bismuthlo  (s.  Bismuth-silver,  i 

697). 
Silver,  Black  (s.  Stephanite). 
Silver,  Brittle  sulphide  oC 
Silver,  Bromides  of        ...       .    296 
Silver  Carbides  of  •       • 

Silver.  Chlorides  of 

Silver,  Chlorobromide  of        .       .        .    297 
Silver,  Detection  and  Estimation  of 

1.  Reactions  in  the  dry  way 

2.  Reactions  in  solution  . 
8.  Estimation  and  separation 
4.  Atomic  weight    ....    299 

Silver,  Fahl-ore  (s.  Tetiahedrite^  p.  728) 
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Silver,  Fluoride  of         •       -       '  299 

Aiventic  ox^uoride  .  •  .  -. 
Silver,  Fulminataog  ,  •  •  .  900 
Silver,  Horn  ..«••... 
Silver,  Iodides  of    .  •       •       ,     ^ 

Silver,  lodobromide  of   •       .       •       .801 

Silver,  Native — 

Silver,  Nitride  of « 

Silver  Ores — 

Silver,  Oxides  of K>s 

Silver,  Oxygen-salts  of  .       •  .    8(tt 

Silver,  Phosphide  <tf      •       •       .  ^ 

Silver,  Red  or  Ruby       ....    304 

Silver,  Selenide  of _ 

Silver,  Seleniocjranate  of  (a.  Seleniocya- 

nates,  pw  220). 
Silver,  Sulphide  of        ...... 

AjgentO"Cuprous  snlphide       .       .    30$ 
Silver,  Sulphofyanate  of  (s^  Solphocya. 

nates). 
Silver,  Solpho^ypophoephite  and  Sal- 
phophosphite  of  (a.  Phospbofas,8al- 
phides  oi;  iv.  601, 602). 
ilver,  TeUuride  of        ...... 

Silver,  Vitreoui  ••  ...  806 
Silver-aoe^l  ........ 

Silver-glaroe 

Silverpnr^  <       •       •       •       •  — 

SUver-vitnol  ••••..-. 

Simaruba 

Similor  • 

Sinamine ^ 

Sinapicadd  •  .  .  «  •  •  806 
Sinapine  ...•,.  ^ 
Sinapb  (a.  Mustard,  iii  1067). 

Sinapiaine 8io 

Sinapoline     .       •       •       •       • 
fiinA^ljin^        .       ,       ,       , 

Sinesieadd 


S 


Sinethylantine  (p^  811) 
Sinistrin 
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Sinnamine  (s.  Sinamine). 

Sinopite 

Sinter     •       •       •       •       •       •      , 

Sipeerine 

Sipopira  or  Sebiplra       .       .       .      , 

Sismondin 

Sisserskite      ...... 

Sisvmbrium    .••.,, 

Siticadd 

Sixe 

Skapolite  (s.  Scapdite,  p.  208). 
Skleretinite  (s.  Sderetinlte,  p.  204). 
Skleroclase  or  Sderodase 

SkoffbOUte 

Sko^te  (s.  Sooledte,  p.  207). 
Skolopsite      .... 
Skorian  .... 
SkoriUte         .... 
Skorodite  (s.  Scorodita,ik  206). 
Skorza  or  Scorza    .       , 

Skotin 

Skutterudite  .       .       •       «       , 
Slibowitz        .••••• 
Sloanite         .       •       •       •       • 

Smalt 

Smaltine        ..•••• 

Smaragdite     ...... 

Smara^dochaldte  (a.  Atacamite,  i  429). 
Smectite         •••••• 

Smilachin 

Smilacin  (s.  SarsapariUin,  p.  198). 
Smithflonite    ...... 

Soap 


312 


311 


814 
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SU 

TbeotyofLtb 

Action  of  ur 

uh       . 

SodaaluiD 

SoOacoppeiU 

8od>-n^      . 

bUckHh' 

bUck 

826 
8S7 

Bi8 

- 

- 

Sodiam,  AllOTI  of 

Sodium.  AiNnide  o 
Sodium.  Bromide  ol 

Sod  am,  DctecIioD 

8odiam,  Fluorida  a 

eof !   ; 

f      .       . 
nd  E>Iim!itiDD 

of 

831 

887 
BBS 

Sodiom,  Chills  of 

Sodinm,  Solphido 
Sodiam,  Tcdnridc 

of    ,        . 
f       .        . 

HI 

AniljiIiorSoi 
Solaoine 

1>      .        . 
Ldom). 

84! 

844 
84G 

Solbtarita      . 

Bonienillito  . 
Sombrfliit*     ■ 


SotduJm 

Sorboiilida     '. 
Soriiic  arid      . 

Pannitiic  add 


S"rbi 


:  cUnride 


Socbitaituic  icid  . 
Sorbite   . 
SoTbiticacid  , 
Soiboi    . 
Sorbyl     , 
Sordivallita  . 
Sorgho    , 
Spiduta 
Nplnkida 
Spaoiolite 
Spviialitmio  . 
Spoitaite 
SpirUliU 


Specific  gnvitiM  of  Soli 


Reitiiult'i  matliod  .       .       ■    t 

.    I 

2.  .       '.       '.    I 

S.  The  proeeaa  of  Deiille  ud 

.       .       .    i 
T^nacdan- 
uUm,Ac     .       .       .       .    { 

Spectnd  uialrus 

of  the  maUli  of 

eartlu  .    1 

3!9  the  deetric 

"P«t ( 

PnlectiiiD  of  the  metallie  ipectn 

Exiniiution  of  the  ipeetn  of 
■ttha 
which 


H«t«org 
Specnlu  inn . 
SpeoiluiD  metal 

Spella   '.       ', 
Spenuccti 

fluid 


SphiEnum 
Spbalerile 
SpheD«  .       . 

SpheaocUae   . 
Sphenomite    . 
Spbenildol  stale  (l 
Spberoaiderite 
Hpherostilbite  (>.  i 
Spberoliia 
api(t»liM  . 
Hpike-oil 
Spilutbe* 
^inacb  . 
^lindle-tne 
Spindle'tcee 
Spinel    , 
Sinnellaoa 
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INDEX  TO 
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Sponge  ••••••  408 

Spongin 404 

Sprat      ••••••  -^ 

Squalos  ••••••  — 

Stalagmitei  and  StalAOtiftes   •       •       •  — 

StalAgmometer — 

Stannat^fly  pp.  818,  820  Ac.  (a.  Tin). 

Stapelia 406 

Staphisagno  add — 

Staphisagrine         •       •       •       •       •  — 

Staphisame 407 

Star-aniae — 

Stardi — 

Staaafoitbite 412 

Statice — 

Stamolite — 

Stanioioope    ••••••  — 

Staniotide — 

Steaiamide     ••••••—* 

Steannilide    ••••••  — 

Steareoe  («.  StMKme). 

Stearerin •  — 

Stearic  acid    .•••••  — 

SteazatM 417 

Bromosteario  aoid^  •       •       •       •  419 

Dibromottearic  acid        •       •       •  — 

ChloroBteario  add  •       •       •       •  -^ 

Stearic  anhydride  •••••  — 

Stearic  ethen 420 

Stearidioadd         •       •       •       •       •  422 
Stearins  •••••••" 

Stearochlorliydrin 425 

Stearoglnooae — 

Steaiooonote •  — 

Stearolauretm        •••••'— 

Stearolaorin  .•••••  — 

Stearone         .  ^    •       •       •       •       •  — 

Stearophanic  add  •       •       •       •       •  — 

Stearophanin .       •       •       •       •       •  426 

Stearoptenes  ••••••  — 

Stoarovl.       ••••••  — 

Steai^l — 

Steatin  •       • — 

Steatite — 

Steatold — 

Steel       •••••••  •"" 

SteinheOite  (s.  Dichzotte,  a  820). 

Stdnmannite .       .        •       •       •       •  480 

Stellite  (8.  Pectolite,  iv.  862). 

Stephanite •  — 

Stercorite       ......  — 

Stereometer  (e.  Volomenometer,  p.  100-^). 

Sterobergite — 

Stethal  #r  Stethylie  Alcohol .       .       .  — 
Stibethyl,  Stibmethyl  Ac  (s.  Antimony- 
radicleB,  Oiganic,  i«  887). 

Stibilite 481 

Stibine   .    •   .       •       •       .       •       .  — 
Stibiophyllite         •....— 

Stibiodncyla  .•••••  — 

Stibite — 

Stibium  •       •        •        •        •       •        •  "^ 

Sablite — 

Stibnite  . — 

Stibonium — 

Stick-lac  (a.  Lac,  ilL  461). 

Sticta  pulmonacea        .       •       •        .  — 

Stigmaphyllon               •       •       •       •  — 

Stilbene *-' 

Stilbedc  add  .       .,       ...  482 
Stilbic  add  (s.  Bendlic  add,  i.  546). 
StilbiUc  or  Stilbiloos  add  (a.  Stilbons 

acid). 
Stilbip  (s.  Stilbene). 
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Stflbite  .,••482 

Deamm  •       •       •       •    488 

StOboua  add  •  •       •       •       •    484 

SUlbyl  .       •  •       •       •     "- 

Stillingia^      •       •  •       •       •     ** 

Stilliateazic  add  •••"** 

SdUoUte        .•••••     — 
Stilpnomdane       •       •       •       •       •      ~> 

SUlpnoaiderite 485 

Siixucatone      ••••••     — 

Stirian •      ^- 

Stolchiometry — ' 

Stolpenite •     ^ 

Stoldte — 

Stoiax  (a.  Balaam,  1 497). 

Stiakonitzite  ••>•••*** 

Stramonium  (a.  Datum,  i«  807). 

Straaa '•      — 

Stratiotea <— 

Stratopdte     ..«•••-* 
Streak  of  minerala .       .       •       •       •     — 
Stroganowite  .•••••"" 

Stromdte       ••••••      -^ 

Stromeyerite  .•••••     — 

Stromnite       ••••••"* 

Strontia — 

Stiontianite*  ..••••'-* 

Strontianocaldte — 

Strontiam  .  •  •  •  •  486 
StzvHitiiim,  Bromide  of  •  •  •  •  "* 
Strontiam,  Chloride  of  .  .  •  •  — - 
Stzontiam,  Detection  and  Eatimatioii  of  — 
Strontimn,  Flnoride  of  •  •  •  •  487 
Strontium,  Iodide  of  •  •  •  •  — 
Strontium,  Oxide  of  .  .  •  •  — 
Strontium,  Oxyaulphide  of  •  •  •  488 
Strontium,  Sulphidea  of .  .  •  •  — 
Struthiin  (a.  Saponin,  p.  192). 
Struvite  ••.•.••  "• 
Strydmic  add  (a.  Igasuric  add,  iiL  242). 

Strychnine -* 

Methvlstcychnine  •  •  •  •  443 
Ethyiatrychnine  .  •  •  •  — 
Amylatiychnine  .  .  .  •  — 
Componnda  produced  by  the  action 
of  eth^lenic  bromide  oo 
atrychmne  .  .  .  •  444 
Chlofostnrchnine  .....— 
Claaaified  liat  of  memoira  cm  a^di- 

nine  ,.•...— 

Strydmochrome 445 

Strychnoe 446 

Studerite — 

Stttbelite — 

Stylobite — 

Stylolitca -~ 

Stylotype       .,..••     "~ 
Siyphmc  add  (a.  Oxypicric  add,  iv,  817). 

S^terite — 

Stypudte      ,...••     "~ 
Stymdn  (a.  Cinnyic,  Cinnamaie,  i.  986). 

I^e}  (••  8^««  '^"^^  **^- 

Styrax  (a.  Storax). 

Styrol  (a.  Cinnamene,  L  982). 

Diatyrol  .       .       .       .        ^       .     — 
Styrone  (a.  Styrylic  Alcohol). 
Styiyl  (a.  Cinnyl,  I  992). 
Styrylamine  .       .        •        •  •      — 

Styrylic  alcohol 447 

Styrylic  ethera       ..•••      — 

Styryline 448 

Soberamic  acid      ..•••" 
Suberamide •     — 
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Subennilii:  icld 


Saberone 
SublimUa 


1.  or  ChloronJ  ndicka  for  Hydn- 

Kta  .       .  ,       .       .    > 

2,  Of  H^droft«n 


Bnednio  amidea 
Succinic  uihydhdtt 
Succjoic  cfalorida    . 


Suocinnm  (i.  Anbei), 

Soccin]'!  .        .        .        .        . 

SoociiiylM  add  <•.  Sncdnic  add). 


SogiT  of  )«d 

BiWLr-ondy  . 


or  Su^bame- 


id  (>.Sii1phAzoli>«dKicla, 


Snlpbaiiiidi 

p.  482). 
Sulphiuniilnbcnuunino  . 
~  '  '    miducblorcbeni^  add 


V'ei.'v.'' 


AmyLc  duuljihucarbonate 


HBthjl-*Dd  BUirl-wD^  diral- 
phomboiuUi  .       .       .       , 
AmyUc  tiiralphooitMiiul*     . 
Cttj'I'dinlpbocarbaiik  wdd    . 
Blb^l-mononilphocubomc  idd 
Et>ifl-iiioiKiaiil|ibocaitKiiik  lulphide 
Etbj'llc  mclUKulphooaiboiute . 
Ethifl-diaolphocartKinic  or  Ximthis 


Ethyl-lrini , 

Ethylic  UiialphocarboData 

MeChyl-difltilpkocariMiiJc  mad 


Amylwic  trinlphocuboiuM  . 
Etbyleoic  biiulphocarbonata . 
Ethylenic     diialphacutwuatd,     or 

Xuithate 

M*th)'leriic,  Tritylenic,  «nd  Tady- 


iiupboc«iic  uld  (a.  Cetyltalpbnrie  K 

SupfaocblDcobcDEainide .       .  . 

SolphochlorobBiuoic  Bcid       ,  ■ 

DiaalphochlorobenioiG  add  . 

SnlphDcholeic  tcid ,        •        .  . 
Solpho             -       -  - 


SulphoeynMCaticadd  ^  TUo^aiugty- 

ooUio  add). 

Salphocjmk  aeid 604 

UcUUienloha^anatn.        .        .  £Ofi 

Snlpbocyuik  uliTdrida       ...  blS 

IadM7»nie  Hilpluda        .       .       .  Sie 

Sulpboeyuiic  etlxn      ....  616 

Allylic  •nlphocyuilte,  a  voUtilfl  inl 

Anylic  RilpbocyaiutA    .       ,       .  SIS 

Ethfbc  nifphociniut*    ...  — 

Etliylaiu!  milphocyuuta       .       ,  S!0 

Htxylk  niIiihoC7iiut«  ...  — 

HethyBc  nupboeyaiuta ...  — 

N>pfathylic«ilpb«7UiM«      .        .  6!! 

Fhcoylic  inlpbonRute  ,       ,       ,  — 
SnJpbocynieaic  «cid  (t.  CyrajtmlphDT- 


SolphofltTic  Acid  (b.  Indtgofiilphiirio 

■cida,  iiL  268). 

SalpboTDici 

Solphofulvic  acid  (l  Isdictmlphiiiia 

acida,  iii  362). 
SulphofflDclc  acid  (■.  OlneOKmlphnrio 

aci^  87!) 
Salptaoglndnio  acid       .... 
SatehwlTceric  add  (>.  Oljrceionilphiiiia 

acid.  iL  B9a). 
SnlphoglFCDllic  add  (a.  Ethylmu:  acid, 

■DlpbaM  of,  iL  682). 
Snlpfaobippuric  acid      .... 
Snlpho-bydioqninanio  acida  (s.  Hydro- 

-■■ ^u,  217), 


StdpboDullDQk!  add       ■       •       .      . 
Snlpbomrthylic  add  (a.  Keth^nlpbn- 

™acid,p.6»>. 
SalpbcmalybdaUa  (t.  Itoljbimtm,  IS. 

IMS). 
SnlpboiDQipfaid*    ..... 


ahtn,  p.  560). 
tbiaBic  add,  ir,  1^. 


)e(t.SoIpfaa 
la  (p.,  664). 


>ianicadd,i*.!OS], 


acid,  IT.  SBl. 
Snlpbontlnylie  add  .        .       .     — 

SolpboraBc   add    (t.   iBdigomlpburia 

addi,  Iii.  162). 
Salpboeaocbaiu  or  SntptuglncH  add    .    — 


Sulpboaiilpbaniylie   acid   (l.  Amylnl- 

phniuiia  add,  p.  6£2). 
SolpbotellDTacea    and    Sulpjiot^niila 


Sulphotoluolamida    et    Sulpfaabcn^l- 

Sulpbololuylie  add  (a.  Sahduuvoi  ctbcn 

p.W3). 
SnlphoiolyUmie  add      .... 
Salphotiipboapbaniida    .       .       .       .   ! 
Bnlpbovaaadalia  and  SnlphoranadiKa 

(•.  TaiiadiDin,  Sulphides  of). 
SnlphoTinic     acid    (•.    Etbylaulphiirie 

acid,  p.  622). 
Sitlpbavindic  add   (a.  Indigoaqlphoiio 

adda,  iiL  162). 
Snlpboxalgmde  and  Salphoxamide   (i. 

CyanogED,  Sulpbydnttoi  of,  iL  ■"" 
Sulpboxybeoxoic  acid    . 


SnlphuT,  CMoridM  of,  or  SnlphidM  of 

chlorine 

Dianlpbida  of  CUonna    . 

Pntoaidphida  at  Chlonne 

TtCrachloTida  of  Snlpfaor 

Sulphar,  Cyanide  of    (a.  Snlpho^rania 

aiibydiida,  p.  616.)     .... 

Snlpbur,  DatsclioD  and  EatimaEioB  oft 


3.  Qoantitative 
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Solphor,  Flnoride  of       .       .       . 

Sulphur,  Iodides  of        .        .        . 

Sulphur,  Oxides  and  Ozygen-acida 

01  •••••• 

Dioxide   of    Snlpjhur,    Sulphurous 

oxide  or  anhydride 
Sulphurous  acid       .       • 
Sulphurous  chloride        .       • 
Sulphites,  metallic  . 
Sulphites,    Alcoholic ;    Sulphurous 

ethers 

Amylmlphurous  acid        . 
Diamylic  sulphite    . 
BenzylBulphurous  add     • 
Cumenylflulphurous  acid  . 
EUiylsulphurous  acid 
Ethylftulphurous  chloride 
Diethylic  sulphite    .        . 
Ethylamylic  sulphite 
Methylsulphurous  acid     . 
Mefhylsulphurous  chloride 
Dimethylic  sulphite 
Methvl-ethylic  sulphite  . 
Cblonnated  methylsulphurous 

acid       .        .       •.        . 
Chloromethylsulphurous  chlo- 
rides     .... 
Naphthylsulphnrous  acid 
Naphthylsulphurous  chloride 
Ethyl-naphtnylic  sulphite 
Kaphthyl-thionamic  add . 
Bromo-,  Chloro-,   and    Nitro- 

naphthylsulphurous  adds 
PhenylsulphurouB  acid     . 
Phenylsulphurous  chloride 
Thvroylsulphurous     add 
Ovmylsulphurous    acid, 
298;. 
Xylylsulphurous  acid 
Sulphurous  ethers  containing  Dia 

tomic  Alcohol-radicles : 
Ethylene-sulphuzous  add 

Methylene-sulphurous  acid 
Kaphthylene-sulphurous  add 
Phenvlene-sulphurous  acid 
Tritylene-sulphurous  add 
Trioxide  of  Sulphur,  Sulphuric 

Oxide  or  Anhydride  . 
Sulphuric  add 
Sulphuric  bromide  . 
Sulphuric  chlorhydrate  . 
Sulphuric  chloride  . 
Nitrososidphunc  add 
Sulphates  of  Nitroayl  or  Azotyl 
Sulphates,  Metallic  .  . 
Sulphates  of  Aluminium  . 
Aluminic  double  sulphates: 
Alums  .... 
Sulphates  of  Ammonium 

Antimony,  Barium 
Sulphates  of   Bismuth,  Cadmium 

Ostium,  and  Calcium  . 
Sulphates  of  Cerium 
Sulphates  of  Chromium  . 
Sulphates  of  Cobalt 
Sulphates  of  Copper 
Sulphates  of  Didymium,  Erbium 

Gludnum     .... 
Sulphates  of  Iridium       • 
Sulphates  of  Iron    .        .        • 
Sulphate  of  I^Authanum  . 
Sulphate  of  Lead     .        . 
Sulphate  of  Lithium        .        . 
Sulphate  of  Magnesium 
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639 


540 
641 
642 


661 
652 

668 


554 
565 
556 


559 
560 
561 

562 


664 


665 


566 
567 
668 

569 


571 
576 

576 
677 


579 

580 

684 

586 
586 
688 
690 


694 
695 

598 

600 
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Sulphates  of  Manganese  .       .       .  608 
Sulphates  of  Mercury              .        .  604 
Sulphates  of  Molybdenum      .       .  605 
Sulphates  of  Nickel,  Osmium,  Palla- 
dium      606 

Sulphates  of  Platinum    .        .        .  607 

Sulphates  of  Potassium  ...  — 
Sulphates  of  Khodium,  Rnbidiunii 

Ruthenium.  Silver  .  .  .  609 
Sulphates  of  Sodium  .  .  .610 
Sulphate  of  Strontium  .  .  .618 
Sidphates  of  Tellurium,  Terbium, 

ThalUum 614 

Sulphates  of  Thorinum,  Tin    .        .  615 
Sulphates  of  Titanium,  Tungsten, 

Uranium 616 

Sulphates  of  Yanadium,  Yttrium, 

Zinc 617 

Sulphate  of  Zirconium    .        .        .  619 
Sulphates,     Alcoholic ;    Sulphuric 

Ethers 620 

Allylsulphuric  add .        •        .       .  — 

Amylsulphuric  add .        .        .       .  — 
Butjrl-y  Capryl-,  and  Cetyl-sulphuno 

adds 621 

Ethylsulphuric  add        .        .        .  622 

Diethylic  sulphate  ....  624 

Sulphethamic  add  ....  625 

Methylsulphnric  acid      .       •        .  626 

Dimethvlic  sulphate       ...  — 

Oc^lsulphuric  add .        .       .        .  — 

Phenylsulphnric  add       .       .  627 

Ammdir  to  Pken^tulphmric  acid 

raraphenylsnlphuTOus  acid      .  628 

Dibromophenylsulphurous  add  — 

Diazophenylsulphurous  acid    .  — 

Diazodibromophenylsulphurous 

add — 

Tetrylsulphnric  add       .        .        .  629 

Tritylsulphuric  add        .        .        .  — 
Hyposulphurous   or   Thlosulphuric 

acid — 

Dithionic  or  Hypoaulphuric  add     .  636 

Trithionic  add 639 

Tetrathionic  add     ....  641 

Pentathionic  add    ....  642 

Sulphur-adds  or  Sulphanhydrides  .        .  648 

Sulphur-bases  ...,«. 

Snlphuret  (s.  Sulphide,  p.  482). 

Sulphuric  add  and  anhydride  (p.  669). 

Sulphuric  chloride  (p.  676). 

Sulphuric  ethers  (p.  620). 

Sulphurous  add  and  anhydride   (p.  540). 

Sulphurous  chloride  (p.  542). 

Sulphurous  ethers  (pb  551). 

Sulphur-salts  .       .         ...... 

Sulphuryl       .       .                ...  644 

Sumach  ...               ...  — 

Sumbulamic  acid — 

Sumbul- balsam  (s.  Sumbut-root). 

Sombulicacid — > 

Sumbuline — ^ 

Sumbul-oil — 

Sumbul-root — 

Sundvikite 646 

Snnstone — > 

Super -* 

Superphosphate      •••..-« 

Surinamine — 

Surturbrand    ........ 

Susannite  or  Suzannite  .        .        .        .  — 

Svanbeigite — 

Swaga     .        .  * .— 

Swamp-ore —> 
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Switftenim 646 

Syoooeiylic  add     •••••  — 

Sycooerylic  alcohol        •       •       •       .  — 

Sycocerylio  aldehjde     •       •       •       •  646 
Sycocenrlio  ethen         •••••« 

SycoKtui 647 

Syenite  •••••••  — 

Syepoorite — 

Syfaediite ^ 

Sylvan   •••••••  — 

Sylvanite — • 

Sylvicaoid 648 

Oxysylvio  add       •       •       •       •  650 

Sylvine  or  SylWte  .       •       •       •       •  — 

Sylvinolie  aod       ,..••  — 
Symbols,  Chemical  (a.  Formola,  ii  695; 

and  NoUtion,  iF.  166). 

Symmorphosifl        •       •       •       •       •  — 

Sjanpathetic  mk — ^ 

Symphytum   ••••••  —^ 

Sympleeite      .•.«••  651 
Synantherin  (%.  ffiniitrin,  p.  811). 
Synaptase  (a.  KmnUrin,  ii.  486). 

Syndeamides  ••••••  — 

Synovia •       •  — 

Synthesis,  Chemical       •       •       •       •  — 

Syntonin — 

Syria 652 

Sjninga  ••«•••.— 

Syringenin     .•••••  — 

Springopicrin  •       •       •       •       •       •  658 

Syrup     •••••••  — 

Szajbelyite     ••••-••  — 

Sa^ko    •  •*••.— 

T 

Tabasheer      ••••••  658 

Tabergite       ••••••  — 

Tabular  spar  •       .       •               •       •  — 

Tacamahao     ••••••  654 

Tachyaphaltite       ••••.— 

Tachydrite      ••••••  — 

Tachylyte       ••••••  — 

Taenim  •••        ••••  — 

TagiUte — 

Tagua-nnt      ••••••  — 

Ta-hong — 

Taigu  wood    ••••••  655 

Taiguic  add  ...•••  — 
Takourave  (a.  Nephrite,  !▼.  81). 

Talc — 

Talc,  Indurated 656 

Talc,  White    .•....,— 

Talc-alum •  — 

Talcapatite     ...•••  — 
Talc-chlorite  (s.  Clinochlofe,  L  1025) 

Talc-iron-ore  .•••••  — 

Talc-ironstone — 

Talc-garnet     .••••.—' 
Taldte  or  TaUdte   .....— 

Talcold — 

Talcose  slate — 

TaUicoonah-oU  (s.  Caraparoil,  L  749). 
Tallingite       •.••..— 

Tallow    ..••••.  657 

Talmigold — 

Ta-lon — 

TaltaUte — 

Tamarinds — 

Tamarite        ••••••  — 

Tamarix 658 

Tamtams        .»..•.  — 

Tanacetic  add — 


TAom 


Tkoaeetin       • 

Tanacetom.     • 

Tanab-ampo  • 

Tanghinia      • 

Tangiwaite     • 

Tankite  . 

Tannaapidic  add 

Tannecortepinic  acid 

Tannenite 

Tannic  add.    Tannin 

Tannigenamic  add  (a  Gallamic  add,  n. 

Tanningenic  add  (a.  Catedda,  L  816). 

Tannomelanio  add .       .       •       •       •  661 

Tannopicadd.       .••••  — 

Tannoxylic  add     •••••  — 

Tansy — 

Tantalite — 

Tantalum    ......  662 

Tantalum,  Bromide  of   •       •       .       •  — 

Tantalom,  Chloride  of    .       •       •       •  — 
Tantalum,  Detedko  and  Estimation  of: 

1.  Blow|Mpe  reactions             •       •  668 

2.  Beactiona  in  solatioB  .  .  .  — 
8.  Estimation  and  separation  •  •  664 
4.  Atomic  weight  of  Taatalnm       .  — 

Tsntalum,  Fluoride  of    •       .       .       .665 
Tantalum,  Nitride  of     .       .       •       •  — 
Tantalum^  Oxides  of      .       .       •       .  — 
Dioxide  or  Tantalous  oxide     .       .  — 
Pentoxide,  Tantalic  oxide,  or  Anhy- 
dride          ~ 

TantaUcadd       ....  666 

Tantalates — 

Ferrous  Tantalate;    Tamtaau 

and  TcpioHii        •        .        .  — > 
Tantalate  of  Tttrimn ;  Titrottm- 

talite 668 

Tantalum,  Sulphide  of  .       •      '  •       •  669 
Tapanhoacanga      •••..— 

Tapioca •  — 

Tapiolite — 

Tar — 

Taraxadn      ...•••  670 

Taraxacum     ..•••.  — 

Tamowitdte 671 

Tartar — 

Tartar-emetic.       •       •       .       •       .  672 

Tartaric  add  ...•••  — 

Dextrotartarie  add  •       •       •       •  678 

Lfivotartaric  add    ....  674 

Tartrates.       .....  675 

Tartrates  of  Monatomic  metals    .  677 

Tartrates  of  Diatomic  metals      .  680 
Tartrates    containing   l^iatomic 
metab  and  Metalloids      •       .683 
Aeidi  i$omerie  wiA  Tartarie  Acid: 
Racemio  or  Paratartaric  acid  (p.  84). 
Inactive  Tartaric  or  Mesotartario 

add 687 

Metatartaric  add    ....  688 

Glvcotartaric  add  «...  689 
Acitu  derived  from  Tartarie  Acid  5y 
iMe  eubetUmium  ^  Add  RaeKdet 
fir  the  AlookoUc  Hydrogen: 

Diacetotartaric  add  and  anhydride.  — 

Bensotartaric  add  •       •       •       .  ^ 

Dibromotaztaric  add       •       •       •  690 
Nitrotartaric  add 
Tartaric  anudes 
Tartaric  anhydrides 

Ditartancadd 691 

Tartrelic  aad 

InaoluUe  tartaric  anhydride 
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Tartaric  Ethers 
m.  NeutndEtkertcmdahihigMomatomio 
Alcohol  RcuHcUm  : 

Ethylic  tartrate^  or  Tartaric  ether 

Acetotartaric  ether . 

DiacetoUrtaric  ether 

Benzotartaric  ether . 

Acetobenzotartaiic  ether 

Saccinotartaric  ether 

Methylic  tartrate    . 
fi»  Acid  JSthers  containing  MomUomi§ 
Alcohol  Radiden: 

Amyltartaric  acid    • 

£thyltartaric  add   . 

Ethylbenzotartaric  acid 

Meth  jltartaric  acid . 

Citrotartaric  acid     . 
y.  Tartaric  Ethert    contaming    Poly 
atomic  Alcohol  Badi^*: 

Gluoosotartaiic   add;  Glycero-tar- 
tarie  add  &q.        . 
Tartaiin  .... 
Tartania. 

Tartralic  add  (s.  Ditartaric  acid,  p. 
Tartramethane 
Tartiainic  acid 

Pbenyltartrainic  add 
Tartramide     . 

DipheDyltartramide 
Tartramylic  add  (s.  Amyltartaric  add, 

p.  694). 
Tartranil  (s.  Phenyltartramide). 
Tartranilic  add  (s.  Phenyltartramic  add, 

p.  679). 
Tartranilide  (B.Phenyltaitramide,p.697). 
Tartrates  (p.  676). 
Tartrelic  acid  (p.  691). 
Tartrethylic  acid  (s.  Ethyltartazie  add, 
p.  694). 

Tartrimide 

Tartroglyceric  add   (s.  Olycerotartario 

acid,  iL  893). 
Tartn»methyhc  acid  (s.  Methyltartaxic 
acid,  p.  695). 

Tartronic  acid. 

Tartrovinic  add  (s.  Ethyltartaric  add, 
p.  694). 

Tartrj'l 

Tartnrlic  acid  (s.  Tartaric  add). 

'I'asmanite 

TauDHs-alate 

Taurine 

I'auriBcite 

Taurochenocholic  add    .... 

Taurocholic  acid 

Taurylic  add 

I'tiiitoc'line 

Tautolit© 

Taxin 

Tayutin 

Tcha-lan 

Tchinguel-eakesey 

Tea 

Teak 

Tears  (s.  Serous  fluids,  p.  286). 

Tectizite 

Tectona  (a.  Teak). 

Teeth 

Tckoretin 

Telacsin  or  Teleecin       .... 

Telervthrin 

Teleflie  (s.  Corundum,  ii.  86). 
Telluramyl  (s.  Amyl,  Telluride  of,  i  206). 
TcUurates  (p.  716). 


FAOE 

691 


692 

693 
694 


695 
696 


697 


698 


699 
700 


701 
702 


706 


707 


PAO« 

TeUurethyl  (s.  Ethyl,  TeUoride  o^  ii. 

660). 
Tellarhydric  add  (s.  Hydrogen,  Tellor- 

ride  of,  iii  204). 
Telluric  acid  (p.  716). 
Tdloric  bismuth  (s.  Tdlurides). 

Telluric  ochre 707 

Telluric  silver  {%,  TeUurides). 

Tellorides  and  Tellurhydrates       •       .      — 

Tellurites  (p.  714). 

Tellurium 709 

Tellurium,  Alleys  of  (s.  TeUnrides^  p. 

707). 
Tellurium,  Bromides  of .       .        .'       .    710 
TeUurium,  Chlorides  of .       .       .        .      .*. 
Tellurium,  Detection  and  estimation  of: 

1.  BIovri)ipe  reactions     .       .       .    711 

2.  Reactions  in  solution  .  .  .  *. 
8.  Estimation  and  separation .  .  712 
4.  Atomic  weight  of  Tdlnriun      .      •— 

Tellurium,  Fluorides  of .       .       .       .718 

Tdlurium,  Iodides  of     •        »       »       »  — 
Tellurium,  Oxides  and  Oxygetk-adds  of: 

Tellurous  oxide  or  anhydride         .  — 

Tellurous  acid — 

Tellurites 714 

Telluric  oxide  or  anhydride    •       •  716 

Telluric  add — 

Tellurates -» 

Tellurium,  Selenide  of  .        ...  718 

Telluritmi,  Sulphides  of.        ...  — 
Telluromethyl  (s.  Methyl,  Telluride  of: 
iii.  992). 

Tellurous  salts 719 

Temperature  (s.  Heat,  ilL  18). 

Tempering — 

Templin-oU    .•••••  — 

Tennantite 720 

Tenorite         .•••••  — 

Tcphrolte — 

Tephroaia » 

Teraciylic  add  (s.  Pyroterebic  add,  ir. 
776). 

Teratolite — 

Teratonatrite  ....,,-* 

Terbium  and  Erbinm       •       •       •  — 

Terebamic  add       •       •       •       •       •  728 

Terebomido    ...,.,•— 

Terebene         ......  -^ 

Terebenic  add  (s.  Terebic  add). 

Terebenthene — 

Terebentilic  add — 

Terebeuzic  acid .-». 

Terebic  add   ......— 

Terebic  ethers 725 

Terebilic  add  (s.  Terebic  add). 

Terocamphene        .        .        .        .       •  — 

Terecbrysic  or  Terecrylic  add       •       ,  — 

Terenite — > 

Terephthalamide  (p.  726). 

Terephthalic  acid t~ 

Nitroterephthalie  add     •       •        .  — > 

Terephthalic  amides      •        •       •       .  726 

Ten;phthalic  chloride     ....  727 

Terephthalic  ethers        .        .        .        .  — 
Terephthalyl-nitrile    (s.    Terephthalic 

amidei*,  p.  726). 
Teropiammone  (s.  Opianic  add,  Amides 
of,  iv.  206). 

TOTi^*  V"*-  Turpentine-oil,  Hydiatee 

Ter^inol  j     °^> 

Terra  Catechu  (s.  Catechu,  i.  816). 

Terra  di  Siona *^ 
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Tern  foliaU  Tarttti  •  •  •  •  727 
Terra  Japonica  •  •  •  •  •  — 
Terra  lemnia  •       •       •       •       •      — 

Terra  miracniosa — 

Terra  muriatica  •••••  — 
Terra  Dobilis  .•••••      — 

Terra  ponderosa — 

Terra  umbra  ••••••      —^ 

Terra  vitrescibilii  •       .       .       •       •      — 

Tesselite  (».  Apophylllte,  i.  851). 

Tesseral  pyrites     •••••     — 

Tetartine       ••••••      ~^ 

Tetartohediy  (s.  CiTsUllography,  iL  121, 

144). 

Tetra — 

Tetradasite  (a.  Scapolite,  p.  208). 
Tetradecyl  or  Tetradecatyl    .       •       •    728 
Tetradjrmite  ••••«•"— 
Tetiahedrite  ...•••     — 
Tetramefcarammooraiii     (b.   Meicazy- 

basesy  Ammoniacal,  ili.  917). 
Tetramethylammonium  •       •       •       •    729 
Tetramethylethylene      •       •       •       •    780 
Tetranitronapththalene  •       •       •       •     — 
Tetraphoephamic  adds  •       •       •       •      — 

Tetraphoepbatee ^- 

Tetrasulpbodipbenylenic  add  •  •  781 
Tetratbionic  acid  (a.  Salpbnr,  Ozygen- 

adda  of,  p.  641). 
Tetrazodipbenyl  (s.  Diaxobensidine,  £▼• 

412). 
Tetrazodiphenylimide 
Tetraphyiine  • 
Tetrene  . 

Tetretbylammonium 
Tetryl     .        •        • 

Tetryl,  Acetates  of 782 

Tetryl  Aloobols      • 

Tetryl,  Bromide  of 784 

Tetryl,  Carbonate  of  (a.  Carbonic  ediers, 

L801). 

Tetryl,  Cbloride  of — 

Tetiyl,  Cyanide  of  (s.  Cranidea,  iL  272). 
Tetryl,  Formate  of  (s.  Formic  ethei%  u» 

695). 
Tettyt  Hydrate  of .  •       •       •    785 

Tetryl  Hydride  of — 

Tetryl,  Iodides  of  .       •       •       •       •      — 

Tetryl,  Nitrate  of 786 

Tetryl,  Oxide  of  •  •  .  .  •  — 
Tetnrl,  Sulphate  of  (a.  Sulpbime  ethers, 

p.*629). 
Tetiyl,  Solphydrate  <tf  •       •       •       •     — 
Tetrylamine  ...•••    787 
Tetiylene       ....••     — 

Tetiylene-diamine 789 

Tetiylenio  acetate — 

Tetiylenic  alcohol  •••••     — 

Tetzylenio  bromide — 

Tetiylenic  cbloride        .       •       •       •     — 
Tetryl-glycol  (a.  Tetrylenie  alcohol). 
Tetrvlin-triamme  •       •       •        •       •    740 
Tetryl-cenanthyl  (s.  Batyrone,  L  698). 
Tetrylsolphnnb    add    (s.    Solphoric 

ethers,  p.  629). 
Tetrylsolphydno  add  (p.  786). 
TencriiUQ       ••••••      ^ 

Teutlose — 

Texalite — 

Texadte — 

Thakcetooe    •••...     — 

Thalite — 

Thalldochin — 

ThaUite  (s.  Epidote,  ii.  490) 


600) 


500). 


Thalliam  •  •.  • 
Thallium,  Alloys  of  • 
Thallium,  Bromides  of  . 
Thallium,  Chloridea  of  . 
Thallium,  Cyanide  of  • 
Thallium,  Detection  and  Estimation 

1.  Reactions  in  the  dry  way 

2.  Reactions  in  solution  . 
8.  Estimation  and  separation 
4.  Atomic  weight  of  Thallium 

Thallium,  Fluorides  of  . 
Thallium,  Iodides  of 
Thallium,  Oxides  of       . 
Thallium,  Oxygen-salts  of 

a.  ThaUious  salts    • 

fi,  Thallic  salu 
ThaUium,  Phosphide  of . 
Thallium,  Sdenide  of  • 
Thallium,  Sulphide  of  . 
Thallium-beozamide  • 
Thallium-etheis  . 
Thallium-glass  •  • 
Thallium-triamine .  • 
ThaUochlore  . 

Tharandite  (s.  Bitter  q>ar,  iii. 
Thebaine 

Thebolactic  add    . 
Theine   .... 
Theiothermin  (a.  Baregin,  I 
Thenaidite     •       • 
Th^ard's  Blue 
Theobfoma    •       • 
Theobromine .       • 
Thermobarometer  . 
Thermometer.       .       • 
Thermoroetrie  analyns  . 
Thermomultiplier  . 
Thermonatrite       •       • 
Thermophyllite     •       • 
Thermostat    . 
Theiythrin     •       •       • 
Thiaoetic  acid 
Thiaoetic  anhydride 
Thialdine 

Ethvl-thialdine      . 

Methyl-thialdine    • 

Methyl-thialdammonium 
Thiamethaldine  (s.  Methyl-thialdin< 
Thianisoic  add       • 
Thianisol 

ThieiBchite    •       .       • 
Thiethaldine  (a.  Ethyl-thialdine, 
Thiet-de 
Thiobenaaldine 
Thiobencoic  add    • 
Thiobenzol     .       •       • 
Thiobutyric  add    •       . 
Thiocaprinaldine    • 
Thiochronic  add    •       • 
Thiodnnol     .        • 
Thiocumol  or  Thiocominol 
Thiocyanides . 
Thiodiacedc  add    .       . 
Thiodiaoetimide     . 
ThiodiglycoUamic  add  • 
Thiodiglycollamide        . 
Thiodiglyoollic  or  Thiodiacetio  add 
ThiodiglyooDic  chlodde . 
Thiodiglycollic  ether     • 
Thiodigl^ooUimide 
Thioformic  add 
Thioiucnsol    .       • 
Thioforfd  or  Thiofaiftirol 
Thiomdanic  add   . 


of 


e). 


778) 


746 
746 


747 

748 


749 

760 
761 


768 
756 

767 

766 


766 


760 


761 

769 
770 
771 


772 
778 
774 


775 


776 


777 
778 
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ThiomethaMiiM  (a.  Meth^thuOdine,  p.  774). 

Thionamic  add 778 

Thionamide — 

Thipnaphthalic  add  (i.  Naphthjlnlpha- 

Toas  add,  p.  660). 
Thionaphthamio  or  Ka{>htiijlnilpliaimo 

add — 

Thioneasal 779 

Thionaric  add       •       •       •       •       •  — 

Tbioojl 780 

Thiooylamie  add  (a.  Thionamic  add| 

Ik  778). 
Thionvlamide  (a.  Thianamide,  p.  778). 

Thiophoaphamic  add     •       •       •       •  — 

Thiophoaphodiamie  add        •       •       •  — > 

Thiosalicol 781 

ThioBinamme — > 

JBromothiowinainine .       •       •       •  782 

Amylthiownamine  .       •       •       •  — 

EthylthioaiiuuniDe  •       •       •       •  — 

Methylthioainamine       .       •       .  788 

NaphthylthinwinainiiMi    •       •       •  — 

PhenylthioMnamina        •       •        •  — 
Thionnaniline  (a.  nmiijlHikwiiiainiiui) 
Thioamnaphthvlamine    (i.    Ki^ihUijl- 
thioaioamine). 

Thiotolnic  add — 

ThiofcolaoUc  add 784 

ThioTaleric  add — 

Thjdna  Lavs — 

Thjdiaaoita •  — 

Thomaite       .•••••»- 

nomaonite — 

Thorina  (a.  Thoriniim,  Oxide  of,  p.  787). 

Thorinum 785 

ITkorinam,  Bromide  of   •       •       .       •  — 

Thorinum,  Chloride  of    .       .       .       •  — 

Thoiinom,  Detection  and  Eatimatioa  of  786 

Thorinum,  Fluoride  of    •        .        •        •  — 

Thorinum,  Iodide  of       ...        .  787 

Thorinum,  Oxide  of;  Tharima        •        .  — 

Thorinum,  Oxydiloride  of     .        .        .  — 

Thorinum,  Oxygen-salta  of   •       .        .  — 

Thorinum,  Oxysulphide  of     •        •        •  788 

Thorinum,  Phosphide  of        •        •       •  — 

Thorinum,  Sulphide  of  •        •       •       .  — 

Thorite ,  — 

Thorium  (a.  Thorinum). 

Thraulite ^ 

Thridadum — 

Thrombolite ^ 

Tbsing-hoa-liao — 

Thuja — 

Thujene  (&  Thujone). 

Thujetic  add 789 

Thujetin — 

Thujigenin     ......  790 

Thujin — 

Thujone 791 

Thulite  (8.  Epidote,  u.  490). 
Thumite  (a.  Axinite,  L  477). 

ThuHngite — 

Thyme,  Oil  of 791 

Thymeid  (a.  Thymoil,  p.  798). 

Thymene 792 

Thymidc  add  (a.  Thymotic  add,  p.  796). 

Thymine         •        .        .        ,        ,        ,  — 

ThymoTl — 

Thymoilamide ;  Thymoilic  add;  Thy- 
moilol  (a.  Thymou). 

Thymol 793 

Pentabromotbymol ....  794 

Cblorothymola         ....  — 
Nitrothymola                  .       .       .795 


810 

811 
819 

818 


PAOS 

Thymotic  add  •  •  •  • 
Thymotide  •  •  .  .  . 
Thymoa  (a.  Thyme,  OQ  oi;  p.  791). 
Thjrmoa-gland       .,.,,.-. 

Thymyl 79? 

Thjrmyl,  Hydride  of     •        ..... 

Thymybmlphuric  add    ...... 

Thjrmylanlphoroaa  add  (a.  Cymylaul- 

phoKNia  add,  iL  299). 
Hcmaa  Poiaon      •       •  •       •     — 

TUe  ova — 

TilkflRMlite — 

TlUandaiJi ^ 

Tima 798 

Tfanadte         ••••••     — 

Tin        .       .       .....       .       .     — 

Occuimce  and  dntnbutioQ  •  — 

Metalliugy 799 

Piopertiea 808 

TniyAUoyaof 804 

Tin,  Bromidea  of 805 

Tin,  Batter  of 806 

Tin,  Chloridea  of -^ 

Dichloride  or  Stannona  Chloride    •      — 
Seaquiehloride         ....    807 
Tetnchloride  or  Stannic  Chloride 
Tin,  Qranide  of  (a.  Cyanides,  iL  273). 
Tin,  I^Btection  and  Eetimation  of: 

1.  Blowpipe  leactiona 

2.  Keacoona  in  aolotioa  . 
8.  Quantitative  eetimation     . 

Yolnmetric  estimation    • 

4.  Separation  from  other  metala 

5.  Atomic  weight  of  Tin 

Tin,  Fluoridea  of — 

Tin,  lodidea  of 814 

Tin,  Oxidea  of: 

Protoxide  or  Stannona  oxide  •       •  815 

Seaqnbxide 816 

Dioxide  or  Stannic  oxide        •        .  — 
Stannic  hydrates  and  aalta              .817 

Stannic  add  and  etannatea      .        .  818 
Metaatannic   add   and  Metaataa- 

natca 820 

Tin,    Oxychloride,    Oxy^noride,    and 
Oxyiodide  of  (pp.  807,  813,  814). 

Tin,  Phosphide  of 821 

Tin,  Selenides  of — 

Tin,  Sulphides  of    .        .        .        .       .822 
Protosulphide    or    Stannona    sol- 

phide — 

Sesquisulphide        ...•-— 

Diaulphiae  or  Stannic  sulphide      .  — 

Sulphostannatea       .               .  828 
Tin,  Sulphodiloride  and  Sulphoiodide  of 
(pp.  809, 814). 

Tincal 824 

Tin-ore «— 

TinpUte — 

Tin-pyritea — 

Tin-radidee,  Organic     ....  — 

Stannethyla 825 

Stannmethyla 832 

Stannamyls         .       •       •       •        •  885 
TiroHte  (a.  T^lite) 

rS^^i]     ..  TiUniam  (^  844). 

Titaniferona  iron  (p.  846). 

Titanite  .... 

Titanium   ... 

Titanium,  Allo3r8  of        .        .        •        *    386 

Hianium,  Bromide  of    . 

Titanium,  ChlorideB  of    . 

Titanium,  Cyanidea  of  (a.  Cranidea,  iL  278). 
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INDEX  TO 


litanliimj  Detection  «nd  Egfimation  of 

1.  Blowpipe  reactioDB     • 

2.  ReactKnu  in  solution  • 
8.  Estimation  an4  sepantiaQ 

Volumetric  estimation 
4.  Atomic  weight  of  Titaniom 
Titanium,  Fluorides  of  •       . 
Titanium,  Iodides  of     .       • 
Titanium,  Nitrides  of     . 
Titanium,  Nitrocyanide  of     • 
Titanium,  Oxides  of: 
Protoxide   .... 
Sesqubxide  or  Titanons  oxide 
Dioxide  or  Titanic  oxide    • 
Titanic  acid     .       .       • 
Titanates 
Titanium,  Oxychloride  of  (p.  88 
Titanium,  Oxjrfluoride  of  (p.  840^ 
Titanium,  Sulphide  of 
Titanium-green 


S 


PAOX 

887 
888 

889 
840 

841 


IT, 


842 

844 
845 


-848 
849 


861 


852 
858 
857 


Titanium-sand 

Titanium>8teel 

Titration 

Tiza 

Tobacco  . 

Tobacco-cunphor    (a.   Niootiaiiinc^ 

44). 
Tobacco-oil     •       •       •       •       • 
Tobacco-seed  oil     •       •       •       • 
Toddalea  (s.  Lopes-root,  iil  788). 
Tolallylsulphide      •       •       •       • 

Tolene 

ToUd 

Tolin  (s.  Toluene) 
Tolu-balsam  (s.  Balsam,  1 498). 
Toluamic  acia  (n,  Oxjtoluamic  add.  ir. 
821). 

Toluene  or  Tdnol 

Amidotoluene  (s.  Toluidine,  p.  865). 
Aaotoluenes   (a.  Axotoloidinea,   p. 

867). 
Bromotoluoiea        •       •       •       • 
Chlorotoluenea        •       •       •       • 
Ethvltoluene   •       •       .       •       • 
Hydroxyltolnene,  Qresol,  or  Grasylie 

Alcohol ^^' 

Methyltolnene         •       •       •       •     — 
Dioinrmethyltolaeae    ...     — 

Nitrotoiuenes — 

Oxytolic  acid 858 

Sulphur-derivatiyes  of  Toluene,  and 
compounds  isomeric  with  them : 
Benzylic  snlphydiate 
Toluenic  sulph^drate 
Benzylic  sulphide     • 
Oxybenzylic  sulphide 
Benzylic  disulphide 
Toluenic  disulphide 
Oxybenzylic  aisolphide 
Tolnene-snlphamide       •       • 
Toluene-sulphobromide  •       • 
Tolnene-enlpbochloride  •       • 
Toluene-sulphuric  add  •       • 
Toluene-sulphurous  add        • 
Toluenyl  (s.  Tolyl). 
Tolu-eugenyl  (s.  £ugenotolnic  anhydride, 

1160^. 
Toluglydo  add  (s.  Tohiric  addt  p.  868) 
TdoK}  or  Toluybc  add  .       •       • 
lodotoluic  add 
Nitrotolnic  add       • 
Nitrotoluic  ethen 
Dinitrotolnie  ethen 
Oxy  toluamic  add   • 


858 


859 


860 
861 


862 
868 


Tolidc  or  Tolnylie  «dd  ( 

Alphatoluc  add  •  • 
Parachlorotoluic  add  • 
Toluic  aldehyde  •  •  • 
Toluic  anhydride  .  •  • 
Salicylotoluic  anhydride . 
Toluio  Chloride 
Tolnic  ethers  .... 
Toluidene  or  Benzylidene 

Tolnides 

Tdnidme        .... 
Phenyltoluidine       • 
Benzyltolnidine 
Dibenz^ltolnidine  . 
Deriyatiyes  of  Toluidine  oontaiBSBg 
Aldehyde-radides    . 
Azotolnidine       • 
.  Azoditoluidine     .       • 
Azophenyl-tolyldiamine 
Benrylamine  .       •       • 
Dibenzylamine    • 
Tribenzylamine  •       • 
Phenyl-oenzylamiiie    • 
Toluol  (s.  Toluene). 
ToluoUc  add  (a.  Toluic  add). 
Toluonitrile  (s.  Benzylc3ranid&  L  573). 
Tolnosalicyl,  or  Toluoaalic^lol  (a.  Siui- 
cylol,  p.  170). 

Toluric  add 

Toluyl 

Tduylamine 

Tolnylene 

Tdnylic  acetate 

Toluylic  add  (s.  Tobie  add,  p.  861). 

Tolnylic  alcohol 

Toluylic  chloride 

Toluylic  sulphide  and  sulphydiBte.       • 

Tolyl  or  Benzyl 

Amidobenzyl 

Bromobenzyls .       .       •       •        . 

Nitrobenzyl 

Tolylacetamide 

Tolylamine  (s.  Bensylamine^  p.  867). 

Tolylaniline 

Tdylbenzamide     .       .       •       .       • 

Tolylcarbamide 

Tolyl-diphenyl-rosaniline  ^t.  478). 
Tolylene  ^s.  Benzylene,  i.  577). 
Tolylene-diamine  ..... 
Tolylene-triamines.       .       .       •       • 

Tolyl-ethyl-urea 

Tolyl-phenylamine.       .... 
Tolylsalicpriamide  ..... 

Tolylsnccinimide 

Tolylsulphuious  bromide^  ^M/yri^f^  sod 

hydride 

Tolyl-thiosinamine.       •       •       •       • 
Tombac  .•••••• 

Tombazite 

Tonka-beana 

Topaz     

Topaz-rock     ...••. 

Topazolite 

Torbanite       •.•••• 

Torberite  (s.  Uranite). 

Tormentilla    ••••.* 

Torpedo « 

Torrelite  (a.  Niobite). 

Torricellian  yacunm       •       •       •       • 

Tonlouconna  or  Tnlocona  oil  (§•  CanuMi 

oil,!.  749). 
Toulouron  oil .       .       «       «       «       « 
Tourmaline     ..•••. 
Tourmaline^  Artificial    •       •       .       , 


864 


865 
866 


867 


868 


869 


870 


sa 


879 


878 


874 


875 


877 
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Trityl  aleoluiU 

TV*K«™tl,(iG™,a.«6). 

- 

iw        fpyTSrt.   :   .   ; 

mH 

Tri                  n 

TnuH 

- 

Tri                  JicUoriiydrin .       .       . 

T«T«rti»B 

Tn                  riuoiiiboUM,  p.  788). 

TrehaloM  (■.  Mmut,  UL  1068). 

TnxMtita 

TropiD* 

TKnwUta 

Tri 

TdieffUniteorTKbnrkiiuta        .       . 

TrUlljl-milpbiodid*       .... 

Teh™ 

SSSli&t'-  ■,^i  ■ 

~ 

Tikala  [>.  Ti«hil>}. 

Tiriiig-li«o 

Taber  dborimn  <>.  Tnflb,  PL  8H). 

Tof« 

TnchalciM 

Tnlip-lieg 

TdIdcuu,  TdlioooDa,  or  TiUiooau  00, 

^ij.C™p,ril,i.749).                    ^ 

TricUdum  (I  Thridwanni,  p.  78e>. 

Trid«:7l,Hvdrideor 

■ftiWhySiiphm, 

881 

TunStSBmiitoof :   :   :   : 

Tnngrten,  DeUclioo  ud  Bftinutiou  of: 

1.    BloWpip*  IMCtlODB        . 

*.  Atomic  weight    .... 

TrilMptrkiiiiitc 

TBiigBtaii,  Flooride  of    .        ,        .        . 

Tongdea  roinenl 

Tonnteo,  Oxide,  of: 

Dioxide  or  TungrtoMOiidB.        . 

8)W 

Timgrtai,  Ojtyilorid*  of  ft.  »0j. 

TungaWD,  PhoephidM  of 

TrWlh..'    .       .       .       .       .    '. 

_ 

TrioZMOTlUlhW 

Trfoxypt«em(^  Pronto,  iT.  788). 

Tiipiiw :   '. 

- 

TiugBloiu  compouDdi   .       .       .       . 
TunEdn.       .       .       .       .       .       . 

T^P«!«.{«.Tlom™it^^TS4). 

TnpoU 

Tlithiome  >dd  (B.  SdphD^  Oxjgattdi, 

Tiiibetli(iTnip«li). 

Turgile  .       r:       .... 

Turin  Jim  [i  TonimaliM,  p.  876). 

Tiiticmn 

Tritoxid* 

Tomip  (t  Bnano,  L  664). 

TOtylwPwiT* 

— 
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TileiiiM 980 

-Taleriric  adds — 

-TaleiodichloriiTdiiii       •       .       •       •  — 

Taleroglyoeral — 

Talend 961 

Tolerolactic  add    •••••  — 

Talerone — 

Taleronitrile  (a.  CjanidA  of  Tebrl,  it 

272). 

Valerojrl — 

Vftleioaio  adda       .•••••— 

Taleroxjl  (a.  TalerrI). 

Talerojl  (a.  Valeryl). 

Talerureid  or  Yalerrlima  (a.  CaibamidfiL 

i  768). 

Valeryl ,  — 

Yakrylamidic  add  (a.  AnidoTalcfic  add, 

p.  9*78). 
Taleryl-lmtyl  (a.  Valenme,  p.  981). 

Valervlene — 

Valeryl-bydiide  (a.  Valera],  p.  978). 
Valerylurea  (a.  Yalerureid). 

ValonU 982 

Valyl — 

"Valylenc — 

Yalylidea  (a.  Yalylene). 
Yanadatas  (a.  YanadiiuAi  p.  989). 

Yanadic  acid 988 

Yanadinbionzite — 

Yanadinite     ..,«..— 
YaDadiona  add  (a.  Yanadimn,  |k  988). 

YaDadites       ....«•  — 

Yanadiam — 

YanadioiD,  Bromide  and  Chloridea  of  .  985 
Yanadiam,  Detection  and  Eatamation  of: 

1.  Blowpipe  reactiona     •       •       .  — 

2.  Reacticms  in  solation  ...  — 
8.  Estimation  and  Separation  .  986 
4.  Atomic  weight  of  Yanadiam      •  — 

Yanadiam,  Fluoricka,  lodidea,  and  Ni- 
trides of 987 

Yanadiam,  Oxidea  of    .       .       •       .  — 

Dioxide — 

Trioxide 988 

Tetroxide  or  Yanadioos  oxide       .  — 

YanadiouB  salta  and  Yanaditea  — 

Pentoxide  or  Yanadic  oxide   .       •  989 

Yanadic  aalta  ....  — 

Yanadatea        •       .       •       •  — 

Vanadium,  Oxybromide  of    .        .       .  992 

Vanadium,  Oxychloridea  of  .        •        .  — 

Vanadium,  Sulphides  of .        ...  998 

Vanilla 994 

VaniUin ^- 

Vapoors,  Density  of  (a.  Specific  gravity, 

p.  365). 
Vapours,  Latent  heat  of  (a.  Heat,  iii.  96). 
Vapours,  Tension  of  (a.  Heat,  iii  81). 

Varec — 

Yarenna-joioe — 

Yariolaria       •        .        •        .        •        .  ^ 

Yariolarin — 

Yariolite — 

Variscite         .••...— 
Yamish  ••.••..— 

Yarvicite — 

Yasculose 996 

Yateria — 

Yaugnerite     ••.•••  — 

Yauqueline — 

Yauquelinite  ......  — 

Yegetable  alkali — > 

Vegetable  ethiopa — 

Vegetable  Ivory     «•.,,-. 


PAOM 


YegeCable  parchment  (a.  CeUaloae,  L 

«19). 
Y^getaUea,  Natritaon  of  (a.  Kutritioii  of 

Plaota,  iv.  162). 


•       .       .       .    996 

Venetian  red -« 

Venetian  Talc  (a.  Tak,  p.  656). 
Vonioe  Turpentine  (a.  Turpentine,  p. 

919). 

Yerantin — 

Veratrk  add — 

Yeratrin  (a.  Veratnmi-TCain). 

Veratrine 

Venurol 997 

Yeratrum *,^ 

Yeratmm-'renii      •       .       •       •       •     — ■ 

Verfoascom .« 

Veibena-oll — 

Yerdigria        ...  .        .      — 

Yerditer — 

Yermiculite — 

YermilJioa  (a.  Mercoiie  Snlphidei  liL 

918). 

Vermontite 998 

Yenionia 998 

Yertidine — 

Vesuvian — 

Vetch  (8.  Yida). 

Yetiyer — 

Vibumic  add ~. 

Yibomum — 

Yida .999 

Vignite 

Vifiaraite — 

Vine — 

Yinetln 1000 

YiMgar  (a.  Acetic  add,  L  7). 

Viola — 

Yiolan    .• —. 

Violantin        ,.«,,..- 
Violenio  add  (s.  Viola). 

Violet  (Aniline) 1001 

Violin  or  Yiola-emetiii  ,       »       ,       ,      — 

Violine — 

Violuric  add — 

Viiginia  creeper 1002 

Vir^inic  add ^- 

Vinde  sria  (a.  Yerdigria). 

Viridicadd — . 

Viridin  (a.  Chlorophyll,  I  922). 
Viridine  ...••• 

Virola  tallow 

Viacautachin — 

Viscene — 

Visdcadd — 

Viadn — 

Viscinol  ..••••.— 

Visooeimeter — 

Viscum  .       • 1004 

Vitellin — 

Yitex — 

Yitis  (s.  Vine  and  Vuiginia  Creeper). 

Vitrinopal <— 

Vitriol — 

Vitriol-odhre  ..,,•.— 
Vitrile  (a.  Vitrinopal). 

Yitrum  Antimonii 1005 

Yivianite — 

Ytflcknerite  (a.  Hydrotaldte,  ui  219). 

Yo^lite — 

Voiglite — 

Volborthite — 

Volcanic  glass  (s.  Obsidian,  iv.  169). 
Volcanite       • — • 
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Xmtliiii-fipar  (s.  Wulfenite). 

Xanthitane 1051 

Xaothite 1062 

Xanthobetic  add — 

Xanthochynias — 

Xanthocobaltic  salts      •       •       •       •     — 

Xanthocone — 

Xanthoc78tixi  (s.  Tyrosine,  p.  931). 

Xanthogen — 

Xanthogen-oil — 

Xanthoglobolin <— 

Xantholcin — 

Xantholein — 

Xanthonethvlic  acid      ....      — 
Xanthophenic  acid         •       .        •        .      — 

Xanihophyll — 

Xauthophyllite  (b,  Cllntonite,  i.  1026). 
Xanthopicrin  or  Aanthopicrite       •        •  1058 

Xanthoproteic  acid — 

Xanthopyrite  (s.  Iron-pyrites). 

Xanthorhamnin •— 

Xanthorrhoea  resin  (s.  Acaroid  resin  i.  2). 

Xantborthite 1054 

Xantbosiderite — 

Xanthotannic  acid         •        •        •        .      — 

Xanthoxylene ^- 

Xanthoxylin — 

Xanthoxylon — 

Xantharin      ••••.•      *— ' 

XcnoUte — 

Xenotime — 

Xenylamine — 

Azo-dizenylaniine  ....  1055 
Diethyl-xenylamine       •       •       .     — 

Xenylenenliamine — 

Xenylenic  alcohol — 

Xcrasite.        .•••••      -^ 
Xilite  (a.  Xylite). 
Xilopal  (s.  ^ylopal). 

Xuthene — 

Xylene  or  Xylol — 

Ethylbenzene 1056 

Bromo-xylenes        •        •        •        •  1057 
Chloro-xylenes        ....      — 

Nitro-xvlenes 1058 

Azo-xyiene — 

Ethyl-  and  Metbyl-xylene     .        .      — 
Xylene-diamine  (s.  Xylylene-diamine). 
Xylene-sulphocbloride   .        ,        ,        .      — 
Xylcne-sulpburic    acid,   Amido-xylene 

sulphuric  acid — 

Xylene-snlpburouB  acid  .  .  .  1059 
Xylcne-sulpbydrate       ....      — 

Xylenyl — 

Xylenylamine  (s.  Xylidine). 

Xylidamine — 

Xylidine — 

Dinitroxylidine       ....      — 

Xylite — 

JCylobalsamnm 1060 

Xylocbloeric  acid  .....  — 
Xylochlore  .  •  •  •  ,  .  — 
Xylocryptite  ..••..  — 
Xyloi'd    ..•••••—> 

Xyloidic  acid •-- 

Xyloidin •-- 

Nitro^loTdin  •        •        •        •        •      — 

Xylol  (8.  Aylene). 

Xylolite.        ..••••  1061 

Xylenes.        ••••••      — 

Xyloretin       ••••••      — 

Xylostein       ••«•••      — 
Xylo8tenm     ••••••      — 

Xylotil   .••••••      — 


PAOB 

Xylyl 1061 

Xylylamine — 

Xylylene — 

Xylylene-diamine — 

Nitroxylylene-diamine  •  •  .  — 
Xylylic  acetate,  chloride^  Ac  (a.  Tolnylic 

acetate,  Ac  p.  870). 
Xylylic  add lOet 

Alphaxvlylic  add  .  .  ,  .  — 
Xylylic  alcohols  ...,,.. 
Xylylsulphamic  add      •       •       •       •  1068 


Tabicoja        .«.•••  1068 

Yam  (s.  DioscorenlL  335). 

Yanohte,  or  Yan  AUte  (a.  Azinite,  L  477). 

Yeast  (8.  Fermentation,  ii.  629). 

Yellow  copper-ore  (s.  Copper^yriteB,  ii 

77). 
Yellow  copperas  (a.  Botryogen,  i.  651). 
Yellow  dyes  (s.  Dyeing^  li  866). 

Yellow  lead-ore -« 

Yellow  metal — 

Yellow  ochre «• 

Yellow  pigments — 

Yellow-pods -* 

Yellow  tellurium  (s.  Sylvanite^  p.  647). 
Yenite  (p.  LieTTite,  iii.  589). 
Yerba  mat^  (s.  Paraguay  tea,  It.  349). 
Ypadu-plant  (s.  Coca,  L  1059). 
Ytterbite,  Ytterite  (s.  Gadolinite,  iL  757). 

Yttria — 

Yttrite  (s.  Gadolinite,  ii.  757). 

Yttrium — 

Yttrium-compounds        .       .       .  1064 
Detection  and  Estimation  of  Yttrium  1066 

Yttrocerite ,     -~ 

Yttrocolumbite  (s.  Yttrotantalite). 
Yttroilmenite         ,...«.. 

Yttrotantalite — 

Yttrotitanite — 

Yu 1066 


Zacotinga      •       .       •       • 

Zaffre 

Zala  (s.  Borax). 
Zamboni's  pile       •       •       • 
Zamtite  ..... 
Zanthopicrin  (s.  Xanthopicrite). 
Zeagonite       •        •        •        • 

Zeasite 

Zedoary  

Zeiodelite       •       •       •       . 
Zea  Mai's       .... 

Zein 

Zeolites 


Zeotin-salt 

Zerumbet-root 

Zinc 

Occurrence.    Metallurgy       •       . 

Properties 

Zinc,  Alloys  of 

Zinc,  Bromide  of 

Zinc,  Chloride  of 

Compound  with  Ammonia 

with  Alkaline  Chlorides 
with  Zinc-oxide    .       . 
Zinc,  Cyanide  of  (a.  Cyanides,  iL  274). 
Zinc,  Detection  and  Intimation  of: 

1.  Blowpipe  reactions     .       •       • 

2.  BeactionB  in  solutioii  •       • 


V 
10b 


1070 


1071 


